
utoimmune diseases are a group of disorders in 
which the primary cause is an inflammatory 
reaction resulting from the body’s own immune 

system attacking normal tissues.  The inflammatory 
reactions may affect one of more organs or tissue types, 
which often include skin, blood vessels, connective 
tissues, endocrine glands, joints and muscles. 
 One such autoimmune disease is psoriasis, which  is a 
chronic systemic immune-mediated disorder that  is 
characterized by inflammatory skin and joint 
manifestations.  According to the National Psoriasis 
Foundation, psoriasis is the most  prevalent autoimmune 
disease in the U.S., affecting as many as 7.5 million 
Americans.  According to the World Psoriasis Day 
consortium, 125 million people worldwide, or 2 to 3 
percent of the total population, have psoriasis.  Even 
though psoriasis affects a large number of people, this 
disease is not  highlighted as frequently as other chronic 
diseases such as cancer, diabetes and Alzheimer’s.
Causes of Psoriasis 
 Researchers have found nine gene mutations that  may 
be involved in causing psoriasis.  These mutations seem 
to largely affect T-helper cells.  Among these mutations, 
psoriasis susceptibility locus 1 (PSORS1) on 
chromosome 6, within the major histocompatibility 
complex, and psoriasis susceptibility locus 2 (PSORS2) 

on chromosome 17q, appear to be major factors that can 
lead to psoriasis1.  Not everyone who has these gene 
mutations gets psoriasis and there are several forms of 
psoriasis that people can develop.  Scientists now believe 
that at  least  10% of the general population inherits one or 
more of the genes that create a predisposition to psoriasis.  
Researchers believe the individual must receive a 
combination of different  genes (a combination which is 
likely to be different for different  people) that work 
together to cause psoriasis and the individual must then 
be exposed to specific factors that  can trigger his/her 
particular combination of genes to cause disease2.  
 The specific factors that play a role in causing 
psoriasis in people who have these gene mutations 
include certain environmental, physical, and chemical 
triggers.  Examples include weather, stress, bacterial or 
viral infections, stress, and low levels of calcium.  Certain 
medications that  are also known to either worsen 
psoriasis or induce a flare-up are choroquine, ace 
inhibitors, beta-blockers, lithium and indocin.  
 Physical injury to the skin exacerbates psoriasis.  
Types of skin injuries that can trigger a psoriasis flare 
include abrasion, increased friction from clothing or skin 
rubbing against skin in folds (such as armpits), sunburn, 
viral rashes and drug rashes.  Psoriasis may also be more 
severe in people with weakened immune systems.
Types of Psoriasis
 There are five types of psoriasis.  The most  common 
form, plaque psoriasis, appears as raised, red patches 
covered with a silvery white buildup of dead skin cells.  
Approximately 80% of those who have psoriasis have this 
type and approximately 17% of psoriasis patients have 
moderate-to-severe plaque psoriasis3.
 Chronic plaque psoriasis can have a profound impact 
on a patient’s life.  The skin lesions associated with 
plaque psoriasis are associated with significant 
symptoms, such as itching, scaling and pain, which 
ultimately impact a patient’s emotional, social, 
occupational and physical functioning4.  The effects of 
chronic plaque psoriasis on patient’s reduced health 
related quality of life are similar to those seen with 
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arthritis, hypertension, heart disease, diabetes and 
depression5.
 The four remaining types of psoriasis are: 

• Erythrodermic: skin redness is very intense and 
covers a large area; 

• Guttate: small pink red spots appear on the skin; 
• Inverse: skin redness and irritation occurs in the 

armpits, groin and in overlapping skin; and
• Pustular: white blisters are surrounded by red, 

irritated skin.  
 Psoriasis can occur on any part  of the body and is 
associated with other serious health conditions, such as 
diabetes, heart disease and depression.
Pathogenesis
 Psoriasis is a disease of T cell dysregulation6.  As 
early as the 1970s, T  cells were hypothesized to induce 
and perpetuate psoriatic disease.  However, more recently, 
the pathogenesis of psoriasis has been further defined, 
implicating a more complex immune cascade and 
identifying new disease modulators as potential 
therapeutic targets.
 The cell-mediated adaptive immune response is 
primarily responsible for initiation and maintenance of 
the disease.  While T-helper cell type 1 (Th1) cytokines, 
such as interferon-gamma (IFN-γ), tumor necrosis factor-
α (TNF-α), interleukin-2 (IL-2), and IL-12 have long been 
implicated in the pathogenesis of psoriasis, new research 
demonstrates the role of T-helper cell type 17 (Th17) in 
the evolution of the disease7.  Th17 cells are stimulated 
by IL-23 and produce many recently identified pro-
inflammatory cytokines, such as IL-17 and IL-22, leading 
to the recruitment of neutrophils and dysregulation of 
keratinocytes seen in psoriasis8.  IFN-γ functions 
synergistically with IL-17 to produce IL-6 and IL-8, 
which also act to recruit  inflammatory cells such as 
neutrophils.  Other studies have shown that  Th1 cells can 
induce the production of Th17 cells through the 
production of chemokine (C-C motif) ligand-20, a 
cytokine chemoattractant  for dendritic cells, lymphocytes 
such as Th17 cells, and neutrophils9 .  Further 
understanding of the role of IL-12 in the production of 
Th1 cells and its complex interaction within the IL-23/
Th17 axis will provide a rationale for unique targeted 
therapies.
 TNF-α, produced by both activated dendritic cells and 
T  cells, including Th1, Th17, and T-helper cell type 22 

(Th22), is often elevated in inflammatory conditions 
including psoriasis, as evidenced by increased levels 
found in the serum and blister fluid of patients with the 
disease.  Gene studies have also demonstrated that when 
TNF-α interacts with IL-17, there is a corresponding 
increase in gene expression that correlates with the degree 
of inflammation10.  
 Among the newest factors identified in the 
pathogenesis of psoriasis are IL-22 and IL-20, which 
share a common receptor complex (IL-22R1).  IL-22 
effects keratinocyte terminal differentiation, resulting in 
epidermal hyperplasia and acanthosis (a diffuse 
hyperplasia and thickening of the epidermis), the well 
known psoriatic phenotype.  IL-20, produced by 
keratinocytes, further perpetuates epidermal hyperplasia, 
through activation of IL-22R111.  The IL-22R1 receptor 
appears to be a novel driver of inflammation through 
positive auto-regulatory loops.  In clinical studies, 
elevated serum levels of IL-22 and IL-20 in psoriatic 
patients correlate with the Psoriasis Assessment  Severity 
Index (PASI)12.
Current Treatments
 Despite the availability of topical, oral and biologic 
treatments, patients are still in need of new and 
alternative treatment  options for psoriasis.   Limitations of 
the existing oral and biological treatments include adverse 
events and reduction in effectiveness over time.  The 
systemic medications, which include oral and injectable 
drugs, that  are currently approved for the treatment of 
moderate and severe psoriasis include:

• Retinoids, such as Soriatane® (aciretin), an oral 
retinoid, which is a synthetic form of vitamin A

• Methotrexate
• Cyclosporine
• Hydroxyurea
• Immunomodulator drugs (biologics), such as 

Amevive® (alefacept), Enbrel® (etanercept), 
Remicade® (infliximab), Stelara® (ustekinumab), 
Humira® (adalimumab), and Simponi® (golimumab)

• Thioguanine
Limitations of Approved Biologicals
 The approved biologicals for moderate-to-severe 
psoriasis offer significant improvements in therapeutic 
alternatives over the older systemic drugs.  However, 
there are notable adverse events with the biologics 
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approved for psoriasis and their efficacy has been shown 
to diminish over time. 
 For example, the safety of TNF-α antagonists has 
been demonstrated and justified by use of these agents in 
the treatment of rheumatoid arthritis (RA) and 
inflammatory bowel disease for more than a decade.  
Data from the psoriasis trials confirm these established 
drug profiles.  Major organ toxicities associated with 
conventional systemic therapies are not  observed with 
TNF-α antagonists, although hepatitis has been reported 
with the use of infliximab.  Infections, including severe 
opportunistic infections and tuberculosis, are a noted risk, 
and three approved TNF-α antagonists (adalimumab, 
etanercept and infliximab) have a black box warning 
required by the U.S. Food and Drug Administration 
(FDA) concerning the development of serious infections, 
including tuberculosis and disseminated fungal diseases, 
such as coccidioides and histoplasmosis.  Opportunistic 
infections have been reported, but  many of the patients 
were treated concomitantly with other immuno-
suppressive agents, which is typical of treatment for 
inflammatory bowel disease or rheumatoid arthritis, but 
far less common in the treatment  of psoriasis, possibly 
limiting the potential for infection in this population.  The 
FDA requested that the etanercept  boxed warning and 
prescribing information be updated to include legionella, 
listeria, and blastomycosis as potential infectious risks.
 Treatment with TNF-α antagonists may slightly 
increase the risk of melanocytic and nonmelanocytic skin 
cancers, including squamous cell carcinoma, basal cell 
carcinoma, and cutaneous T cell lymphoma.  The 
increased risk of lymphoma and other solid organ cancers 
is less clear.  Studies have produced conflicting reports, 
have been underpowered to assess the risk of rare events, 
and have been tainted by the fact  that  patients with 
psoriatic disease are at an intrinsic increased risk of 
developing lymphoma13.
 Other reported events include development  or 
worsening of both central and peripheral demyelinating 
diseases, drug-induced lupus-like syndromes, and 
worsening of congestive heart  failure.  Despite these 
safety concerns, meta-analyses of published trials 
conclude that the benefit  of successful treatment is greater 
than the risk of serious events or toxicity.
 The long-term effects of ustekinumab remain 
unknown, and much information will stem from post-
marketing surveillance and additional long-term studies.  
Cumulative safety experience was analyzed through the 
pooling of safety data from the four Phase II and III 

psoriasis trials gathered over three years of treatment.  
Rates of serious infection during the placebo-controlled 
periods were similar between placebo (1.70) and 
ustekinumab 90 mg (1.97) groups, yet  lower in the 
ustekinumab 45 mg group (0.49).  The rates of non-
melanoma skin cancer and other malignancies were 
consistent with the expected incidence in the general US 
population based on the Surveillance, Epidemiology, and 
End Results (SEER) database.
 A major concern is the disproportionate number of 
major adverse cardiac events seen in the first  12 weeks of 
the Phase II trial of ustekinumab.  Ultimately, it  was 
determined that a high proportion of patients recruited 
into the trials had significant cardiovascular risk factors, 
such as obesity, smoking, high blood pressure, and 
diabetes14.  However, significant  concern about  this issue 
prompted a retraction of the FDA approval for 
briakinumab (another humanized monoclonal antibody to 
the p40 subunit  of IL-12 and IL-23), and clinical trials 
were stopped in the treatment of psoriasis.
 A meta-analysis of randomized, placebo-controlled, 
double-bl ind, monotherapy s tudies evaluated 
cardiovascular outcomes for the anti-IL-12/23 agents 
(ustekinumab and briakinumab) and anti-TNF-α agents 
(adalimumab, etanercept, and infliximab).  The primary 
outcome was a major adverse cardiac event during the 
placebo-controlled portion of the study.  There were more 
major adverse cardiac events reported in patients who 
received active treatment with anti-IL-12/23 inhibitors 
than in the placebo group (10/3179 patients versus 0/1474 
patients).  These results lack statistical significance, 
suggesting that an increase in major adverse cardiac 
events during the early weeks of treatment  may be due to 
an inherent  disease risk in the psoriatic patient 
population15,16 .
 Neutralizing human antichimeric antibodies have 
been reported to occur in approximately 16% of patients 
treated with infliximab17 .  These are neutralizing 
antibodies against the murine portion of infliximab and 
are thought to be responsible for the loss of sustainable 
treatment efficacy seen in patients treated long-term with 
infliximab.  In contrast, antibodies to etanercept occur 
less often (approximately 3%) and are thought to be non-
neutralizing18.  Patients producing antibodies may 
experience decreased treatment efficacy with the cause 
being currently undefined.  The presence of these 
antibodies is not only associated with a reduction in 
response to infliximab, but is also associated with the 
development of infusion reactions19.
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 The major conclusion from a study comparing 
survival rates for three TNF-α inhibitors (adalimumab, 
etanercept, and infliximab) in patients with psoriasis 
vulgaris based on data from the Danish nationwide 
database DERM-BIO covering patients with psoriasis 
treated with a biologic agent is that the overall efficacy of 
anti-TNF-α drugs diminish with time, as envisaged by the 
progressive loss of patient  adherence to treatment.  The 
major reasons for stopping treatment were loss of efficacy 
(75%), followed by adverse events (12%).  Infliximab 
had the best patient retention ability, with 70% of patients 
still being on the drug after four years of treatment20.  
Adalimumab and etanercept had significantly worse drug 
survival rates and there was no difference between these 
two drugs. 
Product Pipeline
 Products in development with different mechanisms 
of action than current  treatments may help improve 
psoriasis patient outcomes.  Due to the fact  that  a 
comprehensive review of the psoriasis landscape is 
beyond the scope of this article, the focus will be on 
systemic treatments, oral drugs, and injectable biologics 
that are in Phase II or Phase III clinical trials for the 
treatment of moderate-to-severe psoriasis.
Phosphodiesterase 4 (PDE4) Inhibition
Apremilast (CC-10004)
 One of the next oral systemic drugs for treatment of 
moderate-to-severe psoriasis that  is expected to be 
submitted for FDA approval is Celgene Corporation’s 
(NASDAQ: CELG) aprelimast, an oral small-molecule 
inhibitor of phosphodiesterase 4 (PDE4) and a 
thalidomide analog.  Aprelimast is currently the subject of 
two large, pivotal global studies (ESTEEM 1 and 2) in 
more than 1,200 patients with moderate-to-severe 
psoriasis with data expected by the end of 2012. 
 Celgene has announced that the company plans to 
submit  a new drug application (NDA) for aprelimast in 
psoriatic arthritis (PsA) during the first  quarter of 2013.  
A supplemental NDA (sNDA) submission for psoriasis is 
expected to follow in the second half of 2013.  A 
combined Marketing Authorization Application (MAA) 
submission in Europe is also planned for the second half 
of 2013. 
   Apremilast is a PDE-4 inhibitor that results in 
inhibition of cyclic adenosine monophosphate (cAMP) in 
leukocytes and exerts anti-inflammatory effects by 
reducing cytokine transcription and further inflammatory 

responses such as neutrophil degranulation, chemotaxis 
and adhesion to endothelial cells.  PDE4 is a cAMP-
specific PDE and the dominant PDE in inflammatory 
cells.  PDE4 inhibition elevates intracellular cAMP 
levels, which in turn down-regulates the inflammatory 
response by modulating the expression of TNF-α, IL-23, 
and other inflammatory cytokines.  Elevation of cAMP 
also increases anti-inflammatory cytokines such as IL-10.
 ESTEEM 1 (NCT01994219) and ESTEEM 2 
(NCT01232283) are Phase III, multi-center, randomized, 
double-blind, placebo-controlled, efficacy and safety 
studies of apremilast in subjects with moderate-to-severe 
plaque psoriasis.  Primary endpoint is the proportion of 
subjects achieving at  least a 75% reduction from baseline 
PASI score (PASI-75) at  week 16.  ESTEEM 1 and 
ESTEEM 2 include 844 patients and 413 patients, 
respectively.  ESTEEM 1 has two additional secondary 
outcome measures: population-based pharmacokinetic 
estimate of systemic exposure of apremilast  and to 
explore the relationship of apremilast  exposure with 
efficacy and safety endpoints.
 In the Phase IIb (PSOR-005), multi-center, 
randomized, placebo-controlled, dose-ranging study, 
patients (aged ≥18 years) with moderate-to-severe 
psoriasis were randomly assigned (in a 1:1:1:1 ratio) to 
receive oral placebo or 10, 20, or 30mg of apremilast 
twice daily at  35 U.S. and Canadian sites.  The primary 
endpoint was the proportion of patients achieving at  least 
PASI-75 at week 16.  Apremilast  10mg did not differ 
significantly from placebo in achievement of the 
endpoint.  For both apremilast  20mg and apremilast 
30mg, the differences from placebo were significant.  
Most  adverse events (96%) were mild or moderate, 
including nausea, upper respiratory tract  infection, 
diarrhea, nasopharyngitis, headache, arthralgia (placebo), 
gastroenteritis, or dyspepsia.  Apremilast, given orally at 
20 or 30 mg twice daily, appears to be efficacious, safe, 
and tolerable for patients with moderate-to-severe plaque 
psoriasis21. 
Kinase Inhibitors
Tofacitinib
 Pfizer Inc.’s (NYSE: PFE) tofacitinib (formerly 
designated CP-690,550) is an oral Janus kinase (JAK) 
inhibitor.  It is being studied at a dose of 5mg or 10mg 
orally twice daily.  Phase III trials for plaque psoriasis 
with tofacitinib compared with placebo are expected to 
collect final data for analysis in the first  half of 2013 with 
a long-term safety study being completed in May 2017.  
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Tofacitinib is also being evaluated at  a dose of 5mg or 
10mg orally twice daily compared with Enbrel 
(etanercept) 50mg subcutaneously twice weekly for 
plaque psoriasis.  Final data from this trial are anticipated 
to be completed in 201222.
 Tofacitinib was one of the first JAK inhibitors to 
enter the clinic.  It  inhibits JAK3 and JAK1 and, to a 
lesser extent, JAK2, but  has little effect on TYK2.  
Consequently, tofacitinib potently inhibits cγc cytokines 
but also blocks IFN-γ, IL-6 and, to a lesser extent, IL-12 
and IL-2323.  Functionally, tofacitinib affects both innate 
and adaptive immune responses by inhibiting pathogenic 
Th17 cells and Th1 and Th2 cell differentiation24.
 In a Phase IIb trial dose-ranging study for the 
treatment of psoriasis in 197 patients, 25%, 40.8% and 
66.7% of those taking 2, 5 and 15mg of tofacitinib twice 
daily achieved a PASI-75 response compared to 2% of 
placebo-treated patients25.
 The major adverse effects of tofacitinib include 
increased incidence of infections and increased low 
density lipoprotein levels; however, the incidence of 
infection with opportunistic organisms appears to be 
limited26.  The former is perhaps expected given the roles 
of diverse cytokines in host  defense.  The latter is likely 
related to inhibition of IL-6 signaling.  Anemia and 
neutropenia were also reported, presumably related to 
JAK2 inhibition and interference with cytokines, such as 
erythropoietin and colony stimulating factors.  Little 
reduction in CD4+ T cells has been seen, but  significant 
reduction in NK cells and CD8+ T  cells does occur.  The 
side effects of tofacitinib appear to be consequences of 
blocking cytokine signaling and seemingly not related to 
off-target effects.
 On May 9, 2012, Pfizer announced that the Arthritis 
Advisory Committee to the FDA voted 8-2 to recommend 
approval of the investigational agent  tofacitinib for the 
treatment of adult  patients with moderately to severely 
active RA.  On August  21, 2012, Pfizer announced that 
the FDA has extended the action date by three months for 
the NDA for tofacitinib as an oral treatment for adults 
with moderately to severely active RA.  The FDA 
determined that  additional data analyses recently 
submitted by Pfizer constitute a major amendment to the 
application and will require additional time to review.  
The FDA has not  asked that  Pfizer complete any new 
studies.  The FDA provided an anticipated Prescription 
Drug User Fee Act (PDUFA) date of November 21, 2012.  
Tofacitinib is administered twice a day (5mg or 10mg) for 
both RA and psoriasis. 

Baricitinib (LY3009104)
 In December 2009, Incyte Corporation (NASDAQ: 
INCY) entered into a license, development and 
commercialization agreement  with Eli Lilly & Co. 
(NYSE: LLY) under which Lilly received exclusive 
worldwide development and commercialization rights to 
the JAK1 and JAK2 inhibitor baricitinib (LY3009104, 
formerly known as INCB28050) and certain back-up 
compounds for inflammatory and autoimmune diseases.
 Under the terms of the agreement, Eli Lilly received 
worldwide rights to develop and commercialize 
baricitinib as an oral treatment  for all inflammatory 
conditions.  In exchange for these rights, Incyte received 
an initial payment  of $90 million and is eligible for up to 
$665 million in additional potential development, 
regulatory, and commercialization milestones, as well as 
tiered, double-digit  royalty payments on future global 
sales with rates ranging up to 20% if a product is 
successfully commercialized. 
 Eli Lilly is currently conducting a randomized, 
double blind, placebo-controlled, dose-ranging, Phase IIb 
study of the JAK3-sparing baricitinib (NCT01490632) in 
patients with moderate-to-severe plaque psoriasis, with 
primary endpoint results expected in 2013.  The primary 
outcome measure is the efficacy of baricitinib in 
participants with moderate-to-severe plaque psoriasis 
determined by PASI at 12-weeks.  Eli Lilly plans to 
develop baricitinib as a once-a-day treatment based on its 
long half-life.
ASP-015K
 Astellas Pharma Inc.’s (OTN: ALPMF) ASP-015K, a 
JAK3 inhibitor, has completed a Phase IIa, randomized, 
double-blind, placebo-controlled, sequential group, 
multiple-dose escalation study to evaluate the efficacy 
and safety in subjects with moderate-to-severe plaque 
psoriasis.  In the six week Phase IIa proof of concept 
study of patients with psoriasis, ASP-015K was well 
tolerated and demonstrated dose dependent  improvements 
in PASI change from baseline.  Astellas is currently 
conducting three Phase IIb studies in patients with 
rheumatoid arthritis in the U.S., Europe and Japan. 
 In October 2012, Janssen Biotech, one of the Janssen 
Pharmaceutical Companies of Johnson & Johnson 
(NYSE: JNJ), and Astellas Pharma formed a license 
agreement  whereby Janssen gains the exclusive right to 
develop and commercialize ASP-105K worldwide except 
for Japan.  Under the terms of the agreement, Astellas 
received an up-front  payment  of $65 million from 
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Janssen.  Astellas is eligible to receive contingent 
payments upon the achievement of certain development, 
regulatory and commercial milestones, which could total 
up to $880 million.  Astellas is further entitled to receive 
double-digit  royalty payments on net  sales of ASP-015K 
in the territory from Janssen.  After completion of the 
Phase IIb studies in the territory, Janssen is responsible 
for all future costs associated with the development and 
commercialization of ASP-015K for rheumatoid arthritis 
and other autoimmune indications in the territory.
Sotrastaurin (AEB071)
 Novar t i s Pharmaceu t ica l s ’ (NYSE: NVS) 
sotrastaurin, a highly potent, selective and reversible oral 
Protein Kinase C (PKC) inhibitor, is in a double blind, 
randomized, placebo controlled, multi-center, dose 
finding Phase II study in patients with moderate-to-severe 
plaque psoriasis (NCT00885196).  Sotrastaurin indirectly 
inhibits T-cell proliferation and prevents the production of 
inflammatory cytokines by activated t-cells, keratinocytes 
and macrophages through selective inhibition of the 
alpha, beta and theta-PKC isoforms.  The primary 
endpoint of the Phase II trial of oral sotrastaurin is to 
assess PASI-75 at  12-weeks treatment and a function of 
dose and treatment duration. 
 In a proof-of-concept  study comparing ascending 
doses of sotrastaurin to placebo, 32 patients with 
moderate-to-severe plaque psoriasis were treated twice 
daily for two-weeks.  A dose-dependent improvement of 
psoriasis was observed during the treatment period.  The 
mean reduction of PASI scores over baseline was 69% for 
the 300mg bid cohort  (placebo, 5.3%) with 4 of 6 patients 
having achieved a PASI-75.  In the group receiving 
300mg twice daily, a dose dependent inhibition of both 
lymphocyte proliferation and IL-2 mRNA expression 
were observed.  Sotrastaurin was well tolerated with no 
serious adverse events in this trial27.
Sirutin Activators
 Sirutin enzyme 1 (SIRT1) is a nuclear sirutin class III 
deacetylase which inhibits pro-inflammatory cytokine 
production, likely through the deacetylation of RelA(p65) 
subunit of NF-kB, inhibition of TNF-α secretion and 
deacetylation and dephosphorylation of STAT3, which 
results in decreases production of IL-2228.  SIRT1 
promotes normal keratinocyte differentiation by 
inhibiting STAT3 and therefore IL-22 production.  In 
psoriatic lesions there is a decreased concentration of 
SIRT1, likely due to the IFN-γ-mediated inhibition of 
SIRT1.

SRT2104
 GlaxoSmithKline’s (NYSE: GSK) SRT2104, a potent 
highly selective small molecule activator of sirutin 
SIRT1, has completed a Phase IIa double blind placebo-
controlled trial in approximately 40 patients with   
moderate-to-severe psoriasis (NCT01154101).
 In October 2012, Glaxo initiated a Phase I open-label, 
randomized, controlled, single center study to assess the 
safety, variability in exposure, and relative bioavailability 
of new oral formulations of SRT2104 in approximately 
40 healthy male volunteers (NCT01702493).  This is a 
two part  study and each part consists of screening (within 
21 days of the first scheduled dose of SRT2104), 
treatment period and follow-up visit  (approximately 6 
days after the last dose).  The study’s estimated 
completion is April 2013.
Immunomodulators - Monoclonal Antibodies
Ixekizumab 
 Eli Lilly & Company’s ixekizumab (LY2439821), a 
humanized monoclonal antibody that  binds to and 
neutralizes the action of the pro-inflammatory cytokine 
interleukin-17A (IL-17A or IL-17) began three Phase III 
studies in adults with moderate-to-severe chronic plaque 
psoriasis. 
 The first Phase III study will include about 1,300 
patients with a 12-week randomized double-blind 
placebo-controlled induction period followed by a 
randomized maintenance dosing period and long-term 
evaluation stage (NCT01646177).  Additional Phase III 
studies investigating ixekizumab in patients with 
moderate-to-severe chronic plaque psoriasis include: 
multi-center, randomized, double-blind, placebo-
controlled study comparing the efficacy and safety of 
LY2439821 to Etanercept and placebo in patients with 
moderate-to-severe plaque psoriasis (NCT01646177) and 
a multi-center, open-label, long-term study to evaluate the 
efficacy and safety of LY2439821 in Japanese patients 
with moderate-to-severe psoriasis (NCT01624233).
 The results of the randomized, double- blind placebo 
controlled, parallel group dose ranging Phase II trial of 
ixekizumab met  its primary endpoint  in patients with 
moderate-to-severe plaque psoriasis.  In the 142-subject 
study, significantly more patients achieved a PASI-75 
response in the 150mg (82%), 75mg (83%) and 25mg 
(77%) ixekizumab groups compared with placebo (8%) at 
week 12.  The 10mg dose (29%) did not separate from 
placebo at week 12.
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 According to the company, secondary endpoints of 
the Phase II study included an evaluation of the 
percentage of patients achieving at least 90% and 100% 
improvement  in PASI, (PASI-90 or PASI-100) at week 
12.  In patients treated with ixekizumab, the percentages 
of patients achieving a PASI-90 response were 71% 
(150mg), 59% (75mg) and 50% (25mg), which were 
significantly higher than with placebo (none).  PASI-100 
responses were significantly better at the 150mg dose 
(39%) and 75mg dose (38%) when compared with 
placebo (zero). 
 In the Phase II trial, the PASI-75 response was 
significantly better than placebo as early as week two at 
the highest dose, and significant  differences from placebo 
in PASI scores were seen as early as week 1 at the two 
highest  doses and by week 4 for the remaining two doses.  
Differences from placebo were sustained to week 20 in 
both PASI-75 responses and PASI scores.
 Skin disease severity also was evaluated by static 
Physician Global Assessments (sPGA), with patients 
having a score of 3-5 (moderate to severe disease) at 
baseline.  The percentage of patients achieving an sPGA 
of 0 (clear disease) or 1 (minimal disease) at week 12 
were 71% (150 mg), 72% (75 mg), 70% (25 mg) and 25% 
(10 mg) compared with 8% (placebo), with the highest 
three doses being significantly higher than placebo.  The 
percentage of patients achieving an sPGA score of 0 at 
week 12 were 46% (150mg), 38% (75 mg), 20% (25 mg), 
7% (10mg) and zero (placebo), again with the highest 
three ixekizumab doses being significantly higher than 
placebo29.
Secukinumab (AIN457)
 In 2011, Novartis initiated its Phase III program of 
secukinumab (AIN457), a fully human antibody 
neutralizing IL-17A, for the treatment of moderate-to-
severe plaque psoriasis and psoriatic arthritis.  Data from 
the Phase III program of secukinumab in psoriasis are 
expected to be announced in 2013.
 In October 2011, at  the annual European Academy of 
Dermatology and Venereology (EADV) Congress, 
Novartis announced positive results from three double 
blind, parallel group, placebo-controlled Phase II trials 
showing that secukinumab produced a quick and 
significant improvement  of symptoms in patients with 
moderate-to-severe plaque psoriasis.
 The three Phase II studies presented at EADV were 
designed to evaluate the safety and efficacy of 
secukinumab in different doses and administration 

regimens.  The primary endpoint of the studies was 
PASI-75 responses at week 12, with PASI-90 responses at 
week 12 among the secondary endpoints.  The primary 
endpoint was met  for one or more of the doses (25, 75 
and 150mg, subcutaneously; 3 mg/kg, 10mg/kg and 
3x10mg/kg, intravenously) and regimens (Early, Monthly 
and Single) studied in each trial.  In all three studies, 60% 
of patients experienced adverse events with secukinumab 
in the first  twelve weeks compared to 61% with placebo.  
Serious adverse events were reported in 3% of 
secukinumab patients vs. 1% with placebo30.
 In one study, 81% of patients receiving 150mg of 
secukinumab subcutaneously once a month experienced 
at  least a 75% improvement of psoriasis signs and 
symptoms as measured by PASI versus 9% for placebo at 
week 12 (p<0.001).  In another study, results also showed 
that 83% of patients who were given an intravenous 
starting dose of secukinumab experienced at least  a 75% 
improvement  of symptoms versus 10% for placebo.  A 
third study showed that receiving secukinumab in the first 
month was beneficial to 55% of patients versus 2% for 
placebo at week 12 (p<0.001)31.
 In September 2012, at the annual EADV, new data 
from the sub-analyses undertaken on the double-blind, 
parallel, placebo- controlled Phase II study show 
secukinumab was nearly three times more effective than 
placebo at  reducing moderate-to-severe plaque psoriasis 
on the hands and/or feet when given every week for the 
first  month of treatment  (54% of patients vs. 19.2 % 
respectively, p=0.005), as measured by Investigator’s 
Global Assessment (IGA).  Patients also benefited if they 
received secukinumab once every four weeks, with 39.0% 
experiencing either “clear” or “minimal” psoriasis after 
12 weeks of treatment32.  The Phase II study which 
involved 404 patients was designed to evaluate the safety 
and efficacy of secukinumab in different regimens 
(weekly for the first  month; once every four weeks; or 
single dose) of 150mg given subcutaneously.
 The sub-analyses included assessment  of 
secukinumab treatment  efficacy in 131 patients with hand 
and/or foot  psoriasis.  Another analysis found that  these 
secukinumab treatment schedules also notably reduced 
the signs and symptoms of finger nail psoriasis compared 
to placebo33.
 Other new data presented at the 2012 EADV in the 
total moderate-to-severe plaque psoriasis study 
population show that  secukinumab improved skin-related 
quality of life in 25-times more patients after 12-weeks of 
treatment when given every week for the first month, 
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compared to placebo (40.8% vs. 1.6%, p<0.001), as 
measured by the Dermatology Life Quality Index 
(DLQI).  In this same treatment group, significantly more 
patients experienced improvements in pain and 
discomfort  compared to placebo (36.2% vs. -1.5%) from 
baseline; and in anxiety and depression versus placebo 
(16.3% vs. 6.2%), as measured by EuroQol (EQ-5D)34.
Brodalumab (formerly AMG 827)
 Amgen Inc.’s (NASDAQ: AMGN) brodalumab is a 
human monoclonal antibody that selectively binds to and 
blocks signaling via the IL-17 receptor, thereby stopping 
the binding of several IL-17 family members associated 
with psoriasis.  In March 2012, Amgen announced that 
brodalumab would move into Phase III for moderate-to-
severe psoriasis.
 Results from a Phase II trial evaluating the safety and 
efficacy of brodalumab in 198 patients with moderate-to-
severe plaque psoriasis have been published.  The 12-
week, randomized, double-blind, placebo-controlled, 
dose-ranging study achieved its primary endpoint  with the 
mean percentage improvement in PASI score higher in all 
brodalumab groups compared to placebo (p<0.00).  The 
majority of subjects treated with brodalumab 210mg 
every other week achieved total clearance of their skin 
disease (PASI-100 of 62 percent).
 In this study, treatment with brodalumab every other 
week resulted in mean improvements in PASI scores of 
85.9% (140mg), 86.3% (210mg) and 45.0% (70mg) 
versus 16% with placebo (all p<0.001).  A monthly dose 
of brodalumab at 280mg was associated with a mean 
PASI improvement  of 76%.  Approximately 30% of 
patients in the placebo group had worsening psoriasis.
 The study also evaluated secondary endpoints 
including PASI-75, PASI-90 and PASI-100, which 
indicate 75%, 90% and 100% reductions in patient  PASI 
scores from baseline, respectively.  In patients dosed with 
140mg of brodalumab, 77% achieved a 75% reduction in 
their PASI score, 72% achieved a 90% reduction and 38% 
experienced total clearance (PASI-100) (all p<0.001).  In 
patients dosed with 210mg of brodalumab, 82% achieved 
a 75% reduction, 75% achieved a 90% reduction and 62% 
experienced total clearance (PASI-100) (all p<0.001)35.   
 The most commonly reported adverse events in the 
combined brodalumab groups were common cold (8%), 
upper respiratory tract  infection (8%) and injection site 
redness (6%).  Two cases of grade three neutropenia were 
reported in the 210mg brodalumab group.

 Brodalumab showed a high level of response in 
patients with moderate-to-severe plaque psoriasis with a 
rapid onset of action within days.
 Brodalumab inhibits multiple members of the 
interleukin-17 cytokine family through antagonism of the 
interleukin-17RA receptor.  Secukinumab and ixekizumab 
specifically neutralize interleukin-17A36.
 In April 2012, Amgen and AstraZeneca Plc (NYSE: 
AZN), signed an agreement to jointly develop and 
commercialize five monoclonal antibodies from Amgen's 
clinical inflammation portfolio: AMG 139, AMG 157, 
AMG 181, AMG 557 and brodalumab.  The agreement 
does not include certain territories previously partnered 
by Amgen for brodalumab with Kyowa Hakko Kirin and 
AMG 557 with Takeda.
 Under the terms of the agreement, AstraZeneca will 
make a one-time $50 million upfront payment  to Amgen 
and the companies will share both costs and profits.  
Based on current  plans, approximately 65 percent of costs 
for the 2012-2014 period will be funded by AstraZeneca.  
Thereafter, the companies will split costs equally.  Amgen 
will book sales globally and will retain a low single-digit 
royalty for brodalumab and a mid single-digit royalty for 
the rest  of the portfolio, after which the companies will 
share profits equally.
 AstraZeneca will lead the development and 
commercial strategy of AMG 139, AMG 157 and AMG 
181, while Amgen will lead the development and 
commercial strategy of brodalumab and AMG 557.  Each 
development  and commercialization lead will be under 
the oversight  of joint governing bodies.  For brodalumab, 
Amgen will promote the product in dermatology 
indications in the U.S. and Canada, and in rheumatology 
indications in the U.S., Canada and Europe.  AstraZeneca 
will promote brodalumab in respiratory and, initially, in 
dermatology indications across all territories outside the 
U.S., Canada and those markets where Amgen has 
existing partnerships. 
 According to data presented at the 2012 Digestive 
Disease Week Annual Meeting in May 2012, researchers 
terminated a randomized, double blind, placebo-
controlled Phase II study of brodalumab in patients with 
moderate-to-severe Crohn’s disease after a review of 
safety data from 117 of 226 planned patients indicated a 
worsening of Crohn’s disease symptoms.  Exacerbated 
symptoms, including adverse events and study 
withdrawal because of illness progression occurred in 
31% of the 210mg group, which is the highest dose used 
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in the Phase II study in psoriasis patients37.  To our 
knowledge at the time of this publication, Amgen has not 
announced whether this will affect  the plans to initiate 
Phase III trials of brodalumab in psoriasis.
MK-3222 (formerly SCH 900222)
 Merck & Co. Inc.’s (NYSE: MRK) MK-3222 is a p19 
subunit anti-interleukin-23 (IL-23) monoclonal antibody 
candidate being investigated for the treatment  of 
psoriasis.  MK-3222 is anticipated to enter Phase III 
clinical trials in 2012.  A Phase II randomized, double-
blinded, placebo-controlled, parallel-design, dose-range 
finding study of subcutaneous MK-3222 in subjects with 
moderate-to-severe chronic plaque psoriasis is ongoing 
(NCT01225731).
 Given the proven role of IL-23 in several models of 
autoimmune inflammation and psoriasis, substantial 
interest  exists in targeting this cytokine with 
neutralization immunotherapy.  If the IL-23/Th17/IL-17 
immune pathway operates in humans as in mice, then 
specific blockade of the IL-23 immune pathway may be 
an effective and safer therapy for immune-mediated 
inflammatory diseases and place this drug as a standard 
setting paradigm for psoriasis therapy.
Tregalizumab (BT-061)
 In June 2011, Abbott Laboratories (NYSE: ABT) and 
Biotest  AG (OTC: BIESF) entered into a global 
agreement  to develop and commercialize tregalizumab, a 
novel anti-CD4 antibody for the treatment  of RA and 
psoriasis.  Tregalizumab is a humanized monoclonal 
antibody that works by activating the body's T-regulatory 
cells, a subset of T-cells, strengthening a natural function 
of the body that prevents excessive immune reactions.  
Unlike other anti-CD4 antibodies that have been in 
development, BT-061 does not  cause depletion of CD4 
positive T-cells that  would give rise to weakened immune 
responses.
 Under the terms of the agreement, Abbott and Biotest 
will co-promote tregalizumab in the five major European 
markets (Germany, France, United Kingdom, Italy and 
Spain) and Abbott  will have exclusive global rights to 
commercialize tregalizumab outside those countries.  
Biotest received an upfront  fee of $85 million.  Pending 
achievement of certain development, regulatory, 
commercial and sales-based milestones, Biotest would be 
eligible to receive additional milestone payments from 
Abbott, potentially totaling $395 million, and royalties.  
Biotest will be responsible for manufacturing the initial 

clinical supply of tregalizumab and the companies will 
share responsibility for commercial production. 
 Biotest announced that  in collaboration with Abbott a 
Phase IIa clinical trial with repeated doses has been 
completed in which tregalizumab was tested for the 
treatment of chronic plaque psoriasis.  This Phase IIa trial 
was a placebo-controlled, double-blind, multi-center, 
multinational, multiple dose, dose-escalation study to 
evaluate the safety and efficacy of tregalizumab in 
different  doses and mode of administrations.  Patients 
were treated subcutaneously (s.c.) or intravenously ( i.v.) 
weekly for eight consecutive weeks in six different 
escalating dose groups.  
 Fifty-five patients with chronic plaque psoriasis were 
enrolled.  Patients received tregalizumab as monotherapy 
at  doses between 12.5-25mg as s.c. injections or 0.5 and 
2mg as i.v. infusions.  Tregalizumab was administered 
once weekly for 8 weeks.  In each treatment  group, six 
patients received active treatment  and two patients 
received placebo.  Fifteen of the forty-one patients (37%) 
receiving tregalizumab exceeded a PASI-50 response 
including two patients with more than a 75% 
improvement.  Responses were seen in four patients 
receiving placebo, but none reached a PASI-75 response.  
The strongest  improvements in PASI were observed in the 
2.5mg i.v. and 25mg s.c. dose groups38.
 After the treatment period, patients were observed for 
further 12 weeks (90 days) without tregalizumab 
treatment.  Some of the patients experienced a long-
lasting improvement in PASI and PGA scores, with an 
improvement  in PASI-score persisting for up to 90 days 
after single dose administration. 
 The tolerability of tregalizumab, has also been 
confirmed in the concluded Phase IIa trial.  Further 
development  in of tregalizumab for the treatment of 
psoriasis will be based on results of larger clinical trials in 
r h e u m a t o i d a r t h r i t i s t h a t  a r e s t i l l o n g o i n g 
( NCT01481493). 
AbGn-168H
 AbGenomics International, Inc. expects to initiate 
Phase II trial of AbGn-168H, a humanized monoclonal 
antibody against  CD-162, for the treatment of psoriasis in 
the third quarter of 2012.  A Phase I safety, tolerability, 
pharmacokinetics and pharmacodynamics study of single 
rising, open-label doses of AbGn-168H administered by 
intravenous infusion to patients with chronic plaque 
psoriasis was completed with no results published 
(NCT00848055).  A Phase I safety, tolerability and 
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pharmacokinetics study of single rising doses of 
AbGn-168H administered by intravenous infusion 
(125µg/kg, 500µg/kg, 1 mg/kg, 2 mg/kg) or subcutaneous 
injection (125µg/kg, 1 mg/kg) to healthy male volunteers 
(randomized, double-blind, placebo-controlled within 
dose groups) was also completed (NCT01378364).  In the 
single rising dose Phase I study, a clear biological/
pharmacological effect consistent with the proposed 
mechanism of action of AbGn-168H was demonstrated.
 In August  2012, AbGenomics announced that  it 
obtained agreement from FDA for its proposed plans for a 
Phase II clinical trial of AbGn-168H.  The Phase II 
clinical trial of AbGn-168H will be a multi-center, 
placebo-controlled, double-blind trial.  The primary 
objective of the study is to demonstrate that AbGn-168H 
provides safe, durable and remissive therapeutic effect in 
psoriatic patients.  
Other Biologicals
CF101
 Can-Fite BioPharma (TA: CFBI) is conducting a 
randomized, double-blind placebo-controlled, dose-
finding Phase II/III study of the efficacy and safety of 
daily CF101 in patients with moderate-to-severe plaque 
psoriasis.  CF101 is an an oral small molecule drug 
formulated in a tablet.  The mechanism of action for 
CF101 is A3 Adenosine Receptor (A3AR) mediated and 
includes modulation of key signaling proteins, such as 
PI3K, PKA, PKB/Akt, IKK and NF-кB, resulting in 
inhibition of inflammatory cytokine production.
 In October 2012, Can-Fite announced the 
continuation of patient enrollment in its psoriasis Phase 
II/III clinical study with CF101.  This decision follows an 
interim analysis of safety and efficacy data from the first 
103 patients who completed 24 weeks of treatment  in the 
trial.  The positive clinical effects of the CF101 at the 
2mg BID dose relative to placebo were observed in a 
variety of standard psoriasis assessment  parameters, with 
the responses accumulating steadily over the 24-week 
treatment period.  These clinical effect  data corroborate 
the published Phase II study and confirm the dose 
selection.  The favorable safety profile of CF101 further 
supports its development for the systemic treatment of 
moderate-to-severe psoriasis.  To allow the trial to meet 
its full objectives, the company intends to complete 
patient  enrollment for this psoriasis Phase II/III clinical 
study comparing CF101 at 2mg BID to placebo, as 
standalone therapy.  The study will include approximately 

300 patients overall and is currently conducted in 17 U.S., 
European and Israeli medical centers.
 The primary clinical endpoint of the Phase II/III trial 
(NCT01265667) is the proportion of patients achieving 
Physicians Global Assessment (PGA) outcome of 0 or 1 
at  12 weeks.  Two main secondary outcomes will be the 
proportion of patients achieving PASI-75 at 12 weeks and 
change from baseline in percentage of body surface area 
of psoriasis involved at 12 weeks.
 A Phase II multi-center, randomized, double-blind 
dose ranging (1-4mg) placebo-controlled trial in 
moderate-to-severe plaque-type psoriasis was completed.  
Results of this Phase II trial showed CF101 was well 
tolerated and demonstrated evidence of efficacy in 
patients with moderate–to-severe plaque psoriasis.  In the 
2 mg CF101-treated group, a progressive improvement  in 
the mean change from baseline in the PASI score versus 
placebo throughout  the study period was observed, with a 
statistically significant  difference on weeks 8 and 12 (P = 
0.047; P=0.031, respectively).  In this group, 35.3% of the 
patients achieved PASI-50 response, and 23.5% of the 
patients achieved a PGA score of 0 or 139.
Toll-like Receptor (TLR) Antagonists
IMO-3100
 In October 2012, Idera Pharmaceuticals, Inc. 
(NASDAQ: IDRA) announced that a randomized, double 
blind, and placebo-controlled Phase II study of IMO-3100 
in patients with moderate-to-severe plaque psoriasis has 
c o m p l e t e d e n r o l l m e n t .  I M 0 - 3 1 0 0 i s a n 
immunomodulator that inhibits the activity of TLR7 and 
TLR9 and modulates the production of multiple pro-
inflammatory mediators, including TNF-α, INF-α, IL1-β, 
IP-10, IL-17, and IL-23.  Idera plans to report  top-line 
data from the Phase II study by the end of 2012. 
 The role of TLR7 and TLR9 in psoriasis is well 
established and TLR8 may also contribute to this disease.  
Blocking the activation of these receptors through a TLR 
antagonist represents a novel approach to the treatment of 
psoriasis.  IMO-3100 is designed to block induction of 
multiple cytokines mediated through TLR7 and TLR9.  
IMO-3100 has demonstrated potent activity in reducing 
pathologic and immunologic manifestations in preclinical 
mouse models of psoriasis.
 In Phase I studies in healthy subjects, IMO-3100 has 
been well tolerated at  the doses administered, and has 
shown target  engagement of TLR7 and TLR9.  The 
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results provide evidence that  IMO-3100 suppressed 
TLR7- and TLR9-mediated immune responses in the trial.
 The multiple-dose Phase I clinical trial randomized 
24 healthy subjects to receive saline, IMO-3100 at 
0.32mg/kg twice/week, or IMO-3100 at  0.64mg/kg/week, 
for four weeks.  The primary objective of this study was 
the evaluation of safety and tolerability of IMO-3100.  
Secondary objectives were to assess IMO-3100 
pharmacokinetics and pharmacodynamic mechanism of 
action.
 The Phase I study results were presented at the 
Keystone Symposia meeting "Immunoregulatory 
Networks" being held April 1-6, 2011 in the presentation 
(Abstract  #333) entitled “IMO-3100, a novel toll-like 
receptor antagonist  for autoimmune and inflammatory 
diseases: safety and pharmacodynamics in a multiple-
dose Phase I clinical trial.”
 IMO-3100 was well tolerated in both treatment 
regimens.  There were no serious adverse events and no 
treatment discontinuations.  Mild injection site reactions 
were the most  common adverse events.  The 
pharmacokinetics of IMO-3100 were found to be dose-
proportional and showed no evidence of accumulation 
after repeated dosing.  Pharmacodynamics mechanism of 
action demonstrated in the Phase I study was the 
suppression of multiple cytokines including IFN- α, IL-6, 
MIP-1β, and IL-1Ra, mediated through TLR7 and TLR9 
was observed in both IMO-3100 groups, when post-dose 
responses were compared to pre-dose responses in each 
subject.  Suppression of multiple cytokines was 
maintained in IMO-3100 treated subjects throughout  the 
four-week treatment period, based on responses measured 
from the third day after the first  dose through four or 
more days after the last  dose.  No consistent suppression 
of any cytokines was observed in placebo-treated 
subjects.
 The Phase II trial is designed to evaluate the safety 
and markers of efficacy of IMO-3100 as a monotherapy.    
In the study, 45 patients with moderate-to-severe plaque 
psoriasis will receive IMO-3100 at  0.16 or 0.32mg/kg or 
placebo (saline) by subcutaneous injection once weekly 
for four weeks.  Assessments of safety will be performed 
starting from the treatment period until day 56.  Psoriasis 
intensity will be monitored throughout the study.  Skin 
biopsies of an active psoriasis plaque will be obtained 
prior to treatment  and one week after the last treatment, 
and will be analyzed by immunohistologic staining for 
changes in epidermal thickness, immune cell infiltrates 
and cytokine expression.  This trial is being conducted at 

multiple sites in the U.S., and skin biopsies will be 
analyzed at a central laboratory.
 As discussed earlier in this article, physical injury to 
the skin typically exacerbates psoriasis and also 
represents a trigger of pDC activation in psoriatic skin, 
indicating a potential link between skin damage, release 
of self-DNA and local pDC activation.  LL37, an 
endogenous antimicrobial peptide overexpressed in 
psoriatic skin, is the key mediator of pDC activation in 
psoriasis.  LL37 breaks innate tolerance to self-DNA by 
forming a complex that is delivered to and retained within 
early endocytic compartments of pDCs to trigger TLR9 
and induce IFN production.  A fundamental mechanism 
by which pDCs sense and respond to self-DNA coupled 
with an antimicrobial peptide, was discovered and 
suggests that through this pathway pDCs drive 
autoimmunity in psoriasis40.
 Activation of TLR7, TLR8 and TLR9 in pDC and 
mDC through the interaction of these receptors with the 
antimicrobial peptide LL37 complexed with self-RNA or 
DNA contributes to psoriasis development.  Therefore, 
inhibition of TLRs 7, 8 and 9 through the use of a TLR 
antagonist could provide therapeutic effect  in this 
autoimmune disease41.
 A key difference between the cytokine-targeted 
(antibody) approaches and the TLR-targeted approach is 
that the latter inhibits the induction but not the 
constitutive levels of multiple cytokines42.  Another 
important  difference is that  TLRs 7, 8 and 9 inhibit 
inflammasome activation and suppress the induction of 
IL-1β.  The preclinical data in mouse models of IL-23 
induced psoriasis was presented in October 2012 at the 
8th Annual Meeting of the Oligonucleotide Society.  The 
inflammasome is an intracellular, multiprotein complex 
that  regulates the release of Il-1β  and other pro-
inflamatory members of the IL-1 cytokine family in 
response to exogenous and endogenous danger signals.  
IL-1β  is a critical proinflammatory mediator implicated in 
many auto-immune diseases and has been a focus of the 
biotechnology and pharmaceutical companies. 
 In 2001, the first successful drug in this class, 
Amgen’s Kineret (anakinra), a recombinant  for of the 
IL-1 receptor antagonist  (IL-IRA) was approved for the 
treatment of rheumatoid arthritis.  Xoma Corporation’s 
(NASDAQ: XOMA) gevokizumab (XOMA-052), a 
humanized monoclonal antibody which binds strongly to 
IL-1β, is in Phase III clinical trials for Behçet's disease 
and non-infectious uveitis.  Regeneron Pharmaceuticals, 
Inc.’s (NASDAQ: REGN) Arcalyst® (rilonacept), a 
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recombinant protein with high affinity for IL-1β has 
completed Phase III trials for the treatment  of gout  and is 
marketed for cyrinopyrinapathy, Novartis’ Ilaris® 
(canakinumab), a humanized monoclonal IL-1β antibody 
also approved for cyrinopyrinapathy, is in a pivotal Phase 
III trials systemic juvenile idiopathic arthritis (SJIA) and 
a Phase II study in patients with TNF associated periodic 
syndrome (TRAPS). 
 Idera is also developing a second TLR antagonist, 
IMO-8400, which targets TLR8 in addition to TLR7 and 
TLR9.  The company expects to initiate Phase I study for 
IMO-8400 during the fourth quarter of 2012. 
Oxidized Phospholipids
VB-201
  VBL Therapeutics is developing VB-201, a first-in-
class orally available, specific innate immunity disease 
modifying synthetic phospholipid of the Lecinoxiod 
family.  Central to the overall mechanism of action for 
VB-201 are the targeted antagonism of TLR2 and TLR4 
co-receptor CD-14, and the inhibition of chemokine-
mediated migration of monocytes to inflamed tissue.
 Results from a Phase II double-blind, randomized, 
dose-ranging, placebo-controlled study of VB-201 were 
presented at the American Academy of Dermatology 70th 
Annual Meeting in March 2012 during an oral 
presentation titled “Safety and Efficacy of VB-201, a 
Novel Immune-modulator, on Inflammation of 
Atherosclerotic Disease in Patients with Moderate to 
Severe Plaque Psoriasis: A Phase II Randomized Placebo 
Controlled Trial.”
 The Phase II study of VB-201 enrolled approximately 
185 patients with moderate-to-severe psoriasis.  Patients 
received either 20mg or 80mg of VB-201 or placebo 
once-daily for 12 weeks.  In the Phase II study, VB-201 
demonstrated an excellent  safety and tolerability profile.  
There were no treatment-related serious adverse events 
observed, and the overall rates of adverse events were 
similar across the VB-201 drug and placebo dosing arms.  
Statistically significant improvements in the psoriasis 
efficacy endpoints, Physician Global Assessment and 
Patient Global Assessment (p=0.019), were achieved.  A 
statistically significant  dose response in PASI was 
demonstrated across quintiles of VB-201 through blood 
levels (p=0.04).  Overall, improvement  in psoriasis 
measures did not reach a plateau, with a continued 
widening of the separation between the treatment  and 
placebo groups at the 12-week termination point  of the 

trial.  An additional trial of VB-201 is underway with 
higher dosage and longer duration.
 Additionally, based on encouraging preclinical 
results, a sub-study was conducted during the Phase II 
trial to evaluate the effect  of VB-201 on atherosclerosis in 
psoriasis patients.  In the pre-defined cardiovascular sub-
study, PET-CT scans were used to evaluate the effect of 
VB-201 on the suppression of active inflammation in 
atherosclerotic lesions.  VB-201 showed a statistically 
significant, dose-responsive mean reduction of 12.7 
percent of the inflammation associated with vascular 
endothelial lesions (80mg dose group, p=0.04) over the 
12-week dosing period.  Patients already maintained on 
statin therapy received additional responses in the range 
of 10 to 68 percent  reduction in vascular inflammation.  
A dose response was seen across quintiles of VB-201 
through blood levels (p=0.037).
Sphingosine-1-phosphate (S1P1) receptor agonists
Ponesimod
 Actelion Ltd’s (OTC: ALIOF) ponesimod, a selective 
sphingosine-1-phosphate (S1P1) receptor agonist, is 
currently in development as an immunomodulator, with 
the potential for once-a-day oral dosing for multiple 
autoimmune disorders.  S1P1 inhibits keratinocyte 
proliferation and induces keratinocyte differentiation and 
migration.  S1P1 is believed to regulate peripheral T  cell 
levels by stimulating their release from lymphoid organs 
rather than promoting T- cell proliferation.  
 Actelion has commenced a multi-center, randomized, 
double-blind, placebo-controlled, parallel-group study to 
evaluate the efficacy, safety, and tolerability of two doses 
of ponesimod in patients with moderate-to-severe chronic 
plaque psoriasis.  The study is estimated to enroll 320 
patients and study drug will be administered for up to 28 
weeks.  Enrollment commenced in the fourth quarter of 
2010 and study results are expected in the fourth quarter 
of 2012.  Ponesimod has been evaluated in a Phase II 
study involving 60 psoriasis patients.
 A decision regarding potential partnership or direction 
of future development of ponesimod is expected by the 
end of the year.
Cathespin S Inhibitors
RWJ-445380
 Johnson & Johnson has completed a Phase IIa 
randomized, double blind, placebo-controlled, parallel 
group, multi-center, study to investigate the safety, 
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tolerability, pharmacokinetics and pharmacodynamics of 
RWJ-445380 administered to patients with plaque 
psoriasis.  RWJ-445380 is a Cathepsin S inhibitor.  The 
study was conducted in approximately 60 patients 
assigned to one of 5 treatment are receiving the placebo, 
50mg, 100mg, 200mg, or 300mg dose.
Fumaric Acid Esters (FAE)
FP187
 Forward Pharma A/S’s FP187, a fumaric acid ester, is 
in a Phase II clinical trial for the treatment of moderate-
to-severe plaque psoriasis in 18 sites in Germany.  The 
randomized, double-blind, placebo controlled Phase II 
efficacy and safety trial of FP187 (NCT01230138) tests 
two different dose levels (250mg and 375mg) and two 
different  daily dosing schedules (twice daily and three 
times daily) over twenty weeks of treatment  in three 
active arms.  An additional open (flexible dosing) 
treatment has been amended to the trial.  The study has 
enrolled 252 moderate-to-severe plaque psoriasis patients.    
The primary outcome measure is the proportion of 
patients achieving PASI-75 compared to placebo after 20 
weeks of treatment.  Secondary endpoints include 
Physicians Global Asset (PGA) and quality of life.
Retinoic Therapies
Talarozole (formerly R115866, planned trade name 
Rambazole)
 GlaxoSmithKline has completed a randomized, 
evaluator-blind, placebo-controlled, parallel-group dose-
ranging study of the safety and efficacy of oral talarozole 
in the treatment  of plaque psoriasis in 176 patients 
(NCT00716144).  The primary outcome measure was 
PASI-75 success at visit  6 (12 weeks on treatment).  
Talarozole is a new generation all-trans retinoic acid 
metabolism blocking agent  (RAMBA), highly specific 
against retinoic acid 4-hydroxylase.
 A Phase I open label, single- arm trial of systemic 
talarozole in patients with moderate-to-severe plaque type 
psoriasis was conducted.  Patients were treated with 1mg/
day for 8 weeks, followed by a 2-week treatment-free 
follow-up period.  Nineteen (intent-to–treat patients) were 
treated and 14 patients completed the entire study.  Two 
patients discontinued due to lack of efficacy and three due 
to adverse events.  At the end of the 8-week treatment, 
26% of the patients showed at  least a 50% reduction in 
PASI compared to baseline.  At the end of the 2-week 
follow-up period 47% of the patients demonstrated a 50% 
or greater reduction in PASI.  Kinectic data showed no 

evidence of accumulation of either talarozole or retinoic 
acid in the plasma.
Proprietary Mechanism of Action
Apo805K1
 ApoPharma, part  of the Apotex group, is currently 
recruiting patients in a double blind, placebo–controlled 
multicenter, multiple sequential dose escalating Phase II 
study of Apo805K1 (NCT01483924) in patients with 
moderate-to-severe plaque psoriasis.   Apo805K1, a 
prodrug of Apo805, is the potassium salt  of H-D-Glu(D-
Trp-OH)--OH.  The compound is a synthetic 
hemoregulatory dipeptide developed for the treatment of 
autoimmune diseases including psoriasis.
 The purpose of the Phase II study is to evaluate the 
primary outcome measures of safety and tolerability in 60 
patients with moderate-to-severe plaques psoriasis.  The 
secondary outcome measures are pharmacokinetics, 
pharmacodynamics and efficacy of twelve weeks of 
treatment  with 10mg, 30mg, 60mg and 100mg of 
Apo805K1.  The efficacy of Apo805K1 will be assessed 
by analyzing the proportion of subjects achieving 
PASI-75 and PASI-50 across the different  treatment  arms 
and at  different time points throughput  the trial.  PGA and 
LS-PGA scores will be assessed.  According to 
ClinicalTrials.gov, the final data collection date for the 
safety and tolerability is expected in November 2012.
Conclusion
 Psoriasis is a common chronic inflammatory disease 
in which the exact  cause is unknown and alternative 
treatment options are needed.  It is an autoimmune 
disease affecting 125 million people worldwide that is not 
highlighted as frequently as other chronic diseases.  The 
effects of chronic plaque psoriasis on patient’s reduced 
health related quality of life are similar to those seen with 
arthritis, hypertension, heart disease, diabetes and 
depression.
 New insights into the immunopathogenesis of 
psoriasis have opened the door for future therapies.   
Research into the cause of psoriasis may lead to new, less 
toxic and more efficacious therapeutic alternatives for 
patients.  More than a dozen products with different 
mechanisms of action than currently available treatments 
are currently in Phase II or Phase III clinical trials with 
key data expected in the next 6-12 months.  
 For example, Celgene’s apremilast  is expected to be 
the next  systemic oral small molecule and first  PDE4 
inhibitor treatment for psoriasis that will be submitted to 
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the FDA for approval in the second half of 2013.  Based 
on available clinical data, apremilast given orally at  20 or 
30mg twice daily, appears to be efficacious, safe, and 
tolerable for patients with moderate-to-severe plaque 
psoriasis.
 Other late-stage product  candidates are advancing, 
with Phase III clinical trial results for Pfizer’s tofacitinib, 
a JAK inhibitor, and Novartis’ AIN457, an IL-17 
inhibitor, also expected in 2013.  These two compounds 
will be the first  to announce Phase III trial data for the 
treatment of psoriasis in their respective classes and, if 
positive, will offer new therapeutic options for patients.  
 In 2013, Eli Lilly and Incyte should report  Phase IIb 
data for baricitinib, an orally administered selective JAK1 
and JAK2 inhibitor that  unlike Pfizer’s tofacitinib is 
JAK3-sparing.  The data from ongoing trials in psoriasis 
may demonstrate differences in the safety and efficacy of 
the different JAK inhibitors.
 In the near-term, results from several randomized 
mid-stage trials are expected before the end of 2012.     
For example, data from Idera Pharmaceuticals’ Phase II 
trial with IMO-3100, which has completed enrollment, 
and data from Actelion’s Phase II trial with ponesimod 
are both expected to be announced before the end of 
2012.  
 Going forward, new insight into the cause of 
psoriasis, more effective treatments, and identification of 
novel drug targets could provide new hope for the 
treatment of one of the most prevalent autoimmune 
diseases.
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Table	  1.	  Companies	  with	  Phase	  II	  or	  Phase	  III	  psoriasis	  programs	  menIoned	  in	  this	  report

Company Product Class Stage

AbboE	  Laboratories/Biotest	  AG Tregalizumab	  (BT-‐061) Immunomodulators	  -‐	  Monoclonal	  An@bodies Phase	  II

AbGenomics	  Interna@onal,	  Inc. AbGn-‐168H Immunomodulators	  -‐	  Monoclonal	  An@bodies Phase	  I*

Actelion	  Ltd. Ponesimod Sphingosine-‐1-‐phosphate	  (S1P1)	  receptor	  agonists Phase	  II

Amgen	  /Astra	  Zeneca/Kyowa	  Hakka	  Kirin Brodalumab Immunomodulators	  -‐	  Monoclonal	  An@bodies Phase	  II

ApoPharma Apo805K1 Proprietary	  mechanism	  of	  ac@on Phase	  II

Astellas	  Pharma/Janssen	  Biotech ASP-‐015K Kinase	  Inhibitor	  -‐	  JAK Phase	  II

Can-‐Fite	  BioPharma CF101 Immunomodulators	  -‐	  Small	  Molecules Phase	  	  II/III

Celgene	  Corpora@on Apremilast Phosphodieserase	  4	  (PDE4)	  inhibi@on Phase	  III

Eli	  Lilly	  &	  Company Ixekizumab Immunomodulators	  -‐	  Monoclonal	  An@bodies Phase	  III

Eli	  Lilly	  &	  Company/Incyte	  Coprora@on Barici@nib Kinase	  Inhibitor	  -‐	  JAK Phase	  II

Forward	  Pharma	  A/S FP187 Fumaric	  Acid	  Esters	  (FAE) Phase	  II

GlaxoSmithKline Talarozole	  (R115866) Re@noic	  therapies Phase	  II	  	  	  	  	  	  	  	  	  	  	  	  

GlaxoSmithKline SRT2104 Siru@n	  Ac@vators Phase	  II	  	  	  	  	  	  	  	  	  	  	  	  

Idera	  Pharmaceu@cals IMO-‐3100 Toll-‐like	  Receptor	  (TLR)	  antagonist Phase	  II

Johnson	  &Johnson RWJ-‐445380 Cathespin	  S	  Inhibitors Phase	  II

Merck	  &	  Co. MK-‐3222 Immunomodulators	  -‐	  Monoclonal	  An@bodies Phase	  II

Novar@s	  Pharmaceu@cals Sotrastaurin	  (AEB071) Kinase	  Inhibitor	  -‐	  PKC Phase	  II

Novar@s	  Pharmaceu@cals Secukinumab	  (AIN457) Immunomodulators	  -‐	  Monoclonal	  An@bodies Phase	  III

Pfizer	  Inc. Tofaci@nib Kinase	  Inhibitor	  -‐	  JAK Phase	  III

VBL	  Therapeu@cs VB-‐201 Oxidized	  phospholipids Phase	  II

* Phase 2 planned for 2012
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