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Psoriasis is a chronic inflammatory disease affecting 1–3% of the general population. Among psoriatic patients, 5–40% are
affected by psoriatic arthritis. Due to the chronic nature of the disease, patients suffer from substantial psychological and
financial burdens, thus adding to a significantly impaired quality of life. Traditional systemic therapies for psoriasis, such as
methotrexate, cyclosporin A, retinoids or PUVA therapy, have a potential for long-term toxicity and may not always provide
sufficient improvement of the disease. The development of novel therapies targeting key steps in the pathogenesis of psoriasis
and psoriatic arthritis now provide new and efficient treatment options. Biological therapies for the treatment of psoriasis
and/or psoriatic arthritis are defined by their mode of action and can be classified into three categories: the T-cell modulating
agents (alefacept and efalizumab), the inhibitors of tumour necrosis factor-a (TNFa blockers, e.g. adalimumab, certolizumab,
etanercept, golimumab and infliximab) and the inhibitors of interleukin (IL) 12 and IL-23 (e.g. ustekinumab and briakinumab).
This article provides a brief overview of the currently approved biological agents in the European Union and of some newer
agents, such as briakinumab, certolizumab and golimumab.
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Introduction

Psoriasis is a common chronic inflammatory disease with a
complex pathophysiology and a strong genetic background
(Liu et al., 2007; Nickoloff et al., 2007; Valdimarsson, 2007). It
affects approximately 1–3% of the general population world-
wide (Schön and Boehncke, 2005; Griffiths and Barker, 2007;
FitzGerald and Winchester, 2009; Nestle et al., 2009; Nograles
et al., 2009; Pathirana et al., 2009). The main type of psoriasis
is chronic plaque psoriasis accounting for approximately
85–90% of all cases (Griffiths and Barker, 2007; Nestle et al.,
2009). Other forms of psoriasis comprise guttate psoriasis,

erythrodermic, inverse, palmoplantar and localized, as well as
generalized pustular psoriasis (Schön and Boehncke, 2005;
Griffiths and Barker, 2007; Nestle et al., 2009). Psoriatic arthri-
tis (PsA) involves peripheral joints, the axial skeleton, sacro-
iliac joints, nails and entheses, and is usually associated
with psoriatic skin lesions (FitzGerald and Winchester, 2009;
Gladman, 2009; Nograles et al., 2009; Pathirana et al., 2009).
The prevalence of PsA ranges from 5 to 40% among psoriatic
patients lesions (FitzGerald and Winchester, 2009; Gladman,
2009; Nograles et al., 2009; Pathirana et al., 2009). Two large
studies conducted in a German population reported a preva-
lence of 19 and 20.6%, respectively (Radtke et al., 2009; Reich
et al., 2009), which seems to be a close estimate to the true
prevalence of PsA in Central Europe. Recently, co-morbidities
like cardiovascular disease, obesity and metabolic syndrome
have been found to be associated with psoriasis, raising the
possibility that psoriasis might not be only a skin disorder
(Kimball et al., 2008a; Menter et al., 2008a; Gerdes and
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Mrowietz, 2009). Due to the chronic nature of the disease,
patients suffer from substantial psychological and financial
burdens resulting in a significantly impaired quality of life
(Rapp et al., 1999).Traditional systemic therapies for psoriasis
(methotrexate [MTX], cyclosporin A, retinoids or PUVA
therapy) have a potential for long-term toxicity and may
not always provide sufficient improvement of the disease
(Pathirana et al., 2009; Smith et al., 2009a). Thus, the devel-
opment of agents efficiently targeting key steps in the patho-
genesis of psoriasis and PsA is clearly an important goal.

Immunopathogenesis

Psoriasis is thought to be an immune-mediated disease with a
genetic basis involving a complex interrelationship between
hyperplastic epidermal keratinocytes and several immune cell
types including T cells, neutrophils, dendritic cells and mac-
rophages (Ellis et al., 1986; Toichi et al., 2006; Liu et al., 2007;
Lowes et al., 2007; Nickoloff et al., 2007; Nestle, 2008; Nestle
et al., 2009). A variety of cytokines has also been implicated in
the pathogenesis of psoriasis. Among other cytokines tumour
necrosis factor-a (TNF-a) as well as interleukin 12 (IL-12) and
IL-23 are well known to be crucial immunological mediators
in psoriasis. Whereas IL-12 induces Th-1 differentiation and
thus increases the production of TNF-a, IL-23 stimulates pri-
marily Th-17 cells, which are characterized by the synthesis of
the pro-inflammatory mediators such as IL-17 and IL-22
(Toichi et al., 2006; Fitch et al., 2007; Sabat et al., 2007; Torti
and Feldman, 2007; Nograles et al., 2008; Nestle et al., 2009).
Increased concentrations of TNF-a and IL-12/IL-23 have been
found in psoriatic skin compared with non-lesional skin (Lee
et al., 2004; Vandenbroeck et al., 2004; Nestle et al., 2009).
TNF-a as well as IL-12 were also found to be elevated in the
synovial fluid and tissue of patients suffering from PsA (Ritch-
lin et al., 1998; FitzGerald and Winchester, 2009). Their role
in psoriasis is highlighted by the efficient and successful treat-
ment of psoriasis by agents blocking these cytokines (Boker
et al., 2007; Fantuzzi et al., 2008; Mössner et al., 2008; Scalon
et al., 2009; Sobell et al. 2009a). In addition, polymorphisms
of genes encoding the IL-23 receptor and the shared p40
subunit of IL-12 and IL-23 (interleukin 12B) have been linked
to the development of psoriasis (Cargill et al., 2007; Smith
et al., 2008; Elder et al., 2009; Hüffmaier et al., 2009; Nestle
et al., 2009; Smith et al., 2009b). A detailed review of the
immunopathogenesis of psoriasis is beyond the scope of this
article but has been provided by several recent publications
(Bowcock and Krueger, 2005; Hueber and McInnes, 2007; Liu
et al., 2007; Lowes et al., 2007; Sabat et al., 2007; Nestle, 2008;
FitzGerald and Winchester, 2009; Nestle et al., 2009; Nograles
et al., 2009).

Assessments

To assess the severity of psoriasis and PsA at baseline and in
response to treatment, a number of tools are now available, of
which the Psoriasis Activity and Severity Index (PASI) is the
most commonly used at present (Fredriksson and Pettersson,
1978). The PASI combines assessments of the extent of body

surface involvement in four anatomical regions (head, trunk,
arms and legs) and the severity of desquamation, erythema
and plaque induration (thickness) in each region, yielding an
overall score of 0 (no psoriasis) to 72 (severe psoriasis) (Fre-
driksson and Pettersson, 1978). PASI 75 is defined as a 75%
reduction in PASI compared with baseline. According to the
European S3 guidelines, a PASI score of >10 is defined as
moderate to severe disease, necessitating systemic therapy
(PUVA, UVB 311, MTX, cyclosporin A or biological agents)
(Pathirana et al., 2009; Smith et al., 2009a). A further tool to
assess the severity of psoriasis is the physician’s global assess-
ment (PGA). The PGA takes into account the involvement of
the body surface area, induration, scaling and erythema and
grades the patient’s psoriasis overall, relative to baseline, as 1
(clear), 2 (excellent), 3 (good), 4 (fair), 5 (poor) or 6 (worse)
(Pathirana et al., 2009). In trials investigating patients with
PsA, the American College of Rheumatology Criteria (ACR)
are most commonly used. The ACR clinical response criteria
are defined as percentage reduction [20% (ACR 20), 50% (ACR
50) and 70% (ACR 70)] in tender and swollen joint counts and
in three of the remaining five ACR core items (patient and
physician global assessments, pain, disability and an acute
phase reactant) (Kyle et al., 2005; Montecucco, 2006; Radtke
et al., 2009). A further tool to measure clinical remission in
psoriatic and rheumatoid arthritis patients is the Disease
Activity Score (DAS) comprising the number of swollen and
tender joints, the erythrocyte sedimentation rate and the
general health of the patient (measured on a visual analogue
scale) (Van Gestel et al., 1996; Montecucco, 2006; Gladman,
2009). The DAS measures 44 swollen joints, whereas the
modified DAS 28 measures only 28 swollen and tender joints
(Prevoo et al., 1995). The effect of psoriasis on the patient’s
quality of life is measured by the 10-item Dermatology Life
Quality Index (DLQI) questionnaire. DLQI scores range from
0 (not at all) to 30 (very much) (Pathirana et al., 2009; Smith
et al., 2009a).

Biological agents

Biological therapies for the treatment of psoriasis and/or PsA
are defined by their mode of action and are classified into
three categories, the T-cell modulating agents (alefacept and
efalizumab), the inhibitors of tumour necrosis factor-a (TNFa
blockers, e.g. adalimumab, certolizumab, etanercept, goli-
mumab, and infliximab), and the inhibitors of IL-12 and
IL-23 (ustekinumab and briakinumab).

T-cell modulators

In 2003, alefacept and efalizumab were the first biological
agents to be approved by the Food and Drug Administration
(FDA) for the treatment of psoriasis (Menter et al., 2008a;
Sugiyama et al., 2008; Pathirana et al., 2009). In the European
Union, only efalizumab was approved for the treatment of
moderate to severe plaque psoriasis (Pathirana et al., 2009). In
2009, efalizumab was withdrawn from the market in Europe
and the United States [FDA, 2009; European Medicines
Agency (EMEA), 2009].
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Alefacept

Alefacept, a recombinant dimeric fusion protein, is made up
of the terminal portion of leukocyte function antigen-3 (LFA-
3). It binds to extracellular human CD2 and the Fc portion of
human immunoglobulin IgG1 (Sugiyama et al., 2008). Ale-
facept blocks signalling between LFA-3 on antigen presenting
cells and the CD2 molecule on T cells (primarily CD45RO+).
Subsequently, the activation and proliferation of CD45RO+ T
cells, which account for approximately 75% of T lymphocytes
in psoriatic lesions, are inhibited. Furthermore, alefacept
decreases the number of pathogenic T cells by binding CD2
on CD45RO+ T-lymphocytes to the FcgIII receptor on natural
killer cells, resulting in granzyme-mediated apoptosis of T
cells (Gordon et al., 2003; Ortonne et al., 2003; Sugiyama
et al., 2008; Sobell et al., 2009b). Using a dosage of 15 mg
alefacept administered intramuscularly QW, PASI 75 scores at
week 12 were found to range between 21 and 35% (Ellis and
Krueger, 2001; Gordon et al., 2003; Ortonne et al., 2003;
Mease et al., 2006; Menter et al., 2008a; Sugiyama et al., 2008;
Pathirana et al., 2009). Recently, patients receiving alefacept
in combination with MTX were shown to improve signifi-
cantly in ACR 20 at week 24 compared with patients treated
with MTX and placebo alone (54% vs. 23%; P < 0.001) (Mease
et al., 2006).

Efalizumab

Efalizumab is a recombinant humanized IgG1 monoclonal
antibody binding to the human CD11a subunit in leukocyte
function antigen-1 (LFA-1) and therefore blocks the binding
of LFA-1 to intracellular adhesion molecule-1 (ICAM-1). The
prevention of signal transduction to LFA-1 causes loss of acti-
vation, adhesion and migration of T-cells. Efalizumab also
decreases epidermal hyperplasia, ICAM-1 and keratin-16
expression (Boehncke, 2007; Selenko-Gebauer et al., 2007;
Schön, 2008; Sobell et al., 2009b). PASI 75 scores observed in
phase III studies ranged from 22 to 39% at week 12 (Boe-
hncke, 2007; Boker et al., 2007; Selenko-Gebauer et al., 2007;
Menter et al., 2008a; Schön, 2008; Sobell et al., 2009b). A
phase II study in PsA patients, however, did not reveal signifi-
cant improvement in ACR 20 responses (Papp et al., 2007).
Efalizumab was well tolerated by most patients. The most
common adverse events comprised flu-like reactions, upper
respiratory infections and arthralgias (Boehncke, 2007; Papp
et al., 2007; Selenko-Gebauer et al., 2007; Schön, 2008; Sobell
et al., 2009b). As three patients with long-term efalizumab
treatment (3 years of treatment) developed progressive mul-
tifocal leukoencephalopathy (PML), efalizumab was voluntar-
ily withdrawn from the market by the manufacturing
company in 2009 because the risk-benefit ratio for treating
psoriasis was no longer considered to be favourable (Carson
et al., 2009; EMEA, 2009; FDA, 2009; Korman et al., 2009).

TNF-a inhibitors

As the TNF-a inhibitors adalimumab, etanercept and inflix-
imab have been approved by the FDA and EMEA for psoriasis

and PsA, and have been reviewed quite extensively in the
past, this article will focus on the new TNF-a blockers such
as golimumab, which has been recently approved by the
EMEA (September 30, 2009) for the treatment of PsA and
certolizumab (Menter et al., 2008a; Mössner et al., 2008;
Pathirana et al., 2009). Clinical outcome for primary end-
points (e.g. PASI and ACR) in randomized controlled trials
using adalimumab, etanercept and infliximab is given in
Tables 1 and 2 (Mease et al., 2000; 2004; 2005; 2009;
Chaudhari et al., 2001; Gottlieb et al., 2003; 2004; Leonardi
et al., 2003; Antoni et al., 2005; Papp et al., 2005; Reich et al.,
2005; Gordon et al., 2006; Tyring et al., 2006; Woolacott
et al., 2006a,b; Genovese et al., 2007; Gladman et al., 2007;
Kavanaugh et al., 2007; Menter et al., 2007; 2008b; Saurat
et al., 2008; Traczewski and Rudnicka, 2008). Up to now,
treatment with antibodies directed towards TNF-a has
proven to be effective and relatively safe in patients suffering
from psoriasis and PsA (Lima et al., 2009a). Safety data for
TNF-a inhibitors and ustekinumab are shown in Table 3
(Pathirana et al., 2009; Smith et al., 2009a).

Golimumab (formerly CNTO148)

Golimumab is a human immunoglobulin G1K monoclonal
antibody binding with high affinity and specificity to both
soluble and transmembrane forms of TNF-a, thereby neutral-
izing their bioactivity by blocking the interaction with TNF-a
receptors (Kavanaugh et al., 2009a; Xu et al., 2009).

Pharmacokinetics
In a study comprising 2029 serum golimumab concentrations
from 337 patients participating in the GO-REVEAL trial popu-
lation, the pharmacokinetics of subcutaneously administered
golimumab (50 or 100 mg every 4 weeks) were analysed (Xu
et al., 2009). The following golimumab pharmacokinetic
parameters (for patients of standard weight of 70 kg) were
found: apparent clearance = 1.38 � 0.04 L·per day, apparent
volume of distribution = 24.9 � 1.04 L and absorption rate
constant = 0.908 � 0.121 per day. Between-subject variability
was found to be 37.6% in apparent clearance and 37.9% in
apparent volume of distribution. Significant covariants on
apparent clearance were identified as body weight, antibody
to golimumab status, baseline C-reactive protein level and
smoking habits. However, only body weight was found to be
a significant covariant on apparent volume of distribution.
The observed variability in systemic exposure to golimumab
in PsA patients might be at least partly explained by these
covariants. In addition, golimumab concentrations in
patients (50 mg golimumab every 4 weeks) not receiving
MTX were 30% lower as compared with patients receiving
MTX (Xu et al., 2009). However, no significant difference in
golimumab concentrations between patients receiving goli-
mumab 100 mg every 4 weeks and once weekly MTX and
those in patients not receiving MTX was observed. So far, no
explanation for the different effects of MTX on the serum
golimumab concentrations has been provided (Xu et al.,
2009).
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Phase III studies
A randomized, double-blind, placebo-controlled phase III
multicenter study (GO-REVEAL) was conducted to evaluate
the safety and efficacy of golimumab administered subcuta-
neously every 4 weeks from week 0 to 20 in patients suffering
from PsA (Kavanaugh et al., 2009a). Four hundred five
patients were enrolled at 58 sites. Eligible patients were adults
with active PsA for at least 6 months despite therapy with
disease modifying anti-rheumatic drugs or non-steroidal anti-
inflammatory drugs (NSAIDs). Active PsA was defined as at
least three swollen joints and three tender joints as well as
active plaque psoriasis with a qualifying lesion of at least
2 cm in diameter. Concomitant MTX (approximately 50%
of patients in each group received a median dose of

15 mg·week-1), NSAIDs and corticosteroids (prednisone
equivalent � 10 mg·per day) were permitted at stable doses.
Patients previously treated with anti-TNF-a agents, rituximab,
natalizumab or cytotoxic agents were excluded from the trial.

A significant reduction in PASI 75 among patients receiving
golimumab 50 or 100 mg at week 14 (40 and 58%) was
observed when compared with patients receiving placebo
(3%). PASI 75 scores in patients with golimumab (50 and
100 mg) further improved at week 24 in both golimumab
groups (56 and 66%), whereas only 1% of patients in the
placebo group reached a PASI 75 (Kavanaugh et al., 2009a).
Data presented (104 weeks) at the 2009 Annual Meeting
of the European Rheumatologists in Copenhagen (at the time
only available as an abstract) revealed PASI 75 in 68.8% of

Table 1 Efficacy of TNF-a blockers and IL-12/IL-23 antagonists in the therapy of psoriasis vulgaris (randomized controlled trials)

Agent Reference Trial Treatment (number of patients) Results (%)

Adalimumab Gordon et al., 2006 12-week RDBPC
OLE until week 60

A 40 mg weekly (50)
A 40 mg eow (46)
Placebo (52)

PASI 75 at week 12: 80
PASI 75 at week 12: 53
PASI 75 at week 12: 4

Adalimumab (REVEAL) Menter et al., 2008b 16-week RDBPC
OLE until week 52

A 40 mg eow (814)
Placebo (398)

PASI 75 at week 16: 71
PASI 75 at week 16: 7

Adalimumab (CHAMPION) Saurat et al., 2008 16-week RDBPC A 40 mg eow (108)
MTX (110)
Placebo (53)

PASI 75 at week 16: 80
PASI 75 at week 16: 36
PASI 75 at week 16: 19

Briakinumab Kimball et al., 2008b 12-week RDBPC B 200 mg ¥ 1 (30)
B 100 mg eow (3)
B 200 mg ¥ 4 (30)
B 200 mg eow (30)
B 200 mg weekly (30)
Placebo (30)

PASI 75 at week 12: 63
PASI 75 at week 12: 93
PASI 75 at week 12: 90
PASI 75 at week 12: 93
PASI 75 at week 12: 90
PASI 75 at week 12: 1

Etanercept Gottlieb et al., 2003 12-week RDBPC E 25 mg twice weekly (57)
Placebo (55)

PASI 75 at week 12: 30
PASI 75 at week 12: 2

Etanercept CONSORT Papp et al., 2005 RDBPC E 25 mg twice weekly (196)
E 50 mg twice weekly (194)
Placebo (193)

PASI 75 at week 12: 34
PASI 75 at week 12: 49
PASI 75 at week 12: 3

Etanercept Leonardi et al., 2003 RDBPC E 25 mg weekly (160)
E 25 mg twice weekly (162)
E 50 mg twice weekly (164)
Placebo (166)

PASI 75 at week 12: 14
PASI 75 at week 12: 34
PASI 75 at week 12: 49
PASI 75 at week 12: 4

Etanercept Tyring et al., 2006 12-week RDBPC E 50 mg twice weekly (311)
Placebo (307)

PASI 75 at week 12: 47
PASI 75 at week 12: 5

Golimumab GO-REVEAL Kavanaugh et al., 2009a 24-week RDBPC G 50 mg q4 wks (146)
G 100 mg q4 wks (146)
Placebo (113)

PASI 75 at week 14: 40
PASI 75 at week 14: 58
PASI 75 at week 14: 3

Infliximab SPIRIT Gottlieb et al., 2004 RDBPC Infliximab 3 mg·kg-1 (99)
Infliximab 5 mg·kg-1 (99)
Placebo (51)

PASI 75 at week 10: 72
PASI 75 at week 10: 88
PASI 75 at week 10: 6

Infliximab EXPRESS I Reich et al., 2005 RDBPC Infliximab 5 mg·kg-1 (301)
Placebo (77)

PASI 75 at week 10: 80
PASI 75 at week 10: 3

Infliximab Chaudhari et al., 2001 RDBPC Infliximab 5 mg·kg-1 (11)
Infliximab 10 mg·kg-1 (11)
Placebo (11)

PASI 75 at week 10: 82
PASI 75 at week 10: 73
PASI 75 at week 10: 18

Infliximab EXPRESS II Menter et al., 2007 RDBPC Infliximab 3 mg·kg-1 (311)
Infliximab 5 mg·kg-1 (314)
Placebo (208)

PASI 75 at week 10: 70
PASI 75 at week 10: 76
PASI 75 at week 10: 2

Ustekinumab PHOENIX 1 Leonardi et al., 2008 RDBPC Ustekin 45 mg (255)
Ustekin 90 mg (256)
Placebo (255)

PASI 75 at week 12: 67.1
PASI 75 at week 12: 66.4
PASI 75 at week 12: 3.1

Ustekinumab PHOENIX 2 Papp et al., 2008 RDBPC Ustekin 45 mg (409)
Ustekin 90 mg (411)
Placebo (410)

PASI 75 at week 12: 66.7
PASI 75 at week 12: 75.7
PASI 75 at week 12: 3.7

Ustekinumab ACCEPT Griffiths et al., 2008 RDBPC Ustekin 45 mg (209)
Ustekin 90 mg (347)
E 2 ¥ 50 mg (347)

PASI 75 at week 12: 67.5
PASI 75 at week 12: 73.8
PASI 75 at week 12: 56.8

A, adalimumab; B, briakinumab; E, etanercept; eow, every other week; G, golimumab; OLE, open level extension; q4 wks, every 4 weeks; RDBPC, randomized
double-blind placebo controlled trial; Ustekin, ustekinumab.
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patients in the golimumab 50-mg group and 76% in the
golimumab 100-mg group (Kavanaugh et al., 2009b). Gladman
et al. (2008) also assessed the Nail Psoriasis Severity Index
(NAPSI) at baseline and week 24. Significant improvement of
median NAPSI scores was observed in both golimumab groups
(33% and 54%) versus 0% in the placebo group.

Golimumab significantly improved signs and symptoms of
PsA compared with patients treated with placebo (Kavanaugh

et al., 2009a). An ACR 20 response at week 14 could be
achieved in 51% of patients treated with golimumab 50 mg
and in 45% of patients receiving golimumab 100 mg versus
only 9% in the placebo group (P < 0.001 for both compari-
sons). At week 24, an ACR 20 response was observed in 52%
in the golimumab 50-mg group and in 61% in the golimumab
100-mg group versus 12% in the placebo group (P < 0.001 for
both comparisons). ACR 50 and 70 responses were also

Table 2 Efficacy of TNF-a inhibitors in the therapy of psoriatic arthritis (randomized controlled trials)

Agent Reference Trial Treatment (number of
patients)

Results (%)

Adalimumab (ADEPT) Mease et al., 2005
Gladman et al., 2007
Mease et al., 2009

24-week RDBPC
OLE
OLE week 48
OLE week 104

A 40 mg eow (151)
Placebo (162)
OLE A (281)

ACR 20 at week 12: 58
ACR 20 at week 12: 14
ACR 20 at week 48: 58.7
ACR 20 at week 104: 57.3

Adalimumab Genovese et al., 2007 12-week RDBPC
OLE until week 24

A 40 mg eow (51)
Placebo (49)

ACR 20 at week 12: 39
ACR 20 at week 12: 16

Etanercept Mease et al., 2000 12-week RDBPC E 25 mg twice weekly (30)
Placebo (30)

ACR 20 at week 12: 73
ACR 20 at week 12: 13

Etanercept Mease et al., 2004 24-week RDBPC
OLE until week 48

E 25 mg twice weekly (101)
Placebo (104)

ACR 20 at week 12: 59
ACR 20 at week 12: 15

Golimumab GO-REVEAL Kavanaugh et al., 2009a 24-week RDBPC G 50 mg q4wks (146)
G 100 mg q4wks (146)
Placebo (113)

ACR 20 at week 14: 51
ACR 20 at week 14: 45
ACR 20 at week 14: 9

Infliximab IMPACT Antoni et al., 2005 16-week RDBPC
OLE week 50

Infliximab 5 mg·kg-1 (52)
Placebo (52)

ACR 20 at week 16: 65
ACR 20 at week 16: 10

Infliximab IMPACT II Kavanaugh et al., 2007 24-week RDBPC
OLE 52 weeks

Infliximab 5 mg·kg-1 (100)
Placebo (100)

ACR 20 at week 24: 54
ACR 20 at week 24: 16

A, adalimumab; E, etanercept; eow, every other week; G, golimumab; OLE, open level extension; q4wks, every 4 weeks; RDBPC, randomized double-blind placebo
controlled trial.

Table 3 Overview of reported important side effects of TNF-a inhibitors and ustekinumab (Pathirana et al., 2009; Smith et al., 2009a)

Adalimumab Etanercept Infliximab Ustekinumab

Common side effects URTI

Injection site reactions

Headache

URTI

Injection site reactions

Pruritus

URTI

Acute infusion reaction
(fever, chills, nausea)

Headache

Pruritus

Urticaria

Elevated transaminases

URTI

Headache

Uncommon but
severe side effects

Severe infections

Opportunistic infections

Reactivation of latent
tuberculosis or progression
of recently acquired
tuberculosis

New onset or exacerbation
of CNS demyelinating
disorders (e.g. multiple
sclerosis)

Possible increased risk of
malignancy (in particular
lymphoma)

Drug-induced lupus

Exacerbation of congestive
heart failure

Vasculitis

Severe infections

Opportunistic infections

Reactivation of latent
tuberculosis or progression
of recently acquired
tuberculosis

New onset or exacerbation
of CNS demyelinating
disorders (e.g. multiple
sclerosis)

Possible increased risk of
malignancy (in particular
lymphoma)

Drug-induced lupus

Exacerbation of congestive
heart failure

Vasculitis

Aplastic anaemia

Severe infections

Opportunistic infections

Reactivation of latent
tuberculosis or progression
of recently acquired
tuberculosis

New onset or exacerbation
of CNS demyelinating
disorders (e.g. multiple
sclerosis)

Possible increased risk of
malignancy (in particular
lymphoma)

Drug-induced lupus

Exacerbation of congestive
heart failure

Vasculitis

Pancytopenia

Severe infections

Possible reactivation of
latent tuberculosis or
progression of recently
acquired tuberculosis

Possible increased risk
of malignancy

Mycordial infarction/Stroke

URTI, upper respiratory tract infections.
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significantly higher in both golimumab groups than in the
placebo group. At week 104, 91.4% of patients in the 50-mg
group and 73.1% in the 100-mg group achieved an ACR 20
(Kavanaugh et al., 2009b). A good or moderate DAS 28
response was significantly (P < 0.001 for all comparisons)
more often achieved in the golimumab 50 and 100-mg recipi-
ents than in the placebo group at week 14 (66 and 67% vs.
24%) and at week 24 (64 and 78% vs. 24%) (Kavanaugh et al.,
2009a). Assessment of physical function and health-related
quality of life were measured by the Health Assessment Ques-
tionnaire (HAQ) and Short Form 36 Health Survey (SF-36) and
significantly improved in both golimumab groups compared
with the placebo group (P < 0.001 for HAQ and SF-36 at all
comparisons at week 24).Thus, in this study golimumab
improved significantly the clinical signs and symptoms of PsA
as well as the physical function and quality of life (Kavanaugh
et al., 2009a).

Safety
Kavanaugh et al. (2009b) reported that 8.6% of patients
treated with golimumab experienced a serious adverse event
up to week 104. Serious infectious adverse events comprised
sepsis/cholecystitis and abscess formation. The following
malignancies were noted through week 104: one basal cell
carcinoma, one colon cancer and one small lung cell carci-
noma in the golimumab 50-mg group. In the golimumab
100-mg group, three basal cell carcinomas, one prostate
cancer and one small lung cancer occurred. As for adverse
events, infections of the upper respiratory tract and nasophar-
yngitis were most frequently reported. Infections were more
common in the golimumab 100-mg group (41%) compared
with the golimumab 50-mg group (33%), otherwise no differ-
ences between the two groups were noted. Injection site reac-
tions occurred in 8.9% of golimumab-treated patients and
with 0.7% of all golimumab injections through week 104
(Kavanaugh et al., 2009b).

Certolizumab pegol (CDP870)

Certolizumab pegol, a pegylated Fab-9 fragment of a human-
ized anti TNF-a antibody, has been approved for the treat-
ment of patients with moderate to severe Crohn’s disease
(Bourne et al., 2008) and it has also been investigated in
patients with rheumatoid arthritis (Barnes and Moots, 2007).
It binds to TNF-a, thus blocking the interaction with cell
surface receptors. Whereas adalimumab, etanercept and
infliximab contain an IgG1 Fc region, which can induce
antibody-dependent cell-mediated cytotoxicity (ADCC) and
complement-dependent cytotoxicity (CDC), certolizumab
lacks this Fc region. It is therefore not capable of inducing
ADCC and CDC (Bourne et al., 2008).

Pharmacokinetics
So far, no data are available concerning the pharmacokinetics
of certolizumab in psoriatic patients. Pharmacokinetic analy-
sis in the CDP870-039 trial showed a bioavailability of 85%
(EMEA, 2008). Peak plasma concentrations were attained

between 54 and 171 h after subcutaneous injection. The
mean serum concentration (Cmax) after the subcutaneous
administration of 400-mg certolizumab ranged from 46.3 �

13.1 to 49.5 � 8.2 mg·mL-1. An increase of serum concentra-
tion (Cmax) and area under the curve (AUC) was observed with
higher doses in a dose-proportional manner. The half-life of
certolizumab was found to be approximately 14 days (EMEA,
2008).

Phase II studies
Certolizumab pegol has been investigated in patients with
moderate to severe plaque psoriasis. In a phase II trial,
patients were randomized to receive certolizumab pegol
200 mg, 400 mg or placebo subcutaneously every 2 weeks up
to week 12. At week 12, significantly more patients receiving
certolizumab pegol 200 or 400 mg achieved PASI 75 than in
the placebo group (74.6 and 82.8% vs. 6.8%) (Ortonne et al.,
2007). The most frequently reported adverse events com-
prised headache, nasopharyngitis and pruritus. The frequency
of adverse events was similar across all three groups. However,
serious adverse events were more common in the 400-mg
group (7.0%) than in the 200-mg group (3.3%) and in the
placebo-group (1.7%) (Ortonne et al., 2007). According to the
data from the phase II study, PASI 75 results and side effects
were comparable with those observed in patients treated with
the approved TNF-a blockers adalimumab and infliximab. So
far, no phase III studies or studies in patients with PsA have
been conducted (http://clinicaltrials.gov, last accessed on 15
December 2009).

IL-12/IL-23 antagonists
Briakinumab and ustekinumab are both IL-12/IL-23 antago-
nists. Whereas briakinumab is currently under investigation
for the treatment of psoriasis in several phase III studies,
ustekinumab was recently approved for the treatment of
chronic plaque psoriasis by the EMEA.

Briakinumab (formerly ABT874)

Briakinumab is a recombinant fully human, IgG1 monoclonal
antibody targeting the shared p40 subunit of IL-12 and IL-23
(Kimball et al., 2008b) It binds to soluble forms of IL-12 and
IL-23, leading to a decreased secretion of IL-12, IL-6,
interferon-g (IFN-g) and TNF-a, as shown in patients suffering
from Crohn’s disease (Mannon et al., 2004; Ding et al., 2008).

Pharmacokinetics
In a phase I trial conducted among 64 healthy volunteers, the
pharmacokinetics of briakinumab (0.1–5.0 mg·kg-1 subcuta-
neously or intravenously) were evaluated. A linear relation-
ship between the maximum serum concentration (Cmax) and
AUC (concentration-time) was found with increasing doses.
The terminal phase half-life time was approximately 9 days.
No dose dependency was found for the volume distribution at
steady state and the clearance of the drug. Subcutaneous and
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intramuscular application achieved an absolute bioavailabil-
ity of 42 and 63% respectively (Ding et al., 2008; Lima et al.,
2009b; Paulsen et al., 2009).

Phase II studies
Kimball et al. (2008b) conducted a dose finding study with
briakinumab in patients with moderate to severe plaque pso-
riasis. Patients were randomized in groups of 30 to receive
either only one dose of briakinumab 200 mg at week 0,
100 mg briakinumab every other week for 12 weeks, 200 mg
weekly for 4 weeks, 200 mg every other week for 12 weeks and
200 mg every week for 12 weeks, or placebo respectively
(Kimball et al., 2008b). PASI 75 was significantly more often
reached in patients in all five briakinumab treatment groups
(63, 93, 90, 93, and 90% respectively) compared with the
placebo group (3%, P < 0.001). Statistically significant
improvement to briakinumab therapy was rapid and could be
noted in the briakinumab groups as early as at week 1. During
the 12-week duration, improvement could be sustained in
briakinumab-treated patients even for patients in the briaki-
numab 200 mg ¥ 1 and 200 mg ¥ 4 dosage groups.

Adverse events
Injection site reactions were the leading adverse event in the
trial conducted by Kimball et al. (2008b). Although no serious
infectious adverse events were reported in this trial, other
common side effects comprised nasopharyngitis and upper
respiratory infections. In addition, non-infectious serious
adverse events reported in this study included costal chondri-
tis (one patient in the briakinumab 200 mg ¥ 1 group). Sig-
nificantly more patients in the briakinumab groups (36%)
experienced adverse events compared with the placebo group
(10%).

Ustekinumab (formerly CNTO1275)

Ustekinumab is a human monoclonal antibody binding with
high affinity to the p40 subunit of IL 12 and IL 23 and therefore
inhibiting the two cytokines from binding to their associated
receptor (IL-12Rb1) expressed on a variety of cells. In a phase I
study, patients with sustained PASI improvement (defined as
70% PASI improvement) at weeks 8, 12 and 16 showed signifi-
cant decreases in mRNA expression of cytokines IL-8, IL-18 and
IFN-g as early as week 1 (P < 0.05), whereas, in patients without
PASI improvement, no significant reduction of cytokine mRNA
expression was noted (Wittig, 2007).

Pharmacokinetics
In both phase I studies, the pharmacokinetics of ustekinumab
were assessed (Kaufmann et al., 2004; Gottlieb et al., 2007;
Wittig, 2007). They showed that, after a single subcutaneous
injection, ustekinumab was slowly absorbed into the systemic
circulation (mean Tmax approximately 12 days) and was after-
wards slowly eliminated from the circulation (mean t1/2

approximately 20 days) (Gottlieb et al., 2007; Wittig, 2007).
The terminal half-life (t1/2) was dose dependent and was found

to range from 14.9 � 4.6 days (0.27 mg·kg-1 dose group) to
28.6 � 9.3 days (2.7 mg·kg-1 dose group) (Gottlieb et al.,
2007). Similar results were also observed for t1/2 by Kaufman
et al. (2004), ranging from 18.5 � 3.6 in the 0.3-mg group to
25.9 � 3.7 in the 1.0-mg group. Interestingly in the clinical
trials, the effects of ustekinumab were sustained much longer
than expected from the half-life of 20 days. The reason for this
phenomenon has still to be elucidated. An increase of serum
concentration (Cmax) and AUC was observed with higher
dosages (Kaufmann et al., 2004; Gottlieb et al., 2007).

Phase I studies
Two phase 1 studies have been published in 2004 and 2007
(Kaufmann et al., 2004; Gottlieb et al., 2007). In the clinical
trial conducted by Kaufman, 18 patients with moderate to
severe psoriasis (at least 3% of body surface area involvement)
were enrolled in four dose groups: 0.1, 0.3, 1.0 and 5.0 mg
per kg to assess the clinical response (PASI) and the safety
of a single intravenous administration of ustekinumab
(Kaufmann et al., 2004). At week 12, PASI 75 was reached in
25, 50, 60 and 100% of patients respectively. In patients
responding to ustekinumab treatment, the expression of pro-
inflammatory cytokines IFN-g, IL-8, IFN-g-inducible protein,
CCR2 (MCP-1), TNF-a, IL-12p40 and IL-23p19 subunits was
decreased, compared with baseline levels (Toichi et al., 2006;
Reddy et al., 2007).

In a second double-blind, placebo-controlled study,
patients were randomized to receive either a single subcuta-
neous injection of 0.27, 0.675, 1.35 or 2.7 mg·kg-1 usteki-
numab or placebo (Gottlieb et al., 2007). Again, patients
treated with ustekinumab showed a dose-dependent improve-
ment of their psoriasis. PASI 75 was achieved in 60% of the
0.27 mg·kg-1 group, 100% in the 0.675 mg·kg-1 group, 50% in
the 1.35 mg·kg-1 group and 100% in the 2.7 mg·kg-1 group,
but in none of the patients receiving placebo during the
whole study period.

Phase II studies
Krueger et al. (2007) evaluated in a double-blind, placebo-
controlled trial, four subcutaneous dosing regimens of usteki-
numab in patients with moderate to severe plaque psoriasis.
Three hundred twenty patients were randomized to receive
one of the following treatment regimens: one 45-mg dose,
one 90-mg dose, four weekly 45-mg doses and four weekly
90-mg doses of ustekinumab or placebo. The primary end-
point of the study was a 75% improvement in the PASI at
week 12. PASI 75 was achieved in 52% of patients receiving
ustekinumab 45 mg, in 59% receiving ustekinumab 90 mg, in
67% receiving four weekly 45-mg doses and in 81% of
patients receiving four weekly 90-mg doses, whereas only 2%
of patients in the placebo group achieved a PASI 75.

Gottlieb et al. (2009) conducted a placebo-controlled
double blind randomized crossover study to evaluate the effi-
cacy of ustekinumab in 146 patients suffering from PsA.
Patients were either randomized to receive ustekinumab 90 or
63 mg every week for 4 weeks (weeks 0–3) followed by placebo
at weeks 12 and 16 (76 patients, group 1) or placebo (weeks
0–3) and ustekinumab (63 mg) at weeks 12 and 16 (70
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patients, group 2). ACR 20 at week 12 (taken as the primary
endpoint of the study) was achieved by 42% of patients in
group 1 and by 14% in group 2 (P = 0.0002). Significantly
more patients in group 1 achieved PASI 75 compared with
group 2 in week 12 (52% vs. 5%, P < 0.0001). However, one
should note that the dosages of ustekinumab used in the
study were higher (90 and 63 mg, respectively) than those
recommended for patients of normal weight (45 mg) with
psoriasis, as shown in the prescription information for usteki-
numab (Product Monograph, 2008).

Phase III studies
Two large double-blind, placebo-controlled phase III studies
(Phoenix 1 and Phoenix 2) in patients with moderate to
severe psoriasis were performed parallel in the United States
and Europe respectively. Primary outcome in both studies
was PASI 75 at week 12 (Leonardi et al., 2008; Papp et al.,
2008). Seven hundred sixty-six patients participating in the
Phoenix 1 trial were randomly assigned to receive either
ustekinumab 45 mg or 90 mg at weeks 0 and 4 and after-
wards every 12 weeks or placebo at weeks 0 and 4 and to
cross over at week 12 to ustekinumab (Leonardi et al., 2008).
Furthermore, patients initially receiving ustekinumab and
reaching a PASI 75 at weeks 28 and 40 were re-randomized at
week 40 to either continue therapy with ustekinumab or to
withdrawal of the study drug until loss of response. Signifi-
cantly more patients in both ustekinumab groups (45 and
90 mg) received a PASI 75 at week 12 compared with the
placebo group. Patients receiving maintenance therapy up to
week 76 significantly better sustained PASI 75 than patients
randomized to the drug withdrawal group (P < 0.0001). The
design of the Phoenix 2 study closely resembles that of the
Phoenix 1 trial (Papp et al., 2008). Of the 1230 patients, 409
patients were randomized to receive ustekinumab 45 mg,
411 to receive ustekinumab 90 mg and 410 to receive
placebo at weeks 0 and 4. The efficacy analysis at week 12
revealed the following results for the three groups. The
primary endpoint was achieved in 66.7% of the ustekinumab
45-mg group, 75.7% of the ustekinumab 90 mg and 3.7% of
the placebo group (P < 0.0001 for both ustekinumab 45 and
90 mg vs. placebo).

Quality of life was significantly improved in the patients
treated with ustekinumab compared with the placebo groups
(P < 0.0001) in both trials (Phoenix 1 and Phoenix 2). Patients
randomized to maintenance therapy in the Phoenix 1 study
were able to sustain improved DLQI scores until the end of
the study, whereas in patients withdrawn from the study
drug, the DLQI deteriorated again (Leonardi et al., 2008; Papp
et al., 2008).

In a randomized active-controlled, parallel three-arm trial
(ACCEPT trial), ustekinumab (45 and 90 mg, respectively) was
compared versus the TNF-a blocker etanercept (50 mg twice
weekly) (Griffiths et al., 2008). The primary endpoint of the
study was PASI 75 at week 12. Nine hundred three patients
were randomized in three treatment-arms as follows: 347
patients received etanercept 50 mg subcutaneously twice
weekly, 209 patients received ustekinumab 45 mg subcutane-
ously at weeks 0 and 4, and 347 patients received usteki-
numab 90 mg subcutaneously at weeks 0 and 4. PASI 75 at

week 12 was achieved by 56.8% of patients in the etanercept
group, by 67.5% in the ustekinumab 45-mg group and 73.8%
in the ustekinumab 90-mg group. A greater proportion of
patients receiving ustekinumab (45 or 90 mg) achieved PASI
75 when compared with the etanercept group (P = 0.012 for
ustekinumab 45 mg, P < 0.001 for ustekinumab 90 mg). Inter-
estingly, PASI 75 values at week 12 in patients receiving etan-
ercept were better than those published in previous studies
(Leonardi et al., 2003; Papp et al., 2005).

Safety
In the phase I studies, no serious adverse events were
reported (Kaufmann et al., 2004; Gottlieb et al., 2007).
Adverse events observed in these trials included headaches,
abdominal pain and common cold symptoms. Adverse
events were comparable in the phase II studies between
ustekinumab and placebo groups (79% vs. 72%) (Krueger
et al., 2007). Serious adverse events in patients treated with
ustekinumab were infections (two patients), myocardial inf-
arctions (two patients), a cerebrovascular accident (one
patient), non-melanoma skin cancer (two patients) and pros-
tate cancer (one patient). In the placebo group, one patient
had a basal cell carcinoma and one patient experienced
aggravation of his psoriasis requiring hospitalization. In the
PsA trial conducted by Gottlieb, the following serious adverse
events were reported in the ustekinumab groups: syncope
(one patient), respiratory tract infection (one patient), haem-
orrhage (one patient), stroke (one patient), congestive heart
failure/myocardial infarction/hypertension (one patient),
chest pain (one patient), gastric ulcer haemorrhage/
abdominal pain/back pain (one patient) and basal cell carci-
noma (one patient) respectively (Gottlieb et al., 2009). Two
serious infections occurred during the placebo-controlled
phase of the two large phase III trials: one case of cellulitis
and one case of herpes zoster (both in the ustekinumab
90-mg group) (Leonardi et al., 2008; Papp et al., 2008).
During the placebo-controlled phase of the Phoenix 2 study,
a squamous cell carcinoma in a patient in the placebo group
and a basal cell carcinoma in a patient in the ustekinumab
90-mg group were observed (Papp et al., 2008). Comparing
patients on maintenance therapy with patients randomized
to the withdrawal group in Phoenix 1 study did not reveal an
increased infection rate between the two groups (Leonardi
et al., 2008). However, as Th1 and Th17 blockade by usteki-
numab might impair cell-mediated immunity, normal kera-
tinocyte host immunity and defence against malignancies,
close monitoring in patients on long-term treatment with
ustekinumab seems to be appropriate (O’Neill and Kalb,
2009). In the ACCEPT trial, serious adverse events have been
observed in 1.2% of patients in the etanercept group, 1.9% in
the ustekinumab 45-mg group and 1.2% of patients in the
ustekinumab 90 mg group respectively. These included four
patients in each treatment group: etanercept group: abdomi-
nal pain, bacterial meningitis, nephrolithiasis, rotator cuff
syndrome; 45-mg ustekinumab group: alcoholic pancreatitis,
chest pain/hypertension, psychotic disorder, breast cancer;
ustekinumab 90-mg group: urosepsis/renal failure, uveitis,
appendicitis and gastroenteritis from food poisoning (Grif-
fiths et al., 2008).
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Conclusion

So far, considering published data from the clinical trials, the
new biological agents have been shown to be efficient treat-
ment options for patients suffering from psoriasis and PsA.
Furthermore, they seem to have proven an acceptable risk-
benefit ratio. As psoriasis is considered a life-long disease and
no causal therapy for the disease is yet available, the need for
safe and efficacious long-term treatments is of major impor-
tance. Taking into account the possibility that uncommon
events or events occurring during long-term exposure to these
drugs might emerge in the future (e.g. the development of
PML in long-term patients treated with efalizumab), vigilant
and careful post-marketing surveillance in patients treated
with biological agents is strongly recommended.

Conflict of interest

There are no funding sources to disclose for this work.
The author has been an investigator and speaker for Abbott,
Centocor, Janssen-Cilag, Merck-Serono, Schering-Plough and
Wyeth.

References

Antoni C, Kavanaugh A, Kirkham B, Tutuncu Z, Burmester GR,
Schneider U et al. (2005). Sustained benefits of infliximab therapy
for dermatologic and articular manifestations of psoriatic arthritis:
results from the Infliximab Multinational Psoriatic Arthritis Trial.
Arthritis Rheum 52: 1227–1236.

Barnes T, Moots R (2007). Targeting nanomedicines in the treatment
of rheumatoid arthritis: focus on certolizumab pegol. Inter J
Nanomed 2: 3–7.

Boehncke WH (2007). Efalizumab in the treatment of psoriasis. Bio-
logics 1: 1–9.

Boker A, Kimball AB, Rolz-Cruz G (2007). Biologicals in the treatment
of psoriasis. Curr Opin Invest Drugs 8: 939–946.

Bourne T, Fossati G, Nesbitt A (2008). A PEGylated Fab’ fragment
against tumor necrosis factor for the treatment of Crohn’s disease:
exploring a new mechanism of action. BioDrugs 22: 331–337.

Bowcock AM, Krueger JG (2005). Getting under the skin: the immu-
nogenetics of psoriasis. Nature Rev Immunol 5: 699–711.

Cargill M, Schrodi SJ, Chang M, Garcia VE, Brandon R, Callis KP et al.
(2007). A large scale genetic association study confirms IL12B and
leads to the identification of IL23R as psoriasis risk genes. Am J
Human Genet 80: 273–290.

Carson KR, Focosi D, Major EO, Petrini M, Richey EA, West DP et al.
(2009). Monoclonal antibody associated progressive multifocal leu-
koencephalopathy in patients treated with rituximab, natalizumab,
and efalizumab: a review from the Research on Adverse Drug Events
and Reports (RADAR) project. Lancet Oncol 10: 816–824.

Chaudhari U, Romano P, Mulcahy LD, Dooley LT, Baker DG, Gottlieb
AB (2001). Efficacy and safety of infliximab monotherapy for plaque
type psoriasis: a randomised trial. Lancet 357: 1842–1847.

Ding C, Xu J, Li J (2008). ABT-874, a fully human monoclonal anti
IL-12/IL-23 antibody for the potential treatment of autoimmune
diseases. Curr Opin Investig Drugs 9: 515–522.

Elder JT, Bruce AT, Gudjonsson JE, Johnston A, Stuart PE, Tejasvi T
et al. (2009). Molecular dissection of psoriasis: integrating genetics
and biology. J Invest Dermatol doi: 10.1038/jid.2009.319

Ellis CN, Gorsulowsky DC, Hamilton TA, Billings JK, Brown MD,

Headington JT et al. (1986). Cyclosporine improves psoriasis in a
double-blind study. JAMA 256: 3110–3116.

Ellis CN, Krueger GG (2001). Treatment of chronic plaque psoriasis by
selective targeting of memory effector T lymphocytes. N Engl J Med
345: 248–255.

EMEA (2008). Refusal assessment report for CIMZIA. Procedure
No. EMEA/H/C/740. URL http://www.emea.europa.eu/humandocs/
PDFs/EPAR/cimzia/H-740-RAR-en.pdf [accessed on 19 March 2008].

EMEA (2009). European Medicines Agency recommends suspension of
the marketing authorisation of Raptiva (efalizumab). URL http://
www.emea.europa.eu/humandocs/PDFs/EPAR/raptiva/20855709en.
pdf [accessed on 19 February 2009].

Fantuzzi F, Del Giglio M, Gisondi P, Girolomoni G (2008). Targeting
tumor necrosis factor-alpha in psoriasis and psoriatic arthritis.
Expert Opin Ther Targets 12: 1085–1096.

FDA (2009). FDA statement on the voluntary withdrawal of raptiva
from the US market. URL http://www.fda.gov/bbs/topics/NEWS/
2009/NEW01992.html [accessed on 8 April 2009].

Fitch E, Harper E, Skocheva I, Kurtz SE, Blauvelt A (2007). Pathophysi-
ology of psoriasis: recent advances on IL-23 and Th17 cytokines.
Curr Rheum Reports 9: 461–467.

FitzGerald O, Winchester R (2009). Psoriatic arthritis: from pathogen-
esis to therapy. Arthritis Res Ther 11: 214. Doi:10.1186/ar2580.

Fredriksson T, Pettersson U (1978). Severe psoriasis – oral therapy with
a new retinoid. Dermatologica 157: 238–244.

Genovese MC, Mease PJ, Thomson GT, Kivitz AJ, Perdok RJ, Weinberg
MA et al.; M02-570 Study Group (2007).Safety and efficacy of adali-
mumab in the treatment of patients with psoriatic arthritis who
had failed disease modifying antirheumatic therapy. J Rheumatol 34:
1040–1050.

Gerdes S, Mrowietz U (2009). Impact of comorbidities on the man-
agement of psoriasis. Curr Probl Dermatol 38: 21–36.

Gladman DD (2009). Psoriatic arthritis. Dermatol Ther 22: 40–55.
Gladman D, Kavanaugh A, McInnes I, Mease P, Gomez-Reino JJ, Papp

K et al. (2008). Golimumab, a new human TNF-alpha antibody,
administered every 4 weeks as a subcutaneous injection in psoriatic
arthritis: nail, enthesitis, and dactylitis response in the randomized,
placebo-controlled, GO-REVEAL study. Ann Rheum Dis 67 (Suppl.
II): 526.

Gladman DD, Mease PJ, Ritchlin CT, Choy EH, Sharp JT, Ory PA et al.
(2007). Adalimumab for the long-term treatment of psoriatic arthri-
tis: forty-eight week data from the adalimumab effectiveness in
psoriatic arthritis trial. Arthris Rheum 56: 476–488.

Gordon KB, Langely RG, Leonardi C, Toth D, Menter MA, Kang S et al.
(2006). Clinical reponse to adalimumab treatment in patients with
moderate to severe disease: double-blind, randomized controlled
trial and open extension study. J Am Acad Dermatol 55: 598–606.

Gordon KB, Vaishnaw AK, O’Gorman J, Haney J, Menter A; Alefacept
Clinical Study Group (2003).Treatment of psoriasis with alefacept:
correlation of clinical improvement with reductions of memory T
cell counts. Arch Dermatol 139: 1563–1570.

Gottlieb AB, Cooper KD, McCormick TS, Toichi E, Everitt DE, Freder-
ick B et al. (2007). A phase 1, double-blind, placebo-controlled study
evaluating single subcutaneous administration of human
interleukin-12/23 monoclonal antibody in subjects with plaque
psoriasis. Curr Med Res Opin 23: 1081–1092.

Gottlieb AB, Evans R, Li S, Dooley LT, Guzzo CA, Baker D et al. (2004).
Infliximab induction therapy for patients with severe plaque-type
psoriasis, a randomised double-blind placebo-controlled trial. J Am
Acad Dermatol 51: 534–542.

Gottlieb AB, Matheson RT, Lowe N, Krueger GG, Kang S, Goffe BS et al.
(2003). A randomized trial of etanercept as monotherapy for pso-
riasis. Arch Dermatol 139: 1627–1632.

Gottlieb A, Menter A, Mendelsohn A, Shen YK, Li S, Guzzo C et al.
(2009). Ustekinumab, a human interleukin 12/23 antibody, for
psoriatic arthritis: randomised, double-blind, placebo-controlled,
crossover trial. Lancet 373: 633–640.

Biologicals in psoriasis and psoriatic arthritis
818 W Weger

British Journal of Pharmacology (2010) 160 810–820



Griffiths CEM, Barker JNWN (2007). Psoriasis: pathogenesis and clini-
cal features of psoriasis. Lancet 370: 263–271.

Griffiths CEM, Strober B, van de Kerkhof PCM, Ho V, Guzzo C,
Yeilding N et al. (2008). A phase 3 multicenter, randomized study
comparing ustekinumab and etanercept for the treatment of mod-
erate to severe plaque psoriasis. European Academy of Dermatology
and Venerology Annual Congress Paris. FP1336.

Hueber AJ, McInnes IB (2007). Immune regulation in psoriasis
and psoriatic arthritis – recent developments. Immunol Lett 114:
59–65.

Hüffmaier U, Lascorz J, Böhm B, Lohmann J, Wendler J, Mössner R
et al. (2009). Genetic variants of the IL-23R pathway: association
with psoriatic arthritis and psoriasis vulgaris, but no specific risk
factor for arthritis. J Invest Dermatol 129: 355–358.

Kaufmann CL, Aria N, Toichi E, McCormick TS, Cooper KD, Gottlieb
AB et al. (2004). A phase I study evaluating the safety, pharmacoki-
netics, and clinical response of a human IL-12p40 antibody in
subjects with plaque psoriasis. J Invest Dermatol 123: 1037–1044.

Kavanaugh A, Krueger GG, Beutler A, Guzzo C, Zhou B, Dooley LT
et al. for the IMPACT 2 study group (2007).Infliximab sustains a
higer degree of clinical response trough one year of treatment:
results from the IMPACT II trial. Ann Rheum Dis 66: 498–505.

Kavanaugh A, McInnes I, Mease P, Krueger GG, Gladman D, Gomez-
Reino J et al. (2009a). Golimumab, a new human tumor necrosis
factor a, administered every four weeks as a subcutaneous injection
in psoriatic arthritis: twenty-four-week efficacy and safety results of
a randomized, placebo-controlled study. Arthritis Rheum 60: 976–
986.

Kavanaugh A, Mease P, Krueger GG, Gladman D, Zrubek J, Beutler A
et al. on behalf of the GO-REVEAL Study Group (2009b).Goli-
mumab, a new, human, TNF-alpha antibody, administered subcu-
taneously every four weeks in psoriatic arthritis patients: 104-week
efficacy and safety results of the randomized, placebo-controlled
GO-REVEAL study. Ann Rheum Dis 68 (Suppl. 3): 136.

Kimball AB, Gladman D, Gelfand JM, Gordon K, Horn EJ, Korman NJ
et al. (2008a). National Psoriasis Foundation clinical consensus on
psoriasis comorbidities and recommendations for screening. J Am
Acad Dermatol 58: 1031–1042.

Kimball AB, Gordon KB, Langely RG, Menter A, Chartash EK, Valdes J
(2008b). Safety and efficacy of ABT-874, a fully human interleukin
12/23 monoclonal antibody in the treatment of moderate to severe
chronic plaque psoriasis. Arch Dermatol 144: 200–207.

Korman BD, Tyler KL, Korman NJ (2009). Progressive multifocal leu-
koencephalopathy, efalizumab, and immunosuppression: a cau-
tionary tale for dermatologists. Arch Dermatol 145: 937–942.

Krueger GG, Langely RG, Leonardi C, Yeilding N, Guzzo C, Wang Y
et al. (2007). A human Interleukin12/23 monoclonal antibody for
the treatment of psoriasis. N Engl J Med 356: 580–592.

Kyle S, Chandler D, Griffiths CE, Helliwell P, Lewis J, McInnes I et al.
(2005). Guideline for anti-TNF-a therapy in psoriatic arthritis. Rheu-
matology 44: 39–40.

Lee E, Trepicchio WL, Oesterreicher JL, Pittman D, Wang F, Chamian
F et al. (2004). Increased expression of interleukin 23p19 and p40 in
lesional skin of patients with psoriasis vulgaris. J Exp Med 199:
125–130.

Leonardi CL, Kimball AB, Papp KA, Yeilding N, Guzzo C, Wang Y et al.
(2008). Efficacy and safety of Ustekinumab, a human interleukin
12/23 monoclonal antibody, in patients with psoriasis: 76-week
results from a randomized, double blind, placebo-controlled trial
(PHOENIX1). Lancet 371: 1665–1674.

Leonardi CL, Powers JL, Matheson RT, Goffe BS, Zitnik R, Wang A
et al.; Etanercept Study Group (2003).Etanercept as monotherapy in
patients with psoriasis. N Engl J Med 349: 2014–2022.

Lima XT, Seidler EM, Lima HC, Kimball AB (2009a). Long-term safety
of biologics in dermatology. Dermatol Ther 22: 2–21.

Lima XT, Abuabara K, Kimball AB, Lima HC (2009b). Briakinumab.
Expert Opin Biol Ther 9: 1107–1113.

Liu Y, Krueger JG, Bowcock AM (2007). Psoriasis: genetic associations
and immune system changes. Genes Immun 8: 1–12.

Lowes MA, Bowcock AM, Krueger JG (2007). Pathogenesis and therapy
of psoriasis. Nature 445: 866–873.

Mannon PJ, Fuss IJ, Mayer L, Elson CO, Sandborn WJ, Present D
et al. (2004). Anti-IL-12 Crohn’s Disease Study Group. Anti-
interleukin-12 antibody for active Crohn’s disease. N Engl J Med
351: 2069–2079.

Mease PJ, Gladman DD, Ritchlin CT, Ruderman EM, Steinfeld SD,
Choy EH et al. (2005). Adalimumab for the treatment of patients
with moderately to severely active psoriatic arthritis: results of a
double-blind, randomized, placebo-controlled trial. Arthritis Rheum
52: 3279–3289.

Mease PJ, Gladman DD, Keystone EC (2006). Alefacept with meth-
otrexate for the treatment of psoriatic arthritis: results from a
double blind, placebo-controlled study. Arthritis Rheum 54: 1638–
1645.

Mease PJ, Goffe BS, Metz J, VanderStoep A, Finck B, Burge DJ (2000).
Etanercept in the treatment of psoriatic arthritis and psoriasis: a
randomised trial. Lancet 356: 385–390.

Mease PJ, Kivitz AJ, Burch FX, Siegel EL, Cohen SB, Ory P et al. (2004).
Etanercept treatment of psoriatic arthritis: safety, efficacy, and effect
on disease progression. Arthritis Rheum 50: 2264–2272.

Mease PJ, Ory P, Sharp JT, Ritchlin CT, Van den Bosch F, Wellborne F
et al. (2009). Adalimumab for long-term teatment of psoriatic
arthritis: 2-year data from the Adalimumab Effectiveness in Psori-
atic Arthritis Trial (ADEPT). Ann Rheum Dis 68: 702–709.

Menter A, Feldman SR, Weinstein GD, Papp K, Evans R, Guzzo C et al.
(2007). A randomised comparison of continious versus intermittent
infliximab mainteanance regimens over 1 year of treatment of
moderate-to-severe plaque psoraisis. J Am Acad Dermatol 56: 31.e1–
31.e5.

Menter A, Gottlieb A, Feldman SR, Van Voorhees AS, Leonardi CL,
Gordon KB et al. (2008a). Guidelines of care for the management of
psoriasis and psoriatic arthritis: section I. Overview of psoriasis and
guidelines of care for the treatment of psoriasis with biologics. J Am
Acad Dermatol 58: 826–850.

Menter A, Tyring SK, Gordon K, Kimball AB, Leonardi CL, Langely RG
et al. (2008b). Adalimumab therapy for moderate to severe psoriasis:
a randomized, controlled phase III study. J Am Acad Dermatol 58:
106–115.

Montecucco C (2006). Remission, a therapeutic goal in inflammatory
arthropathies? Clinical data from adalimumab studies. Drugs 66:
1783–1795.

Mössner R, Schön MP, Reich K (2008). Tumor necrosis factor antago-
nists in the therapy of psoriasis. Clin Dermatol 26: 486–502.

Nestle FO (2008). Psoriasis. Curr Dir Autoimmun 10: 65–75.
Nestle FO, Kaplan DH, Barker J (2009). Psoriasis. N Engl J Med 361:

496–509.
Nickoloff BJ, Qin JZ, Nestle FO (2007). Immunopathogenesis of pso-

riasis. Clinic Rev Allerg Immunol 33: 45–56.
Nograles KE, Brasington RD, Bowcock AM (2009). New insights into

the pathogenesis and genetics of psoriatic arthritis. Nat Clin Pract
Rheumatol 5: 83–91.

Nograles KE, Zaba LC, Guttman E, Fuentes-Duculan J, Suarez-Farinas
M, Cardinale I et al. (2008). Th 17 cytokines interleukin (IL)-17 and
IL-22 modulate distinct inflammatory and keratinocyte-response
pathways. Br J Dermatol 159: 1092–1102.

O’Neill JL, Kalb RE (2009). Ustekinumab in the therapy of chronic
plaque psoriasis. Biologics 3: 159–168.

Ortonne JP, Lebwohl M, Griffiths CEM (2003). Alefacept-induced
decreases in circulating blood lymphocyte counts correlate with
clinical response in patients with chronic plaque psoriasis. Eur J
Dermatol 13: 117–123.

Ortonne JP, Tassel C, Reich K (2007). Efficacy of certolizumab pegol, a
PEGylated Fab’ fragment of an anti-TNF-a monoclonal antibody, in
patients previously exposed to biologicals. Preliminary results of a

Biologicals in psoriasis and psoriatic arthritis
W Weger 819

British Journal of Pharmacology (2010) 160 810–820



randomised, placebo-controlled phase II clinical trial in psoriasis.
Presented at the 16th Congress of the European Academy of der-
matology and Venerology, Vienna, Austria 16-20 May 2007.

Papp KA, Tyring S, Lahfa M, Prinz J, Griffiths CE, Nakanishi AM et al.
(2005). Etanercept psoriasis Study Group. Br J Dermatol 152: 1304–
1312.

Papp KA, Caro I, Leung HM, Garovoy M, Mease PJ (2007). Efalizumab
for the treatment of psoriatic arthritis. J Cutan Med Surg 11: 57–
66.

Papp KA, Langely RG, Lebwohl M, Krueger GG, Szapary P, Yeilding N
et al. (2008). Efficacy and safety of ustekinumab, a human interleu-
kin 12/23 monoclonal antibody, in patients with psoriasis: 52-week
results from a randomized, double blind, placebo-controlled trial
(PHOENIX2). Lancet 371: 1675–1684.

Pathirana A, Ormerod AD, Saiag P, Smith C, Spuls PI, Nast A et al.
(2009). European S3-Guidelines on the systemic treatment of pso-
riasis vulgaris. J Eur Acad Dermatol Venerol 23 (Suppl. 2): S5–70.

Paulsen S, Valdes J, Hruska M, Awnl W (2009). The pharmacokinetics
of the fully human, interleukin 12/23 monoclonal antibody (ABT
874) in normal healthy volunteers. J Am Acad Dermatol 60 (3):
AB168.

Prevoo ML, van’t Hof MA, Kuper HH, van Leeuwen MA, van de Putte
LB, van Riel PL (1995). Modified disease activity scores the include
twenty-eight joint counts: development and validation in a pro-
spective longitudinal study of patients with rheumatoid arthritis.
Arthritis Rheum 38: 44–48.

Product Monograph (2008). Stelara (ustekinumab). Janssen-Ortho
Inc.: Toronto, Ontario, December 2008.

Radtke B, Reich K, Blome C, Rustenbach S, Augustin M (2009). Preva-
lence and clinical features of psoriatic arthritis in 2009 patients with
psoriasis: results of a German national survey. J Eur Acad Dermatol
Venerol 23: 683–691.

Rapp SR, Feldman SR, Exum L, Fleischer AB, Reboussin DM (1999).
Psoriasis causes as much disability as other major medical diseases.
J Am Acad Dermatol 41: 401–407.

Reddy M, Davis C, Wong J, Marsters P, Pendley C, Prabhakar U (2007).
Modulation of CLA, IL-12R, CD40L, and IL-2Ralpha expression and
inhibition of IL-12 and IL-23 induced cytokine secretion by CNTO
1275. Cell Immunol 247: 1–11.

Reich K, Nestle FO, Papp K, Ortonne JP, Evans R, Guzzo C et al. (2005).
Infliximab induction and maintenanace therapy for moderate-to-
severe psoriasis: a phase III, multiceneter, double- blind trial. Lancet
366: 1367–1374.

Reich K, Krüger K, Mössner R, Augustin M (2009). Epidemiology and
clinical pattern of psoriatic arthritis in Germany: a prospective
interdisciplinary epidemiological study in 1,511 patients with
plaque type psoriasis. Br J Dermatol 160: 1040–1047.

Ritchlin C, Haas-Smith SA, Hicks D, Cappuccio J, Osterland CK,
Looney RJ (1998). Patterns of cytokine production in psoriatic syn-
ovium. J Rheumatol 25: 1544–1552.

Sabat R, Philipp S, Höflich C, Kreutzer S, Wallace E, Asadullah K et al.
(2007). Immunopathogenesis of psoriasis. Exp Dermatol 16: 779–
778.

Saurat JH, Stingl G, Dubertret L, Papp K, Langely RG, Ortonne JP et al.;
CHAMPION Study Investigators (2008).Efficacy and safety results
from the randomized controlled comparative study of adalimumab
vs. methotrexate vs. placebo in patients with psoriasis (CHAM-
PION). Br J Dermatol 158: 558–566.

Scalon JV, Exter BP, Steinberg M, Jarvis CI (2009). Ustekinumab:
treatment of adult moderate to severe chronic plaque psoriasis. Ann
Pharmacother 43: 1456–1465.

Schön MP (2008). Efalizumab in the treatment of psoriasis: mode of

action, clinical indications, efficacy and safety. Clin Dermatol 26:
509–514.

Schön MP, Boehncke HP (2005). Psoriasis. N Engl J Med 352: 1899–
1912.

Selenko-Gebauer N, Karlhofer F, Stingl G (2007). Efalizumab in
routine use: a clinical experience. Br J Dermatol 156 (Suppl. 2): 1–6.

Smith RL, Warren RB, Eyre S, Ho P, Ke X, Young HS et al. (2008).
Polymorphisms in the IL-12? and IL-23R genes are associated with
psoriasis of early onset in a UK cohort. J Invest Dermatol 128:
1325–1327.

Smith CH, Anstey AV, Barker JNWN, Burden AD, Chalmers RJG,
Chandler D et al. (2009a). British Association of Dermatologists
guidelines for biologic interventions for psoriasis 2009. Br J Derma-
tol 161: 987–1019.

Smith RL, Warren RB, Griffiths CEM, Worthington J (2009b). Genetic
susceptibility to psoriasis: an emerging picture. Genome Med 1: 72.

Sobell JM, Kalb RE, Weinberg JM (2009a). Management of moderate to
severe plaque psoriasis (part I): clinical update on antitumor necro-
sis factor agents. J Drugs Dermatol 8: 147–154.

Sobell JM, Kalb RE, Weinberg JM (2009b). Management of moderate to
severe plaque psoriasis (part I): clinical update on T-cell modulators
and investigational agents. J Drugs Dermatol 8: 230–238.

Sugiyama H, McCormick TS, Cooper KD, Korman NJ (2008). Alefacept
in the treatment of psoriasis. Clin Dermatol 26: 50–58.

Toichi E, Torres G, McCormick TS, Chang T, Mascelli MA, Kauffmann
CL et al. (2006). An anti-IL-12p40 antibody down-regulates type 1
cytokines, chemokines, and IL-12/IL-23 in psoriasis. J Immunol 177:
4917–4926.

Torti DC, Feldman SR (2007). Interleukin-12, interleukin-23, and pso-
riasis: current prospects. J Am Acad Dermatol 57: 1059–1068.

Traczewski P, Rudnicka L (2008). Adalimumab in dermatology. Br J
Clin Pharmacol 66: 618–625.

Tyring S, Gottlieb AB, Papp K, Gordon K, Leonardi C, Wang A et al.
(2006). Etanercept and clinical outcomes, fatigue, and depression in
psoriasis: double-blind placebo-controlled randomised phase III
trial. Lancet 367: 29–35.

Valdimarsson H (2007). The genetic basis of psoriasis. Clin Dermatol
25: 563–567.

Van Gestel AM, Prevoo ML, Van’t Hof MA, van Rijswijk MH, van de
Putte LB, van Riel PL (1996). Development and validation of the
European League Against Rheumatism response criteria for rheu-
matoid arthritis: comparison with the preliminary American
College of Rheumatology and the World Health Organization/
International League Against Rheumatism criteria. Arthritis Rheum
39: 34–40.

Vandenbroeck K, Alloza I, Gadina M, Matthys B (2004). Inhibiting
cytokines of the interleukin 12 family: recent advances and novel
challenges. J Pharm Pharmacol 123: 1037–1044.

Wittig BM (2007). Drug evaluation: CNTO 1275, a mAb against IL-12/
IL-23p40 for the potential treatment of inflammatory diseases. Curr
Opin Investig Drugs 8: 947–954.

Woolacott N, Bravo Vergel Y, Hawkins N, Kainth A, Khadjesari Z,
Misso K et al. (2006b). Etanercept and infliximab for the treatment
of psoriatic arthritis: a systemic review and economic evaluation.
Health Technol Assess 31: iii–iv, 1–239.

Woolacott N, Hawkins N, Mason A, Kainth A, Khadjesari Z, Vergel YB
et al. (2006a). Etanercept and efalizumab for the treatment of pso-
riasis: a systematic review. Health Technol Assess 10: 1–233.

Xu Z, Vu P, Lee H, Hu C, Ling J, Yan H et al. (2009). Population
pharmacokinetics of golimumab an anti-tumor necrosis factor-a
human monoclonal antibody, in patients with psoriatic arthritis.
J Clin Pharmacol 49: 1056–1070.

Biologicals in psoriasis and psoriatic arthritis
820 W Weger

British Journal of Pharmacology (2010) 160 810–820


