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he Future of Biological Therapies
ichard B. Warren, PhD, MRCP, and Christopher E.M. Griffiths, MD, FRCP

The last decade has witnessed a significant advance in the management of refractory
moderate-to-severe psoriasis. This advance is the introduction of biological therapies to
clinical practice. Three classes of biological therapies have been used. Of the first 2
classes to be introduced, the T-cell inhibitors and tumor necrosis factor (TNF)-�
inhibitors, there have been differing fates with one of the T-cell inhibitors, efalizumab,
being withdrawn because of a rare, unpredictable association with a usually fatal neuro-
logical condition, progressive multifocal leukoencephalopathy. In contrast, anti-TNF treat-
ments are now firmly established offering a high level of efficacy and a good safety record
across several indications, including psoriasis. A new approach involves targeting the p40
subunit, common to interleukins 12 and 23. Ustekinumab, the first drug in this class, now
offers a viable alternative to anti-TNFs in the treatment of moderate-to-severe psoriasis. In
this article, we discuss approaches that may be utilized to refine these existing therapies
and examine future therapeutic targets for biological therapies.
Semin Cutan Med Surg 29:63-66 © 2010 Elsevier Inc. All rights reserved.
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iological therapies have revolutionized the treatment of
moderate-to-severe psoriasis in the last decade. In partic-

lar, the introduction of the tumor necrosis factor (TNF)-�
nhibitors for the treatment of psoriasis and psoriatic arthritis
as been one of the most significant advances in psoriasis
herapeutics in the last 30 years. Currently, adalimumab,
tanercept, and infliximab are in widespread use with their
ole for the foreseeable future being in those patients who
ave tried and failed to benefit from, or are unsuitable for,
ther systemic agents and/or phototherapy.
The evolution of biological therapies has not been without

roblems, recently efalizumab, a T-cell inhibitor was withdrawn
rom the market1 because of a rare (3 cases worldwide), unpre-
ictable association with a usually fatal neurological condition,
rogressive multifocal leukoencephalopathy, all occurring in
atients who had received the therapy for more than 3 years. In
ddition, there are concerns regarding increased rates of infec-
ion with all biological agents.2 Specific side effects do occur,
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ith reactivation of latent tuberculosis, demyelination, and
orsening of heart failure being a concern with anti-TNFs.2

urthermore, there is significant variation in treatment response
o biological therapies, especially in the case of psoriatic arthritis,
uch that 20%-50% of patients will derive little or no benefit
hile being exposed to potential toxicity. Thus, the quest for
ew and effective biological therapies and/or biomarkers of
reatment response for existing biological therapies continues.
n this article, we discuss methods that may be used to refine
xisting treatments and focus on new therapeutic targets, in-
luding interleukin (IL)-12/23, IL-17, and IL-22.

efining Existing Therapies
n individual’s genetic makeup can be critical to how they
ay respond to a given therapy. Genes encoding drug me-

abolizing enzymes, transporters, and drug targets may all be
ubject to functional polymorphisms and, overall, are esti-
ated to account for 15%-30% of interindividual variation in
rug response.3 Pharmacogenetics4 (the study of the relation-
hip between individual gene variation and drug effect) offers
he potential to identify individuals who may respond to a
articular therapy and those at risk of adverse drug reactions
efore drug exposure.
With respect to biological agents, very little research has

nvestigated the potential of pharmacogenetics to predict
reatment response. Biological therapies are not metabolized
o a great extent, thus it is likely that genetic variability in
enes relevant to pharmacodynamic factors influence treat-

ent response. There are at least 44 polymorphisms in the
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ene that encodes TNF.5 One preliminary study, assessing
ome of these polymorphisms, has been carried out in 220
soriasis patients treated with etanercept and 29 patients
reated with adalimumab.6 Patients self-evaluated their treat-
ent using a visual analog scale (0-5). There was a moderate

ssociation between adalimumab responders and the TNF-
031 genotype (odds ratio � 4.43, P � 0.04). Further, larger
tudies have been performed in rheumatoid arthritis patients
reated with anti-TNFs,7,8 and a recent meta-analysis con-
luded that 1 variant, known as -308(A), appeared to predict
oor response to TNF inhibitors.9

Interestingly, polymorphisms in the TNF, IL-12, and
L-23 pathways have all been shown to be risk factors for the
evelopment of psoriasis.10 Thus, it is possible that response
o anti-TNFs and IL-12/23 blockers in psoriasis may be in-
uenced by psoriasis disease-susceptibility loci. In the future,
enotype-phenotype correlation of the conditions currently
ncluded under the umbrella term “psoriasis” will be re-
ned,11 so too will the possibility of tailoring therapy to the

ndividual patient. It is important to note that most pharma-
ogenetic studies performed in psoriasis therapeutics to date
ave been underpowered. Large-scale collaborative efforts
re required to gain robust results and ultimately bring these
echniques into everyday clinical practice.

There are new anti-TNF agents licensed for use in Crohn’s
isease and rheumatoid arthritis.12,13 Certolizumab-pegol is
nique because it consists of a Fab fragment of an anti-TNF
ntibody but lacks an antibody Fc domain.13 Thus, it is de-
oid of any Fc receptor–mediated immune effector cell activ-
ties. Furthermore, certolizumab-pegol is, as the name sug-
ests, pegylated so as to provide a longer serum half-life. The
econd new anti-TNF is golimumab. Like adalimumab, it is a
ully human IgG1� anti-TNF antibody.14 Although these 2
iological therapies are of interest in the treatment of psori-
sis and psoriatic arthritis, it is likely that future anti-TNFs
ill focus on improving the safety profile of this class of
rugs. TNF-� exists in soluble (sTNF) and transmembrane
tmTNF) forms.15 Recent work has demonstrated that sTNF
signaling primarily through TNFR1) and tmTNF (signaling
hrough both TNFR1 and TNFR2) have different and some-
imes opposing immunologic effects.15 Furthermore, murine
odels have demonstrated that tmTNF is crucial in main-

aining a normal innate immune response to infections, in-
luding listeria and tuberculosis, both important infections in
he setting of anti-TNF therapy.15 Thus, the development of
iological drugs that are can effectively block only sTNF
hile sparing tmTNF may improve the safety profile of these

gents with no loss of efficacy. Results from studies in murine
odels of inflammation and infection support this hypothe-

is and studies of biological therapies which work in this way
re likely in the future.

nterleukins 12 and 23
new class of biological drug targets the p40 subunit com-
on to IL-12 and IL-23. These 2 cytokines, secreted by an-

igen-presenting cells, trigger differentiation of type 1 (Th1)

nd type 17 (Th17) cells, both key effectors in the pathogen- n
sis of psoriasis. Ustekinumab, the first in this new class of
iological, is a fully human immunoglobulin G1� monoclo-
al antibody, which binds to the shared p40 subunit of these
ytokines with high affinity and specificity.

Two large phase 3, multicenter, randomized, double-
lind, placebo-controlled, parallel studies, PHOENIX 1 and
HOENIX 2, were performed to assess ustekinumab in the
reatment of moderate-to-severe psoriasis.16,17 In PHOENIX

study, 766 patients were randomized to receive 45 mg of
stekinumab (n � 255) or 90 mg of ustekinumab (n � 256)
t weeks 0 and 4 and then every 12 weeks; or to receive
lacebo (n � 255) at weeks 0 and 4, with crossover to usteki-
umab at week 12.16 The primary endpoint, assessed by in-
ention-to-treat analysis, was the percentage of patients
chieving Psoriasis Area and Severity Index (PASI)-75 at
eek 12. At week 12, a total of 171 (67.1%) of the 45 mg
ose group and 170 (66.4%) of the 90 mg group compared
ith 8 (3.1%) of the placebo group achieved PASI-75.
ASI-90 was achieved in 106 (41.6%) and 94 (36.7%) of
atients receiving 45 and 90 mg dose, respectively, com-
ared with 5 (2%) of the placebo group. Those receiving
lacebo, achieved similar response rates after crossover to
ctive treatment. The efficacy of ustekinumab continued to
mprove by week 24, with PASI-75 responses in 76.1% and
5% for the 45 and 90 mg ustekinumab groups, respectively.
t week 40, long-term response had been achieved by 150
atients in the 45 mg group and 172 patients in the 90 mg
roup.

PHOENIX 2 trial showed similar week 12 PASI-75 response
ates to those in PHOENIX 1 trial and also demonstrated that in
artial responders who received dosing intensification of usteki-
umab 90 mg every 12 weeks to ustekinumab 90 mg every 8
eeks, a significant increase was noted in those achieving PASI-
5, compared with those who remained at a dose of usteki-
umab 90 mg every 12 weeks, with response rates of 68.8% and
3.3%, respectively (P � 0.004).17 There was no significant
ifference in response, however, in the patients randomized to
eceive 45 mg of ustekinumab every 8 weeks, compared with
hose who continued to receive 45 mg every 12 weeks.

The ACCEPT study, a single-blind randomized, parallel
hase III study directly compared the safety and efficiency of
stekinumab and etanercept in treating 903 patients with
soriasis.18 Patients were randomized to receive usteki-
umab 45 or 90 mg at baseline and at week 4 or etanercept
0 g twice weekly for 12 weeks. At week 12 PASI-75 was
chieved in 67.5% of those receiving 45 mg ustekinumab,
3.8% of those receiving 90 mg of ustekinumab, and 56.8%
f those receiving etanercept.
Ustekinumab also has a role in the treatment of psoriatic

rthritis. A randomized, double-blind, placebo-controlled,
rossover phase 2 study was performed in 146 patients with
soriatic arthritis who had an inadequate response to disease-
odifying antirheumatic drugs, non-steroidal anti-inflam-
atory drugs, or anti-TNF agents.19 Patients received either

0 mg of subcutaneous ustekinumab per week for 4 weeks
group 1), followed by placebo at weeks 12 and 16, or pla-
ebo for 4 weeks, followed by 63 mg of subcutaneous usteki-

umab at weeks 12 and 16 (group 2). The primary endpoint
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as a 20% improvement from baseline in the American Col-
ege of Rheumatology (ACR20) at week 12. Forty-two per-
ent of patients in group 1 (ustekinumab-treated patients)
chieved ACR20 at week 12 compared with 14% of those in
roup 2 (placebo-treated patients) (P � 0.0002). A phase III
tudy is currently underway.

BT-874
BT-874 is a p40 monoclonal antibody, with a similar mech-
nism of action to ustekinumab. A phase 2 study of ABT-874,
nvolving 180 patients, on 6 different dosing schedules dem-
nstrated that after 12 weeks, PASI-75 was achieved in 63%-
3% of patients, depending on dosing intensity.20 Phase III
tudies are underway and are close to completion.

nterleukin 17
L-17 is an inflammatory cytokine with numerous actions
elevant to the pathogenesis of psoriasis. Recent studies have
hown that IL-17 and IL-17–producing T cells may play an
mportant role in psoriasis.21 For example, IL-17 stimulates
he production of inflammatory mediators and antimicrobial
eptides that are commonly observed in plaques of psoriasis,
nd induces autocrine IL-22 production, leading to epidermal
nflammation and acanthosis. Furthermore, IL-17 mRNA is el-
vated in psoriasis lesional tissue and decreases in response to
herapy with either TNF-antagonist or ciclosporin.22

Two biological therapies, relevant to this pathway, have
een studied: an IL-17 receptor antagonist and; one that
irectly targets IL-17. AMG 827 is a fully human IgG2 anti-
L-17 receptor monoclonal antibody, which selectively tar-
ets human IL-17R and antagonizes the IL-17 pathway.
IN457 is a recombinant high-affinity fully human monoclo-
al anti-human interleukin 17A antibody of the IgG1 class.
IN457 binds to human IL-17A and neutralizes the bioactiv-

ty of this cytokine. In a completed proof of concept study
CAIN457A2102), the effects of AIN457 administered at 3
g/kg as a single intravenous infusion were compared with

hat of placebo in 36 patients with active chronic plaque
soriasis. The study demonstrated efficacy in the treatment of
soriasis with no safety events of concern being observed in
his study.23

nterleukin 22
ccumulating evidence points to a role for IL-22 in the
athogenesis of psoriasis, with gene and/or protein expres-
ion of IL-22 and the IL-22 receptor being elevated both in
soriasis and murine models of skin inflammation.24,25 IL-22

nduces intracellular signal transduction via several tran-
cription factors, including Jak 1, Tyk2, and JNK, ultimately
ffecting the gene expression of acute-phase reactants and
ntimicrobial peptides.26 ILV-094 is a fully human IgG1�
ntibody that binds potently to IL-22, thereby blocking its
iological activity. It is being developed as a therapeutic agent

or the treatment of both psoriasis and rheumatoid arthritis
nd is currently undergoing phase I trials, the results of
hich are expected in 2010.

ascular
ndothelial Growth Factor
ne of the significantly under-researched histologic features
f psoriasis is the presence of vascular angiogenesis driven in
art by overexpression of vascular endothelial growth factor
VEGF) produced by keratinocytes,27 despite this observa-
ion and that VEGF single nucleotide polymorphisms are
ssociated with severe psoriasis of early onset.28

There has been no concerted investment in the use of
nti-VEGF approaches for treatment of the disease. In con-
rast, VEGF antagonists have been developed for the treat-
ent of colorectal cancer. The utility of this approach for
soriasis management is underscored by a case report of the
se of bevacizumab (anti-VEGF) for the treatment of colon
ancer in a psoriasis patient whose skin subsequently
leared.29 Although this was not strictly serendipitous, there
as prior art, it should be recognized that many therapies for
soriasis have developed because of serendipity and not from
reductionist, translational approach.

onclusions
iological therapies have revolutionized the treatment of
oderate-to-severe psoriasis and the thinking behind it.
reatment goals are now more aggressive and long-term, tox-

city-free therapies are realistic. However, technologies that
an refine existing therapies and leverage off an increased
nderstanding of the immunopathogenesis of psoriasis will
ltimately lead to biological drugs that are still safer, more
uited for long-term use and perhaps result in complete clear-
nce of the disease.
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