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Recent epidemiological observations reveal that the prevalence of psoriasis increases 
more rapidly in young women compared with young men, and that the prevalence of 
psoriasis may decrease in the elderly. Emerging evidence suggests that some potentially 
modifiable exposures, such as smoking, stress and obesity, may increase a patient’s risk of 
developing psoriasis. The evolving literature suggests that psoriasis is associated with 
multiple other diseases, including cancer, cardiovascular disease, diabetes and 
psychiatric disease, and that psoriasis itself may be an independent risk factor for 
developing atherosclerosis and myocardial infarction. The treatment of moderate-
to-severe psoriasis is undergoing a revolution with the advent of biological therapies that 
target the immunopathogenesis of psoriasis, such as tumor necrosis factor-α and T-cell 
function. The pharmacokinetics, pharmacodynamics, efficacy and safety profiles vary 
among biologicals and, therefore, drug and patient factors are important in selecting the 
optimum therapy. In this article, we focus on recent developments in the epidemiology 
and systemic treatment of psoriasis. 
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Psoriasis is a common chronic inflammatory
disease of the skin and joints. The etiology is
unknown, but it is believed to be caused by an
interaction between genetic and environ-
mental factors, resulting in increased antigen
presentation, T-helper (Th)-1 cytokine pro-
duction and T-cell activity. Psoriasis can cause
significant reductions in health-related
quality-of-life and is associated with substan-
tial healthcare costs [1,2]. The last 20 years have
witnessed tremendous advances in our know-
ledge about psoriasis. In this article, we focus
on recent developments in the epidemiology
and systemic treatment of psoriasis.

Epidemiology
Incidence
Incidence is defined as the proportion of indi-
viduals who develop a disease within a speci-
fied time period. In the general population of
Rochester (MN, USA), the overall annual
crude incidence rate of psoriasis was found to
be 57.6 per 100,000 individuals using medical
records linkage data [3]. The incidence was
slightly higher in women compared with men

and the highest overall incidence occurred in
patients 60–69 years of age. These findings
may underestimate the incidence of psoriasis
since patients with new-onset mild disease may
not seek medical care. The incidence (onset) of
psoriasis is believed to have a bimodal distrib-
ution, occurring more often in early adult life
(late second decade into third decade) and then
again in later adult life (sixth and seventh dec-
ades). One plausible explanation is that there
are in fact two clinical presentations of psoria-
sis, Type I and Type II, which affect younger
and older populations, respectively [4–8].
Patients with Type I psoriasis tend to have a
higher association with the human leukocyte
antigen (HLA)-Cw6 allele [8] and a more severe
disease manifestation, as well as a greater
number of relatives affected than those with a
Type II phenotype.

Prevalence
Prevalence is defined as the proportion of indi-
viduals in a population who have the disease of
interest in a specified time period. Studies of
the prevalence of psoriasis have varied in their
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definition of prevalence (i.e., point prevalence vs lifetime prev-
alence), the definition of psoriasis (e.g., self report vs physician
diagnosis), the population studied, as well as sampling tech-
niques. These differences may influence results and worldwide
epidemiological studies have estimated the prevalence of
psoriasis to be anywhere from 0.6 to 4.8% [9–29].

The prevalence of psoriasis varies based on the geographical
region sampled, with psoriasis being more prevalent in cooler
climates [30,31]. The prevalence of psoriasis also varies based on
ethnicity [32]. For example, in a US population-based study, the
prevalence of psoriasis among African-Americans was found to
be lower (1.3%) than in Caucasians (2.5%) [25]. These observ-
ations suggest that both genetic and environmental factors
influence the development of psoriasis.

Recent studies indicate novel impacts of gender and age on
the prevalence of psoriasis. Psoriasis appears to be more preva-
lent in young female patients compared with young male
patients (<20 years of age) [8,9]. Psoriasis is now believed to be a
Th1 cell autoimmune disease, which may suggest a susceptib-
ility to the development of psoriasis at an earlier age in female
patients. In addition, recent population-based studies from
Spain [17], the UK [9] and Norway [31] indicate that the preva-
lence of psoriasis decreases with age. These data suggest that
psoriasis may go into remission in the elderly. Alternatively, eld-
erly psoriasis patients may be at higher risk of mortality due to
associated comorbidities, health behaviors (such as smoking),
the effects of treatment or, possibly, the disease itself [33,34]. 

Psoriasis risk factors & associated behaviours
A risk factor is an exposure or characteristic that increases an
individuals chance for developing a certain outcome (e.g., dis-
ease) and, by definition, the association is not explained by
confounding or bias. 

Genetics
Family history (genetics) is the strongest risk factor for the devel-
opment of psoriasis. It is estimated that 40% of patients with
psoriasis or psoriatic arthritis have a first-degree relative with the
disease [35]. When both parents are affected, psoriasis develops in
as many as 50% of siblings, but this number falls to 16% when
only one parent is affected and 8% when neither parent is
affected but there is an affected sibling [36]. Interestingly, men
with psoriasis appear to be more likely to have affected offspring
than women with psoriasis, suggesting genomic imprinting; an
epigenetic effect that causes differential expression of a gene
depending on the gender of the transmitting parent [37]. 

Infection
Bacterial and viral infections may be linked to psoriasis. At this
time, large-scale, analytical, epidemiological studies looking at
the association between onset of plaque psoriasis and infection
are lacking [38]. However, it is well accepted that there is an associ-
ation between the onset and flaring of guttate psoriasis and strep-
tococcal pharyngitis [32,39,40] with a plausible biological mecha-
nism of sequence similarities between streptocoocal M peptides

and human keratins [41]. One case–control study confirmed this
association and found an increased odds ratio (OR) of 7.8 (95%
confidence interval [CI]: 1.8–32.5) for a recent history of acute
pharyngitis, with no distinction between viral and bacterial etiol-
ogy, in patients with guttate psoriasis [42]. There is also an associa-
tion between severe psoriasis and HIV infection [39,43] where it is
thought that HIV may act as a superantigen in the activation of
T cells [43].

Stress
A case–control study in outpatient clinics in Italy found that
patients with new onset psoriasis were more likely to report a
stressful life event in the year preceding disease onset compared
with patients seen for other dermatological conditions
(OR: 2.2; 95% CI: 1.4–3.4) even when controlling for age, sex,
marital status, hospitalization, education level, body mass index
(BMI), smoking and alcohol habits [44]. Results of a descriptive
study found that 71% of members of the Nordic psoriasis asso-
ciation and 66% of patients seen in a dermatology clinic
reported their psoriasis was exacerbated by stress [45]. These
findings were not corroborated in a study of patients hospital-
ized for psoriasis [46]. One limitation inherent to studies that
evaluate stress as a risk factor is that they may be subject to
recall bias and, therefore, the association between psoriasis and
stress may be spurious.

Body mass index
Several studies have implicated an association between psoriasis
and obesity. In a case–control study of recent onset psoriasis,
obesity was found to be a risk factor for the development of
psoriasis and the risk of psoriasis was directly related to BMI
with an OR of 1.6 (95% CI: 1.1–2.1) for overweight subjects
(BMI: 26–29) and 1.9 (95% CI: 1.2–2.8) for obese subjects
(BMI > 29). This association persisted after controlling for age,
marital status, hospitalization, education, smoking and alcohol
intake [44]. A large population-based, cross-sectional study,
demonstrated an increased OR for obesity in patients with mild
(OR: 1.27; 95% CI: 1.24–1.31) and severe psoriasis
(OR: 1.79; 95% CI: 1.55–2.05) [34]. Other investigators have
suggested that patients with psoriasis may become obese over
time, based on patient recall of body mass prior to the onset of
psoriasis [47]. Although most investigators agree that there is an
association between obesity and psoriasis, whether or not this is
a true risk factor and whether obesity may influence psoriasis
severity requires further study.

Smoking/alcohol
Smoking was established as a possible risk factor for chronic
plaque psoriasis based on a case–control study, which found an
overall increased risk for the development of psoriasis in cur-
rent (OR: 1.7; 95% CI: 1.1–3.0) and former (OR: 1.9;
95% CI: 1.3–2.7) smokers [44]. A plausible biological mecha-
nism for this association exists in that nicotine has been shown
to activate dendritic and T cells, as well as increase the secretion
of proinflammatory Th1 cytokines and accelerate keratinocyte
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differentiation [48–52]. Studies from numerous countries (Italy,
the UK, China, Finland and the USA) have found an increased
prevalence of smoking in patients with psoriasis with ORs var-
ying from 1.7 to 3.7 [34,47,53–56]. In a hospital-based, cross-
sectional study, smoking more than 20 cigarettes daily (vs less
than 10) was associated with a greater than two-fold increased
odds of clinically more severe psoriasis (OR: 2.2;
95% CI: 1.2–4.1) after controlling for several potential con-
founders [57]. A strong link between smoking and palmoplantar
pustular psoriasis has also been described (OR for smoking and
pustular psoriasis: 5.3; 95% CI: 2.1–13.0) [44,58]. 

Several case–control studies have evaluated alcohol intake as
a risk factor for psoriasis and have yielded inconsistent
findings [30,55,59,60]. Although alcohol consumption may not be
a risk factor in the onset of psoriasis, several prevalence studies
have demonstrated an association between alcohol consump-
tion and psoriasis with positive findings being more consist-
ently demonstrated in male psoriasis patients [53,61–66]. There
was also a significant positive relationship between the affected
body surface area (BSA) of psoriasis patients and average alco-
hol intake during the year preceding the examination [55].
Additional studies have established that alcohol use may
decrease medication adherence in psoriasis patients and, there-
fore, the association of alcohol intake and psoriasis severity
may in part be owing to decreased compliance with treatment
regimens in those who drink alcohol [67].

Comorbidities
Recent studies have focused on the association of psoriasis with
other major comorbidities. These studies are informative in
that they provide insight into the burden of psoriasis, as well as
demonstrate a need for clinicians to be more comprehensive in
the evaluation and treatment of patients with psoriasis. 

Cancer
The immunological nature of psoriasis, as well as therapies that
are immunosuppressive or mutagenic, may predispose patients
with psoriasis to an increased risk of cancer. A higher incidence
of nonmelanoma skin cancer (NMSC) has been reported in
psoriasis patients and there are conflicting findings regarding
internal cancers, such as lung, breast, colon and prostate can-
cers [68–74]. Lymphoma has been of special interest since
inflammatory conditions may be associated with a higher risk
of lymphoproliferative diseases. Studies of the risk of internal
lymphoma in psoriasis patients have yielded inconsistent
results [69–73,75–84]. The largest study to date found no increased
risk of non-Hodgkin’s lymphoma, but did observe an increased
risk of Hodgkin’s lymphoma and a markedly increased relative
risk for cutaneous T cell lymphoma (CTCL) [85]. The associa-
tion of psoriasis with CTCL may be owing to misdiagnosis of
early CTCL as psoriasis or may be related to chronic lympho-
proliferation leading to CTCL [85]. Recently, the results of
30 years of follow-up of psoriasis patients treated with psoralen
and long-wave ultraviolet radiation (PUVA) found that
patients who received PUVA and were exposed to high levels of

methotrexate (∼36 months) had an increased incidence of
lymphoma compared with the general population (incidence
rate ratio [IRR]: 4.39; 95% CI: 1.59–12.06) [86]. Increased
rates of lymphoma were also observed in other patient catego-
ries created by the author (e.g., PUVA patients who received
more than 300 UVB treatments, patients with skin types 1 or
2, patients who received more than 200 PUVA treatments),
but these were not statistically significant, possibly owing to
limitations of statistical power. In addition, there may have
been under ascertainment of lymphoma outcomes in the
PUVA cohort study since there was a significant degree of loss
to follow-up and a significant percentage of lymphomas were
only identified by searching the national death index [86]. 

Cardiovascular & metabolic disease
Epidemiological studies in Sweden, Germany and the USA
have demonstrated an association between psoriasis and cardio-
vascular disease (CVD) [87–89]. Mallbris and colleagues found
that a Swedish cohort of patients with a history of hospital
admission for psoriasis had an overall increased risk of CVD
mortality of 50% compared with the general population
(standardized mortality ratio [SMR]: 1.52; 95%
CI: 1.44–1.60) [89]. However, this finding was not supported
by Stern and colleagues who found no evidence of increased
cardiovascular mortality in psoriasis patients receiving PUVA
treatment compared with the general population (SMR: 0.83;
95% CI: 0.7–1.0) [90]. These studies are limited in that they are
of highly selected patient populations, utilized an external com-
parison group, which can introduce bias, and did not control
for other cardiac risk factors, which may confound the relation-
ship between psoriasis and CVD. In addition to smoking and
obesity, several studies suggest that cardiovascular risk factors,
such as diabetes, hypertension and hyperlipidemia, are more
prevalent in psoriasis patients [11,87,88,91–96]. In particular, dia-
betes has shown a strong association with severe psoriasis
(OR: 1.62; 95% CI: 1.3–2.01) independent of other risk fac-
tors for diabetes, such as obesity [34]. Although evolving evi-
dence suggests that psoriasis is associated with a variety of cardi-
ovascular risk factors, recent studies suggest that psoriasis itself
is an independent risk factor for developing coronary artery dis-
ease and myocardial infarction (MI), possibly owing to shared
immunological pathways that function abnormally in both dis-
eases [33,97]. For example, severe psoriasis confers a similar
independent risk of MI to diabetes and the relative risk is
higher in younger psoriasis patients and declines towards
baseline in patients aged 70 years or older [33].

Psychiatric disease
Multiple studies, the majority of which are descriptive, have
examined psychological characteristics of patients with psoria-
sis [98–100]. A wide range of problems have been described, such
as depression, anxiety, obsessive behavior, sexual dysfunction
and suicidal ideation [101–106], and the clinical severity of the
psoriasis may not reflect the degree of emotional impairment.
A study comparing 50 patients with psoriasis in outpatient
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clinics with 50 healthy controls found that patients with pso-
riasis had a higher average score in the Beck Depression Inven-
tory (BDI) (16.96 vs 5.48, respectively; p < 0.01) [107]. Suicidal
ideation was found to be present in 7.2% of patients hospital-
ized for psoriasis, 2.5% of psoriasis outpatients and 2.4–3.3%
of general medical patients, suggesting that patients with more
severe disease may suffer greater emotional impairment [98].
Psychological distress may also impair response to psoriasis
therapies. For example, in a cohort of psoriasis patients treated
with PUVA, pathological or high-level worry was a significant
predictor of time taken for PUVA to clear psoriasis, whereas
clinical severity of psoriasis, skin phenotype, alcohol intake,
anxiety and depression were not [108].

Psoriatic arthritis
Joint diseases are common among patients with psoriasis [109].
Psoriatic arthritis is defined as a rheumatoid factor-negative
inflammatory arthritis associated with psoriasis [110]. The preva-
lence of psoriatic arthritis varies greatly by skin severity [111,112].
Population-based studies, which are broadly representative of all
patients with psoriasis, have found the prevalence of psoriatic
arthritis in patients with psoriasis to be 6.25% in Olmstead
County (MN, USA) and 11% in the continental US population,
whereas studies in psoriasis patients from referral centers and
advocacy groups (which are skewed towards patients with more
extensive skin disease compared with the general population)
have found prevalences of psoriatic arthritis of approximately
30% [109,111,113].

In the majority of patients, psoriatic arthritis tends to appear
several years after the onset of skin lesions; however, it can pre-
cede the skin disease in approximately 13–17% of cases [114].
Nail lesions may help to identify those patients with psoriasis
who are at higher risk of developing arthritis as these lesions
occur in 80–90% of patients with psoriatic arthritis compared
with 46% in those with psoriasis uncomplicated by arthritis [115].
Although the severity of skin psoriasis predicts the prevalence of
psoriatic arthritis, it does not reliably correlate with the severity
of psoriatic arthritis symptoms and signs [115]. Broadly represent-
ative, population-based studies suggest that the incidence of
structural damage in psoriatic arthritis is low (<10%) and that
the disease does not impact on mortality [113]. Studies from terti-
ary-care centers, which are skewed towards patients with more
severe disease, have demonstrated a higher risk of mortality for
patients with psoriatic arthritis and have found higher overall fre-
quencies of destructive joint changes [114,116]. Several HLA types
have been associated with psoriatic arthritis, suggesting a genetic
predisposition to developing this disease [35,117,118].

Systemic treatment
Traditional systemic therapies for psoriasis include photo-
therapy (broad-band UVB, narrow-band UVB, PUVA),
methotrexate, cyclosporine, and acitretin. Although generally
well tolerated, oral therapies for psoriasis are limited by a vari-
ety of side effects that are relatively common and occur in
more than 5% of patients [119]. For example, a recent study

demonstrated that 30% of psoriasis patients discontinue
methotrexate therapy within 1 year, mainly owing to drug
intolerance [120]. In addition, there is concern regarding long-
term exposure to oral medications owing to the potential of
damage to the liver (methotrexate), kidneys (cyclosporine), bone
(acitretin) or skin (psoralen). As a result, these therapies are used
in only approximately 5% of patients with psoriasis [9,21]. The
treatment of psoriasis is currently undergoing a revolution
with the advent of biological therapies, which target specific
aspects of the immune system involved in psoriasis, such as
cytokines (e.g., tumor necrosis factor [TNF]-α targeted by
adalimumab, etanercept and infliximab) and T-cell function
(e.g., alefacept and efalizumab). Biologicals are generally well
tolerated and appear to be associated with very low risks of
organ damage and serious side effects (TABLE 1).

TNF-α antagonists 
TNF-α is a pro-inflammatory cytokine associated with Th1
immune responses and plays a critical role in cell-mediated
immunity through enhancing the activity of antigen-present-
ing cells, cytolytic T cells and natural killer cells, while, at the
same time, suppressing the maturation and proliferation of
Th2 cells (which are involved in atopy and allergic reactivity as
well as the response to some parasites). Overproduction of
TNF-α in patients with psoriasis and psoriatic arthritis can
lead to tissue disruption, joint injury, and keratinocyte hyper-
proliferation [121]. High levels of TNF-α in psoriatic lesions
and psoriatic arthritis synovial fluid, as well as correlations
between disease severity and TNF-α levels, provide a strong
rationale for the role of this cytokine in psoriasis [122]. Three
types of TNF-α antagonists are commercially available and all
have demonstrated efficacy for psoriasis and psoriatic arthritis.

Adalimumab
Adalimumab is a fully humanized, recombinant immunoglobu-
lin (Ig)G1 monoclonal antibody that is specific for human
TNF-α. It is approved by the US FDA for treatment of anky-
losing spondylitis, rheumatoid arthritis (RA) and, more
recently, psoriatic arthritis. Adalimumab binds and neutralizes
TNF-α, thereby blocking the binding and activation of p55
and p75 receptors. In a controlled trial, patients were rand-
omized into three groups to receive a loading dose of 80 mg at
week 0 followed by either 40 mg of subcutaneous adalimumab
weekly (starting at week 2) or 40 mg of adalimumab every
other week (starting at week 1) versus placebo. After 12 weeks,
80% of patients treated with 40 mg of adalimumab weekly and
53% of patients taking 40 mg of adalimumab every other week
compared with 4% of patients taking placebo achieved 75%
improvement in the Psoriasis Area and Severity Index score
(PASI 75) (p < 0.001) [123].

Etanercept
Etanercept is a recombinant dimeric fusion protein consisting of
the extracellular ligand-binding portions of the p75 human TNF
receptor and the human constant (Fc) portion of human IgG1



Epidemiology and systemic treatment of psoriasis

www.future-drugs.com 175

Ta
bl

e 
1.

 O
ve

rv
ie

w
 o

f 
bi

ol
og

ic
al

s 
fo

r 
ps

or
ia

si
s

. 

Dr
ug

M
ol

ec
ul

ar
 

st
ru

ct
ur

e
Ph

ar
m

ac
od

yn
am

ic
 

an
d 

ph
ar

m
ac

ok
in

et
ic

s

Do
si

ng
PA

SI
 7

5 
su

m
m

ar
y

Re
qu

ire
d

sc
re

en
in

g 
te

st
s 

an
d 

la
b 

m
on

it
or

in
g 

pe
r 

US
 F

DA

Su
gg

es
te

d 
ad

di
ti

on
al

 c
on

si
de

ra
ti

on
s 

fo
r 

sc
re

en
in

g 
an

d 
pe

rio
di

c 
m

on
it

or
in

g

Ad
al

im
um

ab
*

(H
um

ira
® )

Fu
lly

 h
um

an
iz

ed
, 

re
co

m
bi

na
nt

 Ig
G

1 
m

on
oc

lo
na

l a
nt

ib
od

y, 
w

hi
ch

 is
 s

pe
ci

fic
 fo

r 
hu

m
an

 T
N

F-
α

Bi
nd

s 
so

lu
bl

e 
an

d 
tr

an
sm

em
br

an
e 

TN
F-
α

, 
in

hi
bi

tin
g 

ac
tiv

at
io

n 
of

 
TN

F-
α

 re
ce

pt
or

s. 
M

ed
ia

te
s 

ly
si

s 
of

 
TN

F-
pr

od
uc

in
g 

ce
lls

.
H

al
f-

lif
e:

 1
0–

20
 d

ay
s

40
 m

g 
SC

 
ev

er
y 

ot
he

r 
w

ee
k‡

AD
EP

T 
20

06
 [1

23
]

At
 w

ee
k 

12
PB

O 
4%

80
 m

g 
at

 w
ee

k 
0,

 
th

en
 4

0 
m

g 
EO

W
 

st
ar

tin
g 

at
 w

ee
k 

1
53

%
80

 m
g 

at
 w

ee
k 

0,
 1

th
en

 4
0 

m
g 

QW
st

ar
tin

g 
at

 w
ee

k 
2

80
%

Sc
re

en
 fo

r l
at

en
t 

tu
be

rc
ul

os
is

 in
fe

ct
io

n.
 

Ev
al

ua
te

 p
at

ie
nt

s 
at

 ri
sk

 
fo

r h
ep

at
iti

s B
 fo

r p
re

vi
ou

s 
H

BV
 in

fe
ct

io
n 

pr
io

r t
o 

be
gi

nn
in

g 
th

er
ap

y

H
IV

 in
 th

os
e 

at
 ri

sk
.

Bl
oo

d 
co

un
t a

nd
 li

ve
r f

un
ct

io
n 

te
st

s.
H

is
to

ry
 a

nd
 p

hy
si

ca
l e

xa
m

 a
s 

ne
ce

ss
ar

y 
to

 d
et

ec
t 

sy
m

pt
om

s 
of

 in
fe

ct
io

n,
 c

an
ce

r, 
co

ng
es

tiv
e 

he
ar

t 
fa

ilu
re

, d
em

ye
lin

at
io

n.
Ba

se
lin

e 
ch

es
t  

X-
ra

y 
in

 th
os

e 
at

 ri
sk

 fo
r 

fu
ng

al
in

fe
ct

io
ns

.
An

nu
al

 s
cr

ee
ni

ng
 fo

r t
ub

er
cu

lo
si

s.
U

pd
at

e 
va

cc
in

at
io

ns

Et
an

er
ce

pt
 

(E
nb

re
l® )

Re
co

m
bi

na
nt

 d
im

er
ic

 
fu

si
on

 p
ro

te
in

 
co

ns
is

tin
g 

of
 th

e 
ex

tr
ac

el
lu

la
r l

ig
an

d-
bi

nd
in

g 
po

rt
io

ns
 o

f 
th

e 
p7

5
hu

m
an

 T
N

F 
re

ce
pt

or
 a

nd
 th

e 
Fc

 
po

rt
io

n 
of

 h
um

an
 

Ig
G

1 
an

tib
od

y

Bi
nd

s 
pr

im
ar

ily
 s

ol
ub

le
 

TN
F −
α

 a
nd

 b
lo

ck
s 

its
 

in
te

ra
ct

io
n 

w
ith

 T
N

F 
re

ce
pt

or
.

Al
so

 b
in

ds
 a

nd
 b

lo
ck

s 
th

e 
ac

tiv
ity

 o
f 

ly
m

ph
ot

ox
in

- α
.

H
al

f-
lif

e:
 4

–1
2.

5 
da

ys

50
 m

g 
SC

 
w

ee
kl

y 
fo

r 1
2 

w
ee

ks
, 

fo
llo

w
ed

 b
y 

or
 5

0 
m

g 
SC

 
gi

ve
n 

on
ce

 
w

ee
kl

y‡

G
ot

tli
eb

 2
00

3 
[1

24
]

At
 w

ee
k 

12
PB

O 
 2

%
25

 m
g 

SC
 B

IW
 3

0%
Le

on
ar

di
 2

00
3 

[1
26

]
At

 w
ee

k 
12

PB
O 

 4
%

25
 m

g 
SC

 B
IW

 3
4%

50
 m

g 
SC

 B
IW

 4
9%

 
Pa

pp
 2

00
5 

[1
25

]

At
 w

ee
k 

12
PB

O 
 3

%
 

25
 m

g 
SC

 B
IW

 3
4%

 
50

 m
g 

SC
 B

IW
 4

9%
 

Ev
al

ua
te

 p
at

ie
nt

s 
at

 ri
sk

 
fo

r h
ep

at
iti

s B
 fo

r p
re

vi
ou

s 
H

BV
 in

fe
ct

io
n 

pr
io

r t
o 

be
gi

nn
in

g 
th

er
ap

y

H
IV

 in
 th

os
e 

at
 ri

sk
.

Sc
re

en
 fo

r l
at

en
t t

ub
er

cu
lo

si
s 

in
fe

ct
io

n.
Bl

oo
d 

co
un

t a
nd

 li
ve

r f
un

ct
io

n 
te

st
s.

H
is

to
ry

 a
nd

 p
hy

si
ca

l e
xa

m
 a

s 
ne

ce
ss

ar
y 

to
 d

et
ec

t 
sy

m
pt

om
s 

of
 in

fe
ct

io
n,

 c
an

ce
r, 

co
ng

es
tiv

e 
he

ar
t 

fa
ilu

re
, d

em
ye

lin
at

io
n.

Ba
se

lin
e 

ch
es

t  
X-

ra
y 

in
 th

os
e 

at
 ri

sk
 fo

r 
fu

ng
al

in
fe

ct
io

ns
.

An
nu

al
 s

cr
ee

ni
ng

 fo
r t

ub
er

cu
lo

si
s.

U
pd

at
e 

va
cc

in
at

io
ns

In
fli

xi
m

ab
(R

em
ic

ad
e® )

Ch
im

er
ic

 h
um

an
 a

nd
 

m
ur

in
e 

Ig
G

1K
 

m
on

oc
lo

na
l a

nt
ib

od
y 

ag
ai

ns
t T

N
F-
α

Bi
nd

s 
so

lu
bl

e 
an

d 
tr

an
sm

em
br

an
e 

TN
F-
α

, 
in

hi
bi

tin
g 

ac
tiv

at
io

n 
of

 
TN

F-
α

 re
ce

pt
or

s. 
Bl

oc
ks

 
as

se
m

bl
y 

of
 T

N
F.

M
ed

ia
te

s 
ly

si
s 

of
 

TN
F-

pr
od

uc
in

g 
ce

lls
.

H
al

f-
lif

e:
 8

–9
.5

 d
ay

s

5 
m

g/
kg

 IV
 a

t 
0,

 2
, 6

 w
ee

ks
 

th
en

 e
ve

ry
 

8
w

ee
ks

‡

Re
ic

h 
20

05
 [1

27
]

At
 w

ee
k 

10
,

PB
O 

 3
%

5 
m

g/
kg

 IV
 (a

t w
ee

ks
 0

,2
,6

) 
80

%

Sc
re

en
 fo

r l
at

en
t 

tu
be

rc
ul

os
is

 in
fe

ct
io

n.
Ev

al
ua

te
 p

at
ie

nt
s 

at
 ri

sk
 

fo
r h

ep
at

iti
s B

 fo
r p

re
vi

ou
s 

H
BV

 in
fe

ct
io

n 
pr

io
r t

o 
be

gi
nn

in
g 

th
er

ap
y.

Pa
tie

nt
s w

ith
 sy

m
pt

om
s o

r 
si

gn
s 

of
 li

ve
r d

ys
fu

nc
tio

n 
sh

ou
ld

 b
e 

ev
al

ua
te

d 
fo

r 
ev

id
en

ce
 o

f l
iv

er
 in

ju
ry

H
IV

 in
 th

os
e 

at
 ri

sk
.

Bl
oo

d 
co

un
t a

nd
 li

ve
r-

fu
nc

tio
n 

te
st

s.
H

is
to

ry
 a

nd
 p

hy
si

ca
l e

xa
m

 a
s 

ne
ce

ss
ar

y 
to

 d
et

ec
t 

sy
m

pt
om

s 
of

 in
fe

ct
io

n,
 c

an
ce

r, 
co

ng
es

tiv
e 

he
ar

t 
fa

ilu
re

, d
em

ye
lin

at
io

n.
Ba

se
lin

e 
ch

es
t X

-r
ay

 in
 th

os
e 

at
 ri

sk
 fo

r 
fu

ng
al

in
fe

ct
io

ns
.

An
nu

al
 s

cr
ee

ni
ng

 fo
r t

ub
er

cu
lo

si
s.

U
pd

at
e 

va
cc

in
at

io
ns

*F
DA

 a
pp

ro
ve

d 
do

si
ng

 fo
r p

so
ria

tic
 a

rt
hr

iti
s. 

 P
so

ria
si

s 
do

si
ng

 to
 b

e 
de

te
rm

in
ed

. 
‡ TN

F 
in

hi
bi

to
rs

 h
av

e 
al

so
 b

ee
n 

st
ud

ie
d 

ex
te

ns
iv

el
y 

in
 c

om
bi

na
tio

n 
w

ith
 m

et
ho

tr
ex

at
e 

in
 th

e 
rh

eu
m

at
oi

d 
ar

th
rit

is
 p

op
ul

at
io

n.
§ N

ot
e 

th
at

 P
AS

I7
5 

w
as

 fo
r t

hr
ou

gh
ou

t t
he

 s
tu

dy
 p

er
io

d 
an

d 
no

t a
t w

ee
k 

12
 o

nl
y. 

Th
er

ef
or

e,
 th

is
 e

st
im

at
e 

pr
ob

ab
ly

 o
ve

re
st

im
at

es
 th

e 
ef

fic
ac

y 
at

 w
ee

k 
12

.
AD

EP
T:

 A
D

al
im

um
ab

 E
ff

ec
tiv

en
es

s 
in

 P
so

ria
tic

 a
rt

hr
iti

s 
Tr

ia
l; 

AP
C:

 A
nt

ig
en

-p
re

se
nt

in
g 

ce
ll;

 B
IW

: B
iw

ee
kl

y;
 E

OW
: E

ve
ry

 o
th

er
 w

ee
k;

 F
c:

 F
ra

gm
en

t c
ry

st
al

iz
ab

le
; I

CA
M

: I
nt

ra
ce

llu
la

r a
dh

es
io

n 
m

ol
ec

ul
e;

 
IV

: I
nt

ra
ve

no
us

; H
BV

: H
ep

at
iti

s 
B 

vi
ru

s;
 IM

: I
nt

ra
m

us
cu

la
r; 

LF
A:

 L
eu

ko
cy

te
 fu

nc
tio

n 
an

tig
en

; P
AS

I 7
5:

 7
5%

 im
pr

ov
em

en
t o

n 
th

e 
Ps

or
ia

si
s 

Ar
ea

 a
nd

 S
ev

er
ity

 In
de

x;
 P

BO
: P

la
ce

bo
; Q

W
: E

ve
ry

 w
ee

k;
 

TN
F:

 T
um

or
 n

ec
ro

si
s 

fa
ct

or
.



Kurd, Richardson & Gelfand

176 Expert Rev. Clin. Immunol. 3(2), (2007)

Al
ef

ac
ep

t 
(A

m
ev

iv
e® )

Di
m

er
ic

 fu
si

on
 

pr
ot

ei
n 

co
ns

is
tin

g 
of

 
th

e 
CD

2-
bi

nd
in

g 
po

rt
io

n 
of

 L
FA

-3
 

lin
ke

d 
to

 th
e 

co
ns

ta
nt

 
po

rt
io

n 
of

 a
 h

um
an

 
Ig

G
1 a

nt
ib

od
y

Bi
nd

s 
CD

2 
on

 a
ct

iv
at

ed
 

T 
ce

lls
, b

lo
ck

in
g 

ac
tiv

at
io

n 
by

 in
hi

bi
tin

g 
co

st
im

ul
at

or
y 

si
gn

al
s 

de
liv

er
ed

 b
y 

LF
A-

3 
on

AP
Cs

.
H

al
f-

lif
e:

 1
1.

25
 d

ay
s 

af
te

r I
V 

ad
m

in
is

tr
at

io
n

15
 m

g 
IM

 
on

ce
 w

ee
kl

y. 
U

su
al

 
du

ra
tio

n 
of

 
tr

ea
tm

en
t i

s 
12

 w
ee

ks

Le
bw

oh
l 2

00
3 

[1
57

]

Re
ce

iv
ed

 tr
ea

tm
en

t f
or

 
12

w
ee

ks
PB

O 
 1

3%
15

 m
g 

IM
 Q

W
 3

3%
§

Ba
se

lin
e 

CD
4+  

T-
ly

m
ph

oc
yt

e 
co

un
t. 

Du
rin

g 
tr

ea
tm

en
t,

CD
4+

 ly
m

ph
oc

yt
e 

co
un

ts
 

ev
er

y 
2 

w
ks

 (w
ith

ho
ld

 
do

si
ng

 if
 C

D4
+  c

ou
nt

s 
ar

e 
<2

50
ce

lls
/µ

l a
nd

 m
on

ito
r 

w
ee

kl
y. 

Do
 n

ot
 re

-t
re

at
 

w
ith

 a
le

fa
ce

pt
 if

 b
el

ow
 

25
0 

fo
r 1

m
on

th
)

Pa
tie

nt
s 

w
ith

 s
ig

ns
 o

f 
sy

m
pt

om
s 

of
 li

ve
r i

nj
ur

y 
sh

ou
ld

 b
e 

fu
lly

 e
va

lu
at

ed

H
IV

 in
 th

os
e 

at
 ri

sk
.

Sc
re

en
 fo

r l
at

en
t t

ub
er

cu
lo

si
s 

in
fe

ct
io

n.
 

Li
ve

r f
un

ct
io

n 
te

st
s.

Ba
se

lin
e 

ch
es

t X
-r

ay
 in

 th
os

e 
at

 ri
sk

 fo
r 

fu
ng

al
 in

fe
ct

io
ns

.
H

is
to

ry
 a

nd
 p

hy
si

ca
l e

xa
m

 a
s 

ne
ce

ss
ar

y 
to

 d
et

ec
t 

sy
m

pt
om

s 
of

 in
fe

ct
io

n,
 c

an
ce

r 
an

d 
ar

th
rit

is
.

U
pd

at
e 

va
cc

in
at

io
ns

Ef
al

iz
um

ab
 

(R
ap

tiv
a® )

Re
co

m
bi

na
nt

 
hu

m
an

iz
ed

 
m

on
oc

lo
na

l a
nt

ib
od

y 
w

hi
ch

 b
in

ds
 to

 C
D1

1a
, 

a 
su

bu
ni

t o
f L

FA
-1

 o
n 

ly
m

ph
oc

yt
es

In
hi

bi
ts

 th
e 

in
te

ra
ct

io
n 

of
 L

FA
-1

 a
nd

 IC
AM

-1
 

on
 A

PC
s 

an
d 

va
sc

ul
ar

 
en

do
th

el
ia

l c
el

ls
, 

bl
oc

ki
ng

 T
-c

el
l 

ac
tiv

at
io

n 
an

d 
de

cr
ea

si
ng

 tr
af

fic
ki

ng
 

in
to

 s
ki

n.
H

al
f-

lif
e:

 6
.2

1 
da

ys

0.
7 

m
g/

kg
 

fo
llo

w
ed

 b
y 

w
ee

kl
y 

do
se

s 
of

 1
m

g/
kg

 
(m

ax
: 

20
0

m
g/

do
se

)

G
or

do
n 

20
03

 [1
64

]

At
 w

ee
k 

12
PB

O 
 4

%
Co

nd
iti

on
in

g 
do

se
 o

f
0.

7 
m

g/
kg

 (w
k 

0)
, 

th
en

 1
 m

g/
kg

 S
C 

QW
at

 w
ee

k 
1 

27
%

Pl
at

el
et

 c
ou

nt
 a

t b
as

el
in

e 
an

d 
th

en
 e

ve
ry

 m
on

th
 

du
rin

g 
tr

ea
tm

en
t (

ev
er

y 
3

m
on

th
s 

w
ith

 c
on

tin
ue

d 
th

er
ap

y)
.

Pa
tie

nt
s 

sh
ou

ld
 b

e 
cl

os
el

y 
ob

se
rv

ed
 fo

r p
so

ria
si

s 
w

or
se

ni
ng

 u
po

n 
di

sc
on

tin
ua

tio
n 

of
 

ef
al

iz
um

ab
, i

nc
lu

di
ng

 
no

nr
es

po
nd

er
s

H
IV

 in
 th

os
e 

at
 ri

sk
.

Sc
re

en
 fo

r l
at

en
t t

ub
er

cu
lo

si
s 

in
fe

ct
io

n.
 

Co
m

pl
et

e 
bl

oo
d 

co
un

t w
he

n 
ch

ec
ki

ng
 p

la
te

le
ts

. 
Ba

se
lin

e 
ch

es
t  

X-
ra

y 
in

 th
os

e 
at

 ri
sk

 fo
r 

fu
ng

al
in

fe
ct

io
ns

.
H

is
to

ry
 a

nd
 p

hy
si

ca
l e

xa
m

 a
s 

ne
ce

ss
ar

y 
to

 d
et

ec
t 

sy
m

pt
om

s 
of

 in
fe

ct
io

n,
 c

an
ce

r 
an

d 
ar

th
rit

is
.

U
pd

at
e 

va
cc

in
at

io
ns

 p
rio

r t
o 

in
iti

at
in

g 
ef

al
iz

um
ab

Ta
bl

e 
1.

 O
ve

rv
ie

w
 o

f 
bi

ol
og

ic
al

s 
fo

r 
ps

or
ia

si
s 

(c
on

t.)
. 

Dr
ug

M
ol

ec
ul

ar
 

st
ru

ct
ur

e
Ph

ar
m

ac
od

yn
am

ic
 

an
d 

ph
ar

m
ac

ok
in

et
ic

s

Do
si

ng
PA

SI
 7

5 
su

m
m

ar
y

Re
qu

ire
d

sc
re

en
in

g 
te

st
s 

an
d 

la
b 

m
on

it
or

in
g 

pe
r 

US
 F

DA

Su
gg

es
te

d 
ad

di
ti

on
al

 c
on

si
de

ra
ti

on
s 

fo
r 

sc
re

en
in

g 
an

d 
pe

rio
di

c 
m

on
it

or
in

g

*F
DA

 a
pp

ro
ve

d 
do

si
ng

 fo
r p

so
ria

tic
 a

rt
hr

iti
s. 

 P
so

ria
si

s 
do

si
ng

 to
 b

e 
de

te
rm

in
ed

. 
‡ TN

F 
in

hi
bi

to
rs

 h
av

e 
al

so
 b

ee
n 

st
ud

ie
d 

ex
te

ns
iv

el
y 

in
 c

om
bi

na
tio

n 
w

ith
 m

et
ho

tr
ex

at
e 

in
 th

e 
rh

eu
m

at
oi

d 
ar

th
rit

is
 p

op
ul

at
io

n.
§ N

ot
e 

th
at

 P
AS

I7
5 

w
as

 fo
r t

hr
ou

gh
ou

t t
he

 s
tu

dy
 p

er
io

d 
an

d 
no

t a
t w

ee
k 

12
 o

nl
y. 

Th
er

ef
or

e,
 th

is
 e

st
im

at
e 

pr
ob

ab
ly

 o
ve

re
st

im
at

es
 th

e 
ef

fic
ac

y 
at

 w
ee

k 
12

.
AD

EP
T:

 A
D

al
im

um
ab

 E
ff

ec
tiv

en
es

s 
in

 P
so

ria
tic

 a
rt

hr
iti

s 
Tr

ia
l; 

AP
C:

 A
nt

ig
en

-p
re

se
nt

in
g 

ce
ll;

 B
IW

: B
iw

ee
kl

y;
 E

OW
: E

ve
ry

 o
th

er
 w

ee
k;

 F
c:

 F
ra

gm
en

t c
ry

st
al

iz
ab

le
; I

CA
M

: I
nt

ra
ce

llu
la

r a
dh

es
io

n 
m

ol
ec

ul
e;

 
IV

: I
nt

ra
ve

no
us

; H
BV

: H
ep

at
iti

s 
B 

vi
ru

s;
 IM

: I
nt

ra
m

us
cu

la
r; 

LF
A:

 L
eu

ko
cy

te
 fu

nc
tio

n 
an

tig
en

; P
AS

I 7
5:

 7
5%

 im
pr

ov
em

en
t o

n 
th

e 
Ps

or
ia

si
s 

Ar
ea

 a
nd

 S
ev

er
ity

 In
de

x;
 P

BO
: P

la
ce

bo
; Q

W
: E

ve
ry

 w
ee

k;
 

TN
F:

 T
um

or
 n

ec
ro

si
s 

fa
ct

or
.



Epidemiology and systemic treatment of psoriasis

www.future-drugs.com 177

antibody, which together exhibit higher affinity for TNF-α than
the naturally occurring TNF receptors. Entanercept is approved
for treatment of anyklosing spondylitis, RA, juvenile RA (ages
4–17 years), psoriasis and psoriatic arthritis. Two large-scale
Phase III trials have evaluated the safety and efficacy of etaner-
cept in the treatment of psoriasis [124,125]. In a randomized,
placebo-controlled clinical trial, PASI 75 at week 12 was
achieved by 4% of the placebo group, 34% of the 25-mg sub-
cutaneous biweekly and 49% of the 50-mg subcutaneous
biweekly group [126]. 

Infliximab
Infliximab is a chimeric IgG 1K monoclonal antibody against
TNF-α that possesses the Fc region and a murine variable region.
Infliximab is approved by the FDA for treatment of ankylosing
spondylitis, Crohn’s disease, RA, ulcerative colitis and, recently,
for the treatment of psoriatic arthritis and psoriasis. In Phase III
trials, 80% of patients treated with 5 mg/kg intravenous inflixi-
mab at weeks 0, 2 and 6, then every 8 weeks, versus 3% of those
receiving placebo achieved PASI 75 by week 10 (p < 0.001) [127].
However, at week 50, only 61% of the infliximab-treated
patients had a 75% reduction in PASI scores owing in part to the
development of neutralizing antibodies [127]. For example,
among patients who achieved PASI 75 at week 10, 39% (n = 20)
who were positive for antibodies to infliximab maintained this
response through to week 50 compared with 81% (n = 106) and
96% (n = 22) of antibody-negative and inconclusive patients,
respectively [127]. 

Comparison of TNF inhibitors
Although all three drugs inhibit TNF-α, they are structurally
diverse and have differing pharmacodynamic and pharmaco-
kinetic profiles. For example, all three biologicals bind TNF-α,
but only etanercept binds lymphotoxin-α, a member of the
TNF family [128]. Infliximab and adalimumab bind to both
soluble and membrane-bound TNF, whereas etanercept binds
primarily to soluble TNF [129]. Infliximab binds TNF quickly
and irreversibly, whereas etanercept sheds approximately 50%
of soluble TNF within 10 min of binding [130]. In addition,
infliximab blocks TNF activity by interfering with its
assembly [131]. Infliximab and adalimumab may also have a
greater propensity to cause lymphocyte apoptosis compared
with etanercept, as they can lyse cells with membrane-bound
TNF through complement activation and/or antibody-
dependent cell-mediated cytotoxicity [130]. In terms of phar-
macokinetics, the subcutaneous administration of adalimumab
and etanercept leads to smooth and uniform concentration
time profiles at steady state, whereas the intravenous dosing of
infliximab results in very high peak:trough ratios [132]. The
half-lifes of these biologicals are 8–9.5 days for infliximab,
10–20 days for adalimumab and 4–12.5 days for etanercept.
The pharmacodynamic and pharmacokinetic differences
among TNF inhibitors may result in differing safety and effi-
cacy profiles. For example, infliximab appears to be more effi-
cacious than etanercept in granulomatous diseases, such as

Crohn’s, sarcoidosis and Wegener’s granulomatosis [130]. How-
ever, infliximab may be associated with a higher risk of granu-
lomatous infections [133].

Cautions & contraindications for prescribing TNF-inhibitors

TNF inhibitors are immunosuppressive and, therefore, patients
should be screened carefully for signs and symptoms of malig-
nancy and infection prior to initiating and during the course of
treatment. Product labeling suggests screening for latent tuber-
culosis (TB) infection with a tuberculin skin test prior to initi-
ating therapy with infliximab and adalimumab. However, pub-
lished guidelines suggest TB screening for all three TNF
inhibitors [134]. Physicians should also monitor patients for
signs and symptoms of active TB, including patients who tested
negative for latent TB infection during treatment with TNF
inhibitors [135,136]. For example, in a recent trial of infliximab
for psoriasis, two patients who tested negative for latent TB
developed active TB during the study [137]. If the patient has
active TB, TNF inhibitor therapy should be withheld until the
active infection is treated and resolved. If the patient has latent
TB (positive tuberculin skin test and normal chest x-ray), latent
TB therapy should be instituted according to current guidelines
and TNF-inhibitor therapy can then be considered [138]. TNF
inhibitors are associated with serious infections, including
pneumonia, sepsis, TB, histoplasmosis and coccidioidomycosis.
A meta-analysis by Bongartz and colleagues of RA patients
treated with infliximab or adalimumab within randomized con-
trolled trials, suggests that the use of these agents results in one
excess serious infection for every 59 patients treated for a period
of 3–12 months [139]. A recent cohort study from France found
a relative risk of pneumonia due to legionella of 16.5–21 in
patients treated with TNF inhibitors for conditions other than
psoriasis [140]. The generalizability of these studies to the psoria-
sis population is unclear as patients with serious infections were
often treated with TNF inhibitors in combination with other
immune suppressants. The use of etanercept with the inter-
leukin-1 receptor antagonist Anakinra has been associated with
an increased risk of serious infections and, therefore, Anakinra
is contraindicated with any TNF inhibitor. 

To lower the risk of infection associated with TNF inhibi-
tors, one may consider vaccination against common serious
infections, such as pneumonia and influenza. TNF inhibitors
may lower the titer response to immunizations and it is recom-
mended that patients be current with immunizations prior to
initiation of therapy. Nevertheless, it appears that vaccination
against influenza and pneumococcus is likely to be efficacious
in patients being treated with TNF inhibitors, although it is
possible that vaccine-associated titers may be reduced [141,142].
It is important to note that live vaccines have generally been
contraindicated during treatment with TNF inhibitors. 

TNF inhibitors should be used with caution in patients with a
history of congestive heart failure (CHF) and infliximab at doses
over 5 mg/kg is contraindicated in patients with moderate-to-
severe CHF as studies suggest that it may increase mortality in
this patient population [135,143]. Infliximab may be associated
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with liver-function test abnormalities, which, in rare cases, have
indicated liver failure. In addition, all three TNF-α antagonists
have been associated with reactivation of hepatitis B in patients
who are chronic carriers and some of these cases have been
fatal [136,144]. Therefore, one may consider monitoring liver-
function tests during TNF therapy and screening patients for
hepatitis B if the patient is at risk of hepatitis B infection. In
patients with chronic active hepatitis B infection, use of lamivu-
dine during TNF inhibitor therapy may improve safety;
however, careful monitoring is necessary in this setting [145].

There is theoretical concern that TNF inhibitors may
increase the risk of certain malignancies, such as
lymphoma [139,146,147]. Observational cohort studies have indi-
cated a potential increased risk of lymphoid malignancies in
RA patients treated with infliximab or etanercept [146,147]. It is
not certain whether the excess risk of malignancy is due to the
drug or the underlying disease itself as RA and psoriasis may
independently confer a greater risk of lymphoma. An increased
risk of solid organ malignancies in RA patients treated with inf-
liximab or adalimumab compared with control patients was
observed in a meta-analysis of randomized, controlled trials [139].
Limitations of this study include a longer observation time for
the treatment group compared with the control group, and the
inclusion of skin cancers as evidence of solid organ malignan-
cies (which comprised over 35% of cancers). Etanercept was
associated with an increased risk of solid organ cancer when
administered concurrently with cyclophosphamide in a rand-
omized, controlled trial for Wegener’s granulomatosis and,
therefore, TNF inhibitors should not be used concurrently
with cyclophosphamide [148]. 

TNF inhibitors have been associated with rare cases of new
onset and exacerbation of existing demyelinating disease
(e.g., multiple sclerosis), as well as the development of anti-
nuclear antibodies and anti-double-stranded DNA antibod-
ies. The clinical significance of this is unknown and, rarely,
TNF inhibitors have been associated with lupus-like syn-
dromes and vasculitis. In addition to the development of
autoantibodies, anti-infliximab neutralizing antibodies have
been reported among patients treated with infliximab for a
variety of indications [127,149,150]. In a randomized, double
blind, placebo-controlled study, 20–27% of psoriasis patients
treated with 3 or 5 mg/kg intravenous infliximab at weeks 0,
2 and 6 developed neutralizing antibodies by week 26 [151].
The generation of neutralizing antibodies to infliximab is
associated with an increased risk of infusion reactions (e.g.,
anaphylaxis) and with decreased efficacy [152]. Concomitant
treatment with methotrexate, as well as regular (as opposed to
intermittent) dosing, reduces the incidence of neutralizing
antibodies [149].

T-cell inhibitors 
Alefacept 
Alefacept is a dimeric fusion protein consisting of the extra-
cellular CD2-binding portion of the human leukocyte func-
tion antigen (LFA)-3 linked to the Fc portion of human IgG1

antibody. Alefacept binds to CD2 on activated T cells and
blocks activation by inhibiting costimulatory signals delivered
by LFA-3 on antigen-presenting cells [153]. It also triggers apop-
tosis of activated memory T cells expressing high levels of CD2
through binding of FcγRIII IgG receptors on natural killer
cells and macrophages [154]. Alefacept has also shown promise
in the treatment of psoriatic arthritis, either as monotherapy or
in combination with methotrexate; however, additional studies
are necessary to determine whether or not alefacept should be
indicated for psoriatic arthritis [155,156]. 

An international Phase III study evaluated the efficacy and
safety of weekly intramuscular alefacept treatment in patients
with moderate-to-severe chronic plaque psoriasis for 12 weeks
with follow-up to week 24 [157]. During the study period, 13% of
the placebo group versus 33% of the 15-mg group achieved
PASI 75. Of patients in the 15-mg group who achieved at least
PASI 75 reduction 2 weeks after the last dose, 71% maintained
at least 50% improvement in PASI throughout the 12-week fol-
low-up [157]. Alefacept is typically initiated as a 15-mg intamus-
cular dose administered weekly for 12 weeks, followed by a
12-week observation period. On the basis of a recent study,
improved efficacy may be achieved by increasing the initial treat-
ment course to 16 weeks [158]. Phase III clinical trials have dem-
onstrated increased efficacy of alefacept with successive courses of
treatment [159,160].

Cautions & contraindications for prescribing alefacept

The main safety concern regarding alefacept therapy is the
induction of dose-dependent lymphopenia, specifically CD4+

T cells (up to 10% of patients require temporary discontinua-
tion) [161]. As a result, monitoring of CD4 T-cell counts is
required before initiation of therapy and every 2 weeks during
the 12-week treatment. Treatment should be held and T-cell
counts monitored weekly if the CD4+ T-cell count drops
below 250 cells/µl. Alefacept should be discontinued if CD4+

T-cell counts remain below 250 cells/µl for 1 month [161]. The
half-life of intramuscular alefacept is 270 h (11.25 days) and
therefore, depressed T-cell counts may take time to recover in
selected patients. The FDA recommends that alefacept should
not be used in patients with HIV or in patients with a CD4+

T-cell count below normal owing to the possibility of lympho-
penia [161]. Alefacept is well tolerated with a limited side-effect
profile. Abnormalities in liver-function tests were more fre-
quent in alefacept-treated patients compared with placebo,
and serious liver reactions have been reported in the postmar-
keting arena. Therefore, patients with signs or symptoms of
liver injury should be evaluated fully. Alefacept is immuno-
suppressive and, thus, may theoretically be associated with a
higher risk of infections and malignancies. In a study of pso-
riasis patients treated with intravenous alefacept for 12 weeks,
CD4+ T-cell-mediated antibody responses remain intact as
measured by titer responses to neoantigen ΦX174 and recall
antigen tetanus toxoid immunization and were comparable to
controls; however, the efficacy of influenza and pneumococcal
vaccines in patients treated with alefacept has not been
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published at this time [162]. Long-term follow-up studies are
necessary to determine whether or not the immunosuppres-
sive properties of alefacept increase the risk of serious infec-
tions and malignancies. Alefacept should be used with caution
in patients with a history of systemic malignancy and in
patients who are prone to infection. 

Efalizumab 
Efalizumab is a recombinant, humanized monoclonal anti-
body that inhibits the interaction between LFA-1 on lym-
phocytes and intracellular adhesion molecule (ICAM-1).
Blockade of the binding of LFA-1 and ICAM-1 on antigen-
presenting cells contributes to inhibition of T-cell activation
and reactivation. By inhibiting the same interaction on vas-
cular endothelial cells, efalizumab inhibits T-cell trafficking
to the dermis and epidermis [163]. Subcutaneous dosing of
efalizumab with an initial 0.7 mg/kg conditioning dose, fol-
lowed by weekly dosing of 1 mg/kg, is FDA-approved for the
treatment of moderate-to-severe plaque psoriasis. Efalizumab
is not effective for the treatment of psoriatic arthritis. A
Phase III trial assessed the efficacy and safety of efalizumab
1 mg/kg subcutaneous weekly in patients with moderate to
severe plaque psoriasis [164]. A total of 27% of efalizumab-
treated patients achieved PASI-75 versus 4% of the placebo
group (p < 0.001). 

Cautions & contraindications for prescribing efalizumab 

Initial and periodic assessment (monthly for the first
3 months and then every 3 months with continued treat-
ment) of platelet counts and blood counts are recommended
for patients receiving efalizumab, given a small but important
risk for thrombocytopenia (platelets < 52,000 cell/µl occurred
in 0.3% of patients) and hemolytic anemia [165]. Influenza-
like symptoms have been reported among patients after the
first few doses, however, these symptoms are rare after the
third dose and the incidence can be lowered by starting with a
conditioning dose. Exacerbation of psoriasis while on treat-
ment, as well as rebound flares upon abrupt discontinuation
of therapy, has also been reported. Serious flares have included
the development of inflammatory, pustular and erythroder-
mic psoriasis and occurred in 0.7% of patients in clinical tri-
als [166]. Patients experiencing serious flare may require man-
agement with hospitalization and cyclosporine and
methotrexate appear to be more efficacious than systemic ster-
oids or retinoids in managing this complication [167]. Efalizu-
mab is immunosuppressive and, therefore, may theoretically
be associated with a higher risk of infections and malignan-
cies. Long-term studies in large numbers of treated patients
are necessary to determine whether or not efalizumab is asso-
ciated with an increased risk of serious infections and malig-
nancy. Efalizumab should be used with caution in patients
with a history of systemic malignancy and in patients who are
prone to infection. Acellular, live and live attenuated vaccines
should not be administered during efaluzimab treatment
according to product labeling [165]. Efalizumab impairs anti-

body class-switching from IgM to IgG after exposure to bacte-
riophage ΦX174 neoantigen and results in a decreased
response to tetanus booster immunization (however, titers in
the protective range are developed) [168,169]. There are cur-
rently no published data on the safety and efficacy of influ-
enza and pneumococcal vaccination in patients being actively
treated with efalizumab. 

Conclusion
Tremendous advances have been made in our understanding of
the epidemiology and treatment of psoriasis. Emerging evi-
dence suggests that potentially modifiable exposures, such as
smoking, stress and obesity, may increase the risk of developing
psoriasis. In addition, a breadth of studies indicate that psoria-
sis is associated with a variety of comorbidities and the disease
itself may be a risk factor for developing atherosclerosis, MI
and, possibly, diabetes. The advent of biological therapies have
dramatically expanded the therapeutic options for patients
with psoriasis and appear to be better tolerated than traditional
oral therapies for psoriasis.

Expert commentary
Despite numerous epidemiological studies of psoriasis, there
is still a need for population-based observational studies to
further identify and confirm modifiable risk factors for devel-
oping psoriasis, as well as prospective data on the natural his-
tory and determinants of psoriasis remission and flare. Stud-
ies of comorbidities in psoriasis patients should focus on
which diseases are independently associated with psoriasis, as
well as determining the directionality of association. Obser-
vational studies and interventional trials will be necessary to
determine whether modification of certain risk factors (e.g.,
smoking, obesity) decreases the risk of psoriasis and/or
decreases psoriasis severity and if treatment of psoriasis can
prevent the onset of comorbidities, such as psoriatic arthritis
and MI. Large, long-term, comparative clinical trials are nec-
essary to best determine which biological therapies are most
efficacious, safe and cost-effective in the treatment of moder-
ate-to-severe psoriasis. Although traditional oral therapies are
associated with significantly less direct economic costs to
payers, patients and physicians often prefer biologicals owing
to their better tolerability and perceived long-term
safety [170]. When initiating treatment with a biological,
TNF inhibitors are considered by some to be a first-line ther-
apy over T-cell inhibitors in patients who do not have con-
traindications (e.g., history of demeylinating disease, CHF),
particularly if the patient has concomitant psoriatic
arthritis [171,172]. Etanercept is generally recommended over
infliximab unless rapid disease control is necessary (e.g.,
erythroderma, pustular psoriasis, hospitalized patients).
Adalimumab is also an important treatment option; however,
it is not yet approved by the FDA for psoriasis. Prior to the
initiation of long-term immunosuppressive therapy of pso-
riasis, patients should have age-appropriate malignancy
screening, screening for infections including purified protein
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derivative and a chest X-ray in those at risk for fungal infec-
tions. Vaccinations should also be updated prior to the initia-
tion of these therapies and influenza and pneumococcal vac-
cination should be considered. Long-term follow-up studies
with appropriate control groups and statistical power are nec-
essary to determine the risk of malignancy and serious infec-
tions in patients treated with biologicals.

Five-year view
Studies in the next 5 years should focus on better under-
standing the natural history of chronic plaque psoriasis in
order to identify which patients may experience spontaneous
remissions and which patients may experience flares of their
disease. Large, broadly representative case–control studies
can further investigate potential risk factors for developing
psoriasis and future intervention trials can determine
whether altering modifiable risk factors, such as stress, smok-
ing and obesity, leads to a lower risk of psoriasis or modifies
psoriasis severity. Determining the relative importance of
psoriasis, its treatments and its associated behaviors on the
risk of developing comorbidities, such as CVD, diabetes,
cancer and other diseases, will allow us to better counsel
patients with psoriasis and interpret long-term safety data on
novel therapies for psoriasis. Long-term studies of biologicals
in large numbers of patients with psoriasis will provide
important data on the efficacy and safety profiles of these
agents over time. Comparative randomized control trials of
various systemic therapies in psoriasis patients will be impor-
tant to developing robust, evidence-based guidelines for the
treatment of moderate-to-severe psoriasis. 

Information resources
Further reading

• Naldi L. Inflammatory skin diseases IV: psoriasis. In: The
Challenge of Dermato-epidemiology. Williams HC, Strachan
DP (Ed.), CRC Press LLC, FL, USA 175–190 (1997). 

• Neimann AN, Porter S, Gelfand JM. Epidemiology of psoriasis.
Expert Rev. Dermatol.1, 63–75 (2006).

• Richardson SK, Gelfand, JM. Immunobiologicals, cytokines,
and growth factors in dermatology. In: Dermatology in Gen-
eral Medicine (7th Edition). Goldsmith L et al. (Eds). In press.

• Nelson AA, Pearce DJ, Fleischer, AB, Balkrishan R, Feldman
SR. New treatments for psoriasis: which biological is best?
J. Dermatologic Treatment 17, 96–107 (2006).

• Boehncke WH, Prinz J, Gottlieb AB. Biologic therapies for
psoriasis. A systematic review. J. Rheumatol. 33(7),
1447–1451 (2006).
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Key issues

• Psoriasis is a common disease, affecting 0.6–4.8% of the human population.

• Age, gender, geography and ethnicity are important determining factors in the prevalence of psoriasis.

• Family history is the most well-established risk factor for developing psoriasis and emerging evidence suggests that modifiable 
conditions, such as smoking, stress and obesity, may also be risk factors.

• Psoriasis has been associated with a variety of other comorbidities, such as psoriatic arthritis, cardiovascular disease, cancer, 
diabetes and psychiatric disease, and may be an independent risk factor for atherosclerosis and myocardial infarction.

• Novel biological therapies that inhibit tumor necrosis factor-α (adalimumab, etanercept, infliximab) or T cells (alefacept, efalizumab) 
play a key role in the treatment of moderate-to-severe psoriasis.

• Pharmacokinetics, pharmacodynamics, efficacy and safety profiles vary among biologicals and, therefore, drug and patient factors 
are important in selecting the optimum therapy.
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