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Abstract: The recognition of psoriasis as a systemic disorder with
characteristic skin symptoms and associated diseases has changed
treatment concepts substantially. The complexity of psoriasis
disease not only requires appropriate therapy but also weight-loss
and smoking cessation programmes as well as trigger factor
elimination. The term ‘management’ may better reflect the aim
for a holistic approach of disease control. Comorbidity and the
presence of psoriatic arthritis are important denominators for
drug selection. However, there is a lack of prospective data
substantiating a benefit of associated diseases by antipsoriatic
therapy. Securing success using treatment goals helps to establish
an efficacious therapy and to control inflammation. A regular
scoring of disease severity, patients’ quality of life and assessment

of other clinically relevant conditions are mandatory to closely
follow the disease course. There is debate whether an early
treatment may modulate the future course of psoriasis. Concepts
of minimal disease activity have not been implemented in
psoriasis yet. There is a lack of evidence how long any treatment
should be given and when and how to terminate. Finally, outcome
tools should specifically be tailored for psoriasis to evaluate
disease-related items as well as the benefit of management from
the patient’s perspective.

Introduction

of this concept is its preventive nature. The ‘treat-to-target’ regimen in RA was based on the fact that RA can be destructive
leading to irreversible damage of joints that result in physical disability with all subsequent consequences for patient and society
(4). Logically, the aim of any intervention is to stop the destructive disease progress. It has convincingly been shown that in RA,
there is a phase within the early disease course where such intervention has the highest likelihood to be preventive in freezing
the disease in a state with only minimal residual damage, and
this phase has been termed ‘window of opportunity’. Missing this
window increases the chance for disease progression and subsequent organ destruction that cannot be reverted at later disease
stages (5).
One parameter to follow the course of RA is radiographic progression together with clinical scores (6). In IBD, this concept has
somewhat been adapted and is communicated as ‘mucosal healing’
(7).
Another important concept with major implications for management is ‘minimal disease activity (MDA)’. In RA, MDA is
defined as ‘a state which is deemed a useful target of treatment by
both physician and patient, given current treatment possibilities
and limitations’. (8) Meanwhile, the MDA concept was adapted to
PsA and successfully tested in a recent trial (9,10). However, in
psoriasis, the MDA approach has not been established yet.
What differentiates psoriasis from RA and IBD? When focusing
solely on the skin lesions, the major difference is that even from
severely inflamed and longstanding lesions, no residual tissue
damage results on the level of the naked eye view and conventional histology after resolution. Plaques with major induration,
erythema and scaling or pustular lesions in which the inflammatory process is maximal revert to clinically and structurally normal
skin after appropriate therapy or even spontaneously. Of course,

What is the real profession of a physician? It is to treat diseases
and to take care of patients. It is quite simple if a fractured bone
has to be fixed: a clear diagnosis and a concept on how to
mechanically stabilize the fragments can be made. However, even
in this situation, there may be the choice whether to use a cast or
surgical intervention and in case of surgery which technique/material may be best. But there is no doubt that a fractured bone
needs appropriate treatment.
Does psoriasis as a ‘benign’ condition always need treatment
and can the condition be seen as ‘fractured skin’? It is an ongoing
discussion why, when and how to treat inflammatory dermatoses,
while there is no such discussion in, for example, skin cancer.
With the availability of modern treatment options for inflammatory skin disorders namely biological agents, there is a constant
request to justify their use in non-malignant diseases (1). Today,
prescription of the new and cost-intense biological agents
registered for chronic immune-mediated inflammatory diseases
including rheumatoid arthritis (RA), ankylosing spondylitis,
inflammatory bowel disease (IBD) and psoriasis/psoriatic arthritis
is accompanied with the question of a patient’s benefit (2).
Although the definition of patient’s benefit is a multidimensional approach, there seems to be a different understanding in
oncology as compared to inflammation medicine.
In oncology, measuring survival and/or survival with a good
quality of life can easily assess a benefit from treatment. Such outcome assessments are much more difficult to make in chronic
inflammatory conditions, but attempts have been made to close
this gap (3).
One of the first concepts highlighting the demand for successful treatment achieving a measurable medical and patient’s benefit was put forward in rheumatology. The most important aspect
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the situation in psoriatic arthritis differs completely and is very
similar to RA.
Interesting new data from molecular biology has shown that
up-regulated genes persist in lesional psoriatic skin after the
lesions were cleared by using a tumor necrosis factor alpha
(TNFa)-antagonist (11). Such genes have been termed remnant
genes and may reflect the fact that either there is underlying
pathology in uninvolved skin of patients with psoriasis (under
genetic control?) or molecular residual damage. Both scenarios
may explain induction of lesions by trigger factors, and the fact
that at least in some patients, there is a quick relapse of disease
after cessation of therapies.

The story of comorbidity
Already in 1995, it became clear that psoriasis is associated with
other non-dermatological diseases, and by today, this is commonly
referred to as psoriasis comorbidity (12,13). The major implication of psoriasis being associated with other diseases is the new
and now widely accepted concept of psoriasis as a systemic
inflammatory disease (14).
Metabolic syndrome has been identified as a very important
associated condition because of a subsequent or parallel development of atherosclerosis that is the background of complications
such as myocardial infarction and stroke (15,16).
In fact, patients with psoriasis have a decreased life expectancy
of up to 5 years resulting from cardiovascular complications
(17,18). Meanwhile, it has been substantiated that depression and
anxiety disorders are also associated with psoriasis and may occur
already in paediatric patients with psoriasis (19,20).
The most important comorbidity of psoriasis is obesity
(21,22). Investigations over the last years have shown that a BMI
(body mass index) >30 doubles the risk of getting psoriasis and
obesity is an independent risk factor for the disease across different ethnic groups (23). Smoking has also been shown in a number of cohort studies to be an independent risk factor for
psoriasis (24–26).

Treating the skin or the patient?
Clearly, psoriasis is a disease that requires adequate therapy. The
current treatment paradigm is to clear or substantially reduce
lesions reverting the pathologic skin changes back to normal. It
has been nicely demonstrated that life-limiting conditions such as
myocardial infarction in patients with psoriasis are dependent on
the severity of skin symptoms (27). In a Danish nationwide cohort
study, the risk of atrial fibrillation and ischaemic stroke was
already enhanced in patients with mild psoriasis and increased
with severity of the disease in comparison with the Danish population (28). These data may allow a ‘risk stratification’ within the
psoriasis patient population identifying patients, for example, with
moderate-to-severe psoriasis to be at risk with the consequence to
apply systemic therapy (29,30).
Psoriasis is the first dermatological inflammatory disorder
where the goal is to manage skin lesions and associated diseases.
Taking into account their importance for the patients’ general
health, this approach is justified by the need to cover the many
spheres of psoriasis disease (Fig. 1). An attempt to include the different levels of psoriasis into a risk assessment is the ‘cumulative
life course impairment’ (31,32). For the transition of these new
concepts into care, the term ‘management’ may better reflect this
ambition.
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Figure 1. The spheres of psoriasis disease. CVD, cardiovascular disease; QoL,
quality of life; BoD, burden of disease.

The different levels of psoriasis management
Effective therapy and treatment goals
Scoring of psoriasis allows for a definition of severity and is essential for qualified care. The most recent one was established during
a European consensus programme (29). In this programme, apart
from body surface area (BSA) and psoriasis area and severity
index (PASI), a patient-related quality-of-life questionnaire (dermatology life quality index, DLQI) was used. According to the
European consensus, mild psoriasis was defined as BSA<10 and
PASI<10 and DLQI<10 and moderate to severe as (BSA>10 or
PASI>10) and DLQI>10. There was agreement that mild psoriasis
should preferentially be treated with topical therapy, and in case
of inadequate response, UV light should be added. In case of
moderate-to-severe psoriasis, systemic therapy should be initiated.
Effective therapy of psoriasis skin lesions is the most important
requirement of any management concept. Ideally, the applied regimen completely clears the lesions. To achieve this result, quality
control measures need to be established. An important step to
include quality controls in psoriasis management is the definition
of treatment goals. However, there was (and still is) debate on
how to define ‘effective’ therapy.
According to the European consensus programme (29), not
achieving an improvement of PASI of 50% (PASI50) is defined as
treatment failure or inadequate response. An effective therapy was
defined as achieving a reduction of PASI of 75% (PASI75) or
more. In the range between PASI50 and 75, the dermatology life
quality index (DLQI) is used to decide whether or not the
treatment goals have been met. These outcome parameters have
meanwhile been implemented in national guidelines such as in
Australia (33) and Germany (30).
The most important consideration of establishing treatment
goals in medicine – that also applies for treatment goals in psoriasis – is the demand for action in case the goal is not met. In psoriasis, this means adjustment of treatment either by increase of
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dose or, if feasible decrease of dosing intervals, starting combination therapy or, in the end changing of the drug. To provide some
guidance for treatment transitioning, a global consensus programme aimed to discuss real-life scenarios (34).

Treatment according to severity
About two decades ago, the treatment paradigm was escalation
and rotation. Patients with psoriasis even presenting with moderate-to-severe disease as to today’s definition were first treated with
topicals, and in case of failure, UV light was added. Only if such
combinations were not sufficient, patients were started on a systemic therapy. After achieving improvement or clearance therapy
was stopped and only re-started when there was a relapse.
By today, the treatment concept has changed completely. The
arguments for this change came from different angles. A major
driver was the fact that psoriasis is now perceived as a systemic
disorder with skin manifestation and associated diseases that are
responsible for increased morbidity and mortality. At the same
time, a number of new drugs allowing long-term use became
available namely the TNFa antagonists and the IL-12/IL-23p40
antibody ustekinumab. Supportive of the change was the requirement for new drugs to be explored in long-term studies that
enable to assess not only efficacy but also safety on the long run
(35,36).

Adjusting dose and intervals
In most of the drugs, the label also states dosing of the compound and the application frequency. However, in particular,
during long-term maintenance therapy, dose adjustments are
required from a medical perspective. This may either be an
increase in the dose and/or reduction in the dosing intervals in
case of partial therapeutic response or the prolongation of the
dose intervals or the reduction in the dose after achieving clearance of lesions. In principle, such dose adjustment strategies are
logical consequences of the therapeutic outcome, but several
issues argue against such an approach. A major issue is the fact
that most of the dose adjustments are not backed-up by the label
and the SmPC (summary of product characteristics) and therefore
represent off-label use. In addition, there are some drug-related
issues that need to be kept in mind before deciding to vary dose
and/or interval.

The issue of antidrug antibodies in biological therapy
Biological agents registered for the treatment of moderate-tosevere psoriasis in most countries are the monoclonal antibodies
against TNFa adalimumab and infliximab and against IL-12/IL23p40 ustekinumab as well as the fusion protein etanercept, a
TNFa receptor construct. Regardless of the nature of the therapeutic antibody (fully human, humanized or chimeric), they represent
neo-antigens for the patient’s immune system. Indeed, a surprisingly high proportion of patients treated for RA, psoriatic arthritis
or psoriasis with the fully human antibody adalimumab or the
chimeric construct infliximab develop antibodies, which are
named antidrug antibodies (ADA).
In the case of ustekinumab, ADAs have been reported in up to
5.5% of treated patients, but there is no report about a causative
role for secondary non-response. Different constructs such as the
fusion protein etanercept or the pegylated Fab-fragment certolizumab-pegol registered for RA and psoriatic arthritis seem to be
less immunogenic in comparison with full monoclonal antibodies
(37).
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The presence of ADA can have many different effects of which
two have been best substantiated. First, ADA can decrease the
therapeutic efficacy leading to secondary non-response if they are
of neutralizing nature, and second, as in case with infliximab
cause infusion reactions. The first effect may also lead to decreased
trough drug levels (37,38).
In principle, ADA can be detected by immunoassays; however,
their value is under debate for various reasons. One is that sensitivity and specificity are insufficient to reliably monitor ADA in
clinical routine and another that only very few laboratories provide such expensive assays. To get valuable insight whether or not
ADA may impair the therapeutic response determination of drug
blood levels in parallel to ADA is essential (39).
The consequences of a possible development of ADA are
important for any variation in dose and/or interval. As with vaccinations, a prolongation of dosing intervals may lead to a boostering effect for ADA development (40).
There is conclusive literature evidence that cotreatment with
drugs such as methotrexate even in a low-dose regimen (5–10 mg/
week) is able to inhibit ADA generation in a clinically meaningful
fashion (41). Interestingly, in case of already existing ADA during
treatment with infliximab, the addition of methotrexate may be
able to restore clinical efficacy and further prevent infusion reactions; however, there is very few literature addressing this
approach (42). Apart from prolongation of dose intervals, reduction of the dose may also lead to an increase of ADA (43).

Which systemic drug for which patient?
There is no data or a consented algorithm available which drug to
choose when a patient with psoriasis qualifies for systemic therapy. On the basis of prescription information, there is considerable difference in different countries although international and
local guidelines do not provide a ranking of drug use. Obviously,
the first, second and third choice within the group of conventional
drugs is made by personal preferences, availability and reimbursement status/price. The same situation applies for the group of biological agents. In some countries, healthcare authorities determine
which biological agent has to be given first before the other can
be considered (44).
Although there is published information about all registered
compounds that is easily accessible through web-based sources,
there is still considerable lack of knowledge about the different
drugs registered for psoriasis therapy in the general dermatological
community. In a recent survey to detect possible barriers for the
use of biological therapy for psoriasis among 300 dermatologists
in 5 European countries and Canada, it became clear that the high
price of biologics is a major barrier for their use apart from medical reasons (45).
The decision of a dermatologist to choose/favour a drug is a
complex interplay of knowledge and own experience that is influenced by communication with experts in the field. The observation of adverse events in treated patients will lead to a negative
attitude even if such events are known to be rare. On the contrary,
a series of patients presenting with a clinical response above the
level of expectation will likely result in a positive attitude.
Due to a lack of clear evidence/data, it is very difficult by today
to include possible effects of drugs on associated diseases into
drug selection algorithms. Prospective studies with outcomes measures for such conditions are needed for such purpose.
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For biological agents, we propose an algorithm based on the
additional presence of psoriatic arthritis or highly active psoriasis
in which a fast and sufficient control of disease is needed. As
shown in Fig. S1, in patients with psoriasis skin manifestation
only, a first choice biological could be ustekinumab, and in
patients with skin manifestations with concomitant psoriatic
arthritis, the anti-TNF antibodies adalimumab or infliximab may
be used first. Because of its limited and slower onset of efficacy, etanercept is second choice. In patients with very active, severe plaque psoriasis, infliximab is most efficacious with a fast onset of
efficacy. Its application is physician controlled, which is an important aspect to ensure safety and drug adherence.
For conventional therapy, such discrimination is more difficult.
Acitretin and fumarates do not have an established and significant
effect on psoriatic arthritis and even methotrexate is ineffective in
psoriatic arthritis presenting with enthesitis, dactylitis, spinal
involvement or sacroiliitis (46).
For ciclosporine being the most efficacious of the conventional
drugs in plaque psoriasis, the current guidelines do not recommend long-term therapy because of possible structural kidney
damage and an increased risk of non-melanoma skin cancer in
patients treated with UV light (47). Although methotrexate is
widely used mainly because it is a very cheap drug, data clearly
link possible hepatotoxicity to the simultaneous presence of diabetes and/or obesity both of which are known associated diseases in
psoriasis (48,49).

Early treatment philosophy
As mentioned above, rheumatologists have proven the concept of
early treatment within the ‘window of opportunity’. The aim of
this concept is to prevent progression of disease, which by today
also includes comorbidity.
Is there any evidence that by treating psoriasis early after first
diagnosis regardless of severity the lifetime course can be changed?
No data are available to either substantiate or disapprove such
approach.
An interesting aspect would be to include outcomes of associated diseases in such scenario. There is already debate whether
effective therapy can prevent cardiovascular mortality mainly myocardial infarction and stroke. First data generated in retrospective
cohort studies provide evidence that appropriate therapy can significantly decrease the risk of myocardial infarction (50).
The concept of the ‘psoriatic march’ provides arguments for an
early treatment concept; however, until today, there is no proof
that the stepwise disease progression is indeed dependent on previous events and not the result of a genetic predisposition together
with environmental factors (51). And there is no hint indicating a
‘window of opportunity’ within the ‘march’. In fact, data from
studies in childhood psoriasis convincingly show that important
associated diseases including metabolic syndrome are already present in children with psoriasis and obviously do not develop after
psoriasis manifestation (52,53). Whether early psoriasis therapy in
patients with potential risk factors, namely obesity and/or metabolic syndrome at the time of first diagnosis, can prevent subsequent major cardiovascular events is completely unknown by
today.

required. In clinical practice, during maintenance therapy, two
main scenarios exist: (i) re-occurrence of (minimal) psoriasis
before the next dosing and/or no complete clearance of lesions
while on treatment and (ii) full clearance and no signs of deterioration at any timepoint while on treatment. Whereas the argument
to continue therapy in the first group seems obvious, there is
understandable debate if and when to stop in the second scenario.
There are no data or evidence published to assist the clinician
in this difficult situation that is complicated by the paradigm of
treatment efficacy for skin and associated diseases.
In a global consensus on treatment transitioning, some situations have been named in which cessation of biological therapy
can be justified with a careful follow-up (34). These include clearance of lesions for a minimum of a year, patients with a history
of disease-free intervals or previously stable plaque psoriasis,
absence of significant comorbidity or psoriatic arthritis and no
disease worsening after previous dose reductions and treatment
withdrawals.

Non-drug interventions
Interestingly, there is evidence for non-drug interventions as an
effective measure for managing psoriasis. Investigations have
assessed the effect of weight loss on psoriasis and conclusively
found that the severity of psoriasis can be significantly improved.
The most convincing data are derived from bariatric surgery
where the majority of patients show a significant improvement of
psoriasis severity (54,55). However, there are no data yet available
that demonstrates a lasting effect of weight-loss measures on psoriasis severity/activity after the intervention.
In addition, several studies have shown that obesity impairs
treatment response even when drugs were dosed according to
body weight such as in the case of ciclosporine and with some
biological therapy (56,57). Therefore, the integration of weightloss programmes into psoriasis management procedures is mandatory.
Tobacco smoking was also demonstrated as an independent risk
factor for psoriasis, but there is less evidence that smoking cessation leads to improvement of plaque psoriasis, whereas there are
data on a beneficial effect in palmoplantar pustulosis (58,59).

Networking
Qualified care of patients with psoriasis requires appropriate
networking that is adjusted to the setting-specific environment.

Treatment forever?
There is agreement that severe psoriasis requires effective therapy
to control the disease. Treatment needs to be continued as long as
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Figure 2. Concept of psoriasis management.
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To adequately control comorbidity including psoriatic arthritis
networking with other specialists is needed. Screening tools such
as TOPAS or PEST for psoriatic arthritis and others such as
the Beck depression scale may help to prescreen those patients
who need to be seen by rheumatologists and psychiatrist/psychologist (60). In Germany, a screening algorithm for assessment of psoriasis comorbidity in general has been developed
and published on an expert consensus basis (61). When treating
associated diseases, the respective standards including treatment
goals should be applied by the respective specialist.

Conclusion
The most important notion of the past years is to regard psoriasis
as a systemic disease. For effective control of skin manifestation
and associated conditions, appropriate management is required
(Fig. 2). Establishment of quality controls including scoring of
severity and integration of treatment goals enables efficacious drug
therapy.
Management further includes screening for comorbidity and
respective treatment or referral to specialists in a networking environment. Trigger factors should be identified and eliminated if
possible. Associated conditions such as obesity and smoking need
to be identified, and patients encouraged entering weight-loss and
smoking cessation programmes.

References

1 Steinke S I, Peitsch W K, Ludwig A et al. PLoS
ONE 2013: 8: e78152.
2 Gleason P P, Alexander G C, Starner C I et al. J
Manag Care Pharm 2013: 19: 542–548.
3 Feuerhahn J, Blome C, Radtke M et al. Arch
Dermatol Res 2012: 304: 433–441.
4 Smolen J S, Landewe R, Breedveld F C et al.
Ann Rheum Dis 2014: 73: 492–509.
5 van Nies J A, Krabben A, Schoones J W et al.
Ann Rheum Dis 2014: 73: 861–870.
6 Landewe R, Strand V, van der H D. Ann Rheum
Dis 2013; 72:1113–1117.
7 Vaughn B P, Shah S, Cheifetz A S. Curr Treat
Options Gastroenterol 2014: 12: 103–117.
8 Wells G A, Boers M, Shea B et al. J Rheumatol
2005: 32: 2016–2024.
9 Coates L C, Fransen J, Helliwell P S. Ann Rheum
Dis 2010: 69: 48–53.
10 Coates L C, Navarro-Coy N, Brown S R et al.
BMC Musculoskelet Disord 2013: 14: 101.
11 Suarez-Farinas M, Fuentes-Duculan J, Lowes M
A et al. J Invest Dermatol 2011: 131: 391–
400.
12 Henseler T, Christophers E. J Am Acad Dermatol
1995: 32: 982–986.
13 Gerdes S, Mrowietz U. Hautarzt 2012: 63: 202–
213.
14 Reich K. J Eur Acad Dermatol Venereol 2012: 26
(Suppl 2): 3–11.
15 Mrowietz U, Elder J T, Barker J. Arch Dermatol
Res 2006: 298: 309–319.
16 Armstrong E J, Harskamp C T, Armstrong A W.
J Am Heart Assoc 2013: 2: e000062.
17 Abuabara K, Azfar R S, Shin D B et al. Br J Dermatol 2010: 163: 586–592.
18 Gelfand J M, Troxel A B, Lewis J D et al. Arch
Dermatol 2007: 143: 1493–1499.
19 Kurd S K, Troxel A B, Crits-Christoph P et al.
Arch Dermatol 2010: 146: 891–895.
20 Kimball A B, Wu E Q, Guerin A et al. J Am Acad
Dermatol 2012: 67: 651–657.
21 Armstrong A W, Harskamp C T, Armstrong E J.
Nutr Diabetes 2012: 2: e54.
22 Paller A S, Mercy K, Kwasny M J et al. JAMA
Dermatol 2013: 149: 166–176.

As such complex management may not be feasible in a common dermatology practice, networking with psoriasis specialized
centres at least for patients with moderate-to-severe psoriasis is a
meaningful approach.

Author contributions
UM drafted the paper. KS and SG critically revised the manuscript and
assisted with literature searches. UM, KS, and SG approved the final version of the manuscript.

Conflict of interest
UM has been an advisor and/or received speakers honoraria and/or received
grants and/or participated in clinical trials of the following companies:
Abbott/AbbVie, Almirall-Hermal, Amgen, BASF, Biogen Idec, Celgene, Centocor, Eli Lilly, Forward Pharma, Galderma, Janssen, Leo Pharma, Medac, MSD,
Miltenyi Biotech, Novartis, Pfizer, Teva, VBL therapeutics, Xenoport. KS has
been an advisor and/or received speakers honoraria and/or received grants
and/or participated in clinical trials of following companies: Abbott/AbbVie,
Almirall-Hermal, Biogen Idec, Eli Lilly, Amgen, Janssen-Cilag, MSD, Novartis,
TEVA, VBL therapeutics. SG has been an advisor and/or received speakers
honoraria and/or received grants and/or participated in clinical trials of the
following companies: Abbott/AbbVie, Almirall-Hermal, Amgen, Biogen Idec,
Celgene, Eli Lilly, Forward Pharma, Galderma, Janssen-Cilag, Leo Pharma,
Medac, Merck Serono, MSD, Novartis, Pfizer, Sandoz Biopharmaceuticals,
Schering-Plough, Teva, UCB Pharma, VBL therapeutics, Wyeth Pharma.

23 Wolk K, Mallbris L, Larsson P et al. Acta Derm
Venereol 2009: 89: 492–497.
24 Naldi L, Mercuri S R. J Invest Dermatol 2009:
129: 2741–2743.
25 Gerdes S, Zahl V A, Weichenthal M et al. Dermatology 2010: 220: 38–43.
26 Armstrong A W, Harskamp C T, Dhillon J S
et al. Br J Dermatol 2014: 170: 304–314.
27 Yeung H, Takeshita J, Mehta N N et al. JAMA
Dermatol 2013: 149: 1173–1179.
28 Ahlehoff O, Gislason G H, Jorgensen C H et al.
Eur Heart J 2012: 33: 2054–2064.
29 Mrowietz U, Kragballe K, Reich K et al. Arch
Dermatol Res 2011: 303: 1–10.
30 Nast A, Boehncke W H, Mrowietz U et al. J
Dtsch Dermatol Ges 2011: 9(Suppl 2): S1–S104.
31 Augustin M. Curr Probl Dermatol 2013: 44: 74–
81.
32 Mattei P L, Corey K C, Kimball A B. Curr Probl
Dermatol 2013: 44: 82–90.
33 Baker C, Mack A, Cooper A et al. Australas J
Dermatol 2013: 54: 148–154.
34 Mrowietz U, de Jong E M, Kragballe K et al. J
Eur Acad Dermatol Venereol 2014: 28: 438–453.
35 Kimball A B, Papp K A, Wasfi Y et al. J Eur
Acad Dermatol Venereol 2013: 27: 1535–
1545.
36 Papp K A, Griffiths C E, Gordon K et al. Br J
Dermatol 2013: 168: 844–854.
37 Hsu L, Snodgrass B T, Armstrong A W. Br J Dermatol 2014: 170: 261–273.
38 Bito T, Nishikawa R, Hatakeyama M et al. Br J
Dermatol 2014: 170: 922–999.
39 Bracke S, Lambert J. Arch Dermatol Res 2013:
305: 945–950.
40 Reich K, Wozel G, Zheng H et al. Br J Dermatol
2013: 168: 1325–1334.
41 Hsu L, Armstrong A W. Expert Rev Clin Immunol
2013: 9: 949–958.
42 Luber A J, Tsui C L, Heinecke G M et al. J Am
Acad Dermatol 2014: 73: 525–532.
43 Wagner C L, Schantz A, Barnathan E et al. Dev
Biol (Basel) 2003: 112: 37–53.
44 Smith C H, Anstey A V, Barker J N et al. Br J
Dermatol 2009: 161: 987–1019.

ª 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Experimental Dermatology, 2014, 23, 705–709

45 Nast A, Mrowietz U, Kragballe K et al. Arch
Dermatol Res 2013: 305: 899–907.
46 Mease P. Bull Hosp Jt Dis 2013: 2013(71 Suppl
1): S41–S45.
47 Marcil I, Stern R S. Lancet 2001: 358: 1042–
1045.
48 Montaudie H, Sbidian E, Paul C et al. J Eur
Acad Dermatol Venereol 2011: 25(Suppl 2):
12–18.
49 Reich K, Domm S, Mrowietz U. J Dtsch Dermatol Ges 2012: 10: 363–370.
50 Wu J J, Poon K Y, Channual J C et al. Arch Dermatol 2012; 20:1–7.
51 Boehncke W H, Boehncke S, Tobin A M et al.
Exp Dermatol 2011: 20: 303–307.
52 Augustin M, Glaeske G, Radtke M A et al. Br J
Dermatol 2010: 162: 633–636.
53 Goldminz A M, Buzney C D, Kim N et al. Pediatr
Dermatol 2013: 30: 700–705.
54 Farias M M, Achurra P, Boza C et al. Obes Surg
2012; 22:877–880.
55 Hossler E W, Wood G C, Still C D et al. Br J Dermatol 2013: 168: 660–661.
56 Gisondi P, Del Giglio M, Di Francesco V et al.
Am J Clin Nutr 2008; 88:1242–1247.
57 Puig L. J Eur Acad Dermatol Venereol 2011: 25:
1007–1011.
58 Li W, Han J, Choi H K et al. Am J Epidemiol
2012: 175: 402–413.
59 Mrowietz U, van de Kerkhof P C. Br J Dermatol
2011: 164: 942–946.
60 Schmitt J, Wozel G, Garzarolli M et al. Acta
Derm Venereol, 2014: 94: 192–197.
61 Wohlrab J, Fiedler G, Gerdes S et al. Arch Dermatol Res 2013: 305: 91–98.

Supporting Information
Additional supporting data may be found in the
supplementary information of this article:
Figure S1. Proposed algorithm how to select currently available biological agents for plaque psoriasis
with or without psoriatic arthritis or in severe, highly
active plaque psoriasis. It is important to state that
patient-related individual factors are essential for drug
selection.
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