
Psoriasis is a chronic, immune-mediated disorder that 
mainly affects the skin and joints and has a complex 
genetic architecture, with an estimated global preva-
lence of 2–3%1. Psoriasis is predominantly a skin dis-
ease, which can manifest as various phenotypes, 
including plaque-type psoriasis (further referred to as 
psoriasis vulgaris), guttate psoriasis, inverse psoriasis, 
pustular psoriasis (including palmoplantar pustulosis, 
acro dermatitis continua of Hallopeau and generalized 
pustular psoriasis), palmoplantar psoriasis and erythro-
dermic psoriasis. Multiple phenotypes might occur in the 
same individual. Psoriasis vulgaris is the most  common 
manifesta tion2 (FIG. 1). Symptoms that are shared by all 
phenotypes can include itching, burning and soreness. 
The extent of skin involvement is variable. Most types of 
psoriasis have a cyclic evolution, flaring for a few weeks 
or months, then subsiding for some time or even going 
into a period of remission.

Psoriasis is a systemic, inflammatory disease, in 
which an increased release of pro-inflammatory cyto-
kines from immune-related cells and chronic activ ation 
of the innate and adaptive immune systems are mech-
anisms that cause long-term damage to multiple tissues 
and organs. Psoriasis has been associated with numer-
ous comorbidities, including rheumatological (psoriatic 
arthritis (PsA)), cardiovascular and psychi atric compli-
cations (BOX 1), and has well-described  negative effects 
on patient quality of life (QOL)3,4.

In this Primer, we describe the epidemiology, patho-
physiology and diagnosis of psoriasis, the available 
therapeutics and agents in the developmental pipeline 
and the potential of new treatments to positively affect 
patient QOL.

Epidemiology
Prevalence and incidence
Psoriasis affects >125 million people worldwide (FIG. 2). 
Women and men are affected equally. Psoriasis can 
mani fest at any age, but onset usually occurs between 
18 and 39 years of age or between 50 and 69 years of age5. 
Age of onset might be affected by genetic and environ-
mental factors. Psoriasis is less common in children than 
in adults; the prevalence among children ranged from 
0% in Taiwan to 2.1% in Italy5, and the incidence estim-
ate reported in the United States was 40.8 per 100,000 
person- years6. Psoriasis incidence in adults varied from 
78.9 per 100,000 person-years in the United States to 
230 per 100,000 person-years in Italy5.

The incidence of psoriasis seems to be increasing 
over time. In a retrospective cohort of adults, the inci-
dence increased from 50.8 cases per 100,000 popula-
tion between 1970 and 1974 to 100.5 cases per 100,000 
individuals between 1995 and 1999 (REF. 7). In a retro-
spective cohort of children with psoriasis, the incidence 
increased from 29.6 to 62.7 cases per 100,000 in the 
same period6.
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Abstract | Psoriasis is a chronic, immune-mediated disorder with cutaneous and systemic 
manifestations and substantial negative effects on patient quality of life. Psoriasis has a strong, 
albeit polygenic, genetic basis. Whereas approximately half of the accountable genetic effect of 
psoriasis maps to the major histocompatibility complex, >70 other loci have been identified, many 
of which implicate nuclear factor‑κB, interferon signalling and the IL‑23–IL‑23 receptor axis. Psoriasis 
pathophysiology is characterized by abnormal keratinocyte proliferation and immune cell infiltration 
in the dermis and epidermis involving the innate and adaptive immune systems, with important roles 
for dendritic cells and T cells, among other cells. Frequent comorbidities are rheumatological and 
cardiovascular in nature, in particular, psoriatic arthritis. Current treatments for psoriasis include 
topical agents, photo-based therapies, traditional systemic drugs and biologic agents. Treatments can 
be used in combination or as monotherapy. Biologic therapies that target specific disease mediators 
have become a mainstay in the treatment of moderate-to-severe disease, whereas advances in the 
treatment of mild-to-moderate disease have been limited.
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The National Psoriasis Foundation has defined mild 
psoriatic skin disease as having <3% body surface area 
(BSA) affected, moderate disease as 3–10% affected and 
severe disease as >10% affected8. Additional classifi-
cations of psoriasis severity include the Psoriasis 
Area Severity Index (PASI) and the Physician Global 
Assessment (PGA)9, among others. Whereas both the 
PGA and BSA are used in clinical practice, the PASI is 
typically limited to the clinical trial setting.

PsA
Among psoriatic comorbidities, PsA is one of the most 
frequent, affecting 0.3–1% of the global population10. 
Depending on the study, 11%11, 20.6%12 or 30%13 of 
patients with psoriasis are estimated to have concomi-
tant PsA. Men and women are affected equally, and the 
peak age of onset is between 35 and 45 years of age. 
In most patients with psoriasis who also develop PsA, 
the onset of arthritis occurs approximately 10 years 
after the onset of their skin disease. However, 15% of 
patients develop arthritis before cutaneous manifesta-
tions of psori asis appear14. There is no direct correlation 
between the severity of joint and skin manifestations.

Cardiovascular and psychiatric comorbidities
Psoriasis has been associated with an increased preva-
lence of clinical15 atherosclerosis and systemic and 
 vascular inflammation (FIG. 3).

Comorbid cardiovascular diseases remain the lead-
ing cause of death among patients with psoriasis16. 
Large-scale, population-based epidemiological studies 
have demonstrated that psoriasis is associated with an 
increased risk of cardiovascular events beyond tradi-
tional risk factors and body mass index (BMI)17,18. 
Patients with severe psoriasis have an approximately 
sevenfold increased risk of myocardial infarction 
compared with matched controls for age, sex, BMI 
and cardiovascular risk factors18; the risk of cardio-
vascular mortality is increased by 57%18. In addition, 
a dose–response correlation between the severity of 
psoriasis and the odds of having a myocardial infarc-
tion has been demonstrated, and an age interaction has 
been shown, in which a 30-year-old patient with severe 

psoriasis has an approximate twofold increase in the risk 
of  experiencing a first myocardial infarction18.

However, the correlation between psoriasis and 
cardio vascular comorbidities remains controversial 
and not all reports support the mentioned associations. 
Some articles have reported that patients with psoriasis 
are not at increased risk for atherosclerosis, coronary 
heart disease, stroke, heart failure19 or ischaemic heart 
disease hospitalization20. Thus, it has been suggested 
that such correlation might only apply to patients with 
severe psoriasis.

Furthermore, a higher prevalence of psychosocial 
distress or psychiatric disorders, including stigmatiza-
tion, social discomfort, anxiety and depression, has been 
demonstrated in individuals with psoriasis21.

Mechanisms/pathophysiology
Genetics
Psoriasis has a strong genetic component, which was 
initially assessed by epidemiological studies involving 
twins and families22,23. Twin studies have found a sub-
stantially higher (2–3.5-fold) concordance of psoriasis 
in monozygotic twins than in dizygotic twins24, and 
estimates of heritability (the proportion of variance 
in overall disease liability accounted for by genetic 
 factors) have ranged between 50% and 90% in popula-
tions of European descent23,25. Recurrence rates (disease 
preva lence among relatives compared with the general 
popu lation) range between 4% and 19% in first-degree 
relatives of individuals with psoriasis26–28. Even greater 
genetic effects have been reported for PsA, with estimates 
of heritability between 80% and 100%26,27 and the risk of 
developing PsA said to be 30–49-fold greater if a first- 
degree relative has PsA26–29. The role of genetic factors 
has been confirmed by linkage studies (which measure 
the transmission of alleles through generations) in famil-
ies and genetic association studies (which compare allele 
frequencies between cases and controls)30,31. Although 
>70 genes associated with psoriasis have been identified, 
they only account for 30% of overall psoriatic heritabil-
ity, which might be explained by the cumulative effects 
of many genetic variations, whose individual effects are 
small and currently undetectable, as well as the existence 
of gene–gene and/or gene–environment interactions.

The genetic landscape of psoriasis is dominated by 
variation in the psoriasis susceptibility 1 locus (HLA‑C; 
previously known as PSORS1), which comprises genes 
in the major histocompatibility complex (MHC) that 
encode human leukocyte antigens (HLAs). The MHC 
contributes approximately 40% of the detect able 
heritabil ity of psoriasis, with smaller contributions from 
a multitude of other genetic loci32. Linkage-based and 
family-based association strategies have enabled impor-
tant advances in the genetic dissection of the associ-
ations between HLA genes and psoriasis33,34, including 
the differential analysis of cutaneous psoriasis and 
PsA35. The strongest HLA-related associations in psori-
asis have consistently mapped to HLA‑C*06 in white34 
and Chinese36 populations, particularly in patients with 
early-onset and more-severe disease who have a posi-
tive family history37. HLA‑C*06 has a particularly strong 
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association with streptococcal pharyngitis and guttate 
psoriasis38. However, regression analyses have identified 
at least seven independent genetic signatures for psori-
asis in the MHC based on single-nucleotide polymor-
phism (SNP) genotyping, which have been mapped by 
imputation to HLA‑C, HLA‑B, HLA‑A and HLA‑DRA35. 
Notably, amino acid 45 of the HLA‑B-encoded HLA 
class I histocompatibility antigen, which maps to the 
B pocket of the peptide-binding groove, discriminates 
cutaneous psoriasis from PsA across several different 
HLA‑B alleles35. Besides the MHC, linkage-based strat-
egies have identified 17 susceptibility loci39–41, although 
only a few genes have been confirmed by subsequent 
linkage and/or association studies because of the smaller 
effect sizes of genetic signals of non-HLA genes. Genetic 
linkage signals subsequently confirmed by association 
and/or sequencing (see below) include mutations in the 
psoriasis susceptibility 2 (PSORS2) region (17q24–q25) 
spanning the caspase recruitment domain-containing 
protein 14 (CARD14) gene42, PSORS4 in the epidermal 
differentiation complex43, PSORS7 on chromosome 1p 
spanning the IL-23 receptor (IL23R) locus44 and PSORS6 
on chromosome 19p13 spanning the tyrosine kinase 2 
(TYK2) locus45.

As dense SNP microarrays and ever-increasing 
 sample sizes became available, the new millennium 
marked a strategic shift from linkage to association 
studies, which are more powerful in the search for com-
mon susceptibility alleles in psoriasis and other complex 
genetic disorders46. By 2016, case–control associ ation 
studies in populations of European and Chinese descent 
have identified 87 psoriasis susceptibility regions, 
including population- specific and shared loci32,47–50. 
This strategy has also been successful for PsA, reveal-
ing allelic variation between PsA and cutaneous psori-
asis at known susceptibility regions51,52. New PsA loci 
have also been identified by SNP microarrays, includ-
ing protein-tyrosine phosphatase, non-receptor type 22 
(PTPN22), which is not associated with cutaneous 
 psoriasis in the cohort studied53.

Whereas SNP-based association strategies are suit-
able for identifying common but low-penetrance vari-
ants, traditional and next-generation sequencing 
techniques have been fruitful for identifying rare but 
highly penetrant alleles54. A prime example is the 
identification of CARD14 (REFS 55,56). Targeted and 
whole-exome DNA sequencing also had key roles in the 
identification of mutations in the genes adaptor-related 
protein complex 1 σ3 subunit (AP1S3) (on chromo-
some 2q23)57 and IL-36 receptor antagonist (IL36RN) 
(on chromosome 2q13)58–60, which are linked to general-
ized pus tular psoriasis, a highly inflammatory subtype 
of psoriasis that is characterized by systemic inflamma-
tion. However, not all patients with pustular psoriasis 
carry one of these mutations,  particularly patients with 
 concomitant  psoriasis vulgaris61.

Unlike the high-penetrance and high-effect size 
mutations emerging from the sequencing-based stud-
ies described above, biologically ‘interesting’ candidate 
genes that reside in psoriasis-associated loci cannot 
simply be assumed to have a causative role. Indeed, the 
identification of biological processes underlying these 
genetic associ ations is a major focus of current research 
in psoriasis and other complex genetic dis orders62. 
Various methods have been developed to  measure the 
overlap between observed genetic signals and corres-
ponding functions and pathways. For  example, func-
tional enrichment analysis methods use statistical tests 
to identify over- represented subgroups of genes or pro-
teins that might be associated with disease phenotypes63. 
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Figure 1 | Skin manifestations of psoriasis. a | Psoriasis vulgaris is the most common 
type of psoriasis and is characterized by well-defined areas of erythematous and 
indurated plaques with overlying silvery scale; the knees, elbows, scalp and trunk are the 
most commonly affected skin areas. b | Guttate psoriasis, the second-most common type 
of psoriasis, is characterized by small, tear-shaped papules, often starts in childhood or 
young adulthood and can be triggered by an infection, such as streptococcal pharyngitis. 
c | Inverse psoriasis is characterized by erythematous plaques in the body folds, and 
owing to increased moisture in these areas, patients often lack scales. Many individuals 
with inverse psoriasis also experience other subtypes of psoriasis simultaneously. 
d | Pustular psoriasis is characterized by sterile pustules on an erythematous base.  
It is primarily seen in adults, usually presents on the hands and feet and tends to evolve 
through a cycle, with erythema followed by the formation of pustules and scaling. 
Appearance in pregnancy is termed impetigo herpetiformis and might be related to 
hypocalcaemia. e | Erythrodermic psoriasis is a severe form of psoriasis that can be 
life‑threatening. It leads to widespread erythema over at least 90% of the body, which 
can cause severe itching and pain, and can be associated with desquamation of the skin 
in sheets. It affects about 3% of individuals with psoriasis and generally occurs in patients 
with unstable psoriasis vulgaris. Images in part a and part c courtesy of J. J. Voorhees, 
University of Michigan, Ann Arbor, Michigan, USA. Images in part b and part d courtesy 
of T. Tejasvi, University of Michigan, Ann Arbor, Michigan, USA. Image in part e courtesy of 
J. E. Gudjonsson, University of Michigan, Ann Arbor, Michigan, USA.

Box 1 | Psoriasis-associated comorbidities

• Psoriatic arthritis

• Autoimmune disease

• Cardiovascular disease

• Obesity

• Metabolic syndrome

• Chronic obstructive pulmonary disease

• Sleep apnoea

• Liver disease

• Psychiatric illness

• Addictive behaviour: smoking and alcohol abuse
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One such study identified 87 significantly enriched 
functions or pathways, many of which are immune- 
related, such as lymphocyte differentiation and regu-
lation, type I interferon (IFN) signalling and pattern 
recognition and nuclear factor-κB (NF-κB) signal ling32. 
Another analysis focusing on transcription factor- 
binding sites also  implicated numerous genes involved 
in immune regulation64.

Immune response
Psoriasis is a disorder of both the innate and the adaptive 
immune systems, in which keratinocytes, dendritic cells 
and T cells have central roles. Psoriasis can be triggered 
by various factors in genetically susceptible individ-
uals, including trauma, infection (such as streptococcal 
infection) and medications (such as β-blockers, IFNα 
and lithium)2. Many abnormalities have been observed 
involving antigen presentation, activation of NF-κB sig-
nalling pathways, differentiation of T helper (TH) cell 
populations (especially TH17 cells, which are the primary 
source of IL-17) and enhanced IL-17 response, which 
promotes the host’s immune response and infiltration 
of immune cells (FIG. 4).

Overlapping pathological mechanisms might also 
occur in the development of PsA. Key mediators in the 
disease process include infiltration of TH cells, particu-
larly TH17 cells, and overproduction of pro- inflammatory 
cytokines; this inflammatory environment leads to exces-
sive bone remodelling. IL-22 and IL-23 stimulate bone 
formation, tumour necrosis factor (TNF) enhances bone 
resorption and IL-17A stimulates both processes65.

Secreted factors. In psoriasis pathogenesis, a primary 
initiation phase that triggers pathological inflammation 
is followed by a chronic inflammatory phase that is per-
petuated by feedback loops and amplification signals. 
Key disease mediators include antimicrobial peptides 
(AMPs) — cationic proteins and members of the innate 
immune system that assist in the protection against 
pathogens — such as cathelicidin antimicrobial  peptide 
(CAMP), pro-inflammatory cytokines and chemo-
kines (for example, TNF, IL-17, IL-22 and CC-chemokine 
ligand 20 (CCL20), among numerous others) and angio-
genic factors. CAMP production is absent in healthy 
keratinocytes and upregulated during processes that 
cause epithelial damage66. Complexes that are formed by 
CAMP and self-nucleotides can evade recognition and 
subsequent intracellular degradation by dendritic cells. 
Through this process, a wound-healing phenotype can be 
expressed. Conversely, when CAMP binds to viral DNA, 
an IFN-driven antiviral response is triggered. In psoriatic 
lesions, CAMP expression is uncontrolled. This increased 
CAMP production, in the setting of keratinocyte damage 
and the release of self-nucleotides, triggers pathological 
IFN signalling cascades and the activation of dendritic 
cells, which result in uncontrolled inflammation66. The 
expression of AMPs leads to the clinical manifestations 
of psoriasis: for example, acanthosis (an increase in the 
thickness of the stratum spinosum of the epidermis) 
has been linked to cytokines, such as IL-22 (REF. 67), 
and the Auspitz sign (that is, punctate bleeding upon the 
removal of a scale) to angiogenic factors, among  others68. 
Mutations involved in pustular variants of psoriasis might 

Figure 2 | Global prevalence of psoriasis. A systematic review of international, population-based studies demonstrated 
a global prevalence of psoriasis in adults ranging from 2.7% in the United States to 8.5% in Norway5. A study that 
analysed 22 population-based surveys, case–control studies and reviews from around the world found a weak positive 
correlation between higher latitude and greater psoriasis prevalence, possibly owing to the level of ultraviolet 
exposure200. The lowest prevalence rates were observed in Latin-American Indians201, Native Americans202 and in African 
and Asian countries, whereas the highest rates were reported in Europe. Even within Asia, prevalence ranged from as low 
as 0.3% in Hong Kong, Sendai (Japan) and five major cities in mainland China203 to as high as 2.4% in the Philippines204. 
Data from REFS 5,205–207.
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lead to increased activity of IL-8, a neutrophil chemo-
tactic factor, and aggregation of neutrophils69. Mutations 
associated with pustular variants of psoriasis might also 
enhance reactivity of IL-36 and activation of NF-κB69. 
These underlying signalling processes are typi cally 
self-sustaining and maintain the chronic course of psori-
asis until one or several crucial disease mediators, such 
as TNF or IL-17, are inhibited, leading to a tempor ary 
improvement of clinical manifestations. Even among 
patients who are clear of active psoriatic plaques, clinical 
evaluation of normal-looking skin can unveil abnormal 
signalling involving key inflammatory pathways70.

Cellular mediators. T cell signalling is essential in under-
standing the pathogenesis, treatment and comorbidities 
associated with psoriasis. Multiple T cell lineages have 
been described, including TH1, TH2, TH9, TH17, TH22 
cells and regulatory T cells (Treg cells)71. Each T cell line-
age produces its own signature cytokines and processes 
signals through a set of transcription factors. At the 
most rudimentary level, TH1 cells are associated with 
IFNγ and IL-12, TH17 cells with IL-17 and IL-23 and 
TH22 cells with IL-22, whereas TNF is not specific to a 
 single TH cell profile. Although this traditional paradigm 
of separate T cell lineages might predominate, there is 
also heterogeneity, with secretion of the same factors 
from multiple different T cell lines, and plasticity, with 
switching between T cell lineages under certain condi-
tions72. Internal and external factors, such as the balance 
of local cell populations or the introduction of therapies 
that dampen or accentuate certain signatures, can shift 
the cytokine milieu towards a different T cell phenotype. 
Within the natural disease course, T cell predominance 
can also change, switching from a TH1 cell profile dur-
ing the initiation phase of psoriasis to a TH17 cell profile 
in the chronic, inflammatory phase.

The role of keratinocytes in psoriasis also extends 
beyond its association with the classic psoriasis histolog-
ical phenotype of epidermal hyperplasia and acanthosis67. 
Although the primary physiological function of keratino-
cytes is the establishment and maintenance of the skin 
barrier, they also produce inflammatory cytokines, such 
as TNF, express IL-17 receptors and participate in both 
the initiation and the amplification of psoriasis73 (FIG. 4).

Finally, among other innate immune cells, dendritic 
cells are essential not only as professional antigen present-
ers and cytokine producers but also as a bridge between 
the innate and adaptive immune systems74. Plasmacytoid 
dendritic cells are components of the innate immune 
system that circulate in the blood; they can detect viral 
and other antigens and respond by releasing type I IFNs 
during the initiation phase of inflammation in psoriasis, 
whereas myeloid dendritic cells promote the expansion 
of specific TH cell populations through the production of 
cytokines, such as IL-12 and IL-23.

Diagnosis, screening and prevention
Cutaneous involvement in psoriasis
The majority of patients with psoriasis initially present 
with cutaneous involvement, with a minority, approx-
imately 15%, experiencing joint symptoms, such as 

swelling or pain, prior to skin involvement75. Several 
types of skin manifestations associated with psoriasis 
have been described (FIG. 1). Although the diagnosis of 
psoriasis vulgaris can often be made based exclusively on 
clinical signs, further investigation including histologi-
cal examination of a skin biopsy might be helpful (FIG. 5). 
Cutaneous disease severity can be rated by  measures, 
such as the PGA9 (a 0–5 composite score of erythema 
(redness of the skin), induration (thickening or eleva-
tion of the skin) and scales), BSA (the percentage of BSA 
affected by psoriasis, with one palm of the patient equiv-
alent to 1%) and the PASI (a 0–72 composite score of 
erythema, induration and scale, with a multiplier based 
on the total affected BSA); in both the PGA and the PASI 
scoring systems, higher scores correspond to more-severe 
disease76. Although absolute PASI score is often used to 
define severity, percentage response rate is often used 
to define response to treatment. For example, PASI 75 
indicates the percentage of patients who have achieved a 
>75% reduction in PASI scores from baseline.
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Figure 3 | Evidence of systemic inflammation in 
patients with psoriasis. a | Frontal reconstructions of 
18F‑fludeoxyglucose (FDG) PET‑CT images of individuals 
matched for age, sex and body mass index with (right) or 
without (left) psoriasis. High levels of tracer (FDG) uptake 
(darker areas, red circles) correspond to the presence of 
vascular (1), liver (2), skin (3) and joint (4) inflammation. 
b | Transverse FDG PET‑CT images at the level of the aortic 
arch depict a higher tracer uptake (arrow) in the aorta of 
a patient with psoriasis (right) than in a healthy control 
(left), which is consistent with vascular inflammation. 
Images courtesy of N.N.M., National Heart, Lung, and 
Blood Institute, National Institutes of Health, Bethesda, 
Maryland, USA.
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Given that psoriasis vulgaris is the most preva-
lent subtype, we will use this as an example to explain 
characteristic features of skin involvement in psori-
asis. Psoriasis vulgaris typically manifests as well- 
circumscribed, symmetric, pink-to-erythematous, scaly 
plaques on the scalp, trunk and extremities (especially 

extensor surfaces, such as the elbows, knees and sacral 
area), although any area might be affected. Psoriatic 
plaques might exhibit the Auspitz sign and Koebner 
phenom enon (the appearance of psoriasis at sites of 
trauma; FIG. 6), although these signs are not specific for 
psoriasis. Other features can include changes in the nails, 

Nature Reviews | Disease Primers

Mast cell MacrophagePMN

pDC

mDC

Self-nucleotide

CAMP

CD8+ 
T cell

Activated
CD8+ 
T cell

T
H
17T

H
1

T
H
22

Antigen
MHC

TLR

T cellKeratinocyte

IL-17
receptor

Dermis

EpidermisInsult

TNF

Blood
vessel

Characteristic
psoriatic
skin lesions

Antigen
presentation

Activation
Clonal expansion

Expansion
of T

H
 cells

Vascular
adhesion 
factors

↑

NF-κB signalling

CCL20

IFNα
IFNβ

TNF

IL-1

TNF
IL-12
IL-23

TNF
IFNγ

IL-17 IL-22

IL-17
response

Figure 4 | Mechanisms of psoriasis. External insults, such as trauma, infection or medication, can cause the release of 
self‑nucleotides, especially in genetically predisposed individuals. Self‑nucleotides can form complexes with 
antimicrobial peptides (AMPs) that are released from keratinocytes, such as, for example, cathelicidin antimicrobial 
peptide (CAMP), which can bind to receptors on antigen‑presenting cells, including Toll‑like receptor 7 (TLR7) and TLR9 
on the surface of plasmacytoid dendritic cells (pDCs). This binding triggers antigen presentation by pDCs, which prompts 
the activation and clonal expansion of antigen‑specific CD8+ T cells. This process can occur in the dermis (activation of 
memory resident T cells) and local lymph nodes (activation of naive T cells). Subsequently, activated CD8 + T cells migrate 
into the epidermis, where they encounter class I major histocompatibility complex (MHC) receptors on the surface of 
keratinocytes (or perhaps melanocytes) and trigger the local release of soluble factors, including cytokines, chemokines 
and innate immune mediators, which could further increase local inflammation and stimulate keratinocyte proliferation. 
pDCs release the inflammatory mediators interferon-α (IFNα) and IFNβ, which stimulate myeloid DCs (mDCs) to secrete 
additional pro‑inflammatory mediators, such as IL‑12, IL‑23 and tumour necrosis factor (TNF). These innate immunity 
mediators stimulate the activities of key T cell populations, such as T helper 1 (TH1), TH17 and TH22 cells, which release 
additional cytokines and chemokines. In particular, TH17 cell response to IL‑23 is potentiated by IL‑1. IL‑17 acts on 
keratinocytes (which express IL‑17 receptor), stimulating them to produce TNF and CC‑chemokine ligand 20 (CCL20; 
a chemotactic for T cells and DCs208). In combination with TNF and/or other pro‑inflammatory cytokines, IL‑17 stimulates 
the production of defensins and chemokines, which promotes host defence and leads to the recruitment of additional 
inflammatory cells into the lesion. IL-22 contributes to the characteristic psoriatic histological phenotype, including 
epidermal hyperplasia, acanthosis and parakeratosis (incomplete keratinization with retention of nuclei). Key 
transcription factors in psoriasis include cyclic AMP, the Janus kinase (JAK)–signal transducer and activator of transcription 
(STAT) family and nuclear factor‑κB (NF‑κB); their activation leads to further production of factors, such as TNF and IL‑17, 
and downstream amplification loops. The expression of vascular endothelial growth factor receptors on endothelial cells 
induces vascular proliferation and the expression of adhesion molecules in the endothelium to recruit additional 
inflammatory cells into the skin. Among other changes, these angiogenic factors lead to the characteristic tortuous 
(twisting) papillary dermal vessels of lesional psoriatic skin, which contribute to the development of the Auspitz sign. 
A symptomatic, chronic phase of psoriatic inflammation is then established, which typically continues until a 
therapeutic intervention that targets key pathological regulators (for example, TNF or IL‑17) breaks the cycle 
(although, in some cases, disease activity can naturally wax and wane in the absence of treatment). However, after the 
withdrawal of treatment, a susceptible patient can relapse to the chronic phase with actively inflamed skin. In some cases, 
there can be a prolonged disease resolution when off treatment, but in most cases psoriasis activity eventually returns. 
PMN, polymorphonuclear leukocyte.
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observed in 50% of patients, such as pitting (depressions 
in the nail plate due to proximal nail matrix involve-
ment), leukonychia (whitening of the nail plate due to 
mid-matrix involvement), onycholysis (detachment of 
the nail plate from the nail bed), subungual hyperkera-
tosis (excessive proliferation of keratinocytes in the nail 
bed) and oil drop sign (due to onycholysis involving a 
more-proximal part of the nail)2,77 (FIG. 6).

The differential diagnosis of cutaneous involvement 
in psoriasis vulgaris includes various disorders (BOX 2). 
Although clinical history and examination might be 
sufficient to distinguish these disorders from psoriasis, 
other tests, such as skin biopsy to assess histological 
findings, antinuclear antibodies for autoimmune con-
ditions, flow cytometry or T cell clonality studies for 
abnormal T cell populations and potassium hydroxide 
test to evaluate for fungal infection, might be required 
to rule out other conditions and to guide therapeutic 
decision making78.

PsA
PsA is observed in a substantial proportion of patients 
with psoriasis2,79 (FIG. 6c) and usually presents after the 
diagnosis of cutaneous psoriasis. In patients with psori-
asis, risk factors for developing PsA include severe skin 
involvement, nail lesions, the presence of certain HLA 
alleles and increased serum levels of acute-phase proteins 
and matrix metalloproteinase 3 (REFS 80–82). PsA pre-
sents with inflammatory joint pain and erythema over 
the affected joint and is associated with prolonged morn-
ing stiffness (>45 minutes), which improves with activ-
ity and worsens with rest. Although any joint might be 
affected, the most common sites (in order of decreasing 
frequency) are the feet, hands, knees, ankles,  shoulders 
and elbows. Early disease is typically character ized by 
asymmetric involvement of a few joints, with subse-
quent polyarticular involvement of more than five joints. 
In addition, axial inflammation might limit mobility of 
the spine. Almost 50% of patients develop both periph-
eral and axial disease, whereas only 2–4% experience 
isolated axial disease. Other characteristic features of 
PsA include dactylitis (inflammation of the whole digit) 
and  enthesitis (inflammation at the insertion point of 
tendons and ligaments into the bone)14. The Group for 
Research and Assessment of Psoriasis and Psoriatic 
Arthritis recommends thorough evaluation of multiple 
PsA domains, including peripheral arthritis, axial arthri-
tis, enthesitis, dactylitis and skin and nail  disease, which 
might affect disease management83.

The diagnosis of PsA has been facilitated by the 
Classification Criteria for Psoriatic Arthritis (CASPAR), 
which were developed through an international study 
with a large sample size84 (BOX 3). These criteria are 91% 
sensitive and 99% specific for disease identification 
compared with the gold standard (that is, the physician’s 
expert opinion based on clinical and, when necessary, 
radiographic examination). Although such criteria func-
tion very well in both early and late disease, many cases 
require rheumatological expertise for definitive diag-
nosis. A delay in consultation for PsA by only 6 months 
can result in adverse outcomes, including physical 

disability and peripheral joint  erosions, an observation 
that underscores the  importance of early diagnosis and 
treatment of PsA85.

Because psoriasis is a common condition, it might 
coexist with forms of arthritis other than PsA (that is, 
rheumatoid arthritis, osteoarthritis and gout), which 
might be differentiated by the distribution of the affected 
joints (BOXES 4,5).

Cardiovascular comorbidities
Individuals with severe psoriasis should be routinely 
counselled and screened for cardiovascular risk factors. 
Traditional risk factors include hypertension, hyper-
lipidaemia, smoking, diabetes and a family history of 
premature myocardial infarction (<55 years of age). 
The Framingham Risk Score86, which is routinely used 
to estimate the 10-year risk for cardiovascular events, 
is increased by 6% when psoriasis is present87. The 2013 
American College of Cardiology and American Heart 
Association guidelines for cardiovascular risk screen-
ing do not consider psoriasis as a risk factor88; however, 
the European Society of Cardiology guidelines note 
an increased risk of cardiovascular disease observed 
in patients with psoriasis89. Furthermore, the Adult 
Treatment Panel of the National Cholesterol Education 
Program90 based in the United States claims that inflam-
matory diseases might be considered as emerging risk 
factors, and warrants earlier and more-frequent screen-
ing. Thus, age-appropriate normal screening algorithm 
recommendations for cardiovascular risk factors should 
be followed after a diagnosis of psoriasis, including 
monitoring resting blood pressure, measurement 
of the BMI to assess for obesity and measurement of 

Nature Reviews | Disease PrimersFigure 5 | Skin biopsy obtained from a patient 
with psoriasis vulgaris. Histological examination with 
haematoxylin and eosin staining demonstrates acanthosis 
(black arrow), Munro microabscesses (an accumulation of 
neutrophils in the epidermis; white arrow), alternating 
neutrophils (isolated neutrophils within the stratum 
corneum) and parakeratosis in the stratum corneum 
(white arrowhead) and infiltration of mononuclear 
cells in the dermis and epidermis (black arrowhead)2. 
Figure from Fitzpatrick’s Dermatology in General Medicine, 
8th Edition, Goldsmith, L. A., Katz, S. I., Gilchrest, B. A., 
Paller, A. S., Lefell, D. J. & Wolff, K., © (2012) McGraw‑Hill 
Education.
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cholesterol and glucose serum concentrations. After 
diagnosis, such tests should be carried out every 5 years 
between 18 and 40 years of age, and then annually90. 
Patients with psoriasis with a BSA exceeding 10% 
should be educated of their heightened risk and might 
require more-regular cardiovascular risk screening.

No guidelines endorse screening for subclinical 
coronary artery disease. Nevertheless, emerging data 
indicate that patients with psoriasis who have two or 
more cardio vascular risk factors might benefit from 
non-invasive imaging examinations to assess coronary 
atherosclerosis burden, such as CT assessment of coro-
nary calcification or measurement of carotid  intimal 
medial thickness with ultrasonography. If athero-
sclerosis is suspected, dyslipidaemia therapy, including 
lifestyle changes and lipid-lowering agents, might be 
recommended. Finally, despite accumulating evidence 
that aggressive treatment of psoriasis with anti-TNF 
biologic agents leads to improved surrogate markers 
for cardiovascular disease, such as intimal medial thick-
ness and vascular inflammation91,92, and reduced risk of 
myo cardial infarction15,93, randomized clinical trials to 
 confirm these associations are still ongoing94,95.

Management
The treatment approach for psoriasis depends on several 
factors. The body areas involved determine the formu-
lation and dose of the topical treatments. Selection of an 
appropriate therapy is also substantially influenced by 

the presence of comorbidities. In patients with PsA, sys-
temic treatments with methotrexate or biologic agents 
that target both the skin and the joints are the most 
appropriate therapies. Concomitant conditions, such 
as HIV, hepatitis B or hepatitis C infection; alcoholism; 
cardiovascular disease or a history of malignancy, also 
influence the choice of therapies. Age is another  factor 
to be considered, as some treatments (for example, 
methotrexate) are excreted less efficiently in elderly 
patients than in younger patients, and certain treatments 
(for example, acitretin) are not safe for use in children 
or women of childbearing age who wish to have a child 
because of their teratogenic effects. Recent management 
guidelines with useful  treatment algorithms exist in the 
United States96 and Europe97.

Topical therapy
For patients with mild-to-moderate disease (<10% BSA) 
and without PsA, topical therapy might be adequate. 
Historically, dithranol (also known as anthralin), which 
induces keratinocyte apoptosis, and tars, which reduce 
IL-15 production and nitric oxide synthase activity, were 
the only treatments available98,99.

Although these treatments are still used, cortico-
steroids are the mainstay of topical psoriasis therapy 
nowadays. Many different formulations exist: solutions, 
foams, sprays, shampoos and gels are prescribed for the 
scalp, whereas ointments or creams are typically used 
for the face, torso and extremities. Even corticosteroid- 
impregnated patches are available. Steroid-sensitive 
sites, such as the face and intertriginous areas, typi-
cally require lower-potency topical corticosteroids or 
steroid-sparing agents (medications that are given in 
addition to or instead of steroid therapy to decrease the 
amount of steroid required) — such as topical vitamin D, 
its analogues or topical calcineurin inhibitors — to min-
imize adverse effects. More-potent corticosteroids can 
be used for areas of thicker skin, such as the palms, 
soles, elbows and knees. Adverse effects associated with 
 topical  corticosteroid use include cutaneous atrophy 
and dyspigmentation.

Several topical vitamin D analogues (for example, 
calcitriol, calcipotriene, tacalcitol and maxacalcitol) are 
approved for psoriasis, used as monotherapy or in com-
bination with corticosteroids and act through immune 
modulation and normalization of keratinocyte matur-
ation. Although these agents are less effective than 
cortico steroids, their adverse-effect profile is favour-
able100. Topical retinoids, which normalize keratinocyte 
differentiation and supress the immune response, are 
effective but irritating, and, therefore, are most often 
used in combination with topical corticosteroids101. 
Topical calcineurin inhibitors, although not approved 
for the treatment of psoriasis, are also widely used in 
managing psoriasis in steroid-sensitive areas, owing to 
their suppression of T cell activation and proliferation102.

Phototherapy
For patients with moderate-to-severe disease, which is 
typically characterized by >10% BSA, and without PsA, 
phototherapy can be an effective option when topical 

Nature Reviews | Disease Primers
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Figure 6 | Clinical markers of psoriasis. a | Koebner 
phenomenon occurs when a new area of psoriasis develops 
in injured skin. Psoriatic plaques can be seen in a 
distribution of skin damage secondary to a sunburn. b | Nail 
pitting, the most common nail finding in psoriasis, occurs 
as depressions in the nail plate due to proximal nail matrix 
involvement. c | Psoriatic arthritis is an inflammation of the 
joints, which become sore and stiff. Dactylitis can also 
occur (swelling of the whole digit as a result of joint, tendon 
and soft tissue inflammation). d | Enthesitis (inflammation 
of the sites where tendons or ligaments insert into the 
bone) showing an erosion and fluffy periostitis at the site of 
new bone formation (at the insertion of the Achilles tendon 
into the calcaneous; arrowhead) as well as a plantar spur 
(arrow). Image in part a courtesy of J. E. Rasmussen. Image 
in part b courtesy of A. T. Bruce. Images in part c and part d 
courtesy of D.D.G., Toronto Western Hospital, Toronto, 
Ontario, Canada.
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application to a large area is impractical. Phototherapy 
acts through multiple mechanisms: inducing apoptosis 
of inflammatory cells (such as antigen-presenting cells), 
increasing production of the anti-inflammatory cytokine 
IL-10 and stimulating TH1 switching, TH17 cell suppres-
sion and activation of TH2 and Treg cells103. Broadband 
ultraviolet B (UVB) radiation has been used since the 
1920s104. It has not been associated with an increase in 
skin cancers105, probably because the spectrum of light 
used does not include the most carcinogenic short wave-
lengths that are found in sunlight, and the phototherapy 
dose is gradually increased to limit burns. In addition, 
the most skin cancer-prone areas, such as the face, are 
usually protected during phototherapy. Narrowband 
UVB, which includes only the most effective spectrum 
of light wavelengths for the treatment of psoriasis, has 
gained popularity and largely replaced broadband UVB. 
Both broadband and narrowband UVB are admin-
istered 2–3 times per week105. Proximity to a photo-
therapy centre used to be a limiting factor, but home 
phototherapy units have become a popular alternative 
to in-office treatments and have demonstrated com-
parable efficacy106. Considerable insurance and co-pay 
costs, photosensitivity or use of photosensitizing med-
ications are reasons why patients might be reluctant to 
use phototherapy.

Psoralen combined with UVA (PUVA) treatment is a 
regimen in which 8-methoxsalen is administered orally 
followed by exposure to UVA light 75–120 minutes later. 
Although still in use, particularly in patients with skin 
types with lower risk of developing skin cancers, this 
treatment is less frequently prescribed because of its 
photocarcinogenic effects and association with cutaneous 
squamous cell carcinoma and malignant melanoma107,108.

Systemic therapy
For patients with moderate-to-severe psoriasis (>10% 
BSA), both phototherapy and systemic therapy (oral or 
injectable therapies) might be prescribed, but patients 
often prefer systemic therapy over phototherapy. Systemic 
therapy might be appropriate even for patients with 
<10% BSA, especially when the face, scalp, palms or soles 
are affected, which can be debilitating, or when PsA is 
also present109.

Methotrexate. Administered orally or intramuscularly, 
methotrexate is the oldest systemic therapy for psori-
asis and is widely used owing to its low cost. As an anti- 
inflammatory agent, methotrexate inhibits the enzyme 
5-aminoimidazole-4-carboxamide ribonucleotide trans-
formylase, leading to downstream increases in the levels 
of adenosine, which lead to reduced levels of TNF and two 
NF-κB subunits that are involved in the mechanism of 
action (nuclear factor NF-κB p105 subunit and transcrip-
tion factor p65)110,111. Key inflammatory cytokines and 
chemokines, including IL-17, IL-22, IL-23 and CCL20, 
are downregulated by methotrexate. Preliminary results 
indicate that low-dose methotrexate treatment might 
also be associated with reduced risk of cardiovascular 
disease, and it has been shown to lower the expression of 
 atherogenic genes in lesional psoriatic skin112.

Methotrexate is teratogenic and, therefore, con-
traindicated during pregnancy. The most common life- 
threatening adverse effect associated with methotrexate 
is bone marrow toxicity; pancytopaenia or death was 
reported in 1.4% of patients with rheumatoid  arthritis who 
received low-dose methotrexate, and identified risk factors 
inclu ded increased blood urea nitrogen and creatin ine lev-
els, lowered serum albumin levels, infection, drug–drug 
interactions and advanced age113. Because methotrexate 
interacts with numerous medications, a thorough med-
ication history is essential, and patients must be warned 
to seek advice from their doctor before starting any other 
new medications while on methotrexate. For example, 
the combination of methotrexate with anti biotics, such 
as trimethoprim- sulfamethoxazole, might substan-
tially increase drug toxicity, leading to pancytopaenia 
and potentially death114. Another  serious adverse effect 
of methotrexate is the development of cirrhosis. In one 
study, hepatic fibrosis was observed in patients with psori-
asis who were treated with metho trexate; 14 out of 15 of 
those were obese, 7 out of 7 had diabetes and 9 out of 9 had 
excessive alcohol intake (exceeding 30 g)115. Risk factors 
for methotrexate-induced hepatic toxicity include persis-
tently abnormal liver function tests, a history of chronic 
hepatitis B or hepatitis C infection, hyperlipid aemia, dia-
betes and lack of folate supplementation116. Oral folate 
supplementation can prevent some methotrexate adverse 
effects, such as nausea and  macrocytic anaemia.

Routine monitoring during methotrexate therapy 
includes complete blood count as well as liver and renal 
function tests, both at baseline (before the start of treat-
ment) and at regular follow-up intervals. Monitoring 
for hepato toxicity is controversial; some guidelines rec-
ommend liver biopsies or enzymatic testing in at-risk 
patients116,117.

Box 2 | Differential diagnosis of psoriasis vulgaris

• Inflammatory disorders: atopic dermatitis, lichen 
planus, nummular eczema, pityriasis rubra pilaris, 
pityriasis lichenoides chronica, lupus erythematosus, 
sarcoidosis, pityriasis rosea and seborrheic dermatitis

• Reactive processes: allergic contact dermatitis, lichen 
simplex chronicus, drug hypersensitivity reaction 
and erythema annulare centrifugum

• Infectious disorders: tinea, syphilis and crusted scabies

• Neoplastic processes: mycosis fungoides (a cutaneous 
T cell lymphoma) and extramammary Paget disease

Box 3 | CASPAR criteria for the diagnosis of psoriatic arthritis

Evidence of inflammatory articular disease, namely, arthritis, spondylitis or enthesitis, 
and at least 3 points from the following categories:

• Current psoriasis (2 points) or a personal history or family history (first-degree or 
second-degree relative) of psoriasis (1 point)

• Current dactylitis or a history of dactylitis (1 point)

• Radiographic evidence of juxta-articular new bone formation (1 point)

• Rheumatoid factor negative (1 point)

• Current nail dystrophy, including pitting, onycholysis and hyperkeratosis (1 point)

CASPAR, Classification Criteria for Psoriatic Arthritis.
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Acitretin. Acitretin is an oral retinoid that reduces the 
activity of TH1 and TH17 cells and normalizes keratinocyte 
differentiation; it is particularly effective in palmoplantar 
psoriasis118. It is modestly effective as monotherapy, but is 
commonly used in combination with phototherapy; this 
combination results in greater and rapid improvement 
in psoriasis compared with phototherapy or acitretin 
alone119,120. Like methotrexate, acitretin is teratogenic 
and is typically avoided in women of childbearing age, as 
its teratogenic effect prolongs over the years because the 
drug is stored in the adipose tissue. Periodic monitoring 
of blood parameters should be done, owing to the risk of 
hyperlipidaemia, especially hypertriglyceridaemia, and 
liver toxicity. Mucocutaneous adverse effects, including 
hair loss, cheilitis (inflammation of the lips), dry and 
sticky skin, pyogenic granulomas and thinning of the nail 
plates, are common and often dose-limiting121.

Cyclosporine. Cyclosporine is one of the most effective 
therapies for psoriasis that act by inhibiting T cell activity. 
After forming a complex with cyclophillin, cyclosporine 
inhibits calcineurin, a phosphatase that activates three 
nuclear factor of activated T cells (NFAT) isoforms 
(NFATC1, NFATC2 and NFATC4). NFAT is a transcrip-
tion factor that promotes the expression of IL-2, a key 
pro-inflammatory cytokine122. The use of cyclosporine is 
limited by its adverse effects, particularly nephro toxicity, 
and numerous drug–drug interactions. All patients 
show evidence of nephrosclerosis on kidney biopsies 
within 2 years of starting cyclosporine treatment123. 
Thus, most guidelines limit the use of cyclosporine to 
1–2 years109. Other adverse effects include hypertension, 
hypomagnesaemia, hyperkalaemia, hyperlipidaemia, 
hypertrichosis and increased risk of lymphoma and 
squamous cell  carcinoma with long-term use. Frequent 
monitoring, particularly of serum creatinine levels and 
blood  pressure, is essential.

Apremilast. Apremilast is a phosphodiesterase 4 inhibitor 
that limits the degradation of cyclic AMP, reduces nitric 
oxide synthase, TNF and IL-23 levels and increases IL-10 
levels124. It was approved as an oral treatment for psoriasis 
by the US FDA in 2014 and by the European Medicines  
Agency in 2015. The main barrier to its use is insurance 
coverage, as apremilast is more costly than many of the 
other available oral agents, although it is still substantially 
less expensive than the bio logics (see below). Adverse 
effects include nausea, weight loss and diarrhoea, 

which usually occur within the first 15 days after the start 
of treatment and, in most instances, lasts up to 15 days, 
but in some patients can persist longer125. Apremilast effi-
cacy is lower than that of many biologic therapies, with 
33% of patients achieving PASI 75 by week 16 of ther-
apy126. However, because it is administered orally and has 
not been associated with an increased risk of infections or 
malignancy, its use has been growing in the United States.

Fumarates. Oral fumarates are approved in Germany 
for the treatment of moderate-to-severe psoriasis and 
are used as an off-label treatment for psoriasis in other 
 countries127. Believed to downregulate TNF, IL-12  
and IL-23 production128, fumarates have demonstrated  
greater improvement in PASI scores than placebo,  
although the comparative efficacy of fumarates and 
methotrexate remains unclear. Common adverse effects 
include gastro intestinal disturbances, flushing, eosino-
philia and proteinuria; further characterization of their 
long-term safety profiles is needed.

Biologic therapies. A biologic medication should be 
considered as first-line therapy for moderate-to-severe 
disease with profound effects on QOL or if there is con-
comitant PsA; biologics should be considered in other 
cases of moderate-to-severe disease when a traditional 
systemic therapy fails to achieve disease control or when 
a patient is unable to tolerate the traditional systemic 
therapy because of adverse effects. Eight injectable bio-
logic therapies are currently approved for moderate-to- 
severe psoriasis or PsA (TABLE 1), and several other agents, 
including some that target IL-23, are in various stages of 
the developmental and approval process. Patient sex129, 
BMI, C-reactive protein levels (as a marker for inflam-
mation), prior use of biologic therapies and concomi-
tant hepatitis B or hepatitis C infection might affect 
the response to and selection of biologic therapy. TNF 
blockers have been particularly effective in patients with 
concomitant PsA130.

Several anti-TNF agents — which either bind to 
TNF, thereby inhibiting receptor binding, or block TNF 
receptor activation — are available to manage psori-
asis and PsA (TABLE  1). In addition, evidence from 

Box 4 | Differential diagnosis of psoriatic arthritis

• Rheumatoid arthritis typically affects the proximal small joints of the hands and feet 
symmetrically, whereas psoriatic arthritis (PsA) more commonly affects the distal 
joints in an asymmetric distribution.

• Osteoarthritis affects the distal interphalangeal joints, but its clinical presentation is 
characterized by bony Heberden nodes, which are distinct from the soft tissue joint 
swelling in PsA.

• Gout can cause a diagnostic dilemma, as both gout and PsA can affect the toes and 
the swollen digits in gout can mimic dactylitis. In these cases, joint aspiration of 
synovial fluid and microscopic detection of crystals are helpful diagnostic tools75.

Box 5 | Early screening of psoriatic arthritis

To facilitate early recognition of psoriatic arthritis (PsA), 
new screening instruments are being explored for 
non-experts, in particular, patient questionnaires using lay 
definitions of inflammatory musculoskeletal disease190,191. 
Several instruments, including the Psoriasis Epidemiology 
Screening Tool, Psoriatic Arthritis Screening Evaluation 
and Psoriatic Arthritis Screening Questionnaire, are 
validated for use among patients with psoriasis. However, 
the sensitivity and specificity of these tools vary between 
different health care centres. An updated version of the 
Toronto Psoriatic Arthritis Screen — Toronto Psoriatic 
Arthritis Screen 2 — has been developed and validated; 
it was found to be highly sensitive and specific and might 
even serve to screen for PsA both in patients with psoriasis 
and in the general population192.
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registry studies showing that anti-TNF agents are pro-
tective against cardio vascular disease supports their 
use, particu larly in individuals who are at high risk of 
cardio vascular events93,131. Other biologic agents might 
also provide  cardiovascular protection, but there is no 
clear evidence yet.

Anti-TNF agents have safety profiles that are different 
from those of traditional systemic agents (such as less- 
severe risk of liver, kidney or bone marrow suppression) 
and are considered safe during pregnancy132. Anti-TNF 
agents have been associated with an increase in infec-
tions and certain malignancies, particularly cutaneous 
squamous cell carcinoma133, whereas these correlations 
have not been observed with ustekinumab (an anti-IL-12 
and anti-IL-23 antibody)134 or any of the IL-17 blockers. 
Paradoxical worsening of psoriasis has been reported as 
an adverse effect of anti-TNF agents and often resolves 
with treatment discontinuation135. Patients treated with 
biologic agents have an increased risk of developing 
tuberculosis; thus, annual  tuberculosis screening has 
been recommended136.

Ustekinumab, secukinumab (an anti-IL-17A anti-
body) and ixekizumab (an anti-IL-17A antibody) have 
been approved for the treatment of PsA137–139. Early data 
on brodalumab have been favourable140; however, before 
potential approval, further evaluation of the possible 
association between suicidal ideation and brodalumab is 
required and ongoing. IL-17 blockers have been associ ated 
with the development of Candida infections, which are 
easy to treat, and suicidal ideation for brodalu mab141–143. 
Ustekinumab and IL-17 blockers can be used safely in 
patients with heart failure and a personal or  family history 
of demyelinating diseases, unlike TNF blockers, which 
could cause the development of worsening of advanced 
congestive heart failure and multiple sclerosis144.

Head-to-head comparisons of biologics are limited in 
number. Ustekinumab was shown to be more effective 
than etanercept145 but less effective than secukinumab146 
for cutaneous disease; secukinumab was more effective 
than adalimumab for PsA147. The development of anti-
drug antibodies and the associated reduced efficacy of 
biologics remain important concerns148. The potentially 

Table 1 | Biologic agents used in psoriasis

Drug Structure Mechanism 
of action

Indication* Effectiveness (PASI 75‡) Standard dosing regimen Refs

Anti-TNF agents

Etanercept Fusion protein between the Fc 
portion of human IgG1 and the 
extracellular domain of human 
TNF receptor superfamily 
member 1B

TNF 
receptor 
antagonist

Psoriasis and PsA 49% at week 12 Subcutaneous injections 
twice per week for 
12 weeks, then once per 
week

209, 
210

Adalimumab Human monoclonal antibody Anti‑TNF 
antibody

Psoriasis and PsA 53% at week 12 Subcutaneous injections; 
a loading dose first, then a 
regular dose regimen every 
2 weeks

211, 
212

Infliximab Chimeric monoclonal antibody 
comprising human IgG1 with 
the mouse binding site for TNF

Anti‑TNF 
antibody

Psoriasis and PsA 88% at week 10 Intravenous infusions over 
2 hours at weeks 0, 2 and 6, 
then every 8 weeks

213– 
216

Certolizumab Pegylated humanized 
fragment antigen-binding 
fragment

Anti‑TNF 
antibody

PsA 75% at week 12 Subcutaneous injections; 
a loading dose first, then a 
regular dose every 2 weeks

217, 
218

Golimumab Human monoclonal antibody Anti‑TNF 
antibody

PsA 65% at week 52. Less 
effective against 
cutaneous psoriasis than 
other biologic agents

Subcutaneous injections 
once every 4 weeks

219

Others

Ustekinumab Human monoclonal antibody 
directed against the IL‑12 
subunit-β and IL-23

Anti‑IL‑12 
and 
anti-IL-23 
antibody

Psoriasis and PsA 67% and 76% at week 12, 
patients weighing 
<100 kg and ≥100 kg, 
respectively

Subcutaneous injections at 
weeks 0 and 4, then every 
12 weeks; weight‑based 
dosing (<100 kg or ≥100 kg)

188

Secukinumab Human monoclonal antibody Anti‑IL‑17A 
antibody

Psoriasis and PsA At week 12, PASI 75 was 
82%, PASI 90 was 59% 
and PASI 100 was 29%

Subcutaneous injections 
once a week for 5 weeks, 
then every 4 weeks

220

Ixekizumab Humanized monoclonal 
antibody

Anti‑IL‑17A 
antibody

Psoriasis§; data 
for PsA are 
promising

At week 12, PASI 75 was 
90%, PASI 90 was 71% 
and PASI 100 was 41%

Subcutaneous injections 
every 2 weeks for 12 weeks, 
then every 4 weeks

221

Brodalumab Human monoclonal antibody Anti‑IL‑17A 
receptor 
antibody

Approval 
for psoriasis 
pending; data for 
PsA are promising

At week 12, PASI 75 was 
86.3%, PASI 90 was 70.3% 
and PASI 100 was 44.4%

Subcutaneous injections at 
weeks 0, 1 and 2, then every 
2 weeks

140

PASI, Psoriasis Area and Severity Index; PsA, psoriatic arthritis; TNF, tumour necrosis factor. *In the United States, Canada and Europe. ‡PASI 75 reflects the number 
of patients who have achieved >75% reduction in PASI scores in response to treatment. §Approval pending in Canada.
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protective role of biologic–methotrexate combination 
therapies in limiting the emergence of anti-drug antibod-
ies in psoriasis needs further evaluation. Finally, inflixi-
mab biosimilars are now approved in Europe, Canada, 
the United States and Korea, and an etanercept biosimilar 
is approved in Europe. Infliximab and etanercept bio-
similars seem to demonstrate similar efficacy to the orig-
inal agents and will probably reduce the cost of biologics 
and improve patient access to these medications149,150.

Quality of life
Psoriasis often has profound effects on patient QOL151. 
Individuals with psoriasis have higher rates of depression, 
anxiety and suicidal ideation, and experience feelings of 
shame, anger and worry more frequently and/or severely 
than the general population21. The degree to which psori-
asis affects QOL depends on both the outlook and per-
sonality of the patient and the severity of the symptoms, 
which account for 80% of the disease burden. In addition, 
psoriasis severity and age of onset are inversely corre-
lated with QOL and directly associated with greater risk 
of depression and social stigmatization152. Furthermore, 
psoriasis influences pivotal life decisions, such as choice 
of partner, career and residence153. The lives of the 
patients’ family members or partners might also be 
widely disrupted, which should be taken into account 
when evaluating overall disease burden154.

Measurement
Quantifying the effect of psoriasis on QOL is essential, 
as it informs therapeutic decisions (including decisions 
on therapy initiation and treatment goals), highlights 
the aspects of the disease that are most important to the 
patient and helps to assess and communicate patient 
satis faction. Psoriasis registries also routinely record 
QOL data155. Among the several tools that measure QOL 
in patients with psoriasis (BOX 6), the Dermatology 
Life Quality Index is the most widely used156–158. The 
EuroQoL 5 Dimension Health Questionnaire, a gen-
eral health measure, was used to compare the burden of 
psoriasis with that of other conditions and to measure 
the cost-effectiveness of novel therapies. The study has 
demonstrated that the negative effect of psoriasis is equal 
to that of other severe systemic chronic diseases159.

Effect of treatment on QOL
Treatment with biologic agents can substantially 
improve the disease course and QOL sustained over 
years, although high baseline Dermatology Life Quality 
Index scores might portend treatment discontinuation160. 
Cyclosporine and methotrexate improve QOL to a lesser 
extent than biologic agents do, and educational inter-
ventions have demonstrated limited effect on QOL161,162. 
Evaluating the effect of psoriasis on patient QOL is essen-
tial when discussing therapeutic options and allocating 
health care funding, as QOL impairment is associated 
with poor treatment adherence and clinical outcomes. 
Thus, by addressing patient QOL, we might enhance 
therapeutic success and ultimately improve patient care.

Outlook
Despite advances in the genetic and mechanistic under-
standing of psoriasis and developments in clinical care 
and treatment modalities, gaps in our knowledge and 
management of this complex, multi factorial disease 
remain163. A multidisciplinary approach  involv ing 
patients, dermatologists, rheumatologists, cardiolo-
gists, geneticists, pharmacologists, immunologists and 
researchers in all these fields is necessary to further 
elucidate the immunopathogenesis of psoriasis and to 
continue to develop new treatments to improve patient 
QOL (TABLE 2).

Our understanding of psoriatic comorbidities, such as 
cardiovascular disease, requires further investigation. It is 
not yet known whether controlling inflammation in early 
psoriasis decreases the risk of PsA development164–166, 
or whether reducing immune activation with biologic 
and oral agents, such as methotrexate, can mitigate 
cardiovascular morbidity and mortality167. Large-scale, 
innovative studies, designed in cooperation with regu-
latory agencies, are necessary to answer these clinically 
meaningful questions164.

Genetics
Despite providing remarkable insights into disease 
pathogenesis, genetic studies of psoriasis and other auto-
immune disorders pose several challenges. In addition to 
the modest odds ratios associated with most susceptibil-
ity loci, approximately 90% of these genetic variations 

Box 6 | Psoriasis quality-of-life questionnaires

Psoriasis-specific questionnaires*
• Psoriasis Disability Index

• Impact of Psoriasis Questionnaire (IPSO)

• Psoriasis Index of Quality of Life (PsoriQol)

• PsoDisk

• Psoriasis Life Stress Inventory

• Simplified Psoriasis Index (SPI)

• Psoriasis Itch Visual Analogue Scale‡

• Psoriasis Symptom Inventory§

Dermatology-specific questionnaires*
• Dermatology Life Quality Index (DLQI)

• Skindex (versions 16, 17 and 29)

General health measures*,||

• 36-Item Short-Form Health Survey (SF-36)

• General Health Questionnaire (GHQ)

• World Health Organization Quality of Life (WHOQOL)

• EuroQoL 5 Dimension Health Questionnaire (EQ-5D)

• Pictorial Representation of Illness and Self Measure 
(PRISM)

Children-specific questionnaires
• Children’s Dermatology Life Quality Index (CDLQI)¶

Family-oriented questionnaires#

• Psoriasis Family Impact (PFI)

• Family Dermatology Life Quality Index (FDLQI)

• Family Reported Outcome Measure (FROM-16)

*See REF. 193. ‡See REF. 194. §See REF. 195. ||See REF. 196. 
¶See REF. 197. #See REFS 198,199.
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do not seem to encode changes in protein structure, but 
rather in gene regulation (transcription level, splicing 
and mRNA stability)62. Moving forward, the trans lation 
of disease-associated genetic variation into biologic 
effects will require innovative use of available resources 
to decipher the complex relationship between the land-
scapes of chromatin structure and gene regulation and 
the  underlying genetic variation.

Mapping of the psoriatic genome is currently under-
way in a study headed by the International Psoriasis 
Council and, upon completion, will enable susceptibil-
ity gene characterization beyond the approximately 50 
known disease loci168. Similarly, new technologies (such 
as next-generation sequencing), genomic mechanisms 
(such as copy number variation) and epigenetics are being 
applied to psoriasis and PsA to gain a deeper knowledge 
of their genetic bases169. A new taxonomy for psoriasis 
based on molecular targets might also be able to guide 
treatment decisions170. The responses to treatment of the 
different disease endotypes (that is, a disease subtype 
with a distinct functional mechanism) are being mapped 
to create pathobiological algorithms for a personalized 
approach to psori asis that minimizes treatment toxicity 
and  maximizes clinical response and cost efficacy171,172.

Biomarkers
Currently, no biomarkers are available to evaluate disease 
prognosis or treatment response for patients with psori-
asis or PsA. The Group for Research and Assessment of 
Psoriasis and Psoriatic Arthritis and Outcome Measures 
in Rheumatology have prioritized the prospective 

identification and validation of a PsA biomarker through 
the Psoriatic Arthritis Biomarkers for Joint Damage 
(PsA BioDam) effort173,174. Flow cytometry, proteomics 
and molecular signalling techniques are being applied to 
identify potential biomarkers with adequate sensitivity 
and specificity175. The ability to predict the likelihood that 
patients with PsA will develop joint destruction and to 
identify which patients with psoriasis will develop PsA 
will allow early and aggressive interventions to slow or 
prevent debilitating disease outcomes.

Management
From a health care standpoint, discrepancies between 
treatment guidelines and clinical practice should be 
corrected, including the large number of patients with 
moderate-to-severe cutaneous disease who receive either 
no treatment or only topical monotherapy176 because of 
several factors, including high treatment costs. The intro-
duction of infliximab biosimilars in Europe and Canada 
has led to a price reduction of infliximab by up to 33%. 
In addition, the transition of biologic production from 
batch-based to a more-sophisticated continuous process 
with greater implementation of single-use technologies 
has the potential to reduce costs without sacrificing prod-
uct quality177. The use of biosimilars and manufacturing 
innovation might reduce health care expenditures and 
undertreatment rates by ultimately passing these savings 
on to the community. Furthermore, the development of 
outcome measures for clinical practice, which address the 
needs of all stakeholders (patients, health care providers, 
payers, drug developers and policy regulators), is crucial 
in improving the quality of care and encouraging further 
drug development for psoriasis and PsA178.

New treatment targets
A growing understanding of psoriasis pathophysiol-
ogy has led to the development of several novel topical, 
systemic and biologic agents, which are now in various 
stages of approval179,180 (TABLE 2). As chronic treatment 
with topical agents is the most common form of treat-
ment in patients with mild-to-moderate disease, further 
exploration of new targets for topical formulations and 
innovative delivery systems with favourable side-effect 
profiles that facilitate treatment outcomes is warranted181. 
Although new biologic agents provide exciting thera-
peutic options for individuals with moderate-to-severe 
disease, key limitations of these drugs include pri-
mary and secondary treatment failures and challenging 
risk–benefit analysis.

Possible solutions are targeting of differentially 
expressed genes and more-specific disease mechanisms 
termed ‘psoriasis response elements’ using sophisti-
cated methods, such as decoy oligonucleotide ther-
apy (that is, the selective inhibition of the expression 
of specific genes)64,182,183. Gene expression profiling of 
lesional skin has enabled the definition of differentially 
expressed genes that are characteristic of psoriasis and 
the subsequent identification of the upstream psoriasis 
response elements, which are genomic sequences that 
are thought to have a regulatory role in disease develop-
ment. The isolation of these sequences might lead to 

Table 2 | Current clinical trials on biologic agents for psoriasis

Therapeutic 
agent

Mechanism 
of action

Trial (status) ClinicalTrials.
gov identifier

Tofacitinib JAK1 and JAK3 
inhibition

Randomized trial versus 
etanercept (completed)

NCT01241591

Ruxolitinib 
(topical 
treatment)

JAK1 and JAK3 
inhibition

Randomized vehicle 
controlled safety and 
efficacy trial (completed)

NCT00820950

Pazopanib 
(topical treatment)

VEGF antagonist Randomized efficacy trial 
(completed)

NCT00358384

Ponesimod S1P1 receptor 
inhibition

Randomized safety and 
efficacy trial (completed)

NCT01208090

Guselkumab IL-23 inhibitor Randomized trial versus 
adalimumab (ongoing)

NCT02207244

Tildrakizumab IL-23 inhibitor Randomized trial versus 
etanercept (ongoing)

NCT01729754

Risankizumab IL-23 inhibitor Open-label safety and 
efficacy trial (recruiting)

NCT02772601

IMO‑8400 TLR7, TLR8 and 
TLR9 inhibitor

Randomized dose‑ranging 
trial (completed)

NCT01899729

Namilumab GM‑CSF receptor 
antagonist

Randomized safety and 
efficacy trial (completed)

NCT02129777

Piclidenoson (also 
known as CF101)

Adenosine A3 
receptor agonist

Randomized safety and 
efficacy trial (completed)

NCT00428974

GM‑CSF, granulocyte–macrophage colony‑stimulating factor; JAK, Janus kinase; S1P1, 
sphingosine 1‑phosphate receptor 1; TLR, Toll‑like receptor; VEGF, vascular endothelial 
growth factor. Data from REF. 187.
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the development of novel decoy oligonucleotides that 
can recognize and bind to transcription factors that 
are central to psoriasis64. Such efforts have demon-
strated the ability of novel decoy oligonucleotides to 
inhibit  the onset and reverse established psoriatic 
lesions in  psoriatic mouse models184.

Current and emerging treatments focus primarily on 
targeting key mediators involved in the chronic phase of 
psoriasis. Although psoriasis has been generally consid-
ered a primarily TH1–IFNγ-driven disorder, this path-
way might be more essential in the initiation phase of 
the disease185. IFNγ inhibition has not shown substan-
tial clinical benefit186. Thus, the TH1 axis might be more 
crucial in the pathogenetic mechanisms of psori asis 
as a bridge between the innate and adaptive immune 
responses. The TH17 axis, with its signature cytokines 
IL-17 and IL-23, has emerged as a key driver of the 
chronic disease process and has become a focus of drug 
development, as agents that target this pathway have 

achieved improved clinical outcomes. TABLE 2 lists some 
of the biologic agents that are currently being assessed. 
Selective IL-23 inhibition (with drugs such as tildraki-
zumab, guselkumab and risankizumab)187 and com-
bined IL-12 and IL-23 inhibition (with ustekinumab; 
TABLE 1)188 produce substantial beneficial responses 
of skin and joints in psoriasis. The TH22–IL-22 axis is 
also an important mediator of the psoriatic phenotype 
and, therefore, could be a potential therapeutic target. 
However, a phase I investigation of an IL-22 inhib-
itor (fezakinumab) was terminated early189. Although 
 current drug development specifically targeting the 
innate immune system is less advanced, mediators such 
as CAMP are thought to be essential in the pathogenesis 
of psoriasis66 (FIG. 4).

As the molecular and genetic pathological mech-
anisms of psoriasis continue to be unravelled, additional 
therapeutic targets will be developed, perhaps on an 
individualized basis.

1. Lebwohl, M. Psoriasis. Lancet 361, 1197–1204 
(2003).
This is a concise, yet comprehensive summary 
of the understanding of psoriasis pathophysiology 
and of the topical, light-based and biologic 
therapies that are used to treat the disease.

2. Gudjonsson, J. E. & Elder, J. T. in Fitzpatrick’s 
Dermatology in General Medicine 8th edn 
(eds Goldmith, L. A. et al.) 197–231 (McGraw-Hill 
Education, 2012).
This is a widely cited textbook chapter on psoriasis.

3. Gelfand, J. M. et al. Determinants of quality of life 
in patients with psoriasis: a study from the 
US population. J. Am. Acad. Dermatol. 51, 704–708 
(2004).

4. Kim, N., Thrash, B. & Menter, A. Comorbidities 
in psoriasis patients. Semin. Cutan. Med. Surg. 29, 
10–15 (2010).

5. Parisi, R. et al. Global epidemiology of psoriasis: 
a systematic review of incidence and prevalence. 
J. Invest. Dermatol. 133, 377–385 (2013).
This systematic review summarizes the global 
incidence and prevalence of psoriasis.

6. Tollefson, M. M., Crowson, C. S., McEvoy, M. T. 
& Maradit Kremers, H. Incidence of psoriasis in 
children: a population-based study. J. Am. Acad. 
Dermatol. 62, 979–987 (2010).

7. Icen, M. et al. Trends in incidence of adult-onset 
psoriasis over three decades: a population-based 
study. J. Am. Acad. Dermatol. 60, 394–401 (2009).

8. National Psoriasis Foundation. About psoriasis. 
National Psoriasis Foundation https://www.psoriasis.
org/about-psoriasis (accessed 11 Oct 2016).

9. Langley, R. G. & Ellis, C. N. Evaluating psoriasis with 
Psoriasis Area and Severity Index, Psoriasis Global 
Assessment, and Lattice System Physician’s Global 
Assessment. J. Am. Acad. Dermatol. 51, 563–569 
(2004).

10. Zachariae, H. et al. Quality of life and prevalence of 
arthritis reported by 5,795 members of the Nordic 
Psoriasis Associations. Data from the Nordic Quality of 
Life Study. Acta Derm. Venereol. 82, 108–113 (2002).

11. Gelfand, J. M. et al. Epidemiology of psoriatic arthritis 
in the population of the United States. J. Am. Acad. 
Dermatol. 53, 573 (2005).

12. Reich, K., Krüger, K., Mössner, R. & Augustin, M. 
Epidemiology and clinical pattern of psoriatic 
arthritis in Germany: a prospective interdisciplinary 
epidemiological study of 1511 patients with 
plaque-type psoriasis. Br. J. Dermatol. 160,  
1040–1047 (2009).
This observational, prospective, cohort study 
demonstrates the substantial number of patients 
with psoriasis who were treated by dermatologists 
and had undiagnosed PsA, emphasizing the 
essential role of dermatologists in evaluating 
patients with psoriasis for joint involvement.

13. Mease, P. J. et al. Prevalence of rheumatologist-
diagnosed psoriatic arthritis in patients with psoriasis 

in European/North American dermatology clinics. 
J. Am. Acad. Dermatol. 69, 729–735 (2013).

14. Gladman, D. D., Antoni, C., Mease, P., Clegg, D. O. 
& Nash, P. Psoriatic arthritis: epidemiology, clinical 
features, course, and outcome. Ann. Rheum. Dis. 64 
(Suppl. 2), ii14–ii17 (2005).
This comprehensive review characterizes the 
clinical features of PsA and the scope of disease 
prevalence, which may be underestimated.

15. Ahlehoff, O. et al. Cardiovascular disease event rates 
in patients with severe psoriasis treated with systemic 
anti-inflammatory drugs: a Danish real-world cohort 
study. J. Intern. Med. 273, 197–204 (2013).

16. Yeung, H. et al. Psoriasis severity and the prevalence 
of major medical comorbidity: a population-based 
study. JAMA Dermatol. 149, 1173–1179 (2013).

17. Ahlehoff, O. et al. Psoriasis is associated with clinically 
significant cardiovascular risk: a Danish nationwide 
cohort study. J. Intern. Med. 270, 147–157 (2011).

18. Gelfand, J. M. et al. Risk of myocardial infarction in 
patients with psoriasis. JAMA 296, 1735–1741 
(2006).
This population-based, prospective, cohort 
study from the United Kingdom describes a 
dose-dependent, increased risk of myocardial 
infarction among patients with psoriasis.

19. Dowlatshahi, E. A. et al. Psoriasis is not associated 
with atherosclerosis and incident cardiovascular 
events: the Rotterdam Study. J. Invest. Dermatol. 
133, 2347–2354 (2013).

20. Wakkee, M., Herings, R. M. & Nijsten, T. Psoriasis 
may not be an independent risk factor for acute 
ischemic heart disease hospitalizations: results of 
a large population-based Dutch cohort. J. Invest. 
Dermatol. 130, 962–967 (2010).

21. Dalgard, F. J. et al. The psychological burden of skin 
diseases: a cross-sectional multicenter study among 
dermatological out-patients in 13 European countries. 
J. Invest. Dermatol. 135, 984–991 (2015).

22. Rahman, P. & Elder, J. T. Genetic epidemiology of 
psoriasis and psoriatic arthritis. Ann. Rheum. Dis. 
64 (Suppl. 2), ii37–ii39; discussion ii40–ii41 (2005).
This review describes our current understanding 
of the genetic contributions to psoriasis and PsA 
and the techniques used in determining these 
contributions.

23. Lonnberg, A. S. et al. Heritability of psoriasis in 
a large twin sample. Br. J. Dermatol. 169, 412–416 
(2013).

24. Lonnberg, A. S. et al. Genetic factors explain variation 
in the age at onset of psoriasis: a population-based 
twin study. Acta Derm. Venereol. 96, 35–38 (2016).

25. Grjibovski, A. M., Olsen, A. O., Magnus, P. & 
Harris, J. R. Psoriasis in Norwegian twins: contribution 
of genetic and environmental effects. J. Eur. Acad. 
Dermatol. Venereol. 21, 1337–1343 (2007).

26. Moll, J. M., Wright, V., O’Neill, T. & Silman, A. J. 
Familial occurrence of psoriatic arthritis. Ann. Rheum. 
Dis. 32, 181–201 (1973).

27. Myers, A., Kay, L. J., Lynch, S. A. & Walker, D. J. 
Recurrence risk for psoriasis and psoriatic arthritis 
within sibships. Rheumatology (Oxford) 44, 773–776 
(2005).

28. Chandran, V. et al. Familial aggregation of psoriatic 
arthritis. Ann. Rheum. Dis. 68, 664–667 (2009).

29. Karason, A., Love, T. J. & Gudbjornsson, B. A strong 
heritability of psoriatic arthritis over four generations 
— the Reykjavik Psoriatic Arthritis Study. 
Rheumatology (Oxford) 48, 1424–1428 (2009).

30. Gudjonsson, J. E. & Elder, J. T. Psoriasis: 
epidemiology. Clin. Dermatol. 25, 535–546 (2007).

31. Mahil, S. K., Capon, F. & Barker, J. N. Genetics 
of psoriasis. Dermatol. Clin. 33, 1–11 (2015).

32. Tsoi, L. C. et al. Large-scale meta-analysis identifies 
18 novel psoriasis susceptibility loci. Nat. Commun. 
(in the press).

33. Veal, C. D. et al. Family-based analysis using a dense 
single-nucleotide polymorphism-based map defines 
genetic variation at PSORS1, the major psoriasis-
susceptibility locus. Am. J. Hum. Genet. 71, 554–564 
(2002).

34. Nair, R. P. et al. Sequence and haplotype analysis 
supports HLA‑C as the psoriasis susceptibility 1 gene. 
Am. J. Hum. Genet. 78, 827–851 (2006).

35. Okada, Y. et al. Fine mapping major histocompatibility 
complex associations in psoriasis and its clinical 
subtypes. Am. J. Hum. Genet. 95, 162–172 (2014).

36. Fan, X. et al. Fine mapping of the psoriasis 
susceptibility locus PSORS1 supports HLA‑C as the 
susceptibility gene in the Han Chinese population. 
PLoS Genet. 4, e1000038 (2008).

37. Henseler, T. & Christophers, E. Psoriasis of early and 
late onset: characterization of two types of psoriasis 
vulgaris. J. Am. Acad. Dermatol. 13, 450–456 
(1985).

38. Thorleifsdottir, R. H. et al. HLA-Cw6 homozygosity 
in plaque psoriasis is associated with streptococcal 
throat infections and pronounced improvement after 
tonsillectomy: a prospective case series. J. Am. Acad. 
Dermatol. 75, 889–896 (2016).

39. Sagoo, G. S. et al. Meta-analysis of genome-wide 
studies of psoriasis susceptibility reveals linkage to 
chromosomes 6p21 and 4q28–q31 in Caucasian and 
Chinese Hans population. J. Invest. Dermatol. 122, 
1401–1405 (2004).

40. Sagoo, G. S., Cork, M. J., Patel, R. & Tazi-Ahnini, R. 
Genome-wide studies of psoriasis susceptibility loci: 
a review. J. Dermatol. Sci. 35, 171–179 (2004).

41. Karason, A. et al. Genetics of psoriasis in Iceland: 
evidence for linkage of subphenotypes to distinct loci. 
J. Invest. Dermatol. 124, 1177–1185 (2005).

42. Tomfohrde, J. et al. Gene for familial psoriasis 
susceptibility mapped to the distal end of human 
chromosome 17q. Science 264, 1141–1145 (1994).

43. Capon, F., Semprini, S., Dallapiccola, B. & Novelli, G. 
Evidence for interaction between psoriasis-
susceptibility loci on chromosomes 6p21 and 1q21 
[letter]. Am. J. Hum. Genet. 65, 1798–1800 (1999).

P R I M E R

14 | 2016 | VOLUME 2 www.nature.com/nrdp

©
 
2016

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved. ©

 
2016

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved.

https://www.psoriasis.org/about-psoriasis
https://www.psoriasis.org/about-psoriasis


44. Veal, C. D. et al. Identification of a novel psoriasis 
susceptibility locus at 1p and evidence of epistasis 
between PSORS1 and candidate loci. J. Med. Genet. 
38, 7–13 (2001).

45. Lee, Y. A. et al. Genomewide scan in german families 
reveals evidence for a novel psoriasis-susceptibility 
locus on chromosome 19p13. Am. J. Hum. Genet. 67, 
1020–1024 (2000).

46. Risch, N. & Merikangas, K. The future of genetic 
studies of complex human diseases. Science 273, 
1516–1517 (1996).

47. Yin, X. et al. Genome-wide meta-analysis identifies 
multiple novel associations and ethnic heterogeneity of 
psoriasis susceptibility. Nat. Commun. 6, 6916 (2015).

48. Zuo, X. et al. Whole-exome SNP array identifies 15 
new susceptibility loci for psoriasis. Nat. Commun. 6, 
6793 (2015).

49. Tsoi, L. C. et al. Enhanced meta-analysis and 
replication studies identify five new psoriasis 
susceptibility loci. Nat. Commun. 6, 7001 (2015).

50. Tsoi, L. C. et al. Identification of 15 new psoriasis 
susceptibility loci highlights the role of innate 
immunity. Nat. Genet. 44, 1341–1348 (2012).

51. Bowes, J. et al. Dense genotyping of immune-related 
susceptibility loci reveals new insights into the genetics 
of psoriatic arthritis. Nat. Commun. 6, 6046 (2015).

52. Stuart, P. E. et al. Genome-wide association analysis 
of psoriatic arthritis and cutaneous psoriasis reveals 
differences in their genetic architecture. Am. J. Hum. 
Genet. 97, 816–836 (2015).

53. Bowes, J. et al. PTPN22 is associated with 
susceptibility to psoriatic arthritis but not psoriasis: 
evidence for a further PsA-specific risk locus. 
Ann. Rheum. Dis. 74, 1882–1885 (2015).

54. Shendure, J. & Lieberman Aiden, E. The expanding 
scope of DNA sequencing. Nat. Biotechnol. 30, 
1084–1094 (2012).

55. Mossner, R. et al. Palmoplantar pustular psoriasis is 
associated with missense variants in CARD14, but not 
with loss-of-function mutations in IL36RN in European 
patients. J. Invest. Dermatol. 135, 2538–2541 (2015).

56. Jordan, C. T. et al. PSORS2 is due to mutations in 
CARD14. Am. J. Hum. Genet. 90, 784–795 (2012).

57. Setta-Kaffetzi, N. et al. AP1S3 mutations are 
associated with pustular psoriasis and impaired 
Toll-like receptor 3 trafficking. Am. J. Hum. Genet. 94, 
790–797 (2014).

58. Marrakchi, S. et al. Interleukin-36-receptor antagonist 
deficiency and generalized pustular psoriasis. N. Engl. 
J. Med. 365, 620–628 (2011).

59. Onoufriadis, A. et al. Mutations in IL36RN/IL1F5 are 
associated with the severe episodic inflammatory skin 
disease known as generalized pustular psoriasis. 
Am. J. Hum. Genet. 89, 432–437 (2011).

60. Setta-Kaffetzi, N. et al. Rare pathogenic variants in 
IL36RN underlie a spectrum of psoriasis-associated 
pustular phenotypes. J. Invest. Dermatol. 133,  
1366–1369 (2013).

61. Capon, F. IL36RN mutations in generalized pustular 
psoriasis: just the tip of the iceberg? J. Invest. 
Dermatol. 133, 2503–2504 (2013).

62. Edwards, S. L., Beesley, J., French, J. D. 
& Dunning, A. M. Beyond GWASs: illuminating the 
dark road from association to function. Am. J. Hum. 
Genet. 93, 779–797 (2013).

63. Tsoi, L. C., Elder, J. T. & Abecasis, G. R. Graphical 
algorithm for integration of genetic and biological 
data: proof of principle using psoriasis as a model. 
Bioinformatics 31, 1243–1249 (2015).

64. Swindell, W. R. et al. Psoriasis drug development 
and GWAS interpretation through in silico analysis 
of transcription factor binding sites. Clin. Transl Med. 
4, 13 (2015).

65. Suzuki, E., Mellins, E. D., Gershwin, M. E., Nestle, F. O. 
& Adamopoulos, I. E. The IL-23/IL-17 axis in psoriatic 
arthritis. Autoimmun. Rev. 13, 496–502 (2014).

66. Lande, R. et al. Plasmacytoid dendritic cells sense 
self-DNA coupled with antimicrobial peptide. Nature 
449, 564–569 (2007).

67. Zheng, Y. et al. Interleukin-22, a TH17 cytokine, 
mediates IL-23-induced dermal inflammation 
and acanthosis. Nature 445, 648–651 (2007).

68. Man, X. Y., Yang, X. H., Cai, S. Q., Bu, Z. Y. 
& Zheng, M. Overexpression of vascular endothelial 
growth factor (VEGF) receptors on keratinocytes in 
psoriasis: regulated by calcium independent of VEGF. 
J. Cell. Mol. Med. 12, 649–660 (2008).

69. Tauber, M. et al. IL36RN mutations affect protein 
expression and function: a basis for genotype–
phenotype correlation in pustular diseases. J. Invest. 
Dermatol. 136, 1811–1819 (2016).

70. Lizzul, P. F. et al. Differential expression of 
phosphorylated NF-κB/RelA in normal and psoriatic 
epidermis and downregulation of NF-κB in response 
to treatment with etanercept. J. Invest. Dermatol. 
124, 1275–1283 (2005).

71. Raphael, I., Nalawade, S., Eagar, T. N. & 
Forsthuber, T. G. T cell subsets and their signature 
cytokines in autoimmune and inflammatory diseases. 
Cytokine 74, 5–17 (2015).
This is an overview of the role of TH cell subsets 
and associated cytokine profiles in the development 
of inflammatory diseases, including psoriasis, 
in which T cell activity has a central function.

72. Zhu, J. & Paul, W. E. Heterogeneity and plasticity 
of T helper cells. Cell Res. 20, 4–12 (2010).

73. Chiricozzi, A. et al. IL-17 induces an expanded range 
of downstream genes in reconstituted human 
epidermis model. PLoS ONE 9, e90284 (2014).

74. Nestle, F. O. et al. Plasmacytoid predendritic cells 
initiate psoriasis through interferon-α production. 
J. Exp. Med. 202, 135–143 (2005).

75. Gladman, D. D. Clinical features and diagnostic 
considerations in psoriatic arthritis. Rheum. Dis. Clin. 
North Am. 41, 569–579 (2015).

76. Feldman, S. R. & Krueger, G. G. Psoriasis assessment 
tools in clinical trials. Ann. Rheum. Dis. 64 (Suppl. 2), 
ii65–ii68; discussion ii69–ii73 (2005).

77. Samman, P. D. & Fenton, D. A. Samman’s The Nails 
in Disease 5th edn (Butterworth-Heinemann, 1995).

78. Menter, A. et al. Guidelines of care for the 
management of psoriasis and psoriatic arthritis: 
section 1. Overview of psoriasis and guidelines of care 
for the treatment of psoriasis with biologics. J. Am. 
Acad. Dermatol. 58, 826–850 (2008).

79. Gladman, D. D. & Rosen, C. T. Psoriatic Arthritis 
(The Facts) (Oxford Univ. Press, 2008).

80. Haroon, M., Kirby, B. & FitzGerald, O. High prevalence 
of psoriatic arthritis in patients with severe psoriasis 
with suboptimal performance of screening 
questionnaires. Ann. Rheum. Dis. 72, 736–740 
(2013).

81. Eder, L., Chandran, V. & Gladman, D. D. What have we 
learned about genetic susceptibility in psoriasis and 
psoriatic arthritis? Curr. Opin. Rheumatol 27, 91–98 
(2015).

82. Chandran, V. et al. Soluble biomarkers differentiate 
patients with psoriatic arthritis from those with 
psoriasis without arthritis. Rheumatology (Oxford) 49, 
1399–1405 (2010).

83. Ritchlin, C. T. et al. Treatment recommendations for 
psoriatic arthritis. Ann. Rheum. Dis. 68, 1387–1394 
(2009).

84. Taylor, W. et al. Classification criteria for psoriatic 
arthritis: development of new criteria from a large 
international study. Arthritis Rheum. 54, 2665–2673 
(2006).

85. Haroon, M., Gallagher, P. & FitzGerald, O. Diagnostic 
delay of more than 6 months contributes to poor 
radiographic and functional outcome in psoriatic 
arthritis. Ann. Rheum. Dis. 74, 1045–1050 (2015).

86. Wilson, P. W. et al. Prediction of coronary heart 
disease using risk factor categories. Circulation 97, 
1837–1847 (1998).

87. Mehta, N. N. et al. Attributable risk estimate of severe 
psoriasis on major cardiovascular events. Am. J. Med. 
124, 775.e1–775.e6 (2011).
This retrospective, cohort study demonstrates the 
absolute risk of major adverse cardiovascular 
events in patients with psoriasis, particularly those 
with severe cutaneous involvement, compared with 
the general population.

88. Goff, D. C. et al. 2013 ACC/AHA guideline on the 
assessment of cardiovascular risk: a report of the 
American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines. 
Circulation 129, S49–S73 (2014).

89. European Association for Cardiovascular Prevention 
& Rehabilitation et al. ESC/EAS Guidelines for the 
management of dyslipidaemias: the Task Force for 
the management of dyslipidaemias of the European 
Society of Cardiology (ESC) and the European 
Atherosclerosis Society (EAS). Eur. Heart J. 32,  
1769–1818 (2011).

90. Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults. 
Executive Summary of The Third Report of The 
National Cholesterol Education Program (NCEP) 
Expert Panel on Detection, Evaluation, And 
Treatment of High Blood Cholesterol In Adults 
(Adult Treatment Panel III). JAMA 285, 2486–2497 
(2001).

91. Jokai, H. et al. Impact of effective tumor necrosis 
factor-alfa inhibitor treatment on arterial intima-media 
thickness in psoriasis: results of a pilot study. J. Am. 
Acad. Dermatol. 69, 523–529 (2013).

92. Bissonnette, R. et al. Effects of the tumor necrosis 
factor-alpha antagonist adalimumab on arterial 
inflammation assessed by positron emission 
tomography in patients with psoriasis: results of a 
randomized controlled trial. Circ. Cardiovasc. Imaging 
6, 83–90 (2013).

93. Wu, J. J., Poon, K. Y., Channual, J. C. & Shen, A. Y. 
Association between tumor necrosis factor inhibitor 
therapy and myocardial infarction risk in patients 
with psoriasis. Arch. Dermatol. 148, 1244–1250 
(2012).
This cohort study demonstrates a decreased risk of 
myocardial infarction among patients with psoriasis 
who were treated with TNF inhibitors, with key 
implications about the potential systemic effect 
of psoriasis and the broader role of treatments 
on patient health.

94. US National Library of Medicine. ClinicalTrials.gov 
https://clinicaltrials.gov/ct2/show/NCT01553058 
(2016).

95. US National Library of Medicine. ClinicalTrials.gov 
https://clinicaltrials.gov/ct2/show/NCT02187172 
(2016).

96. American Academy of Dermatology Work Group et al. 
Guidelines of care for the management of psoriasis 
and psoriatic arthritis: section 6. Guidelines of care for 
the treatment of psoriasis and psoriatic arthritis: case-
based presentations and evidence-based conclusions. 
J. Am. Acad. Dermatol. 65, 137–174 (2011).
This is the most recent set of treatment guidelines 
produced by leaders in the field of psoriasis,  
with a set of case-based examples to illustrate 
evidence-based recommendations.

97. Nast, A. et al. European S3-guidelines on the systemic 
treatment of psoriasis vulgaris — update 2015 — 
short version — EDF in cooperation with EADV and 
IPC. J. Eur.Acad. Dermatol. Venereol. 29, 2277–2294 
(2015).
This is a set of guidelines from an international 
group of dermatologists with graded 
recommendations for systemic treatments 
of psoriasis.

98. McGill, A. et al. The anti-psoriatic drug anthralin 
accumulates in keratinocyte mitochondria, dissipates 
mitochondrial membrane potential, and induces 
apoptosis through a pathway dependent on 
respiratory competent mitochondria. FASEB J. 19, 
1012–1014 (2005).

99. Arbiser, J. L. et al. Carbazole is a naturally occurring 
inhibitor of angiogenesis and inflammation isolated 
from antipsoriatic coal tar. J. Invest. Dermatol. 126, 
1396–1402 (2006).

100. Rizova, E. & Corroller, M. Topical calcitriol — studies 
on local tolerance and systemic safety. Br. J. Dermatol. 
144 (Suppl. 58), 3–10 (2001).

101. Lebwohl, M. G. et al. Tazarotene 0.1% gel plus 
corticosteroid cream in the treatment of plaque 
psoriasis. J. Am. Acad. Dermatol. 39, 590–596 
(1998).

102. Freeman, A. K. et al. Tacrolimus ointment for the 
treatment of psoriasis on the face and intertriginous 
areas. J. Am. Acad. Dermatol. 48, 564–568 (2003).

103. Tartar, D., Bhutani, T., Huynh, M., Berger, T. & Koo, J. 
Update on the immunological mechanism of action 
behind phototherapy. J. Drugs Dermatol. 13,  
564–568 (2014).

104. Goeckerman, W. H. Treatment of psoriasis. Northwest 
Med. 24, 229–231 (1925).

105. Pittelkow, M. R. et al. Skin cancer in patients with 
psoriasis treated with coal tar. A 25-year follow-up 
study. Arch. Dermatol. 117, 465–468 (1981).

106. Nolan, B. V., Yentzer, B. A. & Feldman, S. R. A review 
of home phototherapy for psoriasis. Dermatol. Online J. 
16, 1 (2010).

107. Stern, R. S. & PUVA Follow-Up Study. The risk of 
squamous cell and basal cell cancer associated with 
psoralen and ultraviolet A therapy: a 30-year 
prospective study. J. Am. Acad. Dermatol. 66,  
553–562 (2012).

108. Stern, R. S. & PUVA Follow-Up Study. The risk of 
melanoma in association with long-term exposure to 
PUVA. J. Am. Acad. Dermatol. 44, 755–761 (2001).

109. Menter, A. et al. Guidelines of care for the 
management of psoriasis and psoriatic arthritis: 
section 4. Guidelines of care for the management 
and treatment of psoriasis with traditional systemic 
agents. J. Am. Acad. Dermatol. 61, 451–485 (2009).

P R I M E R

NATURE REVIEWS | DISEASE PRIMERS  VOLUME 2 | 2016 | 15

©
 
2016

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved. ©

 
2016

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved.

https://clinicaltrials.gov/ct2/show/NCT01553058
https://clinicaltrials.gov/ct2/show/NCT02187172


110. Cronstein, B. N., Naime, D. & Ostad, E. The 
antiinflammatory mechanism of methotrexate. 
Increased adenosine release at inflamed sites 
diminishes leukocyte accumulation in an in vivo model 
of inflammation. J. Clin. Invest. 92, 2675–2682 
(1993).

111. Majumdar, S. & Aggarwal, B. B. Methotrexate 
suppresses NF-κB activation through inhibition of 
IκBα phosphorylation and degradation. J. Immunol. 
167, 2911–2920 (2001).

112. Goldminz, A. M. et al. Methotrexate improves  
pro- and anti-atherogenic genomic expression in 
psoriatic skin. J. Dermatol. Sci. 82, 207–209 (2016).

113. Gutierrez-Urena, S., Molina, J. F., Garcia, C. O., 
Cuellar, M. L. & Espinoza, L. R. Pancytopenia 
secondary to methotrexate therapy in rheumatoid 
arthritis. Arthritis Rheum. 39, 272–276 (1996).

114. Al-Quteimat, O. M. & Al-Badaineh, M. A. 
Methotrexate and trimethoprim-sulphamethoxazole: 
extremely serious and life-threatening combination. 
J. Clin. Pharm. Ther. 38, 203–205 (2013).

115. Rosenberg, P. et al. Psoriasis patients with diabetes 
type 2 are at high risk of developing liver fibrosis 
during methotrexate treatment. J. Hepatol. 46,  
1111–1118 (2007).

116. Kalb, R. E., Strober, B., Weinstein, G. & Lebwohl, M. 
Methotrexate and psoriasis: consensus conference. 
J. Am. Acad. Dermatol. 64, 1179 (2011).

117. Boffa, M. J. et al. Serum type III procollagen 
aminopeptide for assessing liver damage in 
methotrexate-treated psoriatic patients. Br. J. 
Dermatol. 135, 538–544 (1996).

118. Raposo, I. & Torres, T. Palmoplantar psoriasis and 
palmoplantar pustulosis: current treatment and future 
prospects. Am. J. Clin. Dermatol. 17, 349–358 
(2016).

119. Lebwohl, M. et al. Consensus conference: acitretin 
in combination with UVB or PUVA in the treatment 
of psoriasis. J. Am. Acad. Dermatol. 45, 544–553 
(2001).

120. Niu, X. et al. Acitretin exerted a greater influence 
on T-helper (Th)1 and Th17 than on Th2 cells in 
treatment of psoriasis vulgaris. J. Dermatol. 39,  
916–921 (2012).

121. Katz, H. I., Waalen, J. & Leach, E. E. Acitretin in 
psoriasis: an overview of adverse effects. J. Am. Acad. 
Dermatol. 41, S7–S12 (1999).

122. Amor, K. T., Ryan, C. & Menter, A. The use of 
cyclosporine in dermatology: part I. J. Am. Acad. 
Dermatol. 63, 925–946 (2010).

123. Zachariae, H., Kragballe, K., Hansen, H. E., 
Marcussen, N. & Olsen, S. Renal biopsy findings in 
long-term cyclosporin treatment of psoriasis. Br. J. 
Dermatol. 136, 531–535 (1997).

124. Schafer, P. Apremilast mechanism of action and 
application to psoriasis and psoriatic arthritis. 
Biochem. Pharmacol. 83, 1583–1590 (2012).

125. Paul, C. et al. Efficacy and safety of apremilast,  
an oral phosphodiesterase 4 inhibitor, in patients with 
moderate-to-severe plaque psoriasis over 52 weeks: 
a phase III, randomized controlled trial (ESTEEM 2). 
Br. J. Dermatol. 173, 1387–1399 (2015).

126. Papp, K. et al. Apremilast, an oral phosphodiesterase 4 
(PDE4) inhibitor, in patients with moderate to severe 
plaque psoriasis: results of a phase III, randomized, 
controlled trial (Efficacy and Safety Trial Evaluating 
the Effects of Apremilast in Psoriasis [ESTEEM] 1). 
J. Am. Acad. Dermatol. 73, 37–49 (2015).

127. Atwan, A. et al. Oral fumaric acid esters for psoriasis: 
abridged Cochrane systematic review including 
GRADE assessments. Br. J. Dermatol. 175, 873–881 
(2016).

128. Ghoreschi, K. et al. Fumarates improve psoriasis and 
multiple sclerosis by inducing type II dendritic cells. 
J. Exp. Med. 208, 2291–2303 (2011).

129. Zweegers, J. et al. Body mass index predicts 
discontinuation due to ineffectiveness and female sex 
predicts discontinuation due to side-effects in patients 
with psoriasis treated with adalimumab, etanercept 
or ustekinumab in daily practice: a prospective, 
comparative, long-term drug-survival study from the 
BioCAPTURE registry. Br. J. Dermatol. 175, 340–347 
(2016).

130. Gottlieb, A. et al. Guidelines of care for the 
management of psoriasis and psoriatic arthritis: 
section 2. Psoriatic arthritis: overview and guidelines 
of care for treatment with an emphasis on the 
biologics. J. Am. Acad. Dermatol. 58, 851–864 
(2008).

131. Dixon, W. G. et al. Reduction in the incidence of 
myocardial infarction in patients with rheumatoid 

arthritis who respond to anti-tumor necrosis factor 
alpha therapy: results from the British Society for 
Rheumatology Biologics Register. Arthritis Rheum. 56, 
2905–2912 (2007).

132. Hoffman, M. B., Farhangian, M. & Feldman, S. R. 
Psoriasis during pregnancy: characteristics 
and important management recommendations. 
Expert Rev. Clin. Immunol. 11, 709–720 (2015).

133. Bongartz, T. et al. Anti-TNF antibody therapy in 
rheumatoid arthritis and the risk of serious infections 
and malignancies: systematic review and meta-
analysis of rare harmful effects in randomized 
controlled trials. JAMA 295, 2275–2285 (2006).

134. Papp, K. A. et al. Long-term safety of ustekinumab 
in patients with moderate-to-severe psoriasis: 
final results from 5 years of follow-up. Br. J. Dermatol. 
168, 844–854 (2013). 

135. Collamer, A. N., Guerrero, K. T., Henning, J. S. 
& Battafarano, D. F. Psoriatic skin lesions induced by 
tumor necrosis factor antagonist therapy: a literature 
review and potential mechanisms of action. 
Arthritis Rheum. 59, 996–1001 (2008).

136. Doherty, S. D. et al. National Psoriasis Foundation 
consensus statement on screening for latent 
tuberculosis infection in patients with psoriasis treated 
with systemic and biologic agents. J. Am. Acad. 
Dermatol. 59, 209–217 (2008).

137. Kavanaugh, A. et al. Maintenance of clinical efficacy 
and radiographic benefit through two years of 
ustekinumab therapy in patients with active psoriatic 
arthritis: results from a randomized, placebo-
controlled phase III trial. Arthritis Care Res. (Hoboken) 
67, 1739–1749 (2015).

138. McInnes, I. B. et al. Secukinumab, a human anti-
interleukin-17A monoclonal antibody, in patients with 
psoriatic arthritis (FUTURE 2): a randomised, double-
blind, placebo-controlled, phase 3 trial. Lancet 386, 
1137–1146 (2015).

139. Elyoussfi, S., Thomas, B. J. & Ciurtin, C. Tailored 
treatment options for patients with psoriatic arthritis 
and psoriasis: review of established and new biologic 
and small molecule therapies. Rheumatol. Int. 36, 
603–612 (2016).

140. Mease, P. J. et al. Brodalumab, an anti-IL17RA 
monoclonal antibody, in psoriatic arthritis. N. Engl. 
J. Med. 370, 2295–2306 (2014).

141. Lebwohl, M. et al. Phase 3 studies comparing 
brodalumab with ustekinumab in psoriasis. N. Engl. 
J. Med. 373, 1318–1328 (2015).

142. Ling, Y. & Puel, A. IL-17 and infections. 
Actas Dermosifiliogr. 105 (Suppl. 1), 34–40 (2014).

143. Papp, K. A. et al. A prospective phase III, randomized, 
double-blind, placebo-controlled study of brodalumab 
in patients with moderate-to-severe plaque psoriasis. 
Br. J. Dermatol. 175, 273–286 (2016).

144. Sicotte, N. L. & Voskuhl, R. R. Onset of multiple 
sclerosis associated with anti-TNF therapy. Neurology 
57, 1885–1888 (2001).

145. Young, M. S., Horn, E. J. & Cather, J. C. The ACCEPT 
study: ustekinumab versus etanercept in moderate-
to-severe psoriasis patients. Expert Rev. Clin. Immunol. 
7, 9–13 (2011).

146. Thaci, D. et al. Secukinumab is superior to ustekinumab 
in clearing skin of subjects with moderate to severe 
plaque psoriasis: CLEAR, a randomized controlled trial. 
J. Am. Acad. Dermatol. 73, 400–409 (2015).

147. Betts, K. A., Mittal, M., Joshi, A., Song, J. & Bao, Y. 
Relative efficacy of adalimumab versus secukinumab 
in active psoriatic arthritis: a matching-adjusted 
indirect comparison. Arthritis Rheumatol. Abstr. 
67 (Suppl. 10), 2868 (2015).

148. Hsu, L., Snodgrass, B. T. & Armstrong, A. W. 
Antidrug antibodies in psoriasis: a systematic review. 
Br. J. Dermatol. 170, 261–273 (2014).

149. Dapavo, P., Vujic, I., Fierro, M. T., Quaglino, P. 
& Sanlorenzo, M. The infliximab biosimilar in the 
treatment of moderate to severe plaque psoriasis. 
J. Am. Acad. Dermatol. 75, 736–739 (2016).

150. Red. [First biosimilar etanercept is available]. MMW 
Fortschritte der Medizin 158, 82 (in German) (2016).

151. de Korte, J., Sprangers, M. A., Mombers, F. M. 
& Bos, J. D. Quality of life in patients with psoriasis: 
a systematic literature review. J. Invest. Dermatol. 
Symp. Proc. 9, 140–147 (2004).

152. Lee, Y. W., Park, E. J., Kwon, I. H., Kim, K. H. 
& Kim, K. J. Impact of psoriasis on quality of life: 
relationship between clinical response to therapy and 
change in health-related quality of life. Ann. Dermatol. 
22, 389–396 (2010).
This prospective, cohort study demonstrates the 
improvement in patients’ health-related QOL 

measures after treatment, and elucidates key 
factors that make psoriasis more burdensome, 
emphasizing the important role of health care 
providers and the profound effect of psoriasis 
treatments on disease burden.

153. Bhatti, Z. U. et al. Chronic disease influences over 40 
major life-changing decisions (MLCDs): a qualitative 
study in dermatology and general medicine. J. Eur. 
Acad. Dermatol. Venereol. 28, 1344–1355 (2014).

154. Eghlileb, A. M., Davies, E. E. & Finlay, A. Y. Psoriasis 
has a major secondary impact on the lives of family 
members and partners. Br. J. Dermatol. 156,  
1245–1250 (2007).

155. Iskandar, I. Y. et al. Demographics and disease 
characteristics of patients with psoriasis enrolled in 
the British Association of Dermatologists Biologic 
Interventions Register. Br. J. Dermatol. 173, 510–518 
(2015).

156. Basra, M. K., Fenech, R., Gatt, R. M., Salek, M. S. 
& Finlay, A. Y. The Dermatology Life Quality Index 
1994–2007: a comprehensive review of validation 
data and clinical results. Br. J. Dermatol. 159,  
997–1035 (2008).

157. Finlay, A. Y. Current severe psoriasis and the rule 
of tens. Br. J. Dermatol. 152, 861–867 (2005).

158. Ali, F. M. et al. A systematic review of the use of 
quality of life instruments in randomised controlled 
trials of psoriasis. Br J. Dermatol. http://dx.doi.org/ 
10.1111/bjd.14788 (2016).

159. Moller, A. H., Erntoft, S., Vinding, G. R. & Jemec, G. B. 
A systematic literature review to compare quality 
of life in psoriasis with other chronic diseases using 
EQ-5D-derived utility values. Patient Relat. Outcome 
Meas. 6, 167–177 (2015).
This systematic review demonstrates that the 
burden of psoriatic disease is comparable to that 
of other chronic diseases, including cardiovascular 
disease and diabetes.

160. Takahashi, H., Iinuma, S., Tsuji, H., Honma, M. 
& Iizuka, H. Biologics are more potent than other 
treatment modalities for improvement of quality of life 
in psoriasis patients. J. Dermatol. 41, 686–689 (2014).

161. Stein, K. R., Pearce, D. J. & Feldman, S. R. The impact 
of biologics on the quality of life of psoriasis patients 
and the economics of psoriasis care. Semin. Cutan. 
Med. Surg. 24, 52–57 (2005).

162. Larsen, M. H., Hagen, K. B., Krogstad, A. L., Aas, E. 
& Wahl, A. K. Limited evidence of the effects of patient 
education and self-management interventions in 
psoriasis patients: a systematic review. Patient Educ. 
Couns. 94, 158–169 (2014).

163. Gedebjerg, A., Johansen, C., Kragballe, K. 
& Iversen, L. IL-20, IL-21 and p40: potential 
biomarkers of treatment response for ustekinumab. 
Acta Derm. Venereol. 93, 150–155 (2013).

164. Ryan, C. et al. Research gaps in psoriasis: 
opportunities for future studies. J. Am. Acad. 
Dermatol. 70, 146–167 (2014).

165. Armstrong, A. W., Gelfand, J. M., Boehncke, W. H. 
& Armstrong, E. J. Cardiovascular comorbidities 
of psoriasis and psoriatic arthritis: a report from 
the GRAPPA 2012 annual meeting. J. Rheumatol. 40, 
1434–1437 (2013).

166. Kirkham, B. et al. Early treatment of psoriatic arthritis 
is associated with improved patient-reported 
outcomes: findings from the etanercept PRESTA trial. 
Clin. Exp. Rheumatol. 33, 11–19 (2015).

167. Kimball, A. B. et al. National Psoriasis Foundation 
clinical consensus on psoriasis comorbidities and 
recommendations for screening. J. Am. Acad. 
Dermatol. 58, 1031–1042 (2008).

168. Capon, F. & Barker, J. N. The quest for psoriasis 
susceptibility genes in the postgenome-wide 
association studies era: charting the road ahead. 
Br. J. Dermatol. 166, 1173–1175 (2012).

169. Alwan, W. & Nestle, F. O. Pathogenesis and treatment 
of psoriasis: exploiting pathophysiological pathways 
for precision medicine. Clin. Exp. Rheumatol 33,  
S2–S6 (2015).
This review elucidates future areas of psoriasis 
research based on the trend towards highly precise 
targeted therapies.

170. Zweegers, J. et al. Effectiveness of biologic and 
conventional systemic therapies in adults with chronic 
plaque psoriasis in daily practice: a systematic review. 
Acta Derm. Venereol. 96, 453–458 (2016).

171. De Mozzi, P., Johnston, G. A., Alexandroff, A. B. 
Psoriasis: an evidence-based update. Report of the 
9th evidenced based update meeting, 12 May 2011, 
Loughborough, UK. Br. J. Dermatol. 166, 252–260 
(2012).

P R I M E R

16 | 2016 | VOLUME 2 www.nature.com/nrdp

©
 
2016

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved. ©

 
2016

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved.

http://dx.doi.org/10.1111/bjd.14788
http://dx.doi.org/10.1111/bjd.14788


172. Eissing, L., Radtke, M. A., Zander, N. & Augustin, M. 
Barriers to guideline-compliant psoriasis care: 
analyses and concepts. J. Eur. Acad. Dermatol. 
Venereol. 30, 569–575 (2016).

173. FitzGerald, O. & Mease, P. J. Biomarkers: project 
update from the GRAPPA 2012 annual meeting. 
J. Rheumatol. 40, 1453–1454 (2013).

174. FitzGerald, O., Mease, P. J., Helliwell, P. S. 
& Chandran, V. GRAPPA 2013 annual meeting, 
rheumatology updates: psoriatic arthritis (PsA) 
biomarker project, arthritis mutilans, PsA-peripheral 
spondyloarthritis epidemiology project. J. Rheumatol. 
41, 1244–1248 (2014).

175. Villanova, F., Di Meglio, P. & Nestle, F. O. Biomarkers 
in psoriasis and psoriatic arthritis. Ann. Rheum. Dis. 
72 (Suppl. 2), ii104–ii110 (2013).

176. Armstrong, A. W., Robertson, A. D., Wu, J., Schupp, C. 
& Lebwohl, M. G. Undertreatment, treatment trends, 
and treatment dissatisfaction among patients with 
psoriasis and psoriatic arthritis in the United States: 
findings from the National Psoriasis Foundation 
surveys, 2003–2011. JAMA Dermatol. 149,  
1180–1185 (2013).

177. Croughan, M. S., Konstantinov, K. B. & Cooney, C. 
The future of industrial bioprocessing: batch or 
continuous? Biotechnol. Bioeng. 112, 648–651 
(2015).

178. Gottlieb, A. B. et al. The International Dermatology 
Outcome Measures Group: formation of patient-
centered outcome measures in dermatology. J. Am. 
Acad. Dermatol. 72, 345–348 (2015).

179. Tan, K. W. & Griffiths, C. E. Novel systemic therapies 
for the treatment of psoriasis. Expert Opin. 
Pharmacother. 17, 79–92 (2016).

180. Feely, M. A., Smith, B. L. & Weinberg, J. M. Novel 
psoriasis therapies and patient outcomes, part 1: 
topical medications. Cutis 95, 164–168, 170 
(2015).

181. Rahman, M. et al. Nanomedicine-based drug targeting 
for psoriasis: potentials and emerging trends in 
nanoscale pharmacotherapy. Expert Opin. Drug Deliv. 
12, 635–652 (2015).

182. Yin, X. et al. A weighted polygenic risk score using 
14 known susceptibility variants to estimate risk 
and age onset of psoriasis in Han Chinese. PLoS ONE 
10, e0125369 (2015).

183. Latchman, D. S. Transcription-factor mutations 
and disease. N. Engl. J. Med. 334, 28–33 (1996).

184. Sano, S. et al. Stat3 links activated keratinocytes 
and immunocytes required for development of 
psoriasis in a novel transgenic mouse model. 
Nat. Med. 11, 43–49 (2005).

185. Kryczek, I. et al. Induction of IL-17+ T cell trafficking 
and development by IFN-γ: mechanism and 
pathological relevance in psoriasis. J. Immunol. 
181, 4733–4741 (2008).

186. Harden, J. L. et al. Humanized anti-IFN-γ (HuZAF) in 
the treatment of psoriasis. J. Allergy Clin. Immunol. 
135, 553–556 (2015).

187. National Psoriasis Foundation. Drug pipeline 2016. 
National Psoriasis Foundation https://services.
psoriasis.org/drug-pipeline/index.php (accessed 7 Oct 
2016).

188. Papp, K. A. et al. Efficacy and safety of ustekinumab, 
a human interleukin-12/23 monoclonal antibody, 
in patients with psoriasis: 52-week results from 
a randomised, double-blind, placebo-controlled trial 
(PHOENIX 2). Lancet 371, 1675–1684 (2008).

189. Baldassare, J. J., Fisher, G. J., Henderson, P. A. 
& Voorhees, J. J. Epidermal growth factor (EGF) 
stimulates phosphatidylcholine hydrolysis by 
phospholipases c and d in human dermal fibroblasts 
(meeting abstract). FASEB J. 4, A2059 (1990).

190. Mease, P. J., Garg, A., Helliwell, P. S., Park, J. J. 
& Gladman, D. D. Development of criteria to 
distinguish inflammatory from noninflammatory 
arthritis, enthesitis, dactylitis, and spondylitis:  
a report from the GRAPPA 2013 annual meeting. 
J. Rheumatol. 41, 1249–1251 (2014).

191. Gladman, D. D., Helliwell, P. S., Khraishi, M., 
Callis Duffin, K. & Mease, P. J. Dermatology screening 
tools: project update from the GRAPPA 2012 annual 
meeting. J. Rheumatol. 40, 1425–1427 (2013).

192. Tom, B. D., Chandran, V., Farewell, V. T., Rosen, C. F. 
& Gladman, D. D. Validation of the Toronto Psoriatic 

Arthritis Screen Version 2 (ToPAS 2). J. Rheumatol. 
42, 841–846 (2015).

193. Bronsard, V. et al. What are the best outcome 
measures for assessing quality of life in plaque type 
psoriasis? A systematic review of the literature. J. Eur. 
Acad. Dermatol. Venereol. 24 (Suppl. 2), 17–22 
(2010).

194. Pedersen, C. B. et al. Reliability and validity of the 
Psoriasis Itch Visual Analog Scale in psoriasis vulgaris. 
J. Dermatol. Treat. 5 Sept 2016 [epub ahead of print].

195. Bushnell, D. M. et al. Validation of the Psoriasis 
Symptom Inventory (PSI), a patient-reported outcome 
measure to assess psoriasis symptom severity. 
J. Dermatol. Treat. 24, 356–360 (2013).

196. Fotiou, K., Hofmann, M., Kaufmann, R. & Thaci, D. 
Pictorial representation of illness and self measure 
(PRISM): an effective tool to assess the burden of 
psoriasis. J. Eur. Acad. Dermatol. Venereol. 29, 
2356–2362 (2015).

197. Holme, S. A. et al. The Children’s Dermatology Life 
Quality Index: validation of the cartoon version. 
Br. J. Dermatol. 148, 285–290 (2003).

198. Eghlileb, A. M., Basra, M. K. & Finlay, A. Y. The 
Psoriasis Family Index: preliminary results of 
validation of a quality of life instrument for family 
members of patients with psoriasis. Dermatology 219, 
63–70 (2009).

199. Finlay, A. Y., Salek, S. S. & Piguet, V. Measuring family 
impact of skin diseases: FDLQI and FROM-16. 
Acta Derm. Venereol. 95, 1036 (2015).

200. Jacobson, C. C., Kumar, S. & Kimball, A. B. Latitude 
and psoriasis prevalence. J. Am. Acad. Dermatol. 65, 
870–873 (2011).

201. Williams, H. C. & Strachan, D. P. The Challenge of 
Dermato‑Epidemiology (CRC Press, 1997).

202. Grob, J. J. in Textbook of Psoriasis 
(ed. van de Kerkhof, P. C. M.) 57–69 (Blackwell 
Publishing, 2003).

203. Yip, S. Y. The prevalence of psoriasis in the Mongoloid 
race. J. Am. Acad. Dermatol. 10, 965–968 (1984).

204. International Psoriasis Council. IPC psoriasis review. 
IPC http://www.psoriasiscouncil.org/docs/ 
ipc_review_2016-july_final.pdf (2016).

205. Alexis, A. F. & Blackcloud, P. Psoriasis in skin of color: 
epidemiology, genetics, clinical presentation, and 
treatment nuances. J. Clin. Aesthet. Dermatol. 7, 
16–24 (2014).

206. International Psoriasis Council. IPC psoriasis review 
focus on Latin America. IPC http://www.
psoriasiscouncil.org/docs/ipcpsoriasisreview_
dec_2009_english.pdf?LanguageID=EN-US (2009).

207. Imafuku, S., Naito, R. & Nakayama, J. Possible 
association of hepatitis C virus infection with late-
onset psoriasis: a hospital-based observational study. 
J. Dermatol. 40, 813–818 (2013).

208. Kim, T. G. et al. Dermal clusters of mature dendritic 
cells and T cells are associated with the CCL20/CCR6 
chemokine system in chronic psoriasis. J. Invest. 
Dermatol. 134, 1462–1465 (2014).

209. Mease, P. J. et al. Continued inhibition of radiographic 
progression in patients with psoriatic arthritis 
following 2 years of treatment with etanercept. 
J. Rheumatol. 33, 712–721 (2006).

210. Leonardi, C. L. et al. Etanercept as monotherapy 
in patients with psoriasis. N. Engl. J. Med. 349, 
2014–2022 (2003).

211. Gordon, K. B. et al. Clinical response to adalimumab 
treatment in patients with moderate to severe 
psoriasis: double-blind, randomized controlled trial 
and open-label extension study. J. Am. Acad. 
Dermatol. 55, 598–606 (2006).

212. Mease, P. J. et al. Adalimumab for the treatment of 
patients with moderately to severely active psoriatic 
arthritis: results of a double-blind, randomized, 
placebo-controlled trial. Arthritis Rheum. 52,  
3279–3289 (2005).

213. Kavanaugh, A. et al. The Infliximab Multinational 
Psoriatic Arthritis Controlled Trial (IMPACT): results 
of radiographic analyses after 1 year. Ann. Rheum. 
Dis. 65, 1038–1043 (2006).

214. Chaudhari, U. et al. Efficacy and safety of infliximab 
monotherapy for plaque-type psoriasis: a randomised 
trial. Lancet 357, 1842–1847 (2001).

215. Gottlieb, A. B. et al. Infliximab induction therapy 
for patients with severe plaque-type psoriasis: 

a randomized, double-blind, placebo-controlled trial. 
J. Am. Acad. Dermatol. 51, 534–542 (2004).

216. Salmon-Ceron, D. et al. Drug-specific risk of 
non-tuberculosis opportunistic infections in patients 
receiving anti-TNF therapy reported to the 3-year 
prospective French RATIO registry. Ann. Rheum. Dis. 
70, 616–623 (2011).

217. Reich, K. et al. Successful treatment of moderate to 
severe plaque psoriasis with the PEGylated Fab’ 
certolizumab pegol: results of a phase II randomized, 
placebo-controlled trial with a re-treatment extension. 
Br. J. Dermatol. 167, 180–190 (2012).

218. Mease, P. J. et al. Effect of certolizumab pegol on signs 
and symptoms in patients with psoriatic arthritis: 
24-week results of a phase 3 double-blind randomised 
placebo-controlled study (RAPID-PsA). Ann. Rheum. 
Dis. 73, 48–55 (2014).

219. Kavanaugh, A. et al. Golimumab in psoriatic arthritis: 
one-year clinical efficacy, radiographic, and safety 
results from a phase III, randomized, placebo-
controlled trial. Arthritis Rheum. 64, 2504–2517 
(2012).

220. Langley, R. G. et al. Secukinumab in plaque psoriasis 
— results of two phase 3 trials. N. Engl. J. Med. 371, 
326–338 (2014).

221. Griffiths, C. E. et al. Comparison of ixekizumab with 
etanercept or placebo in moderate-to-severe psoriasis 
(UNCOVER-2 and UNCOVER-3): results from two 
phase 3 randomised trials. Lancet 386, 541–551 
(2015).

Acknowledgements
The authors acknowledge the late Dr T. Henseler for his 
pivotal early genetic and epidemiological research and 
his contribution to the psoriasis field.

Author contributions
Introduction (J.E.G. and A.B.G.); Epidemiology (J.J.W.); 
Mechanisms/pathophysiology (A.M.G. and A.B.G.); Diagnosis, 
screening and prevention (A.M.G., J.T.E., D.D.G. and N.N.M.); 
Management (M.G.L.); Quality of life (A.Y.F.); Outlook (J.E.G. 
and A.B.G.); Overview of Primer (A.B.G., J.E.G. and A.M.G.).

Competing interests
J.T.E. is currently serving as a scientific advisor for Janssen, 
a division of Johnson and Johnson. Since 2013 he has also 
served as a consultant or scientific advisor for Janssen, 
Novartis and Lilly and as a consultant for Pfizer. M.G.L. is an 
employee of Mount Sinai, which receives research funds from 
Amgen, Anacor, Boehringer Ingelheim, Celgene, Lilly, Janssen 
Biotech, Kadmon, LEO Pharmaceuticals, Medimmune, 
Novartis, Pfizer, Sun Pharmaceuticals and Valeant. D.D.G. has 
consulted and/or received grant support from AbbVie, 
Amgen, Bristol-Myers Squibb, Celgene, Eli Lilly, Janssen, 
Novartis, Pfizer and UCB. J.J.W. has received research 
funding from AbbVie, Amgen, AstraZeneca, Boehringer 
Ingelheim, Coherus Biosciences, Dermira, Eli Lilly, Janssen, 
Merck, Novartis, Pfizer, Regeneron, Sandoz and Sun 
Pharmaceuticals; he is a consultant for AbbVie, Amgen, 
Celgene, Dermira, Eli Lilly, Pfizer, Regeneron, Sun 
Pharmaceuticals and Valeant Pharmaceuticals. All funds go 
to his employer. N.N.M. is a full-time US Government 
employee and Chief of the Section of Inflammation and 
Cardiometabolic Diseases at the National Heart, Lung, and 
Blood Institute. A.Y.F. has consultancy agreements with 
Novartis and received honoraria for advisory boards with 
Novartis, Galderma, Napp, Sanofi, Eli Lilly and Janssen, 
which funded a recent Cardiff University Dermatology Life 
Quality Index (DLQI) research project, in which he is a joint 
inventor and receives royalties. A.B.G. has current consulting 
and/or advisory board agreements: Amgen Inc., Astellas, 
Akros, Centocor (Janssen), Inc., Celgene Corp., Bristol-Myers 
Squibb Co., Beiersdorf, Inc., Abbott Labs (AbbVie), TEVA, 
Actelion, UCB, Novo Nordisk, Novartis, Dermipsor Ltd., 
Incyte, Pfizer, Canfite, Lilly, Coronado, Vertex, Karyopharm, 
CSL Behring Biotherapies for Life, GlaxoSmithKline, 
Xenoport, Catabasis, Meiji Seika Pharma Co., Ltd, Takeda, 
Mitsubishi,Tanabe Pharma Development America, Inc, 
Genentech, Baxalta, Kineta One, KPI Therapeutics, 
Crescendo Bioscience, Aclaris, Amicus, Reddy Labs. Research 
and/or educational grants (paid to Tufts Medical Center) until 
5 November 2016, then none: Centocor (Janssen), Amgen, 
Abbott (AbbVie), Novartis, Celgene, Pfizer, Lilly, Levia, Merck, 
Xenoport, Dermira, Baxalta. J.E.G. and A.M.G. declare no 
competing interests.

P R I M E R

NATURE REVIEWS | DISEASE PRIMERS  VOLUME 2 | 2016 | 17

©
 
2016

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved. ©

 
2016

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved.

https://services.psoriasis.org/drug-pipeline/index.php
https://services.psoriasis.org/drug-pipeline/index.php
http://www.psoriasiscouncil.org/docs/ipc_review_2016-july_final.pdf
http://www.psoriasiscouncil.org/docs/ipc_review_2016-july_final.pdf
http://www.psoriasiscouncil.org/docs/ipcpsoriasisreview_dec_2009_english.pdf?LanguageID=EN-US
http://www.psoriasiscouncil.org/docs/ipcpsoriasisreview_dec_2009_english.pdf?LanguageID=EN-US
http://www.psoriasiscouncil.org/docs/ipcpsoriasisreview_dec_2009_english.pdf?LanguageID=EN-US

	Abstract | Psoriasis is a chronic, immune-mediated disorder with cutaneous and systemic manifestations and substantial negative effects on patient quality of life. Psoriasis has a strong, albeit polygenic, genetic basis. Whereas approximately half of the 
	Epidemiology
	Author addresses
	Mechanisms/pathophysiology
	Figure 1 | Skin manifestations of psoriasis. a | Psoriasis vulgaris is the most common type of psoriasis and is characterized by well-defined areas of erythematous and indurated plaques with overlying silvery scale; the knees, elbows, scalp and trunk are 
	Box 1 | Psoriasis-associated comorbidities
	Figure 2 | Global prevalence of psoriasis. A systematic review of international, population-based studies demonstrated a global prevalence of psoriasis in adults ranging from 2.7% in the United States to 8.5% in Norway5. A study that analysed 22 populatio
	Diagnosis, screening and prevention
	Figure 3 | Evidence of systemic inflammation in patients with psoriasis. a | Frontal reconstructions of 18F‑fludeoxyglucose (FDG) PET-CT images of individuals matched for age, sex and body mass index with (right) or without (left) psoriasis. High levels o
	Figure 4 | Mechanisms of psoriasis. External insults, such as trauma, infection or medication, can cause the release of self-nucleotides, especially in genetically predisposed individuals. Self-nucleotides can form complexes with antimicrobial peptides (A
	Figure 5 | Skin biopsy obtained from a patient with psoriasis vulgaris. Histological examination with haematoxylin and eosin staining demonstrates acanthosis (black arrow), Munro microabscesses (an accumulation of neutrophils in the epidermis; white arrow
	Figure 6 | Clinical markers of psoriasis. a | Koebner phenomenon occurs when a new area of psoriasis develops in injured skin. Psoriatic plaques can be seen in a distribution of skin damage secondary to a sunburn. b | Nail pitting, the most common nail fi
	Management
	Box 3 | CASPAR criteria for the diagnosis of psoriatic arthritis
	Box 2 | Differential diagnosis of psoriasis vulgaris
	Box 4 | Differential diagnosis of psoriatic arthritis
	Box 5 | Early screening of psoriatic arthritis
	Table 1 | Biologic agents used in psoriasis
	Box 6 | Psoriasis quality-of-life questionnaires
	Quality of life
	Outlook
	Table 2 | Current clinical trials on biologic agents for psoriasis



