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ABSTRACT

Plaque psoriasis is an immune-mediated
inflammatory skin disease associated with the
dysregulation of cytokines, especially those
involved in the interleukin (IL)-23/IL-17 path-
ways. In recent years, there has been growing
interest in developing biologic therapies that
target these pathways. However, inhibition of

the cytokines of the IL-23/IL-17 pathways may
increase patients’ risk of developing fungal
infections, particularly oral candidiasis. There-
fore, it is important that dermatology practi-
tioners can effectively diagnose and treat oral
candidiasis. In this review, we examine the role
of the IL-23/IL-17 pathways in antifungal host
defense, and provide a practical guide to the
diagnosis and treatment of oral candidiasis in
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patients with psoriasis. Overall, while treatment
with anti-IL-17 medications leads to an
increased incidence of oral candidiasis in
patients with psoriasis, these cases are typically
mild or moderate in severity and can be man-
aged with standard antifungal therapy without
discontinuing treatment for psoriasis. If appli-
cable, patients with psoriasis should also be
advised to practice good oral hygiene and
manage or control co-existing diabetes, and
should be provided with information on
smoking cessation to prevent oral candidiasis.

Keywords: Plaque psoriasis; Candida; Oral
candidiasis; Interleukin-17

Key Summary Points

Why carry out this study?

The interleukin-23/interleukin-17
pathways, which are central to the
pathogenesis of plaque psoriasis, are also
involved in host defense against oral
candidiasis.

Given the increased risk of oral candidiasis
in patients with psoriasis receiving anti-
interleukin-17 therapies, dermatologists
should be attentive to clinical signs of oral
candidiasis and aware of how to manage
cases appropriately.

This review provides a practical guide to
the diagnosis and treatment of oral
candidiasis in patients with psoriasis
being treated with anti-interleukin-17
biological therapies.

What was learned from this study?

Oral candidiasis in patients with psoriasis
is typically mild to moderate in severity.
In our clinical experience, cases can be
managed with standard antifungal
treatment without discontinuing biologic
psoriasis therapies.

To prevent recurrence of oral candidiasis,
patients should be advised to practice
good oral hygiene and be provided with
information on smoking cessation, if
applicable.

INTRODUCTION

Psoriasis is an immune-mediated inflammatory
skin disease associated with dysregulation of
inflammatory cytokines that affects approxi-
mately 41 million people worldwide [1, 2]. The
cytokines of the interleukin (IL)-23/IL-17 path-
ways have been identified as key mediators of
psoriasis pathogenesis [3]. Subsequently, there
has been growing interest in developing bio-
logic therapies that target these pathways [4, 5].
However, as a result of the roles of IL-17 and IL-
23 in antifungal host defense at the oral
mucosa, targeting these cytokines may increase
patients’ risk of developing fungal infections,
particularly oral candidiasis [6].

Here, we provide an overview of the role of
the IL-23/IL-17 pathways in antifungal host
defense, as well as a practical guide to the
treatment of oral candidiasis in patients with
psoriatic disease.

This review article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors

THE IL-23/IL-17 PATHWAYS
AND IMMUNITY

Overview and Role in Psoriasis

The main producers of IL-17, along with T cy-
totoxic 17 (Tc17) cells, are T-helper (Th)17
cells—a subset of Th cells that differentiate from
naı̈ve CD4? T cells upon exposure to proin-
flammatory cytokines [7, 8]. The IL-17 family
consists of six ligands (IL-17A to IL-17F) that
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bind to receptors (IL-17R) expressed ubiqui-
tously throughout the body [9–13]. IL-17A and
IL-17F share the closest homology and can exist
as homodimers or heterodimers [5]. While not
required for the induction of the Th17 and Tc17
lineages, IL-23 is required for the stabilization
and proliferation of these cells [7, 8].

Although the etiology of psoriasis is not fully
understood, genetic and environmental factors
appear to contribute to atypical activation of
the immune system, resulting in disease
[14, 15]. The cytokines IL-17A and IL-17F in
particular have been identified as key upregu-
lated proinflammatory cytokines in psoriatic
lesions; they are thought to recruit immune
cells to psoriatic skin, stimulating the hyper-
proliferation of keratinocytes [16, 17].

Role in Host Defense Against Candida

One of the major roles of the IL-23/IL-17 path-
ways is host defense against fungal infections
[18]. The most common species involved, Can-
dida albicans, is usually commensal; however,
upon conversion to a hyphal state it can cause
mucocutaneous candidiasis [19].

The key role of IL-17 signaling in host
defense against Candida is supported by obser-
vations from patients with primary immunod-
eficiencies leading to defects in the Th17
pathway, who present with a form of chronic
mucocutaneous candidiasis (CMC) termed
CMC disease (CMCD) [20]. These patients are
prone to recurrent oral and esophageal can-
didiasis, suggesting a pivotal role of IL-17 in
defense against candidiasis in the mucosa of the
upper digestive tract [20]. However, these
patients are not prone to systemic or vulvo-
vaginal candidiasis, leading to an emerging
consensus that the IL-23/IL-17 pathways are not
essential to immune defense against these
infections [19, 21–23]. These patients also rarely
display any other severe diseases [24].

According to the current model of host
defense against oral candidiasis, conversion of
C. albicans to a hyphal state results in the acti-
vation of immune cells in response to damage
[25]. These cells then produce proinflammatory
cytokines such as IL-23, inducing the

proliferation of Th17 cells and the release of IL-
17A and IL-17F as well as IL-22. Neutrophils are
then recruited to the infection site by these
cytokines, inducing the secretion of antifungal
proteins (Fig. 1) [19, 26]. Therefore, through the
inhibition of IL-17 or its receptors, anti-IL-17
medications prescribed for psoriasis can
increase the risk of oral candidiasis through
inhibition of these Th17 cell-mediated anti-
fungal pathways.

Epidemiology of Candida Colonization
and Infection in Psoriasis

There is some evidence of increased Candida
colonization of the oral cavity in patients with
psoriasis versus those without psoriasis. In a
systematic literature review and meta-analysis
of nine studies, statistically higher rates of
Candida colonization of mucosal membranes
were observed in patients with psoriasis [27].
For example, rates were reported as 69% versus
44% for those without psoriasis in a study
conducted in Jordan [28], and 47.2% versus
19.5% in a study conducted in Germany [29].
This trend was consistent with another study
where patients with psoriasis receiving systemic
treatment were excluded (20.0% versus 2.8%)
[30]. The reason for this association is unclear.
Notably, there was considerable heterogeneity
in these studies, and most measured the pres-
ence of Candida colonization rather than true
candidiasis [27].

Risk of Candidiasis in Patients Receiving
Biologic Treatments for Psoriasis

In recent years, several monoclonal antibodies
targeting IL-17 (e.g., brodalumab, ixekizumab,
and secukinumab), IL-23 (e.g., guselkumab,
risankizumab, and tildrakizumab), and IL-12/23
(e.g., ustekinumab) have been approved for
treatment of psoriatic disease [4].

A systematic review of previous trials of anti-
IL-17 medications in psoriatic disease found
that overall incidence of candidiasis was
increased in patients treated with anti-IL-17
medications versus placebo (1.7–4.0% versus
0.3%, respectively) [31]. The majority of
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Candida infections were oral and not vulvo-
vaginal. Moreover, most oral candidiasis cases
were mild to moderate in severity [31]. There
was also no increase in the risk of esophageal or
systemic candidiasis, further supported by a
systematic review of all IL-17 and IL-23 inhibi-
tors [31, 32].

Bimekizumab, an anti-IL-17 medication
recently authorized in Europe for the treatment
of moderate to severe plaque psoriasis [33],
inhibits IL-17F in addition to IL-17A [34]. Dual
inhibition of IL-17A and IL-17F has demon-
strated superior levels of skin clearance com-
pared with targeting IL-17A alone with
secukinumab in a head-to-head in patients with
plaque psoriasis [35]. As expected, as a result of
the roles of both cytokines in antifungal host
defense, dual neutralization was also associated
with an increased incidence of mild to moder-
ate oral candidiasis as compared with previously
approved anti-IL-17 medications [36–38].

Despite both bimekizumab and brodalumab
inhibiting the activity of IL-17A and IL-17F,
differences have been observed in the rates of

oral candidiasis. This could be a consequence of
the mechanistic differences between these two
biologics. One hypothesis is that, as bro-
dalumab inhibits IL-17R, it blocks the function
of all additional IL-17 cytokines, including IL-
17E which may indirectly suppress Th17
responses [13]. Furthermore, if IL-17R is not
fully blocked at the end of a dosing cycle, it is
possible that residual IL-17 may confer host
protection against Candida. However, further
research into this topic is needed.

Anti-IL-23 biologics do not seem to increase
the risk of Candida infections as much as anti-
IL-17 biologics [39]. This may be because anti-
IL-23s do not block IL-23-independent sources
of IL-17, such as IL-17 produced by innate
lymphoid cells [3, 39]. However, IL-23-inde-
pendent sources of IL-17 are increasingly
thought to play a significant role in the patho-
genesis of immune-mediated inflammatory
diseases, which may explain the higher efficacy
of some anti-IL-17 medications compared with
IL-23 blockers axial spondyloarthritis and joint
outcomes in psoriatic arthritis [40, 41].

Fig. 1 Simplified model of host defense against oral
candidiasis. Colonization of the oral mucosal epithelium
by Candida results in the activation of macrophages and
DCs, either directly or indirectly, via alarmins such as IL-
1a, IL-1b, and IL-36, which are released in response to
tissue damage by the peptide candidalysin. This then
triggers the expression and secretion of IL-6, IL-1b, and
IL-23, which induce the differentiation and proliferation
of Th17 cells from naı̈ve CD4? T cells. These Th17 cells

produce the cytokines IL-17A, IL-17F, and IL-22, which
recruit neutrophils to the site of infection and act on
epithelial cells to induce the release of antifungal b-
defensins. Through the inhibition of IL-17 or its receptors,
anti-IL-17 medications prescribed for psoriasis can increase
the risk of oral candidiasis through inhibition of Th17 cell-
mediated antifungal pathways. DC dendritic cells, IL
interleukin, R receptor, Th17 T-helper cell type 17
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DIAGNOSIS AND TREATMENT
OF ORAL CANDIDIASIS

Given the increased risk of oral candidiasis in
patients with psoriasis treated with anti-IL-17
medications, it is important that dermatology
practitioners can effectively diagnose and treat
these infections. On the basis of a review of the
literature and clinical experience, we propose
the diagnosis and treatment algorithm for oral
candidiasis shown in Fig. 2.

Clinical Presentations of Oral Candidiasis

Pseudomembranous Candidiasis
Pseudomembranous candidiasis (or ‘‘thrush’’) is
sometimes referred to as the classic presentation
of candidiasis [42], and in our clinical experi-
ence is most commonly identified in patients
with psoriasis receiving anti-IL-17 treatment. It
is characterized by the presence of white, curd-

like plaques that can be dislodged with gentle
scraping, revealing underlying erosions of the
oral mucosa (Fig. 3A) [43–46]. Patients are often
asymptomatic; however, pain, a burning sen-
sation, and in some cases a metallic taste may be
present [46].

Erythematous Candidiasis
Erythematous candidiasis is the most common
form of oral candidiasis [46]. There are four
subtypes: acute erythematous candidiasis,
chronic erythematous candidiasis, angular
cheilitis, and median rhomboid glossitis.

Acute erythematous candidiasis presents as
painful reddened lesions which occur through-
out the oral cavity (Fig. 3B) [43–46]. In chronic
erythematous candidiasis (or ‘‘denture stomati-
tis’’), these lesions are localized to the fitting
surface of dentures [43–46]. Angular cheilitis,
most commonly seen in elderly patients with
over-closure of the jaw, is characterized by red-
dened lesions at the corner of the mouth

Fig. 2 Algorithm for the diagnosis and management of
oral candidiasis in patients with plaque psoriasis. aIn the
case that administration of anti-IL-17 treatment falls on
the same day in which the antifungal treatment for oral
candidiasis is initiated, administration of anti-IL-17 can be

postponed for 3–4 days to prioritize resolution of oral
candidiasis
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[43–46]. Finally, the least common subtype,
median rhomboid glossitis, presents as a
rhomboid-shaped area of atrophy and erythema
on the midline posterior tongue dorsum
[43, 45].

Chronic Hyperplastic Candidiasis
Chronic hyperplastic candidiasis is a rare form
of oral candidiasis that presents as a thickened
white plaque, most frequently at the commis-
sural region of the mouth or the dorsum of the
tongue. However, unlike in pseudomembra-
nous candidiasis, this plaque cannot be
removed by gentle scraping [42–47]. Plaques
may be smooth and isolated (homogeneous) or
nodular and speckled (heterogeneous) [45–47].

Risk Factors for Oral Candidiasis

The presence of predisposing factors, other than
treatment with anti-IL-17 medications, can also
inform diagnosis of oral candidiasis. These fac-
tors are divided into two categories: local factors
that affect the local oral environment and
microflora and systemic factors that affect the

host’s immune status (for a full list see Table 1)
[43].

Local Predisposing Risk Factors
One of the most common local risk factors is
the use of dentures, which can create a favor-
able environment for Candida growth, espe-
cially if denture hygiene is poor [43, 48, 49]. It is
estimated that up to 75% of adults who wear
dentures have some form of erythematous
candidiasis, although most are unaware of it
[48].

Another common local predisposing factor is
the use of steroid inhalers, which may cause
alterations in the oral microflora and is com-
monly associated with pseudomembranous
candidiasis [42, 43, 49, 50]. Incidence of oral
candidiasis in users of steroid inhalers generally
ranges from 1% to 7% in the literature [51].

Patients who use or smoke tobacco have
significantly increased oral Candida carriage
levels and rates of oral candidiasis [49, 52].
Hyperplastic candidiasis is almost exclusively
found in patients who smoke [47]; however, the
exact underlying mechanism remains unclear
[52].

Systemic Predisposing Risk Factors
The best-characterized systemic predisposing
factors for oral candidiasis are human immun-
odeficiency virus (HIV) and chemotherapy and
radiotherapy for cancer [49, 53, 54]. Antibiotic
use is also associated with oral candidiasis, par-
ticularly acute erythematous candidiasis (com-
monly referred to as ‘‘antibiotic sore mouth’’)
[43–46, 49].

Other major systemic predisposing factors
for oral candidiasis are extremes of age; both
elderly patients and infants have increased risk
of oral candidiasis due to lower levels of pro-
tective salivary defenses [43]. Elderly patients
may also have a loss of vertical dimension of
occlusion, increasing the risk of developing
angular cheilitis [43].

Diabetes and poor glycemic control have
also been associated with oral candidiasis;
patients with poorly controlled diabetes often
exhibit reduced salivary pH and increased

Fig. 3 Clinical presentations of oral candidiasis. A Pseu-
domembranous candidiasis in a male patient receiving anti-
IL-17A treatment for plaque psoriasis; this patient was also
a smoker. Patient image was provided courtesy of
Dr Gisondi. B Acute erythematous candidiasis of the
tongue. Patient image was borrowed from the Mount Sinai
collection
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Table 1 Predisposing risk factors for oral candidiasis

Local risk factors Systemic risk factors

Dentures

Poor denture hygiene, ill-fitting dentures, and prolonged

wearing of dentures are all associated with increased risk of

oral candidiasis. Denture use is particularly associated with

chronic erythematous candidiasis, also referred to as

‘‘denture stomatitis’’ [43]

HIV

Oral candidiasis is one of the most common opportunistic

infections in patients with HIV [54]

Topical corticosteroids (e.g., steroid inhalers)

May cause local alterations in the oral microflora, thereby

predisposing the host to Candida overgrowth and

particularly pseudomembranous candidiasis [43, 51]

Chemotherapy

Patients receiving chemotherapy or radiotherapy, especially

of the head and neck region, are at increased risk of oral

candidiasis [53]

Smoking

Individuals who smoke or use tobacco are known to have

significantly higher oral Candida carriage levels and

experience higher rates of oral candidiasis [52]. However,

the exact mechanism of this increase is unclear.

Hyperplastic candidiasis is almost exclusively seen in

patients who smoke [47]

Antibiotics

Antibiotic use is particularly associated with acute

erythematous candidiasis, which is commonly referred to as

‘‘antibiotic sore mouth’’ [43]

Poor oral hygiene

Can create a favorable environment for Candida growth.

Many cases of oral candidiasis can be prevented by good

oral hygiene [43, 56]

Extremes of age

Both elderly patients and infants have lower levels of

protective innate salivary defenses and reduced vertical

dimension of occlusion, both of which are predisposing

factors for angular cheilitis [43]

Salivary hypofunction

Reductions in the production of saliva are implicated in the

development of oral candidiasis. This often occurs in older

patients [43]

Endocrine disorders (level of glycemic control)

Patients with poorly controlled diabetes exhibit reduced

salivary flow, reduced salivary pH, and increased salivary

glucose levels, all of which facilitate Candida overgrowth

[55]

Nutritional deficiencies

Malnutrition and deficiencies in iron, zinc, magnesium,

selenium, folic acid, and vitamins A, B6, B12, and C have all

been linked to increased risk of oral candidiasis [43, 55]

Carbohydrate-rich diet

It has been suggested that such a diet facilitates the

adherence of Candida to the oral mucosal epithelial cells

[55]

HIV human immunodeficiency virus
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salivary glucose levels, facilitating Candida pro-
liferation [49, 55].

Confirmation of Diagnosis

Oral candidiasis is typically diagnosed accord-
ing to the presence of clinical signs and symp-
toms in patients with predisposing factors
[45, 56]. If there are diagnostic doubts, diagno-
sis can be confirmed via microbiologic exami-
nation [45, 49]. Fresh samples from the oral
tissues can be taken and examined microscopi-
cally using 10% potassium hydroxide (KOH)
[45]. This method is useful for distinguishing
erythematous manifestations of oral candidiasis
from conditions with similar presentations,
such as thermal traumatic lesions, lupus ery-
thematosus, erythema multiforme, or epithelial
dysplasia [57]. Alternatively, it is possible to
culture samples using Sabouraud dextrose agar
(SDA), from which the Candida species can be
identified [45, 47]. This can be useful if infec-
tion shows resistance to antifungal agents, as
some rarer Candida species (e.g., Candida glab-
rata) may show enhanced resistance to treat-
ment [47].

In rare cases (0.32% of otherwise healthy
individuals in a retrospective single-center
study of 88,125 individuals in South Korea)
[58], oral Candida infections may extend to the
esophagus. Esophageal candidiasis appears
endoscopically as thick white plaques on the
esophageal mucosa. Symptoms include diffi-
culty or pain upon swallowing or pain behind
the sternum [49, 59]. Patients presenting with
these symptoms should be referred for esopha-
goscopy to exclude esophageal candidiasis
[49, 60].

If a patient presents with clinical signs of
hyperplastic candidiasis, a biopsy should be
conducted because of the proposed link
between this presentation and malignancy [56].

Treatment of Oral Candidiasis

Patients with psoriasis are encouraged to prac-
tice good oral and denture hygiene to prevent
the occurrence of oral candidiasis. However, if
oral candidiasis occurs, a number of treatments

are available, with some applied topically and
others administered orally [56]. Generally, as
per guidelines from the Infectious Diseases
Society of America and Centers for Disease
Control and Prevention in the USA, and the UK
National Institute for Health and Care Excel-
lence, initial topical antifungal treatment for
7–14 days is recommended [49, 56, 61, 62]. This
can include miconazole oral gel (50 mg
mucoadhesive tablet applied daily [USA], or
2.5 mL, four times daily [UK]), clotrimazole
troches (10 mg, five times daily [USA]) or ‘‘swish
and swallow’’ treatments such as nystatin sus-
pension (100,000 U/mL, 4–6 mL [USA] or 1 mL
[UK] four times daily) [61, 62]. If candidiasis
does not resolve, oral fluconazole (100–200 mg
once daily for 7–14 days [USA], or 50–100 mg
once daily for 7 days [UK]) is recommended
[49, 61, 62]. Itraconazole (200 mg once daily
[USA] or 100–200 mg twice daily [UK]) can be
prescribed as an alternative to fluconazole
[61, 62]. As the labels of anti-IL-17 medications
recommend pausing administration until an
infection is resolved, if administration of anti-
IL-17 treatment falls on the same day as initia-
tion of antifungal treatment, administration of
anti-IL-17 can be postponed for a few days to
prioritize resolution of oral candidiasis.

Depending on local guidelines, fluconazole
may be prescribed as a first-line treatment for
oral candidiasis, as it is highly effective in
treating fungal infections and has a simpler
dosing schedule compared with topical anti-
fungal treatments [56]. In our experience,
shorter durations of fluconazole treatment (e.g.,
100–200 mg daily for 3–5 days) can be an
effective first-line treatment for oral candidiasis.
However, any potential drug–drug interactions
should be carefully considered, especially if a
patient with psoriasis presents with other
comorbidities. If oral candidiasis shows resis-
tance to fluconazole, fungal characterization via
SDA culture can be carried out, as previously
described [45, 47]. In the case that a flucona-
zole-resistant Candida species is identified,
alternative antifungal treatment should be
prescribed.

While the majority of patients respond to
these antifungal treatments with quick resolu-
tion [56], in certain cases oral candidiasis may
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be recurrent. If recurrent, measures should be
taken to confirm adherence to antifungal
treatment and correct any predisposing factors
if applicable. This includes education in proper
oral and denture hygiene, smoking cessation,
rinsing the mouth after use of steroid inhalers,
and proper management of diabetes [62]. Poor
oral and denture hygiene, in particular, are key
risk factors of oral candidiasis and so should be
amended in order to prevent reinfection if
relevant.

If recurrence continues within a 3-month
period following initial treatment, and there is
insufficient treatment response with alternative
modes of psoriasis treatment, initiation of pro-
phylaxis can be considered. In our clinical
experience, this could include administration of
any of the aforementioned treatment measures
repeated once weekly or monthly for short or
longer periods, guided by need and response.

The effectiveness of prophylaxis for the pre-
vention of recurrent oral candidiasis has most
frequently been demonstrated in patients with
HIV [63]. In these patients, fluconazole pro-
phylaxis has been shown to reduce recurrence
as compared with no treatment or placebo
[64–68]. However, there is concern that con-
tinuous treatment may lead to fluconazole
resistance. Indeed, one study found decreased
susceptibility of Candida isolates to fluconazole
in 56% of patients who received continuous
therapy. Nevertheless, the vast majority of
patients in this study still showed clearance of
oral candidiasis in response to fluconazole [69].
Furthermore, in another study, similar propor-
tions of patients with HIV receiving continuous
(4.1%) or episodic (4.3%) fluconazole developed
fluconazole-refractory oral candidiasis [70]. For
fluconazole-refractory infections, treatment
with non-azole antifungals can be considered
[61].

CONCLUSIONS

Given the increased risk of oral candidiasis in
patients with psoriasis receiving anti-IL-17s,
dermatologists should be attentive to clinical
signs of oral candidiasis and aware of how to
manage cases appropriately.

Oral candidiasis in patients with psoriasis is
typically mild to moderate in severity. In our
clinical experience, cases can be managed with
standard antifungal treatment without discon-
tinuing biologic psoriasis therapies. Further-
more, anti-IL-17 treatment is generally not
associated with an increased risk of systemic
candidiasis or serious infections.

To prevent recurrence of oral candidiasis,
patients should be advised to practice good oral
hygiene and be provided with information on
smoking cessation, if applicable. Prophylaxis
with antifungal agents can be considered if
there is insufficient treatment response with
alternative modes of psoriasis treatment.

ACKNOWLEDGEMENTS

Funding. UCB funded the review and
development of the manuscript and reviewed
the text to ensure that from the perspective of
UCB, the data presented in the publication are
scientifically, technically, and medically sup-
portable, that they do not contain any infor-
mation that has the potential to damage the
intellectual property of UCB, and that the
publication complies with applicable laws, reg-
ulations, guidelines and good industry practice.
The authors approved the final version to be
published after critically revising the manu-
script/publication for important intellectual
content. The journal’s Rapid Service Fee was
also funded by UCB.

Medical Writing, Editorial and Other
Assistance. The authors acknowledge Susanne
Wiegratz, MSc, UCB Pharma, Monheim, Ger-
many for publication coordination as well as
Kaity McCafferty Layte, BSc, Daniel Smith, BA,
and Amelia Frizell-Armitage, PhD, Costello
Medical, UK, for writing and editorial assistance
funded by UCB Pharma in accordance with
Good Publication Practice guidelines. Richard B.
Warren, MD, PhD, is supported by the Manch-
ester NIHR Biomedical Research Centre.

Authorship. All named authors meet the
International Committee of Medical Journal

Dermatol Ther (Heidelb) (2022) 12:787–800 795



Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Author Contributions. Substantial contri-
butions to the review conception and design:
AWA, AB, UM, BS, PG, JFM, RGL, MS, ML,
MGN, NNG, RBW; substantial contributions to
the analysis and interpretation of review find-
ings: AWA, AB, UM, BS, PG, JFM, RGL, MS, ML,
MGN, NNG, RBW; drafting the article or revis-
ing it critically for important intellectual con-
tent: AWA, AB, UM, BS, PG, JFM, RGL, MS, ML,
MGN, NNG, RBW; final approval of the version
of the article to be published: AWA, AB, UM, BS,
PG, JFM, RGL, MS, ML, MGN, NNG, RBW.

Disclosures. April W. Armstrong has served
as a data safety monitoring board member for
Boehringer Ingelheim/Parexel; received
research funding from Bristol Myers Squibb,
Dermavant, Dermira, Eli Lilly, Galderma, Jans-
sen, Kyowa Hakko Kirin, LEO Pharma, Pfizer,
and UCB Pharma; has been a research investi-
gator without compensation for Sanofi Gen-
zyme; has been scientific investigator for
AbbVie, Bristol Myers Squibb, Dermavant, Eli
Lilly, Janssen, LEO Pharma, Modernizing Med-
icine, Novartis, Ortho Dermatologics, Pfizer,
Regeneron, Sanofi Genzyme, and Sun Pharma;
has served as speaker for AbbVie, Regeneron,
and Sanofi Genzyme. Andrew Blauvelt has
served as a scientific adviser and/or clinical
study investigator for AbbVie, Abcentra, Aligos,
Almirall, Amgen, Arcutis, Arena, Aslan, Athe-
nex, Boehringer Ingelheim, Bristol Myers
Squibb, Dermavant, Eli Lilly, Evommune, Forte,
Galderma, Incyte, Janssen, Landos, LEO
Pharma, Novartis, Pfizer, Rapt, Regeneron,
Sanofi Genzyme, Sun Pharma, UCB Pharma,
and Vibliome. Ulrich Mrowietz has served as
advisor and/or clinical study investigator for,
and/or received honoraria and/or grants from
AbbVie, Almirall, Aristea, Boehringer Ingel-
heim, Celgene, Dr. Reddy’s Laboratories, Eli
Lilly, Foamix, Formycon, Forward Pharma,
Janssen, LEO Pharma, Medac, Novartis, Phi-
Stone, Pierre Fabre, Sanofi Genzyme, and UCB
Pharma. Bruce Strober has served as a

consultant (honoraria) from AbbVie, Almirall,
Amgen, Arcutis, Arena, Aristea, Boehringer
Ingelheim, Bristol Myers Squibb, Celgene, Der-
mavant, Dermira, Eli Lilly, Equillium, GSK,
Janssen, LEO Pharma, Meiji Seika Pharma,
Mindera, Novartis, Ortho Dermatologics, Pfizer,
Regeneron, Sanofi Genzyme, Sun Pharma, and
UCB Pharma; has served as speaker for AbbVie,
Amgen, Eli Lilly, Janssen, and Ortho Dermato-
logics; Scientific Director (consulting fee) for
CorEvitas Psoriasis Registry; investigator for
AbbVie, Cara Therapeutics, CorEvitas Psoriasis
Registry, Dermavant, Dermira, and Novartis;
Editor-in-Chief (honorarium) for Journal of Pso-
riasis and Psoriatic Arthritis. Paolo Gisondi has
served as a consultant for AbbVie, Abiogen,
Almirall, Celgene, Eli Lilly, Janssen, LEO
Pharma, Merck, MSD, Novartis, Otsuka, Pfizer,
Pierre Fabre, Sanofi Genzyme, and UCB Pharma.
Joseph F. Merola has been a consultant for
AbbVie, Amgen, Bayer, Biogen, Bristol Myers
Squibb, Celgene, Eli Lilly, Janssen, Novartis,
Pfizer, Sanofi-Regeneron, UCB Pharma; princi-
pal investigator for Dermavant, LEO Pharma,
and UCB Pharma. Richard G. Langley has been a
principal investigator for AbbVie, Amgen,
Boehringer Ingelheim, Celgene, Eli Lilly, LEO
Pharma, Merck, Novartis, Pfizer, UCB Pharma;
served on scientific advisory boards for AbbVie,
Amgen, Boehringer Ingelheim, Celgene, Eli
Lilly, LEO Pharma, Merck, Novartis, Pfizer, and
UCB Pharma; provided lectures for AbbVie,
Amgen, Celgene, Eli Lilly, LEO Pharma, Merck,
Novartis, and Pfizer. Mona Ståhle has received
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20. Soltész B, Tóth B, Sarkadi AK, Erd}os M, Maródi L.
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