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Abstract

Anti-interleukin (IL)-17 agents have shown excellent therapeutic efficacy in patients with psoriasis and are expected to be
expanded to other chronic inflammatory diseases. However, patients receiving anti-IL-17 agents are at an increased risk of
developing Candida infection, with some agents reported to increase the incidence in a dose-dependent manner. Interleu-
kin-17 is secreted by the Th17 subset of CD4+ lymphocytes, CD8+ T cells, and innate cells, including natural killer T cells,
lymphoid tissue inducer cells, innate lymphoid cells, and y5-T cells, and plays an important role in antifungal defense. Genetic
defects in the IL-17-signaling pathway in both humans and animal models render susceptibility to candidiasis caused by
Candida albicans. The purpose of this narrative review is to evaluate the literature on the role of IL-17 in protection against
candidiasis, the prevalence of candidiasis in anti-IL-17 agent use, and to offer clinical recommendations on the diagnosis
and management of anti-IL-17 medication-associated candidiasis.

1 Introduction

Interleukin-17 is a key cytokine in the development of Candida albicans is a commensal fungus in humans, colo-
various types of chronic inflammatory disease including nizing mucosal surfaces such as the oral cavity, vaginal tract,
psoriasis. gastrointestinal tract, and skin. Although normally benign

in healthy individuals, C. albicans can cause pathogenic
infections such as oropharyngeal candidiasis (OPC) among
immunocompromised populations. Immunity to C. albicans
is highly dependent on CD4+ T cells, as patients who are

Anti-interleukin-17 agents produce high clinical
response rates in patients with psoriasis; however, they
can increase the risk of developing candidiasis.

This review provides clinical recommendations on the human immunodeficiency virus positive often experience
recognition and management of anti-interleukin-17 recurrent OPC during progression to acquired immune defi-
medication-associated candidiasis. ciency virus, correlating with T-cell counts [1]. Both innate

and adaptive immunity play a role in protection against fun-
gal infections. In humans, adaptive immunity is essential for
protection against mucosal candidiasis, indicated by the high
susceptibility of human immunodeficiency virus-positive
patients to the disease [2].

The diagnosis of mucosal candidiasis is confirmed by iso-
lation and identification of Candida spp. in a sterile speci-
P4 Afsanch Alavi men collected directly from the lesion. For oropharyngeal

alavi.afsaneh@mayo.edu and vulvovaginal candidiasis, the diagnosis is largely clini-
cal: it is based on recognition of the white plaques that are

Department of Dermatology, Mayo Clinic, Rochester, MN,

USA typically easily scraped off and can be confirmed by a micro-
2 Department of Dermatology, The Warren Alpert Medical scopic analysis using potassium hydroxide or fungal cul-
School of Brown University, Providence, RI, USA ture. As Candida infections in patients with psoriasis often
3 Division of Gastroenterology and Hepatology, Mayo Clinic, develop in areas that are not readily visible and are often
Rochester, MN, USA asymptomatic, in order to identify potential mucocutaneous
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Candida infections, it is recommended to inquire about oral
or genital discomfort when examining a patient with pso-
riasis [3].

Known risk factors for the development of severe can-
didiasis, including esophageal candidiasis, include antibiotic
or corticosteroid use, immunodeficiency syndrome, malig-
nancy, alcohol use, diabetes mellitus, and esophageal motil-
ity disorders [4—6]. There are some reports suggesting that
psoriasis may be associated with oral candidiasis as well [7,
8]. Picciani et al. suggested that the rate of oral candidiasis is
higher in patients with psoriasis compared with healthy con-
trols, and psoriasis may be associated with increased disease
severity [9]. However, the prevalence of fungal infections
among patients with psoriasis is controversial.

Recently, a number of anti-interleukin (IL)-17 medica-
tions such as ixekizumab, secukinumab, brodalumab, and
bimekizumab have emerged [10] and have led to signifi-
cant progress in the management of inflammatory diseases
including psoriasis. Secukinumab and ixekizumab are anti-
IL-17A agents currently approved for the treatment of pso-
riasis and psoriatic arthritis in the USA [11] and brodalumab
is an IL-17 receptor blocker. Bimekizumab is a monoclonal
IgG1 antibody that selectively inhibits both IL-17A and IL-
17F [12]. As IL-17A plays a pivotal role in host protection
against fungal infections, patients treated with these anti-
IL-17 agents may develop both vulvovaginal and oropharyn-
geal candidiasis [13]. Despite multiple reports of candidiasis
in patients taking IL-17 inhibitors, the literature describ-
ing this complication is sparse. With the rise of anti-IL-17
agents and the potential adverse event of Candida infections,
there is a need for further exploration of this topic [14, 15].
A previous systematic review in 2017 showed an overview
of the incidence of Candida infections during treatment with
IL-17A inhibitors and suggested a practical management
guide [14]. The recent advent of bimekizumab has allowed
for a rapid and significant improvement in dermatologic and
rheumatologic disease activity, but also increased the inci-
dence of Candida infections. Therefore, there is a need for
greater clinical guidance on the management of Candida
infections in patients taking anti-IL-17 agents. This review
aims to provide an update on the role of IL-17 in anti-Can-
dida immunity and candidiasis in the context of anti-IL-17
medication use, and offer some recommendations for the
management of oropharyngeal, esophageal, and vulvovagi-
nal candidiasis among these patients.

In this narrative review, a literature search was conducted
in PubMed using the keywords “candidiasis and IL-17,”
“oropharyngeal candidiasis and IL-17,” and “candida infec-
tions in IL-17 inhibitors,” which yielded 101 results. Since
the first anti-IL-17 agent was approved in 2015, results from
years 2014 to 2021 were extracted for the purposes of this
review paper. Original articles were selected from the total
articles. Table 1 summarizes the reported incidence of oral,
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genital, esophageal, and cutaneous candidiasis with anti-
IL-17 agents, including secukinumab (IL-17A inhibitor),
brodalumab (IL-17 receptor A inhibitor), ixekizumab (IL-
17A inhibitor), and bimekizumab (investigational IL-17A/F
inhibitor).

2 Anti-IL-17 Therapy and Candidiasis

The incidence of Candida infections varied depending
on the anti-IL-17 medication: secukinumab (1.4-13.5%),
brodalumab (0.3-7%), ixekizumab (0-3.5%), and bimeki-
zumab (1.9-21.2%) (Table 1). Because of the direct effect
of IL-17 on anti-Candida immunity, the incidence of OPC is
greater compared with tumor necrosis factor-alpha inhibitors
(0.1%) and IL-23 inhibitors (1-2%) [15, 31, 37].

The most common Candida infection site was the oral
cavity (secukinumab 0.8-3%, brodalumab 3-7%, bimeki-
zumab 1.9-19.3%). However, ixekizumab trials provided
only limited candidiasis site information. Two cases of
esophageal candidiasis were reported in patients treated with
secukinumab [20, 21] and one each in patients treated with
brodalumab [24], ixekizumab [27], and bimekizumab [32].
Genital candidiasis has been reported in patients treated with
secukinumab [12, 19, 21] and bimekizumab [12, 36]. Most
cases of reported candidiasis in the context of anti-IL.-17
medication were mild to moderate and rarely led to termi-
nation of biologics. There have been no reports of invasive
Candida infections. Severe oral candidiasis has, however,
been reported in patients treated with ixekizumab and bime-
kizumab [29-31].

3 Dosage and Risks

In a study comparing the efficacy and safety of two IL-17
inhibitors, bimekizumab had greater skin clearance in
psoriasis than secukinumab, but was associated with an
increased incidence of candidiasis (bimekizumab; 21.2%
and secukinumab; 4.6%) [12]. The most commonly used
dose of bimekizumab was 320 mg every 4 weeks (q4w).
The incidence of Candida infection in patients receiving this
dosing regimen ranged from 6.4 to 21.2% [12, 30, 32-35]. In
several studies, bimekizumab has been reported to increase
the incidence of candidiasis in a dose-dependent manner
[32, 33]. However, Ritchlin et al. reported that 1/43 (2%) and
2/41 (5%) patients in the bimekizumab 160-mg q4w group
and the 320-mg initial dose followed by the 160-mg q4w
group, respectively, developed Candida infection, whereas
no patients in the 320-mg group developed candidiasis [34].
There have been many reports showing a dose-dependent
increase in candidiasis incidence with secukinumab as well
[12, 16, 17, 19, 20]. The duration of administration varied
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from trial to trial, but the most common dosing schedule was
weekly administration until week 4, and then q4w [12, 16,
17, 19, 21]. The incidence of candidiasis by secukinumab
dose was 2.5-8% in the 300-mg group, 1-7% in the 150-mg
group, and 1-2% in the 75-mg group. For brodalumab, two
studies mentioned the incidence of Candida infection by
dose, and both showed a higher incidence in the 210-mg
group than in the 140-mg group (210 mg; 1.3-2.3%, 140 mg
group; 0.5-1.3%) [22, 25]. Although there is a little evidence
for ixekizumab, Combe et al. showed that the incidence of
candidiasis was higher in the group receiving ixekizumab 80
mg every 2 weeks (3.6%) than in the group receiving it g4w
(1.7%) [27]. Further evidence on the risk of candidiasis at
different doses is needed.

Study discon-
tinuation

0

with anti-

fungal
therapy

Treatment
(local)

response
Resolved

Severity
Mild

Cutaneous

(%)

4 Treatment Response and Recurrence

Most cases of Candida infections were mild or moderate and
resolved with antifungal therapy. Only two studies reported
Candida infection that led to study discontinuation; of the
patients with psoriasis treated with bimekizumab, three
patients who developed oral candidiasis and one patient
who developed esophageal candidiasis discontinued treat-
ment because of infection [31, 32]. The head-to-head trial
of bimekizumab vs secukinumab had resolution of oral can-
didiasis with antifungal treatment in 85% of cases [12]. This
study also showed that among patients with psoriasis who
developed oral candidiasis, 43.1% of bimekizumab-treated
patients and 36.4% of secukinumab-treated patients reported
more than one instance of the infection [12], suggesting that
patients treated with these agents could be at risk of devel-
oping treatment-resistant Candida infection. In a phase IIb,
randomized controlled trial of bimekizumab, two cases of
oral candidiasis, one case of OPC, and one case of genital
candidiasis resulted in a short interruption of treatment and
required systemic antifungal therapy [34]. In all other trials,
all cases of candidiasis as an adverse event were reported to
respond to treatment and be cured during the trial period.

Esophageal

(%)

0

Genital (%)
vaginal)

2.6 (vulvo-

Oral (%)

Candida infection
Total (%)

mg loading

160 mg
(with 320-
dose at
baseline),
320 mg,
480 mg
qédw

Dose and
64 mg,
160 mg,

study design duration

Bimeki-
zumab

5 Pathogenesis

The oral mucosa is a vital physical barrier limiting pathogen
invasion. In OPC, candidalysin, a fungal toxin, is secreted by
hyphae and damages the oral mucosal epithelium, trigger-
ing production of IL-17 from innate and adaptive lympho-
cytes via IL-1-dependent signals [37]. Interleukin-17 then
activates essential antifungal responses, including myeloid
and lymphoid chemoattractants and antimicrobial peptides,
particularly p defensin-3 [38]. The IL-17 cytokine fam-
ily consists of six members (IL-17A through IL-17F) and
five receptors (IL-17RA through IL-17RE), among which

Sample size Drug and

Phase IIb 53
RCT

Type of
study

[36] (2018)

2.6 (OPC)
CI confidence interval, /R incidence rate, NA not available, OPC oropharyngeal candidiasis, PY patient years, g2w every 2 weeks, g4w every 4 weeks, gw every week, RCT randomized con-

Table 1 (continued)
trolled trial

First author

(year)
Glatt et al.
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IL-17A and IL-17F are the best-characterized cytokines
[11]. In mouse models, IL-17A and IL-17F have shown
to contribute to clearance of the fungal pathogen [31]. In
humans, chronic mucocutaneous candidiasis is associated
with aberrations in the IL-17/Th17 pathway, such as loss-of-
function mutations in IL/7RA, ACT1, and ILI17F genes, and
gain-of-function mutations in the STAT! gene [31]. There-
fore, it is expected that the clinical use of IL-17 inhibitors
will confer increased susceptibility to mucosal candidiasis
because of interference with antifungal immunity. Although
there is limited information on the role of cytokines in skin,
proinflammatory cytokines including IL-17 are significantly
upregulated during the initial phase of cutaneous infection
and correlated with rapid elimination of C. albicans [39, 40].

The improved clinical efficacy of bimekizumab when
compared with secukinumab was also associated with
an increased incidence of candidiasis [12]. This is likely
explained by the combined inhibition of IL-17A and IL-
17F, which contributes to protection against Candida infec-
tions of the oral mucosa [41-47]. It is also possible that
bimekizumab has a higher incidence of Candida infection
because of its stronger IL-17A inhibition as bimekizumab
has a higher IL-17A affinity than secukinumab [48]. The
incidence of candidiasis was higher with bimekizumab in
a comparison of the two agents [12]. However, ixekizumab
has a lower incidence of Candida infection despite having
the same affinity as bimekizumab, suggesting that the rea-
son for the higher risk of candidiasis with bimekizumab is
owing to the inhibition of IL-17F in addition to IL-17A.
Brodalumab has also been reported to have a relatively high
incidence of Candida infection [26], which may be due to its
broad inhibition of IL-17 signaling by blocking the receptor.

6 Treatment

The treatment for mild-to-moderate OPC is usually topical,
consisting of clotrimazole or miconazole for 7-14 days [38].
Topical application to manage OPC minimizes drug interac-
tions and adverse effects associated with systemic antifun-
gal agents [15]. Alternatively, nystatin is recommended for
mild OPC (nystatin suspension [100,000 U/mL] 4-6 mL four
times daily, or one to two nystatin pastilles [200,000 U each]
four times daily, for 7-14 days [38].

For moderate-to-severe infection, oral fluconazole
(100-200 mg daily for 7-14 days) is recommended as first-
line systemic therapy [14]. If patients have recurrent infec-
tion, additional treatment with oral fluconazole 100 mg 3
times weekly is possible [38]. If infection persists despite
systemic treatment, reconfirmation or susceptibility testing
may be considered; there has been increasing concern of
fluconazole resistance in OPC [49].

Common adverse events associated with fluconazole use
are largely gastrointestinal (nausea, vomiting, abdominal
pain, and diarrhea). Other adverse events include hepatotox-
icity, QT prolongation, cholestasis, and leukopenia, among
others. Caution should be exercised when administering flu-
conazole to individuals with known prolonged QT interval
or those co-administering medications metabolized via the
cytochrome P450 enzyme [50].

Systemic antifungal therapy is always required for the
management of esophageal candidiasis. Oral fluconazole,
200-400 mg (3—6 mg/kg) daily, for 14-21 days is recom-
mended for the treatment of esophageal candidiasis. Intrave-
nous fluconazole 400 mg (6 mg/kg) daily or echinocandins
(micafungin 150 mg daily, caspofungin 70-mg loading dose
followed by 50 mg daily, or anidulafungin 200 mg daily) are
recommended for patients who cannot tolerate oral therapy
[38].

For the treatment of vulvovaginal candidiasis, topical
antifungal agents (e.g., clotrimazole cream, miconazole
vaginal suppository or cream, terconazole vaginal supposi-
tory or cream, butoconazole cream, and tioconazole oint-
ment) are recommended. Alternatively, a single dose of oral
fluconazole 150 mg can be considered [51]. For severe acute
vulvovaginal candidiasis, oral fluconazole 150 mg, given
every 72 hours for a total of two or three doses can be used
[52].

7 Management Recommendations

This paper is based on the results of published clinical tri-
als and, as the number of patients taking anti-IL-17 agents
increases in the future, the prevalence of Candida infec-
tions may also increase. It is important to mention that most
patients in the trial responded to antifungal therapy and con-
tinued their treatment with anti-IL-17 agents.

After reviewing the literature for successful therapies for
mucosal Candida infections, recommendations for evalu-
ation and treatment of anti-IL-17 medication-associated
candidiasis are summarized in Fig. 1. When administer-
ing the anti-IL-17 agents, it is recommended that good oral
care and blood glucose control be accomplished prior to
drug administration to prevent the development of Candida
infections [5, 6]. If OPC is suspected in patients receiving
anti-IL-17 agents, dermatologists should perform a micro-
scopic examination or fungal culture. If the patient shows
symptoms for esophageal candidiasis, a referral to gastro-
enterology for an endoscopic diagnosis, treatment recom-
mendations, and monitoring should be considered [4]. When
patients treated with anti-IL-17 agents have the symptoms of
suspected vulvovaginal candidiasis, dermatologists should
treat with topical antifungal drugs or oral fluconazole [38],
and a referral to gynecology can be considered. If clinical
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Initiating anti-IL-17 medication
1) Provide oral care instruction
2) Maintain a normal blood glucose level

v

[ Check the signs for candida infections }:

Routine monitoring

White, scrapable lesions in Dysphagia, odynophagia
oropharyngeal mucosa and chest discomfort

A

Swab for fungal
culture or microscopic
examination

Gastroenterology
referral for

esophagoscopy

Esophageal
candidiasis

Manage by
Gastroenterologist

Oral fluconazole** or other systemic
antifungal therapy

Manage by
Dermatologist
-Mild; topical antifungal medicine

or nystatin*
-Moderate-severe; oral fluconazole™*

Thick white vaginal discharge
o None
or itching

A

Swab for fungal
culture or microscopic
examination

Vulvovaginal

candidiasis

Manage by
Der ologist/Gyr

=

Topical vaginal antifungal cream or oral fluconazole**

Fig. 1 Anti-interleukin (IL)-17 medication-associated Candida infec-
tions management algorithm. *Nystatin suspension (100,000 U/mL)
4-6 mL four times daily, or one to two nystatin pastilles (200,000 U
each) four times daily, for 7-14 days. **For infections resistant to flu-
conazole, itraconazole (200 mg once daily) or posaconazole (400 mg
twice daily for 3 days then 400 mg daily for up to 28 days) is recom-

symptoms are characteristic, treatment should be initiated
as soon as possible (prior to test results) in order to allevi-
ate symptoms and prevent the spread of infection [38]. It is
important to routinely screen patients receiving anti-IL-17
therapy as patients may not be able to recognize the symp-
toms of mucosal candidiasis [3].

8 Conclusions

Based on the current literature review of IL-17 antagonists,
the use of anti-IL-17 agents is associated with candidiasis
dependent on the agent used; however, there were no reports
of invasive infections. However, serious mucosal Candida
infections have been reported in patients treated with secuki-
numab, ixekizumab, and bimekizumab [20, 29-31].
Mucosal candidiasis is one of the most common adverse
effects of anti-IL-17 medications. Interleukin-17 is a
cytokine that plays a key role in fungal defense in the human
body, and it has been shown that genetic abnormalities in
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mended [38]. Voriconazole (200 mg twice daily) and amphotericin
B deoxycholate (100 mg/mL 4 times daily) can also be used for the
fluconazole-resistant cases. Intravenous echinocandins or intravenous
amphotericin B deoxycholate could be other alternatives for the treat-
ment for refractory infections [38, 52]. OPC oropharyngeal candidi-
asis

IL-17 and its receptors can cause chronic cutaneous mucosal
candidiasis. Therefore, it is important for clinicians to be
aware of the symptoms and the management options for
mucosal candidiasis, including when to refer to gastroenter-
ology or gynecology.

Anti-IL-17 medication not only improves skin manifesta-
tions (e.g., psoriasis), but also cardiovascular inflammation,
metabolic factors, and psoriatic arthritis (including periph-
eral arthritis, enthesitis, dactylitis, and axial involvement)
[53]. Anti-IL-17 therapy may be expanded to various dis-
eases in the future. As patients receiving anti-IL-17 agents
are part of a patient population with difficult-to-control
chronic inflammatory diseases, discontinuing these agents
altogether is not a desirable choice.

Fortunately, according to the literature reviewed in this
study, discontinuation of, or increased spacing doses for,
anti-IL-17 agents has rarely been needed to control mucosal
candidiasis. With early and accurate diagnosis, and appropri-
ate treatment, patients are more likely to be able to continue
their anti-IL-17 medications.
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