MYCOLOGY
2024, VOL. 15, NO. 1, 30-44
https://doi.org/10.1080/21501203.2023.2265664

Taylor & Francis
Taylor &Francis Group

REVIEW

8 OPEN ACCESS | ® check forupdstes

Risk of candidiasis associated with interleukin-17 inhibitors: Implications and
management

Hazrat Bilal?, Muhammad Nadeem Khan®, Sabir Khan?, Wenjie Fang<, Wengiang Chang?, Bin Yin¢, Ning-
Jing Sond, Zhongrong Liu¢, Dongxing Zhang", Fen Yao/, Xun Wang? Qian Wang?, Lin Cai? Bing Houk,
Jiayue Wang', Chunyan Mao!, Lingxi Liu' and Yuebin Zeng'

aDepartment of Dermatology, Second Affiliated Hospital of Shantou University Medical College, Shantou, China; PFaculty of Biological
Sciences, Department of Microbiology, Quaid-I-Azam University, Islamabad, Pakistan; “Department of Dermatology, Changzheng Hospital,
Second Military Medical University, Shanghai, China; 4School of Pharmacy, Shandong University, Qingdao, Shandong, China; eDepartment of
Dermatovenereology, Chengdu Second People’s Hospital, Chengdu, China; Department of Dermatology, Tongren Hospital, Shanghai Jiao
Tong University, Shanghai, China; 9Department of Dermatology, First Affiliated Hospital of Guangzhou Medical University, Guangzhou,
Guangdong, China; "Department of Dermatology, Meizhou Dongshan Hospital, Meizhou, Guangdong, China; ‘Department of Dermatology,
Meizhou People’s Hospital, Meizhou, Guangdong, China; IDepartment of Pharmacy, Shantou University School Medical College, Shantou,
China; “Department of Clinical Laboratory, Skin and Venereal Diseases Prevention and Control Hospital of Shantou City, Shantou, Guangdong,
China; 'Department of Dermatology, West China Second University Hospital, Sichuan University, Chengdu, Sichuan, China

ARTICLE HISTORY
Received 7 June 2023
Accepted 27 September 2023

ABSTRACT

The application of interleukin-17 (IL-17) inhibitors, including secukinumab, ixekizumab, brodalu-
mab, and bimekizumab, are associated with elevated risk of candidiasis. These medications
interfere with the IL-17 pathway, which is essential for maintaining mucosal barriers and coordi-
nating the immune response against Candida species. The observational data and clinical trials
demonstrate the increased incidence of candidiasis in individuals treated with IL-17 inhibitors.
Brodalumab and bimekizumab pose a greater risk than secukinumab in eliciting candidiasis,
whereas the data regarding ixekizumab are equivocal. Higher doses and prolonged treatment
duration of IL-17 inhibitors increase the risk of candidiasis by compromising the immune response
against Candida species. Prior to prescribing IL-17 inhibitors, healthcare professionals should
comprehensively evaluate patients’ medical histories and assess their risk factors. Patients should
be educated on the signs and symptoms of candidiasis to facilitate early detection and interven-
tion. Future research should focus on identifying the risk factors associated with candidiasis in
patients receiving IL-17 inhibitors. Prospective studies and long-term surveillance are required to
explore the impact of specific inhibitors on the incidence and severity of candidiasis and to
evaluate the effectiveness of combination therapies, such as concurrent use of IL-17 inhibitors
and prophylactic antifungal agents.
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1. Introduction Interleukin-17 (IL-17) is a cytokine that performs
a vital role in the immune response against candidiasis
(Wilharm et al. 2022). IL-17 is produced by Th17 immune

cells and is involved in the defence against extracellular

Candidiasis is a common fungal infection caused by
the Candida species that can affect several parts of the
body, including the skin, mouth, throat, and even

genital areas (Lopes and Lionakis 2022). The Candida
species are commensal organisms that typically reside
innocuously on healthy humans’ epidermis and
mucous membranes (Shao et al. 2022). However,
Candida can overgrow and lead to infection under
specific circumstances, such as immunosuppression,
antibiotic use, or diabetes (Peroumal et al. 2022).

bacterial and fungal pathogens (Azadeh et al. 2022). IL-
17 promotes the activation and recruitment of neutro-
phils and other immune cells at the site of infection,
thereby aiding in eliminating the pathogen.
Additionally, IL-17 stimulates the production of immune
mediators and antimicrobial peptides that help defend
the host against fungal infections (Berry et al. 2022).
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IL-17 inhibitors are biologics medications that
block the activity of IL-17 and are used to treat
psoriasis, rheumatoid arthritis, and ankylosing spon-
dylitis (Perrotta et al. 2022). These drugs can reduce
inflammation and tissue injury associated with
autoimmune diseases by targeting IL-17 or its
receptors. Nonetheless, IL-17 inhibitors may have
undesirable side effects, such as a higher risk of
infections, allergies, or metabolic disorders (Wang
et al. 2023).

Several studies have found that using IL-17 inhi-
bitors may increase the incidence of candidiasis.
This is because these medications suppress the
immune response, which is essential in fighting
candidiasis  (Davidson et al. 2022). In
a randomised, controlled trial of psoriasis patients
treated with secukinumab (an IL-17 inhibitor), the
incidence of oral candidiasis was higher in the
secukinumab group compared to the placebo
group (Feng et al. 2022). Another research on indi-
viduals with rheumatoid arthritis receiving ixekizu-
mab, another IL-17 inhibitor, revealed that the
incidence of candidiasis was more significant in
the ixekizumab group than in the placebo group
(Ruggiero et al. 2022).

The link between candidiasis and IL-17 inhibitors
has prompted concerns among physicians and
patients regarding possible adverse reactions to
these drugs (Saeki et al. 2023). However, it is note-
worthy that not all IL-17 inhibitors treated individuals
are susceptible to candidiasis, and the risk of infection
may differ based on the patient’s underlying condi-
tion, the dose and duration of therapy, and the type of
IL-17 inhibitors (Pettas et al. 2021).

Clinicians may employ several strategies to reduce
the hazards of candidiasis linked with IL-17 inhibitors,
including observing patients for signs of candidiasis,
using antifungal prophylaxis in patients at high risk,
and modifying the treatment dose and duration
(Yeung et al. 2022). In addition, patients also need to
be informed about the signs of candidiasis and
advised to get medical assistance if they encounter
any of these symptoms (Bruno et al. 2022).

This article provides an in-depth analysis of IL-17
and its inhibitors and discusses IL-17’s involvement in
the immunological response to candidiasis. In addi-
tion, the current evidence regarding the risk of candi-
diasis related to IL-17 inhibitors and the medical
implications of these findings will be discussed.
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2. Brief overview of interleukin 17 (IL-17)

IL-17 is a family of cytokines consisting of six members
(IL-17A, IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F) that
play an essential role in immune responses and
inflammation (Matsuzaki and Umemura 2018). IL-
17A is the most thoroughly researched member of
the IL-17 family and is predominantly produced by
Th17 cells, a subset of CD4+ T cells (Brevi et al. 2020).
Th17 cells differentiate and produce IL-17A in
response to cytokines, such as TGF-B, IL-6, and IL-23,
in the presence of IL-21 and IL-1 (Saini et al. 2022).

In various cell types, including epithelial cells, fibro-
blasts, endothelial cells, and immune cells, IL-17A
stimulates the production of antimicrobial peptides
(such as defensins), chemokines (i-e., CXCL1, CCL20),
proinflammatory cytokines (i-e., IL-8, IL-17C), and S100
proteins (e.g. ST00A7) (Rioux et al. 2021). These cyto-
kines and chemokines recruit and activate other
immune cells, including neutrophils, macrophages,
and T cells, resulting in an inflammatory response
(Mills 2023). The neutrophils are recruited to the site
of infection through the induction of CXCL1 and
CXCL2 production. Neutrophils are the first immune
cells to react against infection or damaged tissue and
play an essential role in eradicating pathogens (Nie
et al. 2022). IL-17A amplifies the immune response by
producing other proinflammatory cytokines, includ-
ing IL-6, TNF-a, and IL-1B. In addition, IL-17A plays
a critical role in mucosal immunity by promoting the
proliferation of B cells and the production of immu-
noglobulin A (IgA) (Zhang et al. 2021).

Other IL-17 family members have distinct functions
and are produced by distinct cell types (Gonzélez-
Fernandez et al. 2020). IL-17B is generated by neutro-
phils, which stimulate the production of proinflamma-
tory cytokines like TNF-a and IL-6 (Bastid et al. 2020). IL-
17C is produced by epithelial cells, which stimulates the
production of chemokines and antimicrobial peptides
(Miura et al. 2023). IL-17D is produced by various cells,
including dendritic cells, tumour cells, and others, which
activate natural killer cells and T cells (Li et al. 2022). Th2
cells produce IL-17E, commonly known as IL-25, essen-
tial to allergic inflammation (Yuan et al. 2023). In last, the
IL-17F is produced by Th17 cells, which is implicated in
inflammation and mucosal immunity (Jiang et al. 2023).

During candidiasis, T-helper 17 (Th17) cells pro-
duce IL-17, which activates immune cells, including
macrophages and neutrophils, to eliminate the
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pathogen. IL-17 stimulates the production of various
chemokines that recruit immune cells to the infection
site, thus boosting their ability to engulf and eliminate
the attacking Candida species (Li et al. 2019). IL-17
also stimulates the production of antimicrobial pep-
tides, such as cathelicidins and defensins, which have
potent fungicidal activity against Candida (Figure 1:
Model) (Finkina et al. 2022). Thus, the absence of IL-17
or its signalling pathways can result in fatal and
chronic Candida infections (Tangye and Puel 2023).
On the other hand, excessive IL-17 production has
been linked to the pathogenesis of several autoimmune
diseases, such as psoriasis, rheumatoid arthritis, and
multiple sclerosis (Mills 2023). Several studies have
shown that blocking IL-17 activity has therapeutic ben-
efits (Bianchi and Rogge 2019; Chang 2019; Rafael-Vidal
et al. 2020). For treating these autoimmune disorders,
there are currently four biologics that target the IL-17
pathway; however, their adverse effect on the prognosis
of candidiasis is a matter of concern (Yeung et al. 2022).

Oral epithelium

Candida spp "

3. IL-17 inhibitors and risk of candidiasis

Until now, four biologics blocking the IL-17 pathways
are available (Figure 2). Among these, secukinumab,
brodalumab, and ixekizumab, are widely available,
although bimekizumab was officially licenced in
Canada and Europe and is still waiting for authorisa-
tion in the United States (Sbidian et al. 2020).

3.1. Secukinumab

Secukinumab is a monoclonal antibody (IgG1 kappa)
that suppresses the pro-inflammatory cytokine IL-
17A, which is involved in the onset of several auto-
immune diseases, such as psoriasis, ankylosing spon-
dylitis, and psoriatic arthritis (Toussirot 2012). The
molecular weight of secukinumab is about 151 kilo-
daltons, composed of two identical heavy chains and
two identical light chains (Cao et al. 2022). They pre-
vent IL-17A from binding to its receptor on immune
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Figure 1. Model of oral candidiasis and the immune system’s response for clearing Candida species. In response to Candida species,
macrophages are activated, which recruit CD4+T cells or TH17 cells through various cytokines, in order to activate neutrophils or

release B-defensin to clear Candida infection.
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Figure 2. IL-17 inhibitors, attachment sites, and mechanism of action. Secukinumab and ixekizumab interact with IL-17A/A, and A/F,
bimekizumab attached to IL-17A/A, A/F, and F/F, and brodalumab inhibit IL-17A, IL-17C, and IL-17E.

cells through selective binding to its attachment site,
lowering inflammation and its associated effects
(Patrikiou et al. 2020). Depending on the specific con-
dition being treated, secukinumab is administered
either subcutaneously or intravenously (Frieder et al.
2018). For psoriasis and psoriatic arthritis, it is typically
administered 300 mg subcutaneously every week up
to five doses, whereas, for ankylosing spondylitis, it
may be administered 150 to 300 mg intravenously
every week up to five doses (Sanford and McKeage
2015).

Various clinical trials were conducted to assess
the efficacy of secukinumab and the likelihood of
candidiasis. FIXTURE and ERASURE were placebo-
controlled, parallel-group, double-blind, phase IlI
studies in adult patients with moderate to severe
psoriasis. In the ERASURE trial, candidiasis was
recorded in 11 out of 738 participants; one
instance was from the placebo group, three cases
were people who had been given 150 mg of secu-
kinumab, and seven additional cases were involved
those who had been given 300 mg of secukinu-
mab. During the FIXUTRE trial, 11 (2.3%) and 22
(4.7%) patients receiving secukinumab 150 mg and

300 mg, respectively, developed candidiasis
(Langley et al. 2014). SCULPTURE was a double-
blind, randomised, parallel-group phase Il trial
involving 1,306 patients having persistent plaque
psoriasis. Thirteen patients experienced candidiasis
during the entire treatment period (Bissonnette
et al. 2017). JUNCTURE and FEATURE were double-
blind, randomised, placebo-controlled phase Il
trials that evaluated the efficiency and reliability
of subcutaneous injections of secukinumab with
autoinjectors and prefilled syringes, respectively.
The rate of candidiasis was similar to that reported
for other trials (Blauvelt et al. 2015; Paul et al.
2015; Gottlieb et al. 2016; Lacour et al. 2017). In
all clinical trials, candida infections were localised,
ranged from mild to moderately severe, and did
not result in therapeutic cessation (Yeung et al.
2022).

3.2. Ixekizumab

Ixekizumab is a humanised monoclonal antibody
(IgG4 kappa) that inhibits IL-17A, which is associated
with the pathogenesis of autoimmune diseases such
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as psoriasis and psoriatic arthritis (Liu et al. 2016).
Ixekizumab has an approximate molecular weight of
146 kilodaltons and comprises of two identical heavy
chains (445 amino acids) and two identical light
chains (219 amino acids) (Ixekizumab 2006).
Ixekizumab minimises inflammation and associated
symptoms by inhibiting IL-17A attachment to its
receptor on immune cells (Craig and Warren 2020).
Ixekizumab is administered subcutaneously, with
dosage frequency varying depending on the specific
condition being treated (van der Heijde et al. 2018). It
is typically administered as a priming dose of two
injections (160 mq) for psoriatic arthritis and ankylos-
ing spondylitis, followed by one injection (80 mg)
every four weeks (Fujita et al. 2018). Two injections
(160 mg) are administered as an initial dose for mod-
erate-to-severe plaque psoriasis, followed by one
injection (80 mg) at week 4, 6, 8, 10, and 12 (Mease
et al. 2020).

UNCOVER-1, -2, and 3 were placebo-controlled,
double-blind, randomised, phase Il studies for psor-
iasis. There were 16 cases of candidiasis reported from
the combined data of all trials. The number of cases
within weeks 0 and 60 was identical to within weeks 0
and 12. In all trials, most Candida infections were not
much more severe, except for UNCOVER-2, where one
patient experienced severe otitis externa and two
others had severe oral candidiasis (Griffiths et al.
2015; Gordon et al. 2016; Blauvelt et al. 2021).

3.3. Brodalumab

Brodalumab is a human IgG2 monoclonal antibody
that inhibits interleukin-17 receptor A (IL-17RA),
a protein implicated in the signalling pathway of
multiple IL-17 cytokines (Gaspari and Tyring 2015).
Brodalumab has an approximate molecular weight
of 144 kilodaltons and consists of a pair of heavy
and a pair of light chains (Brodalumab 2006).
Brodalumab reduces the inflammatory response asso-
ciated with autoimmune diseases such as psoriasis by
inhibiting IL-17RA (Foulkes and Warren 2019).
Brodalumab is administered subcutaneously, with
the frequency of administration varying according to
the disorder being treated (Nakagawa et al. 2016).
Typically, two injections are used to deal with moder-
ate-to-severe plaque psoriasis, followed by
a maintenance dose of one injection every two
weeks (Pinter et al. 2019). The suggested dosage is

210 mg given subcutaneously at weeks 0, 1, and 2,
then 210 mg every two weeks after that (Fujita et al.
2018).

AMAGINE 1, 2, and 3 were randomised, controlled,
phase Il clinical investigations in adult patients with
substantial psoriasis. Depending on the trial, patients
were randomly assigned to either brodalumab 210 mg
or brodalumab 140 mg treatment. Candidiasis was
more common in all three trials with brodalumab,
particularly with a high dose of 210 mg. None of the
infections were systemic, and none resulted in treat-
ment discontinuation (Lebwohl et al. 2015; Papp et al.
2016, 2020; Puig et al. 2020).

3.4. Bimekizumab

Bimekizumab is a humanised IgG1 monoclonal anti-
body that inhibits IL-17A and IL-17F, two pro-
inflammatory cytokines implicated in developing
autoimmune diseases (Adams et al. 2020). It consists
of a pair of identical heavy chains and a pair of iden-
tical light chains and has an approximate molecular
weight of 147 kilodaltons (Adams et al. 2020).
Bimekizumab is administered subcutaneously, with
dosage frequency varying depending on the specific
condition being treated (Papp et al. 2018). It is typi-
cally administered as a preparing dose of two injec-
tions for psoriasis, followed by one injection every
four weeks. Adults with plaque psoriasis should take
320 mg (given as two 160 mg subcutaneous injec-
tions) every eight weeks starting at weeks 0 through
16 (Ritchlin et al. 2020).

BE READY was a placebo-controlled, double-blind,
randomised, phase Il clinical trial in adults with mod-
erate to severe psoriasis. Oral Candida infection was
observed in 21 (6%) individuals receiving bimekizu-
mab treatment during the initial treatment phase
(Gordon et al. 2021). BE SURE, BE RADIANT, and BE
VIVID were active-comparator controlled, randomised
phase lll clinical studies in adult patients with moder-
ate-to-severe psoriasis. In these investigations, active
comparators were adalimumab, secukinumab, or
ustekinumab, respectively. Candidiasis was signifi-
cantly more developed in the bimekizumab group
(9% to 21%) than in active-comparator group (0% to
5%) (Griffith et al. 2021; Reich et al. 2021, 2021). BE
BRIGHT is a continuing clinical intervention planned
as an open-label extension (OLE) for individuals who
attained Psoriasis Area Severity Index 90 (PASI 90)



after 52 weeks of BE VIVID or 56 weeks of BE SURE
(Leonardi et al. 2022). All the cases observed in the
trials mentioned above were mild or moderate oral
candidiasis, most of which were resolved by antifun-
gal treatment during the trial periods (Yeung et al.
2022).

4. Mechanisms of IL-17 inhibitors and the
provocation of candidiasis

In treating autoimmune diseases, IL-17 inhibitors
have become a crucial class of therapeutic drugs,
modifying the immune system and providing signifi-
cant relief to patients suffering from various autoim-
mune diseases. Similarly, IL-17 plays a vital role in the
host’s defence against Candida species. It stimulates
numerous immune cells, such as neutrophils and
macrophages, that are essential in eliminating the
infection (Bojang et al. 2021). Neutrophils are crucial
in the early phases of an infection, as they promptly
migrate to the infection site, engulf the Candida spe-
cies, and kill it through mechanisms, including the
production of reactive oxygen species (ROS) and the
release of antimicrobial peptides (Pathakumari et al.
2020). Macrophages are also crucial in clearing the
Candida cells, as they engulf and digest them
(Pountain et al. 2021). Additionally, IL-17 stimulates
the production of antimicrobial peptides, such as
defensins and cathelicidins, which eliminate Candida
species directly. These peptides are small, cationic
molecules that may adhere to and rupture the mem-
brane of Candida cells, causing cell lysis and death
(Sawada et al. 2021).

The immune response against Candida species is
compromised when IL-17 is inhibited either through
biologics or genetic knockout (Gaffen and
Moutsopoulos 2020). Neutrophil migration and acti-
vation are inhibited, as well as the production of
lymphoid and myeloid chemo-attractants, and anti-
microbial peptides, particularly B defensin-3, are
inhibited (Davidson et al. 2022). This permits
Candida cells to proliferate excessively and cause
infections. Additionally, IL-17 contributes to the main-
tenance of the mucosal barrier’s integrity. It induces
the synthesis of mucus and tight junction proteins,
inhibiting Candida species’ mucosal surface penetra-
tion (Wang et al. 2019). Upon IL-17 inhibitions, the
mucosal barrier becomes compromised, allowing
Candida species such as C. albicans to penetrate and
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cause infection (Gaffen  and
Moutsopoulos 2020).

The Candida infections are more common on the
body’s mucosal surfaces, including the oral cavity,
gastrointestinal tract, and female genital tract
(Talapko et al. 2021). This is due to the fact that the
Candida cells colonise these areas and are additionally
subjected to various behavioural and environmental
factors, such as antimicrobial agents, hormonal fluc-
tuations, and sexual activity, which may compromise
the mucosal barrier and change the microbial com-
munity, making it more susceptible to Candida spe-
cies’ expansion and the onset of infection
(Basmaciyan et al. 2019; d’Enfert et al. 2021). In addi-
tion, it has been demonstrated that candidiasis
caused by IL-17 inhibitors is typically mild to moder-
ate and not associated with an increased risk of sys-
temic or severe infections (Yeung et al. 2022).

more readily

5. Real-world data on the risk of candidiasis
during IL-17 inhibitors

Several observational studies were conducted to
determine the risk of candidiasis during IL-17 inhibitor
therapy. In 2019 a study from Spain found that candi-
diasis risk during 52 weeks of secukinumab therapy.
A total of 5 (3.7%) patients out of 136 developed
candidiasis, and all reported cases were oral candidia-
sis (Notario et al. 2019). In 2020, a two years study
from Sweden reported 1.7% of vaginal and oral can-
didiasis out of 848 patients during secukinumab treat-
ment (Srinivas et al. 2020). Another secukinumab
therapy study from Italy reported 4% oral candidiasis
cases out of 151 patients, in which in three cases, the
treatment was discontinued due to candida infection
(Galluzzo et al. 2020). In 2021 the US pharmacovigi-
lance report stated that two patients developed oral
candidiasis out of 2,677 brodalumab treated patients
during the two years study duration, in which, the
treatment was discontinued in one case due to the
Candida infection (Rodriguez-Cerdeira et al. 2021).

In 2022, Davidson et al. conducted a study based
on WHO VigiBase, a population-based drug prescrip-
tion registry (PHARMO), and the Netherlands psoriasis
Cohort to determine the risk of candidiasis during
secukinumab, ixekizumab, and brodalumab therapy
(Davidson et al. 2022). According to the WHO global
database 15,768 cases were treated with secukinu-
mab. Among these, 12 cases of onychomycosis, 28
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vulvovaginal, 44 cutaneous, 135 oropharyngeal, 37
oesophageal, and 5 deep-seated candidiasis were
reported. Similarly, 1,633 patients received ixekizu-
mab, among which vulvovaginal candidiasis was
reported in 2 cases, cutaneous candidiasis in 13, oro-
pharyngeal candidiasis in 30, and oesophageal candi-
diasis in 2 patients (Davidson et al. 2022). According
to European public assessment reports (EPAR), 692
patients received secukinumab (150 mg), among
which three patients developed candidiasis during
12 weeks induction period, while 21 patients devel-
oped it during 52 weeks induction period. Similarly,
690 patients received secukinumab (300 mg), in
which eight patients developed candidiasis during
12 weeks induction period and 41 developed candi-
diasis during 52 weeks induction period. Moreover,
4,204 patients received ixekizumab, in which candi-
diasis was developed in 128 patients (Davidson et al.
2022). The same study reported that 66 psoriasis
patients from the Netherlands received secukinumab,
ixekizumab, and brodalumab, among which 38 (58%)
developed candidiasis. Bimekizumab is
a comparatively new biologic for treating autoim-
mune diseases, especially psoriasis. A recent meta-
analysis, including five studies, reported 2%-19.3%
of oral candidiasis cases during the treatment
(Davidson et al. 2022).

6. Comparison of the risk of candidiasis
between different IL-17 inhibitors

The patients treated with various IL-17 inhibitors
reported different proportions of candidiasis.
A clinical trial reported 4.0%, 3.3%, and 1.7% candi-
diasis for brodalumab, ixekizumab, and secukinu-
mab, respectively (Rodriguez-Cerdeira et al. 2021).
Similarly, a systematic review reported 1.9%-21.2%
candidiasis cases for bimekizumab, 1.4%-13.5% for
secukinumab, 0.3%-7% for brodalumab (0.3%-7%),
and 0-3.5% for ixekizumab (Yamanaka-Takaichi
et al. 2022). Studies reported that candidiasis risk
is high for brodalumab and bimekizumab. In
patients with plaque psoriasis, dual inhibition of IL-
17A and IL-17F has demonstrated superior cuta-
neous clearance compared to targeting IL-17A
alone with secukinumab (Reich et al. 2021). Due to
the functions of both cytokines in antifungal host

defence, double neutralisation was also linked with
a higher incidence of mild to moderate oral candi-
diasis compared to secukinumab and ixekizumab
(Puel et al. 2011; Ling and Puel 2014; Gordon et al.
2021). Another possible explanation is that, as bro-
dalumab inhibits IL-17 R, it prevents the activity of
all other IL-17 cytokines, even IL-17E, which may
indirectly inhibit Th17 responses (lwakura et al.
2011). In addition, if IL-17 R is not entirely prevented
after the dosing cycle, residual IL-17 May likely con-
fer defence against Candida (Armstrong et al. 2022).
However, further studies are required on this topic
for better understanding.

7. Risk of candidiasis based on the dose of IL-17
inhibitors

Studies reported that high doses of IL-17 inhibitors
maximise the risk of candidiasis (Yamanaka-
Takaichi et al. 2022). Secukinumab is available in
three dosage forms; 75mg, 150 mg, and 300 mg.
For 75mg of secukinumab, the candidiasis was
reported at 1%-2%, while for 150 mg and 300 mg,
1%-7% and 2.5%-8% of candidiasis were reported,
respectively (Langley et al. 2014; Blauvelt et al.
2015; Mrowietz et al. 2015; Reich et al. 2021). The
bimekizumab is provided in two dosage forms:
160 mg and 320 mg, in which the 320 mg dose is
most commonly used and the risk of candidiasis
for it was reported at 6.4% to 21.2% (Papp et al.
2018; Blauvelt et al. 2020; Ritchlin et al. 2020; van
der Heijde et al. 2020; Griffith et al. 2021; Reich
et al. 2021). Another study showed that for the
160 mg dose, only one out of 43 treated patients
developed candidiasis, while for the 320 mg dose,
two out of 41 treated patients developed candidia-
sis. The brodalumab is given in two dosages; 140 mg
and 210 mg. High rates of candidiasis were reported
in 210 mg dosage, which was 1.3% to 2.3%, while for
140 mg, it was 0.5% to 1.3% (Lebwohl et al. 2015;
Papp et al. 2016). For ixekizumab 80 mg, insuffi-
cient evidence regarding the impact of dose on
the risk of candidiasis is available (Combe et al.
2020; Yamanaka-Takaichi et al. 2022). Further stu-
dies are required to determine the effect of var-
ious doses of ixekizumab and the risk of
candidiasis.



8. Prevention and management of candidiasis
in patients on IL-17 inhibitors

The immunosuppressive effects of IL-17 inhibitors
may make patients more vulnerable to candidiasis
(Huppler et al. 2012). A comprehensive strategy is
recommended to prevent and treat candidiasis in
these individuals. This strategy consists of educating
patients about hazards and signs, ongoing surveil-
lance, adopting good hygiene, using topical antifun-
gal drugs for mild infections, and contemplating
systemic antifungal treatment for recurrent and
severe infections. Follow-up visits with medical pro-
fessionals are vital for monitoring the ongoing treat-
ment progress and refining the care plan (Boehncke
and Brembilla 2022).

8.1. Screening and monitoring for candidiasis in
patients receiving IL-17 inhibitors

Screening and monitoring for candidiasis in IL-17
inhibitor-treated patients are necessary for the early
detection and management of fungal infections
(Silfvast-Kaiser et al. 2019). The subsequent measures
may be taken:

Before initiating an IL-17 inhibitor treatment,
a thorough evaluation of the patient’s medical his-
tory, such as any earlier or present fungal infections,
should be performed. This information can assist in
identifying individuals who may be at a higher risk for
candidiasis (Kearns et al. 2021).

Before commencing IL-17 inhibitors, a candidiasis
baseline assessment should be considered. This might
entail performing laboratory tests such as microbial
cultures or polymerase chain reaction (PCR) analyses.
In addition, a physical examination of the epidermis,
mouth, and genital areas can aid in identifying any
existing candidiasis (Davidson et al. 2022).

People receiving IL-17 inhibitors ought to have
routine clinical evaluations to ensure the effectiveness
of IL-17 inhibitors in managing autoimmune diseases
and to promptly address any potential concerns in the
form of candidiasis symptoms. This includes examin-
ing the patient for oral thrush, skin rashes, and vaginal
infections. Any suspicious lesions or symptoms should
be evaluated as soon as possible by a medical profes-
sional (Busse et al. 2013; Yin et al. 2020).

Patients need to be advised on self-monitoring for
candidiasis. They should be educated to report any
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emerging or worsening symptoms in the afflicted
areas, such as redness, itching, discomfort, or dis-
charge. Aiding patient participation in their own
care may help in the early identification and treat-
ment of candidiasis. In addition, encouraging open
and honest communication between the patient
and their healthcare practitioner is crucial since it
makes it possible to quickly address any potential
symptoms or concerns that may emerge during the
course of IL-17 inhibitor medication (Pappas et al.
2016).

In some instances, it may be advantageous to
involve specialists, such as infectious disease specia-
lists or dermatologists, in the surveillance and therapy
of candidiasis in IL-17 inhibitor-receiving patients.
Such experts can offer additional guidance for accu-
rate diagnosis and treatment (Ruiz de Morales et al.
2020).

By adopting these screening and monitoring
approaches, healthcare professionals can proactively
identify candidiasis in IL-17 inhibitor-treated patients
and instigate prompt actions to prevent complica-
tions and secure optimal patient care (Figure 3).

8.2. Treatment options for candidiasis in patients
on IL-17 inhibitors

The candidiasis associated with IL-17 inhibitors is
rarely systematic and mainly causes topical infection,
among which oral candidiasis is prominent (Okada
et al. 2016). However, the severity of candidiasis
depends on the patient’s underlying conditions,
which might increase the severity of the infection
(Vincent et al. 1998). The severity of the condition
and whether the patient is pregnant often influence
the initial therapy option. According to current
recommendations, the azoles like isavuconazole, itra-
conazole, fluconazole, posaconazole, and should be
evaded during pregnancy, particularly during the first
trimester, owing to the risk of congenital anomalies.
Additional attention may contain; expected adher-
ence, cost, ease of use, medications interactions, and
stomach acidity (Pappas et al. 2016; Yeung et al.
2022). The guidelines for candidiasis treatment are
available, which are summarised as follows (Figure 4).

For cutaneous candidiasis, clotrimazole, terbina-
fine, ciclopirox, and fluconazole are available options.
Clotrimazole is recommended as a 1% cream used
twice a day for up to four weeks (Yeung et al. 2022).
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Figure 3. Monitoring of candidiasis in patients treated with IL-17 inhibitors.
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Figure 4. Clinical presentation, diagnosis and treatment of candidiasis associated with IL-17 inhibitors.



Terbinafine is available as a 1% cream use once a day
for one to two weeks (Yeung et al. 2022). The ciclo-
pirox is also a 1% topical cream, used twice a day for
up to four weeks (Yeung et al. 2022). The fluconazole
is only orally available drug for cutaneous candidiasis,
which is recommended as 150 mg in a single dose
(Yeung et al. 2022).

For oropharyngeal candidiasis, the drugs used are
clotrimazole, miconazole, nystatin, fluconazole, and
itraconazole. The recommended dosage of clotrima-
zole is a 10 mg lozenge, taken 5 times a day for 7 to
14 days (Armstrong et al. 2016; Pappas et al. 2016).
Miconazole is typically administered as a buccal tablet
containing 50 mg once daily for 7 to 14 days (Pappas
et al. 2016). The recommended dosage of nystatin is 5
ml (500,000 units) four times daily (swabbed, retained,
and swallowed) for 7 to 14 days (Pappas et al. 2016).
Fluconazole is recommended as 200 mg taken oral
tablet on day 1, subsequently 100 mg every day for
7-14 days (Yeung et al. 2022). Itraconazole is adminis-
tered in daily dosing of 200 mg for 7-14 days (Pappas
et al. 2016).

For vulvovaginal candidiasis, clotrimazole, micona-
zole, fluconazole and itraconazole are available. The
clotrimazole is recommended 10%, 2%, or 1% cream
used intra-vaginally as a sole dose, for 3 or 7 days
respectively (Armstrong et al. 2016; Pappas et al.
2016). Similarly, vaginal tablets containing 500 mg,
200 mg, or 100 mg clotrimazole can be administered
as a single dose for 3 or 7days, respectively
(Armstrong et al. 2016; Pappas et al. 2016;
Workowski et al. 2021). Miconazole can be prescribed
as a 4% or 2% cream used intra-vaginally for 3 or 7
days, respectively (Armstrong et al. 2016; Workowski
et al. 2021). Similarly, 1,200 mg, 200 mg, or 100 mg
vaginal tablets can be used as a single dose, for 3 or 7
days respectively (Armstrong et al. 2016; Workowski
et al. 2021). Fluconazole can be prescribed as a single
oral dose of 150 mg, however, in severe cases, three
doses for three days may be contemplated (Yeung
et al. 2022). Itraconazole can be administered orally
once daily at 200 mg for 3 to 7 days.

For oesophageal candidiasis, it is recommended to
administer fluconazole 400 mg orally on day one,
followed by 200 mg for 14 to 21 days, and itracona-
zole 200 mg, one a day orally for 14 to 28 days
(Pappas et al. 2016). For Candida balanitis no thera-
peutic guidelines are available from the Infectious
Diseases Society of America (IDSA), however; a study
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stated topically clotrimazole and miconazole and
orally, fluconazole and itraconazole as recommended
prescription (Pappas et al. 2016).

9. Conclusions

In conclusion, the use of IL-17 inhibitors, including
secukinumab, ixekizumab, brodalumab, and bimeki-
zumab, has been associated with an increased risk of
candidiasis, a fungal infection caused by Candida spe-
cies. These medications target the interleukin-17
pathway, which is vital in maintaining mucosal bar-
riers and coordinating immune responses to combat
fungal pathogens. However, by inhibiting IL-17, these
inhibitors disrupt the delicate immune balance, ren-
dering individuals more susceptible to fungal over-
growth and subsequent candidiasis.

Numerous clinical trials and real-world studies have
consistently demonstrated a higher incidence of can-
didiasis in individuals subjected to IL-17 inhibitors.
The difference in the incidence of candidiasis is
being reported during the treatment of IL-17 inhibi-
tors. Studies found that brodalumab and bimekizu-
mab treated patients are associated with
a comparatively higher vulnerability than secukinu-
mab. While the observational data about ixekizumab
is currently insufficient to draw a clear-cut conclusion.
The risk of candidiasis appears to be dose-dependent,
with higher doses of IL-17 inhibitors correlating with
an increased likelihood of developing fungal infec-
tions. Prolonged treatment duration can also contri-
bute to the risk, as continuous inhibition of IL-17 May
further compromise the immune response against
Candida species.

Considering the risk of fungal infections is crucial in
prescribing IL-17 inhibitors. Healthcare professionals
must thoroughly evaluate patients’ medical histories,
paying particular attention to risk factors such as pre-
vious fungal infections, immunosuppression, or
comorbidities that increase susceptibility to fungal
overgrowth. Close monitoring of patients receiving
IL-17 inhibitors is essential, and any signs or symp-
toms indicative of candidiasis, such as oral thrush,
genital infections, or skin rashes, should be promptly
evaluated and addressed.

Patient education regarding the risk of candidiasis
is paramount for early detection and intervention.
Patients should be informed about the signs and
symptoms of fungal infections and encouraged to
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report any changes or concerns to their healthcare
providers. Timely recognition of candidiasis allows for
the early initiation of appropriate antifungal treat-
ment, minimising the risk of complications and ensur-
ing optimal patient management.

Furthermore, future research should focus on
understanding the risk factors contributing to candi-
diasis in patients receiving IL-17 inhibitors. Studies
should explore the impact of specific IL-17 inhibitors,
such as secukinumab, ixekizumab, brodalumab, and
bimekizumab, on the incidence and severity of fungal
infections. Investigating the effectiveness of combina-
tion therapies, such as concurrent use of IL-17 inhibi-
tors and prophylactic antifungal agents, could
potentially mitigate the risk of candidiasis while pre-
serving the therapeutic benefits of IL-17 inhibition.

Prospective studies and long-term surveillance are
necessary to assess the true extent of the risk of
candidiasis and identify any potential variations
across different patient populations and IL-17 inhibi-
tor agents. These research efforts will contribute to
evidence-based guidelines for the safe and effective
use of IL-17 inhibitors, enabling healthcare providers
to optimise patient care and minimise the risk of
fungal infections.
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