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Abstract: An intact and fully functional immune system plays a crucial role in the prevention of
several infectious diseases. Interleukin (IL)17 is significantly involved in oral mucosa immunity
against several antigens and microorganisms, including Candida albicans (CA). Herein, we present
three cases of oral candidiasis (OC) related to the use of an IL17A inhibitor for psoriasis. Three
psoriatic individuals presented for evaluation of widespread symptomatic oral lesions temporally
correlated with the onset of IL17A inhibitors (secukinumab in two patients and brodalumab in one
patient). Clinical examination revealed either partially removable white plaques in an erythematous
background (case #1) or diffuse erythematous lesions (cases #2 and 3) involving several areas of the
oral mucosa. Cytology smear, accompanied by histopathologic examination in case #1, confirmed the
clinical impression of OC in all three cases. All patients received antifungal therapy with satisfactory
clinical response. No discontinuation of the antipsoriatic regimen was recommended, but all patients
were advised to remain under monitoring for possible OC relapses. During the last few years, new
systemic biologic agents targeting IL17 have been used for the management of variable immune-
mediated diseases. Few clinical trials and scarce case reports have shown that these medications
place individuals at high risk of developing candidiasis. We propose that patients treated with
these medications should be at close monitoring for the development of OC and, if it occurs, receive
appropriate management.

Keywords: oral candidiasis; interleukin 17; type 17 immunity; inhibitor; secukinumab; brodalumab;

psoriasis

1. Introduction

Interleukin (IL)17, a well-recognized cytokine discovered in 1993 [1], plays a decisive
role in immunology, also implicated as a driver of multiple signals in the pathogenesis of
several autoimmune and/or autoinflammatory diseases [2]. Research findings support IL17
to be the “conductor” of a pathway that leads to protective immunity [3]. IL17-expressing
populations include T helper (31) 17 subset of T cells and innate-acting lymphocytes [4].
Although mainly produced by T-lymphocytes, IL17 secretion from B cells and myeloid
cells has also been shown but still remains controversial [3]. IL17 family consists of
six members (from IL17A to IL17F), of which IL17A and IL17F share the same receptor
(IL17RA and IL17RC) in both epithelial and mesenchymal cells [3]. Inflammation or signals
derived from pathogen-associated molecular patterns (PAMPs) together with IL1 and IL23
promote the expression of IL17, with RORyt and STAT3 being the main transcription factors
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implicated in this process [3]. The recruitment of ACT1 (also known as TRAF3IP2) in the
IL17R receptor is essential for the beginning of IL17 signaling events [3]. Hereupon, the
accumulation of several transcription factors, such as TRAF6 and C/EBP, as well as G-CSF,
a proinflammatory cytokine, results in a targeted gene expression leading to the formation
of the host’s armamentarium against antigens [3,5].

Candida albicans (CA), the species typically blamed for the most common fungal
infection in humans, is a target microorganism of IL17-mediated immune responses. CA
is a member of healthy human mycobiota, colonizing several areas of the human body,
including the oral mucosa [6]. In immunocompetent patients, the fungus exists in harmony
with other members of the microbiome [6]. However, dysbiosis of oral microbiota and
disruption of this balance may enable the CA burden to expand and cause infection [6]. In
the oral cavity, 3-glucans exposed by Candida hyphae regulate the activation of the Dectin-
1/CARD9Y pathway, which leads to the production of IL1, IL6, and IL23 by the antigen-
presenting populations found in the epithelium [3]. Candidalysin, a peptidase secreted by
the hyphal form of CA, damages oral epithelial cells resulting in the secretion of IL1 and
IL36 [3]. These signals drive the expression of IL17, which orchestrates several immune
events inducing fungicidal 3-defensins, as well as neutrophil-activating chemokines CXC
and hemopoietin G-CSF [3].

The role of IL17 in the pathogenesis of various immune-medicated disorders, includ-
ing rheumatoid arthritis, ankylosing spondylitis, chronic inflammatory intestinal diseases,
multiple sclerosis, and psoriasis, has been described in the literature [2,7]. Psoriasis is a
chronic autoimmune-autoinflammatory disorder characterized by abnormal differentiation
and uncontrollable proliferation of epidermal cells. IL17A, IL17C, and IL17F levels have
been found to be significantly increased in psoriatic individuals [8], with IL17A being
the one most biologically active [9], while a synergistic role of TNF-« has been also sug-
gested [10]. Keratinocytes, endothelial cells, and innate immune cells are the main targets
of type 17 immunity [11].

In recent years, new systemic biologic agents targeting IL17 have been approved
for the management of psoriatic patients. Secukinumab and ixekizumab, two anti-IL17A
monoclonal antibodies, as well as brodalumab, a monoclonal antibody binding to IL17RA
and neutralizing IL17 function, are the ones more commonly used [12,13]. Bimekizumab,
a more recently manufactured antibody, neutralizes both IL17A and IL17F [12]. Recent
findings, as well as knowledge of their mechanistic effects in type 17 immunity, indicate
that these medications place patients at high risk of developing candidiasis [14]. Our scope
is to present three cases of oral candidiasis (OC) related to IL17 inhibitors administered in
psoriatic patients, underlining the need for awareness of this adverse effect and highlighting
the appropriate diagnostic work-up and management.

2. Case Reports
2.1. Case 1

A 22-year-old female presented for evaluation of mildly symptomatic oral lesions,
firstly noticed a day before. The patient had been diagnosed with cutaneous psoriasis
7 years ago, for which she was recently treated with one subcutaneous injection of secuk-
inumab (Cosentyx®) 300 mg per month; the last injection was performed a week ago. She
reported occasional weakness after injection of the aforementioned drug. A complete blood
count (CBC), performed 3 months ago, was within normal limits.

Clinical examination revealed white plaques on an erythematous base, which were
only partially removable, leaving a hemorrhagic surface located on the dorsal tongue
(more exuberant) (Figure 1A), hard palate (Figure 1B), and left tuberosity (Figure 1C). To
further corroborate a provisional diagnosis of pseudomembranous and chronic hyperplastic
candidiasis (CHC) and rule out other entities in the differential diagnosis with a similar
clinical appearance, an incisional biopsy, as well as a cytology smear, of the dorsal tongue
were performed. Histopathologic examination showed hyperparakeratosis, acanthosis with
elongated rete ridges, in addition to mixed, mainly chronic, inflammation of the underlying
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connective tissue with neutrophilic exocytosis and microabscesses formation in the upper
epithelial layers (Figure 2A), while staining with Periodic acid-Schiff (PAS) revealed tubular
hyphae of CA in the parakeratin layer (Figure 2B). A cytology smear was also positive
for the presence of CA hyphae. On the basis of these microscopic findings, the diagnosis
of OC was confirmed. Considering the temporal relationship between the onset of the
symptoms and the administration of the last secukinumab injection in the absence of other
predisposing factors for OC, an etiologic relationship between secukinumab administration
and OC development was considered very likely.

Figure 1. Patient 1. Clinical examination: Partially removable white plaques on erythematous base
involving the dorsal tongue (A), hard palate (B), and left tuberosity (C).

Figure 2. Patient 1. (A) Histopathologic examination revealing hyperparakeratosis, neutrophilic mi-
croabscesses in the upper layers, thickened spinous layer with elongated rete pegs, and inflammation
of the underlying connective tissue with exocytosis (H&E, initial magnification 100x). (B) Tubu-
lar hyphae of Candida albicans are seen embedded in the parakeratin layer (PAS staining, initial
magnification 200 x).

The patient was prescribed systemic fluconazole 100 mg qd in combination with
miconazole oral gel 20 mg qid and chlorhexidine 0.2% oral rinses bid for 2 weeks. On
follow-up after one week, the patient was free of any symptoms, and the clinical examina-
tion revealed resolution of the white patches and improvement of the erythematous areas
(Figure 3A-C). She was instructed to continue the antifungal therapy for another week;
also, she was informed about the possible relationship between the antipsoriatic treatment
and the development of OC and was instructed to discuss this side effect with her derma-
tologist. She was further advised to undergo monitoring with proper oral examination
when receiving the injection with prompt intervention in case of OC recurrence. Two weeks
after her last appointment, the patient reported a total absence of clinical symptoms as well
as complete resolution of the lesions. However, she was subsequently lost to follow-up.
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Figure 3. Patient 1. Clinical examination one week after the onset of the antifungal therapy: significant
improvement of the lesions on the dorsal tongue (A), hard palate (B), and left tuberosity (C).

2.2. Case 2

A 66-year-old female presented for evaluation of erythematous lesions on her oral
mucosa; she also reported burning mouth symptoms, taste dysfunction, and xerostomia.
The patient was diagnosed with cutaneous psoriasis 30 years ago and, for the last 3 years,
was under treatment with secukinumab (Cosentyx®) 150 mg (two subcutaneous injections
monthly). Her medical and drug history was otherwise unremarkable, and a CBC per-
formed 5 months ago was within normal limits. Although fluctuating for almost 5 years, the
oral symptoms became more intense with the commencement of secukinumab; therefore, a
possible relationship with the antipsoriatic medication was considered.

Clinically, dryness and erythema in the labial commissures (Figure 4A), an erythema-
tous glossy dorsal tongue (Figure 4B), diffuse erythema in the buccal mucosae (Figure 4C),
as well as erythematous patches on the hard palate were clinically observed, while salivary
flow rate was normal. A cytology smear from the dorsal tongue was performed and stained
with PAS, showing yeasts of CA (Figure 4D). A final diagnosis of erythematous candidiasis
and angular cheilitis was made.

Figure 4. Patient 2. (A-C): Clinical examination: dryness and erythema in the labial commissures (A),
erythematous glossy dorsal tongue (B), and diffuse erythema in the right buccal mucosa (C). (D) A
cytology smear from the dorsal tongue demonstrating yeasts of Candida albicans (PAS staining, initial
magnification 200 x).
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The patient was prescribed miconazole oral gel 20 mg qid and chlorhexidine oral solu-
tion 0.20% bid, while a cream of miconazole nitrate 20 mg combined with hydrocortisone
10 mg was also applied qid to the labial commissures for 2 weeks. She was advised to
consult with her dermatologist and to remain under monitoring with appropriate oral
examinations. Two weeks later, the patient reported significant improvement of the clinical
symptoms and was subsequently lost to follow-up.

2.3. Case 3

A 50-year-old male presented for evaluation of tongue lesions causing burning symp-
toms of approximately 10 months duration. Two years ago, the patient was diagnosed with
cutaneous psoriasis, for which, until recently, he was receiving two subcutaneous injections
brodalumab (Kyntheum®) 210 mg per month; the injections were discontinued 3 months
ago. His medical history was also significant for tuberculosis, diagnosed two years ago,
for which he received isoniazid (3 tablets per day) for 9 months; he clearly reported that
the oral symptoms presented several months after the discontinuation of isoniazide, while
he was receiving only brodalumab; therefore, a possible relationship of the latter with oral
lesions was considered. A recently performed CBC was within normal limits.

Clinically, dryness and erythema in the labial commissures, as well as scattered erythe-
matous areas on the dorsal tongue (Figure 5A) and hard palate (Figure 5B), were noticed.
A cytology smear from the oral erythematous lesions was performed and stained with PAS
demonstrating yeasts of CA (Figure 5C). A final diagnosis of erythematous candidiasis and
angular cheilitis was rendered, and the patient received systemic fluconazole 100 mg qd in
combination with miconazole oral gel 20 mg qid and chlorhexidine 0.20% oral solution bid
for one week; a cream of miconazole nitrate 20 mg combined with hydrocortisone 10 mg
was also applied to labial commissures qid. At 1-week follow-up, the patient was asymp-
tomatic, demonstrating significant remission of the lesions, chiefly the palatal (Figure 5D).
He was advised to continue the antifungal treatment for another week and, in case the
antipsoriatic regimen was resumed, to remain under monitoring for OC development.

Figure 5. Patient 3. (A,B): Clinical examination: scattered erythematous areas on the dorsal tongue
(A) and hard palate (B). (C) Cytology smear from the dorsal tongue showing yeasts of Candida albicans
(PAS staining, 200x). (D) Clinical examination one week after the commencement of antifungal
treatment showing significant remission of the palatal lesions.
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3. Discussion

In this paper, we have presented three cases of OC in patients with no other known
predisposing factors, apart from the use of anti-IL17A medications for psoriasis, specifically
secukinumab (cases #1 and 2) and brodalumab (case #3). The possibility of candidiasis
development in patients receiving such medications has been recognized in several clinical
trials, but their diagnosis in routine clinical practice with a detailed presentation of their
clinicopathologic features and management has been scarce in the literature.

The reason behind candidiasis development in patients receiving anti-IL17A medica-
tions is directly related to the aforementioned role of IL17-mediated immune mechanisms
in preventing and controlling Candida infections. Indeed, several disorders related to
inborn or acquired deregulation of IL17 have been associated with a high frequency of
candidiasis. The protective role of IL17 against Candida is apparent in human primary
immune deficiencies; disorders related to mutations in genes involved in the IL17 pathway
are characterized by an increased rate of Candida colonization [3]. For example, patients
with mutations affecting IL23-dependent IL17A /IL17F immunity, as well as individuals
with absence of IL17A /F-producing T cells due to loss-of-function mutations in ROR7y
and ROR~t genes, suffer from chronic mucocutaneous candidiasis (CMC) [15,16], an un-
common disorder characterized by persistent or recurrent Candida infections involving
the skin, nails, and mucosae [17]. Similarly, deficiency of Ti17 cells due to mutations in
STAT3 genes, resulting in lack of IL17 production, place individuals with the autosomal
dominant hyper-IgE syndrome (Job’s syndrome) at high risk for CMC or oropharyngeal
candidiasis [18]. Candida infections also thrive in humans with mutations in genes encoding
other molecules involved in IL17-mediated immunity, including TRAF3IP2 (also known
as ACT1),IL17F, IL17RA, and IL17RC genes [19-22]. Recently, a case of CMC in a patient
diagnosed with a novel mutation in the TRAF3IP2 gene, encoding for a protein participat-
ing in IL17 receptor downstream signaling, was also reported [23]. Another interesting
correlation is that susceptibility to OC among HIV seropositive individuals is likely to be
attributed to Ty 17 cells decrease [24].

Novel drugs targeting IL17 have been associated with several adverse effects, some
of which may manifest or arise in the oral cavity, including lichen planus/lichenoid mu-
cositis [25-27], oral ulcerations [28,29], and herpetic infections [28,30-32]. As expected,
the development of candidiasis is frequently listed among side effects in several clinical
trials involving anti-IL17A inhibitors. Regarding location, Candida infection related to these
neutralizing antibodies may show a predilection for the oral cavity, followed by the vulvo-
vaginal/genital area, skin, esophagus, and oropharynx [33-35]. In a comprehensive review
of the English language literature on clinical trials using anti-IL17A inhibitors as targeted
therapy for psoriasis, psoriatic arthritis, and ankylosing spondylitis, 25 studies [25,30,32-54],
specifically including OC evaluation as a potential adverse event, were identified (Table 1).
It should be mentioned that a few additional trials did not report OC as an adverse event,
without clarifying whether the infection was not observed or not investigated [28,29,31],
while two studies were not evaluated due to insufficient data distinguishing the number
of oral or genital infections [55,56]. From the 25 clinical studies evaluated, 16 used se-
cukinumab (in doses of 300, 150, or 75 mg) [25,30,32,33,35,36,38—41,45-47,49,51,52]; 4 used
brodalumab (in doses of 210, 140, and 70 mg) [37,42,43,54]; 4 used bimekizumab (in dosages
ranging from 40 to 560 mg) [44,48,50,53]; and 1 study used ixekizumab (in a dose of
80 mg) [34]. Interestingly, in three clinical trials with secukinumab [25,38,45] and one with
bimekizumab [44], none of the patients developed OC infection during the study period.
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Table 1. Summary of clinical trials of IL17 inhibitor treatment for psoriasis, psoriatic arthritis,
ankylosing spondylitis, and rheumatoid arthritis, specifically reporting oral candidiasis development
as an adverse effect.

% and # of
. # of Patients Dosage (per Patients with
Author Disease "ll“;zatil:leel: Al:ir;(%ﬁiesr:gt?(fn Dul:;:il;)ll‘l of (per Treatment Treatment OC per
8 Group) Group) Treatment
Group
P;&i %;]1 v Psoriasis Brodalumab Every 2 weeks 120 weeks 148 210 mg 3.38% (5/148)
1/weekly
Paul et al., . . 60 300 mg 0% (0/60)
2014 [38] Psoriasis Secukinumab to week 4, then 12 weeks 61 150 mg 0% (0/61)
every 4 weeks
1/weekly for the o
Blauveltetal, o i Secukinumab  1st month and 12 weeks 59 300 mg 179% (1/59)
2015 [39] 59 150 mg 0% (0/59)
then week 8
Every 2 weeks
Baeten et al., Ankylosing . for the 1st month 276 150 mg 0.36% (1/276)
2015 [40] Spondylitis ~ Secukinumab .3 then every 52 weeks 285 75 mg 0.7% (2/285)
4 weeks
Mease et al., Psoriatic . 295 150 mg 1.36% (4/295)
2015 [33] Arthritis Secukinumab  Every 4 weeks 52 weeks 292 75 mg 1.37% (4/292)
MclInnes et al Psoriatic 1{:; ﬁizﬁosrfg ¢ 133 300 mg 1.5% (2/133)
v L Secukinumab 52 weeks 127 150 mg 2.36% (3/127)
2015 [41] Arthritis then every 75 75 m 1.33% (1/75)
4 weeks 8 oo
1/weekly for the
Nak Psoriasis/ 1st month and 37 210 mg
ot ala 2516815‘322] Psoriatic Brodalumab then every 12 weeks 37 140 mg 0.9% (1/111)
v Arthritis 2 weeks 37 70 mg
until week 10
1/weekly for the
Yamasaki et al Psoriasis/ 1st 3 weeks and
7 Psoriatic Ery- Brodalumab then every 52 weeks 30 140 mg 3.33% (1/30)
2016 [43]
throderma 2 weeks
until week 52
Gordon et al., - . Every 2 or o
2016 [34] Psoriasis Ixekizumab 4 weeks 60 weeks 3736 80 mg 1.7% (63/3736)
Braun et al., Ankylosing . 181 150 mg 0.55% (1/181)
2017 [30] Spondylitis ~ Secukinumab - Every 4 weeks 104 weeks 179 75 mg 0.56% (1/179)
1/weekly for the
Margo-Ortega Ankylosing . 1st 3 weeks and 106 150 mg 0.94% (1/106)
etal,2017[32]  Spondylils ~ Sccukinumab then every 104 weeks 105 75 mg 0.95% (1/105)
4 weeks
20 240/160/160 mg 0% (0/20)
Glatt et al., Psoriatic . . . 6 80/40/40 mg 0% (0/6)
2017 [44] Arthritis Bimekizumab  Baseline, week 3, 6 20 weeks 6 160/80/80 mg 0% (0/6)
6 560/320/320 mg 0% (0/6)
Every 2 weeks
Blanco et al., Rheumatoid Secukinumab for the 1st month 50 weeks 215 150 mg 0% (0/215)
2017 [45] Arthritis ukinu and then every 218 75 mg 0% (0/218)
4 weeks
Every 2 weeks
Pavelka et al., Ankylosing . for the 1st month 113 300 mg 0.88% (1/113)
2017 [46] Spondylis ~ oecukmmab " then every 52 weeks 110 150 mg 0.9% (1/110)
4 weeks
1/weekly for the 150 m
Kivitz et al., Ankylosing Secukinumab 1st month and 104 weeks 116 150 m (g;’lo 1.73% (2/116)
2018 [47] Spondylitis then every 117 loag) 0.85% (1/117)

4 weeks
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Table 1. Cont.

% and # of
] Treatment Frequency of Duration of # of Patients Dosage (per Patients with
Author Disease Regi I . . (per Treatment Treatment OC per
egimen Administration Trial
Group) Group) Treatment
Group
Bissonnette o . 2 or o
etal,, 2018 [35] Psoriasis Secukinumab Every 4 weeks 4years 168 300 mg 1.19% (2/168)
43 480 mg 0% (0/43)
43 320 mg 7% (3/43)
P;gl% (;flg]l v Psoriasis Bimekizumab EVES{ i\e/veekelgs 12 weeks 40 320/160 mg 2.5% (1/40)
u 43 160 mg 0% (0/43)
39 64 mg 0% (0/39)
Every 2 weeks
Baraliakos Ankylosing . for the 1st month 210 150 mg o
etal., 2019 [49] Spondylitis Secukinumab and then every 260 weeks 64 75mg 11% (3/274)
4 weeks
T;;C ; ‘f;gll" Psoriasis Secukinumab i‘;igﬁggﬁe;s 48 weeks 20 300 mg 5% (1/20)
1/weekly for the
Kishimoto Ankylosing . 1st month and o
etal,, 2019 [25] Spondylitis Secukinumab then every 52 weeks 30 150 mg 0% (0/30)
4 weeks
91 320 mg 16.5% (15/91)
Blz%;gltsglal" Psoriasis Bimekizumab Every 4 weeks 48 weeks 111 160 mg 11.7% (13/111)
15 64 mg 6.7% (1/15)
1/weekly for the
. 1st month and
Huang et al, Ankylos%n.g Secukinumab then every 52 weeks 453 150 mg 0.44% (2/453)
2020 [51] Spondylitis
4 weeks
until week 48
Every 2 weeks
Pavelka et al., Ankylosing . for the 1st month 113 300 mg o
2020 [52] Spondylitis Secukinumab and then every 156 weeks 110 150 mg 045% (1/223)
4 weeks
Ritchlin et al., Psoriatic . . 80 320 mg 5% (4/80)
2020 [53] Arthritis Bimekizumab  Every 4 weeks 48 weeks 126 160 mg 4.8% (6/126)
Yamaguchi - Every 2 or 210 mg o
et al., 2020 [54] Psoriasis Brodalumab 4 weeks 108 weeks 129 140 mg 7% (9/129)

Regarding secukinumab, the frequency of OC development in various trials (per
dosage category) ranged from 0% to 5%; the total number of patients treated in the various
trials was 4.350, with 36 (0.83%) developing OC. According to the dosage used (in studies
specifying adverse effects per dose), treatment with 300 mg, 150 mg, or 75 mg resulted in
OC development in 7 out of 553 (1.26%), 16 out of 2146 (0.75%), and 9 out of 1154 (0.78%),
respectively, indicating that higher doses of secukinumab are more likely to result in oral
Candida infection. In contrast, analyzing the results of a few previous studies comparing
different doses of secukinumab treatment, OC appears to be a dose-related adverse event
only in some studies [39,55], but not in others [30,32,33,40,46].

In trials using brodalumab, OC occurrence appeared to be higher compared to se-
cukinumab, ranging from 0.9% to 7% in various studies for an overall incidence of 3.8%
(16 out of 418 total cases). Even higher percentages of OC were recorded in studies with
bimekizumab, affecting 43 out of a total of 669 (6.4%) patients. A single but sizable study of
ixekizumab, consisting of 3736 patients, reported OC development in 63 patients (1.7%) [34].

The aforementioned clinical trials provide sufficient evidence that OC is one of the
relatively frequent side effects of anti-IL17A medications. However, a direct etiologic rela-
tionship on a case-by-case basis is difficult to prove, while, in a few of these studies, other
confounding factors may exist, such as the use of medications that could (either directly
or indirectly) provoke candidiasis development, such as oral steroids, immunomodula-
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tory agents (e.g., methotrexate), and antidepressants [33,47,53]. Further, correlations with
patients” demographics cannot be made, since almost all clinical trials do not provide the
specific demographic characteristics of those who developed OC; however, a study evaluat-
ing elderly patients (above 65 years of age) reported that no significant association between
the frequency of adverse events, including OC, and their specific age was observed [57].
In relationship to diagnostic methodology, the specific work-up used to diagnose OC is
not detailed in most clinical trials, which also do not describe the specific site and clinical
appearance of lesions. In terms of severity, the majority of OC cases reported in trials were
mild or moderate [41,50], even resolving without any antifungal therapy, however without
specifying the method of severity assessment; few studies reported severe cases [33,34] that
even led to discontinuation of the medication in a minority of patients [47], which raises
concerns whether the infection was indeed limited to the oral cavity or extending to the
oropharynx. For example, Ritchlin et al. [53] reported two cases with mild or moderate
oral Candida infection that required short interruption of treatment and systemic antifungal
therapy. Nonetheless, most studies lacked details about therapeutic interventions, such as
administration, type, and duration of antifungal therapy and the need or not for discon-
tinuation of the anti-IL17A medication, as well as follow-up information, including the
possible reappearance of the infection with discontinuation of the antifungal medication or
restart of the biologic agent.

Besides clinical trials, the number of case series and reports specifically addressing the
development of OC in patients receiving anti-IL17A regimens remains very limited [27,58-62].
In this regard, our three cases represent uncommonly reported examples of microscopically
proven OC with the characteristic clinical appearance in patients without any other pre-
disposing factor besides anti-IL17A treatment, while case #3 is the first well-documented
OC related to brodalumab published to this date. In a detailed case series of 16 psoriatic
patients [59], two of which had predisposing factors for candidiasis (the one was diabetic
and the other had recently completed a 3-month treatment with steroids), none of them
developed oral (or other mucosal or cutaneous) Candida infection, as assessed by swabs
and culture, during the 12-month therapy periods with subcutaneous injections of secuk-
inumab 300 mg monthly. Recently, a case of microscopically confirmed OC in a 52-year-old
female patient with psoriasis treated with secukinumab (300 mg monthly) was reported by
Farah [60]. Specifically, a thick white plaque on the dorsal tongue, consistent with CHC,
was noticed and successfully treated with oral fluconazole 50 mg per day for 3 weeks;
maintenance of the targeted immunotherapy was decided, and no recurrences were no-
ticed. Interestingly, in addition to CHC, the patient also presented with asymptomatic
oral lichenoid lesions (not biopsy-proven), which were also attributed to secukinumab, al-
though a clear correlation with the onset of the medication could not be supported. Picciani
et al. [58] reported a similar case of a 50-year-old psoriatic female patient on secukinumab
(300 mg monthly), who also presented OC involving the tongue in the form of erythema
and atrophy of the dorsal surface and non-removable white plaques on the lateral border;
the lesions developed 60 days after commencement of the antipsoriatic medication. A
suitable response was achieved with topical application of miconazole oral gel 20 mg qid
for 30 days, and the patient was recommended to discontinue the antipsoriatic treatment.
After complete remission of OC, the dose of secukinumab was reduced at 150 mg per month
without recurrences during a 7-month follow-up period; this observation is in agreement
with the aforementioned higher incidence of OC in higher (300 mg) compared to lower
doses of secukinumab in clinical trials. Komori et al. [61] reported a 74-year-old female
patient suffering from psoriasis vulgaris and rheumatoid arthritis, who, five months after
commencement of secukinumab treatment, developed a painful whitish plaque on her
buccal mucosa, microscopically diagnosed as “oral lichen planus with candidiasis”, the
later confirmed by PAS staining. Management included secukinumab discontinuation
and administration of oral antifungal therapy in the form of oral amphotericin B syrup
treatment for two months, which resulted in complete remission of the lesion without sub-
sequent relapses. Similarly, Capusan et al. [27] described a case of a 45-year-old male with
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psoriasis, who, eight months after the onset of secukinumab, developed oral lichenoid le-
sions along with OC, confirmed by microscopic examination and culture; clinically, painful
ulcerative and white lesions were noticed on the lateral borders and the dorsum of the
tongue. Treatment with oral itraconazole and intralesional corticosteroids resulted only in
partial remission of the lesions; only after discontinuation of the antipsoriatic treatment
for 8 weeks was complete remission observed. Subsequent antipsoriatic treatment with
ixekizumab caused a relapse of the OC (without concomitant lichenoid lesions) within a
month, which was successfully managed with fluconazole; no further recurrences occurred
despite the continuation of the ixekizumab for the next 9 months. Finally, Moldenhauer
et al. [62] reported a 59-year-old male patient with psoriasis and psoriatic arthritis who
developed candidal balanoposthitis, angular cheilitis, and OC (in the form of only partially
removable pseudomembranous patches), in addition to labial and tongue swelling, while
on secukinumab treatment (150 mg every 4 weeks) for the last 8 weeks. Notwithstand-
ing, a clear relationship between Candida infection and secukinumab could not be safely
claimed, as the patient was also under treatment with empagliflozin (SGLT-2 inhibitor)
for diabetes type 2, another medication commonly associated with genital Candida infec-
tions mainly in women (vulvovaginal) [63]. The patient was recommended to discontinue
both secukinumab and empagliflozin and received antifungal treatment with fluconazole
(200 mg/day per os for 2 weeks), resulting in rapid resolution of the fungal infection; in
addition, secukinumab was replaced by ustekinumab (an anti-IL12/IL.23 antibody).

Overall, it appears that the majority of aforementioned OC cases, including ours,
affected the tongue, followed by the buccal and palatal mucosa and the commissures. In
particular, a clinical presentation of CHC, i.e., a non-detachable (or only partially removable)
white plaque, appears to be common [58,60], similar to our case #1, while a co-existence
of oral lichenoid lesions is also possible [27,60,61]. This propensity for relatively unusual
or atypical clinical features, compared to the more typical pseudomembranous or erythe-
matous OC, necessitates ruling out other conditions with clinical similarities. Although
OC can usually be diagnosed through the evaluation of a patient’s medical history and
symptoms in combination with clinical examination, equivocal cases should be confirmed
through detection of Candida presence [64,65]. Even though culture can directly identify
the organism and also assess its sensitivity to antifungal therapy, this technique may not
be readily available in routine clinical practice [64]. The microscopic detection of the hy-
phae and yeasts could be made in cytologic smears or tissue biopsy samples, commonly
stained with PAS [64,65]. A biopsy is mostly recommended for CHC, especially to rule out
epithelial dysplasia [64], similar to our case #1.

Regarding management options for OC, the literature supports that topical antifungals
are the first-line choice for mild oral Candida infections in immunocompetent patients [66].
The most frequently used drugs are nystatin, clotrimazole, and miconazole, commonly
prescribed for 1-2 weeks [66,67]. Widespread moderate-to-severe infections not responding
to topical medications, as well as immunosuppression, are the most common indications for
systemic therapy [66,67]. In such cases, oral fluoconazole 100-200 mg per day for 1-2 weeks
seems to be the drug of choice, while itraconazole, voriconazole, and posaconazole may
be effective alternative choices [66,67]. Dosage should be individualized depending on
the patient’s profile, as well as the severity and type of OC. Regardless of the antifungal
regimen, the control of any additional underlying predisposing factor (such as anemia,
diabetes mellitus, and immunosuppression) as well as a suitable level of oral hygiene,
in addition to the supplementary use of antimicrobial agents, could also contribute to
the control of the infection [66,67]. In the previously published OC cases associated with
anti-IL17A inhibitors described above, various combinations of topical and/or systemic
antifungal treatment were used with overall successful results; similarly, in all three of our
cases, a short regimen was sufficient to induce remission within one to two weeks.

In relation to the possible need for drug discontinuation, it seems that OC does not nec-
essarily constitute a reason to discontinue the anti-IL17A inhibitors, as in the case reported
by Farah [60]. However, in the other four reported cases [27,58,61,62], discontinuation of
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the treatment was elected, followed by adjustment of the dosage [58] or replacement of the
medication with other of the same [27] or other class [62].

Regarding OC prevention for patients under IL17A inhibitors, the use of lower dosages,
especially for secukinumab, may play an important role. Further, these patients should
be under close follow-up from both dermatologists and oral medicine specialists in order
to detect OC at an early stage, avoiding disruption in the therapeutic regimen with its
potentially negative sequelae on the condition under treatment. Prophylactic antifungal
therapy could be considered for patients receiving high doses for a long-term period,
especially for individuals with other predisposing factors for OC, such as medication-
induced immunosuppression. Literature has proven the fungistatic role of all-trans retinoic
acid (ATRA), an active metabolite of vitamin A [68]. Noticeably, psoriatic individuals seem
to be more susceptible to vitamin A deficiency [69], which could possibly explain the higher
frequency of Candida infections they commonly face [70]. It was recently suggested that
serology testing for vitamin A or ATRA, if possible, could be included in the daily routine
evaluation of patients under treatment with anti-IL17A monoclonal antibodies [71].

4. Conclusions

Recognizing the role of IL17 in several autoimmune and/or autoinflammatory disor-
ders, including psoriasis, has prompted the successful use of IL17A neutralizing antibodies
in their management. However, such medications place these patients at higher risk of
OC development since IL17-mediated immune responses serve as essential protectors
against Candida colonization. Indeed, clinical trials of secukinumab, brodalumab, and
ixekizumab have shown an overall OC development incidence of 0.83%, 3.80%, and 1.7%,
respectively. Considering that OC may present with a heterogeneous clinical appearance,
sometimes masquerading as other oral disease entities, the clinician should be aware of this
potential side effect. Patients treated with such inhibitors should be at close monitoring
and receive appropriate management if OC develops. As such infections are commonly
mild to moderate in severity, biologic agents do not need to be altered or interrupted in the
majority of cases.

Author Contributions: Conceptualization, N.G.N. and E.P,; methodology, E.P, V.S. and V.I.T.; formal
analysis, E.P,, V.S. and M.G; investigation, E.P., VI.T. and M.G.; data curation, E.P, V.S.,, M.G. and
N.G.N.; writing original draft preparation, E.P,, V.S., VLT. and M.G.; writing—review and editing,
N.G.N,; visualization, E.P. and N.G.N.; supervision, N.G.N. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was performed in accordance with the Declaration
of Helsinki.

Informed Consent Statement: Patients’ consent was exempt due to the retrospective nature of the
case and since only intra-oral images and pathology slides were used.

Data Availability Statement: Department of Oral Medicine & Pathology and Hospital Dentistry,
School of Dentistry, National and Kapodistrian University of Athens, Greece.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

IL: interleukin; CA: Candida albicans;, OC: oral candidiasis; y: helper; PAMPs: pathogen-
associated molecular patterns; CBC: complete blood count; CHC: chronic hyperplastic candidiasis;
PAS: Periodic acid-Schiff; CMC: chronic mucocutaneous candidiasis; ATRA: all-trans retinoic acid.



Diagnostics 2022, 12, 3 12 of 15

References

1. Rouvier, E.; Luciani, M.E; Mattéi, M.G.; Denizot, F.; Golstein, P. CTLA-8, cloned from an activated T cell, bearing AU-rich
messenger RNA instability sequences, and homologous to a herpesvirus saimiri gene. J. Immunol. 1993, 150, 5445-5456. [PubMed]

2. Kuwabara, T.; Ishikawa, F.; Kondo, M.; Kakiuchi, T. The Role of IL-17 and Related Cytokines in Inflammatory Autoimmune
Diseases. Mediators Inflamm. 2017, 2017, 3908061. [CrossRef] [PubMed]

3. Gaffen, S.L.; Moutsopoulos, N.M. Regulation of host-microbe interactions at oral mucosal barriers by type 17 immunity. Sci
Immunol. 2020, 5, eaaud594. [CrossRef] [PubMed]

4. Veldhoen, M. Interleukin 17 is a chief orchestrator of immunity. Nat. Immunol. 2017, 18, 612-621. [CrossRef]

5. Li, X,; Bechara, R.; Zhao, ].; McGeachy, M.].; Gaffen, S.L. IL-17 receptor-based signaling and implications for disease. Nat. Immunol.
2019, 20, 1594-1602. [CrossRef] [PubMed]

6. Gulati, M.; Nobile, C.J. Candida albicans biofilms: Development, regulation, and molecular mechanisms. Microbes Infect. 2016, 18,
310-321. [CrossRef] [PubMed]

7. Park, H.; Li, Z.; Yang, X.O.; Chang, S.H.; Nurieva, R.; Wang, Y.H.; Wang, Y.; Hood, L.; Zhu, Z; Tian, Q.; et al. A distinct lineage of
CD4 T cells regulates tissue inflammation by producing interleukin 17. Nat. Immunol. 2005, 6, 1133-1141. [CrossRef] [PubMed]

8.  Martin, D.A; Towne, ]J.E.; Kricorian, G.; Klekotka, P.; Gudjonsson, J.E.; Krueger, ].G.; Russell, C.B. The emerging role of IL-17 in
the pathogenesis of psoriasis: Preclinical and clinical findings. J. Invest. Dermatol. 2013, 133, 17-26. [CrossRef]

9.  Kirkham, B.W,; Kavanaugh, A.; Reich, K. Interleukin-17A: A unique pathway in immune-mediated diseases: Psoriasis, psoriatic
arthritis and rheumatoid arthritis. Immunology 2014, 141, 133-142. [CrossRef]

10.  Chiricozzi, A.; Guttman-Yassky, E.; Suarez-Fariias, M.; Nograles, K.E.; Tian, S.; Cardinale, I.; Chimenti, S.; Krueger, J.G. Integrative
responses to IL-17 and TNF-« in human keratinocytes account for key inflammatory pathogenic circuits in psoriasis. J. Invest.
Dermatol. 2011, 131, 677-687. [CrossRef]

11.  Blauvelt, A.; Chiricozzi, A. The Immunologic Role of IL-17 in Psoriasis and Psoriatic Arthritis Pathogenesis. Clin. Rev. Allergy
Immunol. 2018, 55, 379-390. [CrossRef] [PubMed]

12.  Baker, K.F; Isaacs, ].D. Novel therapies for immune-mediated inflammatory diseases: What can we learn from their use in
rheumatoid arthritis, spondyloarthritis, systemic lupus erythematosus, psoriasis, Crohn’s disease and ulcerative colitis? Ann.
Rheum Dis. 2018, 77, 175-187. [CrossRef] [PubMed]

13. Gaspari, A.A.; Tyring, S. New and emerging biologic therapies for moderate-to-severe plaque psoriasis: Mechanistic rationales
and recent clinical data for IL-17 and IL-23 inhibitors. Dermatol. Ther. 2015, 28, 179-193. [CrossRef]

14. Saunte, D.M.; Mrowietz, U.; Puig, L.; Zachariae, C. Candida infections in patients with psoriasis and psoriatic arthritis treated
with interleukin-17 inhibitors and their practical management. Br. |. Dermatol. 2017, 177, 47-62. [CrossRef]

15. Martinez-Barricarte, R.; Markle, J.G.; Ma, C.S.; Deenick, E.K.; Ramirez-Alejo, N.; Mele, E; Latorre, D.; Mahdaviani, S.A.; Aytekin,
C.; Mansouri, D.; et al. Human IFN-y immunity to mycobacteria is governed by both IL-12 and IL-23. Sci. Immunol. 2018, 3,
eaau6759. [CrossRef] [PubMed]

16. Okada, S.; Markle, ].G.; Deenick, E.K.; Mele, F.; Averbuch, D.; Lagos, M.; Alzahrani, M.; Al-Muhsen, S.; Halwani, R.; Ma, C.S,; et al.
IMMUNODEFICIENCIES. Impairment of immunity to Candida and Mycobacterium in humans with bi-allelic RORC mutations.
Science 2015, 349, 606-613. [CrossRef] [PubMed]

17.  Liu, X.; Hua, H. Oral manifestation of chronic mucocutaneous candidiasis: Seven case reports. J. Oral Pathol. Med. 2007, 36,
528-532. [CrossRef] [PubMed]

18. Milner, J.D.; Brenchley, ].M.; Laurence, A.; Freeman, A.F,; Hill, B.J.; Elias, K.M.; Kanno, Y.; Spalding, C.; Elloumi, H.Z.; Paulson,
M.L,; et al. Impaired T(H)17 cell differentiation in subjects with autosomal dominant hyper-IgE syndrome. Nature 2008, 452,
773-776. [CrossRef] [PubMed]

19. Boisson, B.; Wang, C.; Pedergnana, V.; Wu, L.; Cypowyj, S.; Rybojad, M.; Belkadi, A.; Picard, C.; Abel, L.; Fieschi, C.; et al. An
ACT1 mutation selectively abolishes interleukin-17 responses in humans with chronic mucocutaneous candidiasis. Immunity
2013, 39, 676—686. [CrossRef] [PubMed]

20. Puel, A.; Cypowyj, S.; Bustamante, J.; Wright, J.E; Liu, L.; Lim, HK,; Migaud, M.; Israel, L.; Chrabieh, M.; Audry, M.; et al. Chronic
mucocutaneous candidiasis in humans with inborn errors of interleukin-17 immunity. Science 2011, 332, 65-68. [CrossRef]

21. Lévy, R; Okada, S.; Béziat, V.; Moriya, K; Liu, C.; Chai, L.Y.; Migaud, M.; Hauck, F; Al Ali, A.; Cyrus, C.; et al. Genetic,
immunological, and clinical features of patients with bacterial and fungal infections due to inherited IL-17RA deficiency. Proc.
Natl. Acad. Sci. USA 2016, 113, E8277-E8285. [CrossRef] [PubMed]

22. Ling, Y.,; Cypowyj, S.; Aytekin, C.; Galicchio, M.; Camcioglu, Y.; Nepesov, S.; Ikinciogullari, A.; Dogu, F; Belkadi, A.; Levy, R; et al.
Inherited IL-17RC deficiency in patients with chronic mucocutaneous candidiasis. . Exp. Med. 2015, 212, 619-631. [CrossRef]

23. Bhattad, S.; Dinakar, C.; Pinnamaraju, H.; Ganapathy, A.; Mannan, A. Chronic Mucocutaneous Candidiasis in an Adolescent Boy
Due to a Novel Mutation in TRAF3IP2. J. Clin. Immunol. 2019, 39, 596-599. [CrossRef] [PubMed]

24. Brenchley, ] M.; Paiardini, M.; Knox, K.S.; Asher, A.L; Cervasi, B.; Asher, T.E.; Scheinberg, P.; Price, D.A.; Hage, C.A.; Kholi, L.M.;
et al. Differential Th17 CD4 T-cell depletion in pathogenic and nonpathogenic lentiviral infections. Blood. 2008, 112, 2826-2835.
[CrossRef]

25. Kishimoto, M.; Taniguchi, A.; Fujishige, A.; Kaneko, S.; Haemmerle, S.; Porter, B.O.; Kobayashi, S. Efficacy and safety of

secukinumab in Japanese patients with active ankylosing spondylitis: 24-week results from an open-label phase 3 study
(MEASURE 2-]). Mod. Rheumatol. 2020, 30, 132-140. [CrossRef] [PubMed]


http://www.ncbi.nlm.nih.gov/pubmed/8390535
http://doi.org/10.1155/2017/3908061
http://www.ncbi.nlm.nih.gov/pubmed/28316374
http://doi.org/10.1126/sciimmunol.aau4594
http://www.ncbi.nlm.nih.gov/pubmed/31901072
http://doi.org/10.1038/ni.3742
http://doi.org/10.1038/s41590-019-0514-y
http://www.ncbi.nlm.nih.gov/pubmed/31745337
http://doi.org/10.1016/j.micinf.2016.01.002
http://www.ncbi.nlm.nih.gov/pubmed/26806384
http://doi.org/10.1038/ni1261
http://www.ncbi.nlm.nih.gov/pubmed/16200068
http://doi.org/10.1038/jid.2012.194
http://doi.org/10.1111/imm.12142
http://doi.org/10.1038/jid.2010.340
http://doi.org/10.1007/s12016-018-8702-3
http://www.ncbi.nlm.nih.gov/pubmed/30109481
http://doi.org/10.1136/annrheumdis-2017-211555
http://www.ncbi.nlm.nih.gov/pubmed/28765121
http://doi.org/10.1111/dth.12251
http://doi.org/10.1111/bjd.15015
http://doi.org/10.1126/sciimmunol.aau6759
http://www.ncbi.nlm.nih.gov/pubmed/30578351
http://doi.org/10.1126/science.aaa4282
http://www.ncbi.nlm.nih.gov/pubmed/26160376
http://doi.org/10.1111/j.1600-0714.2007.00572.x
http://www.ncbi.nlm.nih.gov/pubmed/17850435
http://doi.org/10.1038/nature06764
http://www.ncbi.nlm.nih.gov/pubmed/18337720
http://doi.org/10.1016/j.immuni.2013.09.002
http://www.ncbi.nlm.nih.gov/pubmed/24120361
http://doi.org/10.1126/science.1200439
http://doi.org/10.1073/pnas.1618300114
http://www.ncbi.nlm.nih.gov/pubmed/27930337
http://doi.org/10.1084/jem.20141065
http://doi.org/10.1007/s10875-019-00664-x
http://www.ncbi.nlm.nih.gov/pubmed/31292894
http://doi.org/10.1182/blood-2008-05-159301
http://doi.org/10.1080/14397595.2018.1538004
http://www.ncbi.nlm.nih.gov/pubmed/30334633

Diagnostics 2022, 12, 3 13 of 15

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Thompson, ].M.; Cohen, L.M.; Yang, C.S.; Kroumpouzos, G. Severe, ulcerative, lichenoid mucositis associated with secukinumab.
JAAD Case Rep. 2016, 2, 384-386. [CrossRef] [PubMed]

Capusan, T.M.; Herrero-Moyano, M.; Martinez-Mera, C.R.; Freih-Fraih, A.W.; Dauden, E. Oral lichenoid reaction in a psoriatic
patient treated with secukinumab: A drug-related rather than a class-related adverse event? JAAD Case Rep. 2018, 4, 521-523.
[CrossRef] [PubMed]

Baeten, D.; Baraliakos, X.; Braun, J.; Sieper, J.; Emery, P.; van der Heijde, D.; McInnes, 1; van Laar, ].M.; Landewé, R.; Wordsworth,
P; et al. Anti-interleukin-17A monoclonal antibody secukinumab in treatment of ankylosing spondylitis: A randomised,
double-blind, placebo-controlled trial. Lancet 2013, 382, 1705-1713. [CrossRef]

Wei, ].C.; Baeten, D.; Sieper, J.; Deodhar, A.; Bhosekar, V.; Martin, R.; Porter, B. Efficacy and safety of secukinumab in Asian
patients with active ankylosing spondylitis: 52-week pooled results from two phase 3 studies. Int. ]. Rheum. Dis. 2017, 20, 589-596.
[CrossRef] [PubMed]

Braun, J.; Baraliakos, X.; Deodhar, A.; Baeten, D.; Sieper, ].; Emery, P.; Readie, A.; Martin, R.; Mpofu, S.; MEASURE 1 Study Group;
et al. Effect of secukinumab on clinical and radiographic outcomes in ankylosing spondylitis: 2-year results from the randomised
phase Il MEASURE 1 study. Ann. Rheum. Dis. 2017, 76, 1070-1077. [CrossRef] [PubMed]

Tlustochowicz, W.; Rahman, P; Seriolo, B.; Krammer, G.; Porter, B.; Widmer, A.; Richards, H.B. Efficacy and safety of subcutaneous
and intravenous loading dose regimens of secukinumab in patients with active rheumatoid arthritis: Results from a randomized
Phase II study. J. Rheumatol. 2016, 43, 495-503. [CrossRef]

Marzo-Ortega, H.; Sieper, J.; Kivitz, A.; Blanco, R.; Cohen, M.; Martin, R.; Readie, A.; Richards, H.B.; Porter, B.; Measure 2 Study
Group. Secukinumab and sustained improvement in signs and symptoms of patients with active ankylosing spondylitis through
two years: Results from a Phase III study. Arthritis Care Res. 2017, 69, 1020-1029. [CrossRef] [PubMed]

Mease, PJ.; McInnes, 1.B.; Kirkham, B.; Kavanaugh, A.; Rahman, P; van der Heijde, D.; Landewé, R.; Nash, P; Pricop, L.; FUTURE
1 Study Group; et al. Secukinumab inhibition of Interleukin-17A in patients with psoriatic arthritis. N. Engl. J. Med. 2015, 373,
1329-1339. [CrossRef]

Gordon, K.B.; Blauvelt, A.; Papp, K.A ; Langley, R.G.; Luger, T.; Ohtsuki, M.; Reich, K.; UNCOVER-1 Study Group; UNCOVER-2
Study Group; UNCOVER-3 Study Group; et al. Phase 3 trials of ixekizumab in moderate-to-severe plaque psoriasis. N. Engl. J.
Med. 2016, 375, 345-356. [CrossRef] [PubMed]

Bissonnette, R.; Luger, T.; Thagi, D.; Toth, D.; Lacombe, A.; Xia, S.; Mazur, R.; Patekar, M.; Charef, P.; Milutinovic, M.; et al.
Secukinumab demonstrates high sustained efficacy and a favourable safety profile in patients with moderate-to-severe psoriasis
through 5 years of treatment (SCULPTURE Extension Study). J. Eur. Acad. Derm. Venereol. 2018, 32, 1507-1514. [CrossRef]
Thagi, D.; Korber, A.; von Kiedrowski, R.; Bachhuber, T.; Melzer, N.; Kasparek, T.; Duetting, E.; Kraehn-Senftleben, G.; Amon, U.;
Augustin, M. Secukinumab is effective in treatment of moderate-to-severe plaque psoriasis: Real-life effectiveness and safety
from the PROSPECT study. J. Eur. Acad. Dermatol. Venereol. 2020, 34, 310-318. [CrossRef] [PubMed]

Papp, K.; Leonardi, C.; Menter, A.; Thompson, E.H.; Milmont, C.E.; Kricorian, G.; Nirula, A.; Klekotka, P. Safety and efficacy of
brodalumab for psoriasis after 120 weeks of treatment. . Am. Acad. Dermatol. 2014, 71, 1183-1190.e3. [CrossRef] [PubMed]
Paul, C.; Lacour, J.P; Tedremets, L.; Kreutzer, K.; Jazayeri, S.; Adams, S.; Guindon, C.; You, R.; Papavassilis, C.; JUNCTURE study
group. Efficacy, safety and usability of secukinumab administration by autoinjector/pen in psoriasis: A randomized, controlled
trial JUNCTURE). J. Eur. Acad. Dermatol. Venereol. 2015, 29, 1082-1090. [CrossRef]

Blauvelt, A.; Prinz, ].C.; Gottlieb, A.B.; Kingo, K.; Sofen, H.; Ruer-Mulard, M.; Singh, V.; Pathan, R.; Papavassilis, C.; Cooper, S.;
et al. Secukinumab administration by pre-filled syringe: Efficacy, safety and usability results from a randomized controlled trial
in psoriasis (FEATURE). Br. J. Dermatol. 2015, 172, 484-493. [CrossRef]

Baeten, D.; Sieper, J.; Braun, J.; Baraliakos, X.; Dougados, M.; Emery, P.; Deodhar, A.; Porter, B., MEASURE 1 Study Group;
MEASURE 2 Study Group; et al. Secukinumab, an interleukin-17A inhibitor, in ankylosing spondylitis. N. Engl. ]. Med. 2015, 373,
2534-2548. [CrossRef] [PubMed]

Mclnnes, I.B.; Mease, PJ.; Kirkham, B.; Kavanaugh, A.; Ritchlin, C.T.; Rahman, P.; van der Heijde, D.; Landewé, R.; Conaghan,
P.G.; FUTURE 2 Study Group; et al. Secukinumab, a human anti-interleukin-17A monoclonal antibody, in patients with psoriatic
arthritis (FUTURE 2): A randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2015, 386, 1137-1146. [CrossRef]
Nakagawa, H.; Niiro, H.; Ootaki, K.; Japanese brodalumab study group. Brodalumab, a human anti-interleukin-17-receptor
antibody in the treatment of Japanese patients with moderate-to-severe plaque psoriasis: Efficacy and safety results from a phase
II randomized controlled study. J. Dermatol. Sci. 2016, 81, 44-52. [CrossRef] [PubMed]

Yamasaki, K.; Nakagawa, H.; Kubo, Y.; Ootaki, K.; Japanese Brodalumab Study Group. Efficacy and safety of brodalumab in
patients with generalized pustular psoriasis and psoriatic erythroderma: Results from a 52-week, open-label study. Br. ]. Dermatol.
2017, 176, 741-751. [CrossRef] [PubMed]

Glatt, S.; Baeten, D.; Baker, T.; Griffiths, M.; Ionescu, L.; Lawson, A.; Maroof, A.; Oliver, R.; Popa, S.; Strimenopoulou, E; et al. Dual
IL-17A and IL-17F neutralisation by bimekizumab in psoriatic arthritis: Evidence from preclinical experiments and a randomised
placebo-controlled clinical trial that IL-17F contributes to human chronic tissue inflammation. Ann. Rheum. Dis. 2018, 77, 523-532.
[CrossRef]

Blanco, EJ.; Moricke, R.; Dokoupilova, E.; Codding, C.; Neal, J.; Andersson, M.; Rohrer, S.; Richards, H. Secukinumab in
Active Rheumatoid Arthritis: A Phase III randomized, double-blind, active comparator- and placebo-controlled study. Arthritis
Rheumatol. 2017, 69, 1144-1153. [CrossRef]


http://doi.org/10.1016/j.jdcr.2016.07.009
http://www.ncbi.nlm.nih.gov/pubmed/27752531
http://doi.org/10.1016/j.jdcr.2018.04.015
http://www.ncbi.nlm.nih.gov/pubmed/30023417
http://doi.org/10.1016/S0140-6736(13)61134-4
http://doi.org/10.1111/1756-185X.13094
http://www.ncbi.nlm.nih.gov/pubmed/28544533
http://doi.org/10.1136/annrheumdis-2016-209730
http://www.ncbi.nlm.nih.gov/pubmed/27965257
http://doi.org/10.3899/jrheum.150117
http://doi.org/10.1002/acr.23233
http://www.ncbi.nlm.nih.gov/pubmed/28235249
http://doi.org/10.1056/NEJMoa1412679
http://doi.org/10.1056/NEJMoa1512711
http://www.ncbi.nlm.nih.gov/pubmed/27299809
http://doi.org/10.1111/jdv.14878
http://doi.org/10.1111/jdv.15962
http://www.ncbi.nlm.nih.gov/pubmed/31541554
http://doi.org/10.1016/j.jaad.2014.08.039
http://www.ncbi.nlm.nih.gov/pubmed/25313095
http://doi.org/10.1111/jdv.12751
http://doi.org/10.1111/bjd.13348
http://doi.org/10.1056/NEJMoa1505066
http://www.ncbi.nlm.nih.gov/pubmed/26699169
http://doi.org/10.1016/S0140-6736(15)61134-5
http://doi.org/10.1016/j.jdermsci.2015.10.009
http://www.ncbi.nlm.nih.gov/pubmed/26547109
http://doi.org/10.1111/bjd.14702
http://www.ncbi.nlm.nih.gov/pubmed/27106510
http://doi.org/10.1136/annrheumdis-2017-212127
http://doi.org/10.1002/art.40070

Diagnostics 2022, 12, 3 14 of 15

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Pavelka, K.; Kivitz, A.; Dokoupilova, E.; Blanco, R.; Maradiaga, M.; Tahir, H.; Pricop, L.; Andersson, M.; Readie, A.; Porter, B.
Efficacy, safety, and tolerability of secukinumab in patients with active ankylosing spondylitis: A randomized, double-blind
phase 3 study, MEASURE 3. Arthritis Res. Ther. 2017, 19, 285. [CrossRef]

Kivitz, A.J.; Wagner, U.; Dokoupilova, E.; Supronik, J.; Martin, R.; Talloczy, Z.; Richards, H.B.; Porter, B. Efficacy and Safety of
secukinumab 150 mg with and without loading regimen in ankylosing spondylitis: 104-week results from MEASURE 4 Study:.
Rheumatol. Ther. 2018, 5, 447-462. [CrossRef]

Papp, K.A.; Merola, ].E.; Gottlieb, A.B.; Griffiths, C.E.M.; Cross, N.; Peterson, L.; Cioffi, C.; Blauvelt, A. Dual neutralization of
both interleukin 17A and interleukin 17F with bimekizumab in patients with psoriasis: Results from BE ABLE 1, a 12-week
randomized, double-blinded, placebo-controlled phase 2b trial. J. Am. Acad. Dermatol. 2018, 79, 277-286.e10. [CrossRef]
Baraliakos, X.; Braun, J.; Deodhar, A.; Poddubnyy, D.; Kivitz, A.; Tahir, H.; Van den Bosch, F.; Delicha, E.M.; Talloczy, Z.; Fierlinger,
A. Long-term efficacy and safety of secukinumab 150 mg in ankylosing spondylitis: 5-year results from the phase IIl MEASURE 1
extension study. RMD Open 2019, 5, e001005. [CrossRef] [PubMed]

Blauvelt, A.; Papp, K.A.; Merola, ].E; Gottlieb, A.B.; Cross, N.; Madden, C.; Wang, M.; Cioffi, C.; Griffiths, C. Bimekizumab for
patients with moderate to severe plaque psoriasis: 60-week results from BE ABLE 2, a randomized, double-blinded, placebo-
controlled, phase 2b extension study. J. Am. Acad. Dermatol. 2020, 83, 1367-1374. [CrossRef]

Huang, F; Sun, E; Wan, W.G.; Wu, L].; Dong, L.L.; Zhang, X.; Kim, T.H.; Sengupta, R.; Senolt, L.; Wang, Y.; et al. Secukinumab
provided significant and sustained improvement in the signs and symptoms of ankylosing spondylitis: Results from the 52-week,
Phase III China-centric study, MEASURE 5. Chin. Med. ]. 2020, 133, 2521-2531. [CrossRef] [PubMed]

Pavelka, K.; Kivitz, A.J.; Dokoupilova, E.; Blanco, R.; Maradiaga, M.; Tahir, H.; Wang, Y.; Porter, B.O.; Stefanska, A.; MEASURE 3
Study Group; et al. Secukinumab 150/300 mg provides sustained improvements in the signs and symptoms of active ankylosing
spondylitis: 3-year results from the phase 3 MEASURE 3 study. ACR Open Rheumatol. 2020, 2, 119-127. [CrossRef] [PubMed]
Ritchlin, C.T.; Kavanaugh, A.; Merola, J.E; Schett, G.; Scher, ].U.; Warren, R.B.; Gottlieb, A.B.; Assudani, D.; Bedford-Rice, K,;
Coarse, J.; et al. Bimekizumab in patients with active psoriatic arthritis: Results from a 48-week, randomised, double-blind,
placebo-controlled, dose-ranging phase 2b trial. Lancet 2020, 395, 427-440. [CrossRef]

Yamaguchi, Y.; Takatsu, N.; Ootaki, K.; Nakagawa, H. Long-term safety of brodalumab in Japanese patients with plaque psoriasis:
An open-label extension study. J. Dermatol. 2020, 47, 569-577. [CrossRef] [PubMed]

Langley, R.G.; Elewski, B.E.; Lebwohl, M.; Reich, K.; Griffiths, C.E.; Papp, K.; Puig, L.; Nakagawa, H.; ERASURE Study Group;
FIXTURE Study Group; et al. Secukinumab in plaque psoriasis—results of two phase 3 trials. N. Engl. ]. Med. 2014, 371, 326-338.
[CrossRef] [PubMed]

Mrowietz, U.; Leonardi, C.L.; Girolomoni, G.; Toth, D.; Morita, A.; Balki, S.A.; Szepietowski, ].C.; Regnault, P.; Thurston, H.;
SCULPTURE Study Group; et al. Secukinumab retreatment-as-needed versus fixed-interval maintenance regimen for moderate
to severe plaque psoriasis: A randomized, double-blind, noninferiority trial (SCULPTURE). |. Am. Acad. Dermatol. 2015, 73,
27-36.el. [CrossRef]

Phan, C.; Beneton, N.; Delaunay, J.; Reguiai, Z.; Boulard, C.; Fougerousse, A.C.; Cinotti, E.; Romanelli, M.; Mery-Bossard, L.; the
Groupe d’Etudes Multicentriques (GEM) RESOPSO; et al. Effectiveness and Safety of Anti-interleukin-17 Therapies in Elderly
Patients with Psoriasis. Acta Derm. Venereol. 2020, 100, adv00316. [CrossRef]

Picciani, B.; Dziedzic, A.; Werneck, J.T.; Marinho, M.A.; Dick, T.; Quintanilha, N.R.; Dias, E.P. Atypical oral candidiasis in a
psoriatic patient during targeted immunotherapy with an interleukin 17 inhibitor (secukinumab). BMC Oral Health 2021, 21, 292.
[CrossRef] [PubMed]

Papini, M.; Natalini, Y. Candida infections in psoriatic patients on anti-IL17 therapy: A case series. . Dermatolog. Treat 2018, 29,
3-4. [CrossRef]

Farah, C.S. Concurrent chronic hyperplastic candidosis and oral lichenoid lesion as adverse events of secukinumab therapy. Aust.
Dent. J. 2021, 66, 340-345. [CrossRef]

Komori, T.; Honda, T.; Endo, Y. Kaku, Y.; Otsuka, A.; Kabashima, K. Oral lichen planus associated with candidiasis during
secukinumab treatment. J. Dermatol. 2017, 44, e60—e61. [CrossRef] [PubMed]

Moldenhauer, I.; Pliquett, R.U.; Kreft, B.; Sunderkotter, C. Severe candidal balanoposthitis on concurrent treatment with
secukinumab and the antidiabetic agent empagliflozin (sodium-glucose cotransporter 2 inhibitor-SGLT2-inhibitor). J. Dtsch.
Dermatol. Ges. 2019, 17, 456—458. [CrossRef] [PubMed]

Engelhardt, K.; Ferguson, M.; Rosselli, ].L. Prevention and Management of Genital Mycotic Infections in the Setting of Sodium-
Glucose Cotransporter 2 Inhibitors. Ann. Pharmacother. 2021, 55, 543-548. [CrossRef]

Manfredi, M.; Polonelli, L.; Aguirre-Urizar, ].M.; Carrozzo, M.; McCullough, M.J. Urban legends series: Oral candidosis. Oral Dis.
2013, 19, 245-261. [CrossRef] [PubMed]

Coronado-Castellote, L.; Jiménez-Soriano, Y. Clinical and microbiological diagnosis of oral candidiasis. J. Clin. Exp. Dent. 2013, 5,
€279-e286. [CrossRef] [PubMed]

Pappas, P.G.; Kauffman, C.A.; Andes, D.R,; Clancy, C.J.; Marr, K.A.; Ostrosky-Zeichner, L.; Reboli, A.C.; Schuster, M.G.; Vazquez,
J.A.; Walsh, T.J.; et al. Clinical Practice Guideline for the Management of Candidiasis: 2016 Update by the Infectious Diseases
Society of America. Clin. Infect. Dis. 2016, 62, e1-e50. [CrossRef] [PubMed]

Garcia-Cuesta, C.; Sarrion-Pérez, M.G.; Bagan, ].V. Current treatment of oral candidiasis: A literature review. J. Clin. Exp. Dent.
2014, 6, e576—e582. [CrossRef]


http://doi.org/10.1186/s13075-017-1490-y
http://doi.org/10.1007/s40744-018-0123-5
http://doi.org/10.1016/j.jaad.2018.03.037
http://doi.org/10.1136/rmdopen-2019-001005
http://www.ncbi.nlm.nih.gov/pubmed/31565244
http://doi.org/10.1016/j.jaad.2020.05.105
http://doi.org/10.1097/CM9.0000000000001099
http://www.ncbi.nlm.nih.gov/pubmed/32925287
http://doi.org/10.1002/acr2.11102
http://www.ncbi.nlm.nih.gov/pubmed/31957970
http://doi.org/10.1016/S0140-6736(19)33161-7
http://doi.org/10.1111/1346-8138.15343
http://www.ncbi.nlm.nih.gov/pubmed/32275086
http://doi.org/10.1056/NEJMoa1314258
http://www.ncbi.nlm.nih.gov/pubmed/25007392
http://doi.org/10.1016/j.jaad.2015.04.011
http://doi.org/10.2340/00015555-3678
http://doi.org/10.1186/s12903-021-01653-6
http://www.ncbi.nlm.nih.gov/pubmed/34103043
http://doi.org/10.1080/09546634.2018.1530437
http://doi.org/10.1111/adj.12833
http://doi.org/10.1111/1346-8138.13637
http://www.ncbi.nlm.nih.gov/pubmed/27726180
http://doi.org/10.1111/ddg.13807
http://www.ncbi.nlm.nih.gov/pubmed/30958940
http://doi.org/10.1177/1060028020951928
http://doi.org/10.1111/odi.12013
http://www.ncbi.nlm.nih.gov/pubmed/22998462
http://doi.org/10.4317/jced.51242
http://www.ncbi.nlm.nih.gov/pubmed/24455095
http://doi.org/10.1093/cid/civ933
http://www.ncbi.nlm.nih.gov/pubmed/26679628
http://doi.org/10.4317/jced.51798

Diagnostics 2022, 12, 3 15 of 15

68. Campione, E.; Gaziano, R.; Marino, D.; Orlandi, A. Fungistatic activity of all-trans retinoic acid against Aspergillus fumigatus
and Candida albicans. Drug Des. Devel. Ther. 2016, 10, 1551-1555. [CrossRef] [PubMed]

69. Majewski, S; Janik, P,; Langner, A.; Glinska-Ferenz, M.; Swietochowska, B.; Sawicki, I. Decreased levels of vitamin A in serum of
patients with psoriasis. Arch. Dermatol. Res. 1989, 280, 499-501. [CrossRef] [PubMed]

70. Picciani, B.L.; Michalski-Santos, B.; Carneiro, S.; Sampaio, A.L.; Avelleira, ].C.; Azulay, D.R,; Pinto, ].M.; Dias, E.P. Oral candidiasis
in patients with psoriasis: Correlation of oral examination and cytopathological evaluation with psoriasis disease severity and
treatment. J. Am. Acad. Dermatol. 2013, 68, 986-991. [CrossRef] [PubMed]

71. Campione, E.; Cosio, T.; Lanna, C.; Mazzilli, S.; Ventura, A.; Dika, E.; Gaziano, R.; Dattola, A.; Candji, E.; Bianchi, L. Predictive role
of vitamin A serum concentration in psoriatic patients treated with IL-17 inhibitors to prevent skin and systemic fungal infections.
J. Pharmacol. Sci. 2020, 144, 52-56. [CrossRef] [PubMed]


http://doi.org/10.2147/DDDT.S93985
http://www.ncbi.nlm.nih.gov/pubmed/27199548
http://doi.org/10.1007/BF00427665
http://www.ncbi.nlm.nih.gov/pubmed/2919897
http://doi.org/10.1016/j.jaad.2012.11.033
http://www.ncbi.nlm.nih.gov/pubmed/23384796
http://doi.org/10.1016/j.jphs.2020.06.003
http://www.ncbi.nlm.nih.gov/pubmed/32565006

	Introduction 
	Case Reports 
	Case 1 
	Case 2 
	Case 3 

	Discussion 
	Conclusions 
	References

