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Vulvovaginal candidiasis (VVC) is a common health-related issue and the second most common cause of vaginitis. Previously, azole 
antifungals were the mainstay of VVC treatment. Additionally, boric acid and nystatin have been used topically for management of 
VVC. Despite being effective and well tolerated by most patients, the use of azoles may be limited in some cases. Currently, two new 

antifungal agents have received US Food and Drug Administration approval for use in the management of VVC. In this article, we briefly 
review treatment regimens used for the management of VVC over the past decade, the newly approved agents and their possible clinical 
application, and future treatment considerations.
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Vaginitis is one of the most common health-related issues that affects women worldwide. It can 

be caused by bacterial, fungal or protozoal infections. Vulvovaginal candidiasis (VVC) is the second 

most common cause of vaginitis, accounting for one-third of all cases in women of reproductive 

age.1 In the USA, VVC results in approximately 1.4 million outpatient visits annually.2

Among the causative fungi, Candida albicans was shown to be the main culprit in causing this 

infection;3,4 however, infections with other non-albicans Candida – such as C. glabrata and C. krusei 

– have also been observed (Figure 1).3,4 The interaction between Candida and the vaginal mucosa 

leads to a local inflammatory response, which may present clinically with several symptoms such 

as vaginal pruritus, soreness, dyspareunia, external dysuria and vaginal discharge. On the other 

hand, vaginal colonization by Candida may also be asymptomatic.5–7

VVC is well recognized as a multifactorial disease (Table 1). The causative organism, Candida, 

can directly invade the tissue via its hyphal filaments or secretion of extracellular virulence 

effectors including aspartyl proteases, phospholipases and candidalysin.8,9 Biofilm formation 

is another virulence factor attributed to Candida; however, its role in the pathogenesis of VVC 

is still unclear. In this regard, some in vitro and in vivo vaginitis models suggest that biofilm 

formation protects Candida from antifungals and the host immune system response, resulting in 

sustained local inflammation. Establishing a confirmed role for biofilm formation in VVC in patients 

remains to be demonstrated.10–12 Disruption of the vaginal microbiota, especially reduction of the 

Lactobacillus species, which inhibits Candida adherence to the vaginal epithelium (90–95%), may 

influence VVC pathogenesis.13–16 Host-related factors also influence VVC pathogenesis including: 

use of contraceptives, post-menopause hormone replacement therapy, pregnancy, uncontrolled 

diabetes mellitus, altered immune status, use of steroids, and antibiotic overuse.17–21 All of these 

factors may increase the risk of VVC development by various mechanisms and affect propensity 

for recurrence.17–22

The CDC has defined recurrent vulvovaginal candidiasis (RVVC) as three or more episodes of 

symptomatic VVC in less than 1 year, which is estimated to occur in around 5% of women.23 

According to the study by Denning et al., the estimated annual number of RVVC cases worldwide 

is approximately 138 million, and is projected to increase to almost 158 million by 2030.24

Several factors increase the likelihood for RVVC. For example, mannose-binding lectin 2 gene 

mutation (an important element in immune response against microbes) has been reported 

frequently in patients with RVVC compared with healthy women,25–28 supporting a role for genetic 

factors in the development of RVVC. Furthermore, immunosuppression has been reported to be 

associated with higher incidence of RVVC.29,30 Although antifungal resistance, including resistance 

of C. albicans and C. auris, is becoming a public health concern worldwide,31,32 resistance of 

fungi responsible for VVC is not common. However, it is prudent to monitor the antifungal 

incidence of resistance and institute antifungal stewardship in this disease to avoid future 
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development of resistance. In this review, we discuss past commonly 

used VVC treatments, recently approved antifungals and promising 

future alternative therapies. 

Treatment options
Currently, two treatment approaches are available for VVC: topical and 

systemic therapy. Both treatment modalities have been considered equally 

effective in the treatment of uncomplicated VVC, which can be defined 

as: 1. infrequent episodes (≤3 episodes/year); 2. mild-to-moderate signs/

symptoms; 3. probable infection with C. albicans; 4. healthy, non-pregnant 

individuals; and 5. immunocompetent individuals.33,34 Although some 

studies have suggested that topical treatment offers several advantages 

and unique features that may favour this therapeutic approach, oral 

regimens are often preferred by physicians and patients.35 The appeal of 

oral therapy has been attributed to this therapeutic modality being a single 

dose, which – unlike topical products – is simple and efficient. 

Either topical or systemic treatment of VVC has been predominantly 

limited to the azole class of antifungals.36 Although azole antifungals are 

effective and well tolerated by most patients, several factors may limit their 

utility in some patients, such as intolerance to the topical formulations, 

side effect profiles and drug–drug interactions.37 Additionally, systemic 

fluconazole has been reported to be associated with an increased 

incidence of spontaneous abortion, especially when administrated in 

high-dose formulations (i.e. >150 mg/dL).38–41 Furthermore, there have 

been reports of an association between first trimester oral fluconazole 

and foetal malformation.38,42,43 Thus, in general, the use of oral fluconazole 

during pregnancy is discouraged. In patients for whom oral fluconazole 

is not an option, topical azoles and other agents such as nystatin or boric 

acid become the only available alternative drugs.44 

Introduction of new antifungals to manage VVC, with different 

mechanisms of action compared with the currently available treatment 

options, may potentially help overcome the limitations associated with 

these treatments. This calls for the need to develop new treatments 

that effectively treat this infection and reduce the recurrence rate, while 

producing fewer side effects. 

Vulvovaginal candidiasis treatment over the past 
decade 
Systemic treatment
Oral fluconazole is the most commonly used antifungal to treat VVC. 

It acts by inhibiting ergosterol biosynthesis, a major component of fungal 

cell membranes, targeting the cytochrome P450-dependent enzyme 

lanosterol demethylase. This, in turn, causes depletion of ergosterol and 

accumulation of 14α-methylated sterols in the fungal cell membrane, 

leading to disruption of both the structure of the membrane and several 

of its functions, such as nutrient transport and chitin synthesis. This 

culminates in inhibition of fungal growth and proliferation, and eventual 

cell lysis and death.45

Generally, fluconazole is effective and well tolerated by most patients; 

however, because of its cross-interaction with the human cytochrome 

P450, side effects – including vomiting, diarrhoea, rash and increased 

liver enzymes – may occur when combined with some drugs (due to 

drug–drug interactions). Another side effect, although rare, is QTc 

prolongation, which can occur with oral fluconazole therapy in some 

patients.46–51 The main advantage of fluconazole is that it is administrated 

as a 150 mg single oral dose, which is more convenient for patients.23 This 

is true when managing a case with acute VVC; however, an extended 

maintenance therapy may be required in chronic cases to reduce the 

recurrence incidence.44 In this regard, the current treatment regimen 

recommended by the Centers for Disease Control and Prevention (CDC) 

for the management of RVVC includes induction therapy in the form of 

topical azole applications for 7–14 days or 100–200 mg of oral fluconazole 

every 72 hours for a total of three doses, which should be followed by 

6 months of maintenance therapy of oral fluconazole (weekly dose of 

100–200 mg).23 Although this regimen was shown to be effective, it has 

some limitations. For example, a recurrence rate of over 50% has been 

reported after stopping the weekly fluconazole, treatment can fail against 

resistant species, and long-term fluconazole carries an increased risk of 

side effects, such as xerosis, alopecia and fatigue.52 

Another alternative to fluconazole is the use of itraconazole, 

recommended for patients with acute VVC, dosed as 100 mg orally 2 × 

2 capsules daily for 1 day or 1 × 2 capsules daily for 3 days. Additionally, 

ketoconazole (200 mg twice daily for 5 days) is another alternative azole 

that has demonstrated good efficacy in the management of VVC.44,53

These observations clearly indicate that new treatments with fewer side 

effects may improve patients’ compliance to the regimen and, consequently, 

enhance the cure rate and reduce the frequency of recurrence. 

Table 1: Key factors for development of vulvovaginal 
candidiasis

Factor Mechanism Net result

1. Causative 

organism

Direct invasion of the tissue Local inflammation and 

destruction of vaginal 

epithelial tissues

2. Disruption 

of the vaginal 

microbiome milieu

Reduction of Lactobacillus 

species

Candida overgrowth with 

an increase in tissue 

adhesion and penetration

3. Host-related 

participating 

factors

Pregnancy, hormone 

replacement, uncontrolled 

diabetes, immunosuppression, 

antibiotics, glucocorticoids use, 

and genetic predispositions

Evasion of immune 

system, and elimination 

of protective vaginal 

microbiota

Figure 1: Fungi frequently implicated in the development of 
vulvovaginal candidiasis
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Topical treatment
Several factors should be considered when choosing an antifungal 

agent for topical treatment of VVC, including the ability of the drug to 

penetrate deeply into the vaginal epithelium where invasive Candida 

hyphae reside, resulting in a local antifungal effect.54 Additionally, as the 

normal vaginal pH is acidic (ranges between 3.8 and 5.0), it is important 

that topical antifungal should be effective at low pH. In this regard, a 

reduction in the antifungal susceptibility of fungi isolated from VVC 

patients was observed at a low pH level in in vitro studies,55–57 resulting 

in an increased minimum inhibitory concentration (MIC) observed 

among resistant strains when tested against azole antifungals at a low 

pH level. Thus, the impact of low pH on the activity of antifungals should 

be considered when selecting or developing a new agent.55–57 

Azole antifungals are also used in topical formulations (e.g. cream, 

ointment and suppositories) to treat VVC. The CDC recommends several 

over-the-counter medications for the treatment of VVC (Table 2). This 

recommendation includes clotrimazole 1–2% or miconazole 2–4% 

creams that can be used daily for 3–14 days. Additionally, vaginal 

suppositories are an alternative option that falls into the same category 

and includes miconazole 100, 200 and 1,200 mg vaginal suppositories 

dosed daily for 7, 3 or 1 day, respectively. Finally, tioconazole 6.5% 

ointment is also available for VVC treatment in a single application 

therapy. Other azole agents such as butoconazole and terconazole may 

also be used as therapeutic options; however, they require prescription 

by a physician.23,58 One of the main advantages of topical versus 

systemic azoles is the limited toxicity associated with topical use. 

Beyond azoles, two alternative topical antifungals that can be used 

to treat VVC are topical nystatin and boric acid. Nystatin belongs to 

the polyene antifungal class that binds to ergosterol resulting in 

formation of pores in the fungal cell membrane causing cytoplasmic 

leakage, acidification, cell lysis and eventual death of the fungus.45 

In animal models, nystatin exhibited an immunomodulatory effect that 

provided protection against C. albicans infection.59 Nystatin is usually 

administered in the form of vaginal tablets at 100,000 or 200,000 units 

for 6 or 14 days.44 Although the use of nystatin has decreased since the 

introduction of azole antifungal agents, it has some advantages over 

the azoles, especially when treating vaginitis caused by C. glabrata.60 

The main side effects of nystatin that may limit its use are rash, itching 

and burning sensation. 

In a clinical trial that included 293 patients with RVVC, treatment with 

either nystatin suppository (n=152) or oral fluconazole (n=141) resulted 

in mycological cure rates following the initial treatment course of 78.3% 

and 73.% for nystatin- and fluconazole-treated groups, respectively.60 

At the end of 6 months of maintenance therapy, 80.7% of the nystatin 

group demonstrated mycological cure compared with 70.2% in the 

fluconazole group. Although both antifungals had similar cure rates 

against C. albicans (84.0% versus 81.8% for nystatin and fluconazole, 

respectively), nystatin had higher cure rate against C. glabrata compared 

with fluconazole (64.3% versus 12.5%, respectively). Similar results were 

also observed in another clinical trial, which included 46 patients with 

VVC treated with nystatin or fluconazole (23 patients in each treatment 

group). The antifungals demonstrated a cure rate of 74.0% and 87.0% 

for nystatin vaginal cream and oral fluconazole, respectively.61 However, 

unlike the first study, fluconazole had better activity against C. glabrata 

compared with nystatin. Thus, both antifungals demonstrate efficacy 

in the treatment of VVC. Consequently, nystatin can be considered as 

an alternative option to fluconazole in cases where oral fluconazole is 

contraindicated, or failure of other topical azole therapy occurs. 

Boric acid is a compound of boron, oxygen and hydrogen, with the 

formula B(OH)3, that is used topically to treat VVC. The mechanism of 

action of boric acid is not completely understood; however, it is reported 

to inhibit both hyphal transformation (a known virulence factor) and 

biofilm formation of C. albicans, and arrests fungal growth.62 Boric acid 

has the advantage of being effective against azole-resistant non-albicans 

Candida species with fewer local side effects.63 Thus, it is recommended 

to be used in the management of RVVC in cases that fail to respond 

to azole therapy.23 However, because of its embryotoxic effect and the 

negative effect on fertility, the European Chemicals Agency has issued a 

warning against the application of boric acid, restricting its use to non-

pregnant women in exceptional cases.64 

Recently approved antifungals for the treatment 
of vulvovaginal candidiasis
Ibrexafungerp
Echinocandins were shown to be effective in eliminating infections 

caused by Candida spp. that were resistant to azole antifungals. However, 

because echinocandins can only be administrated by intravenous 

infusion, their use in infections such as VVC was limited. Ibrexafungerp 

(IBX, previously SCY-078), a triterpenoid class antifungal, solves this issue 

by acting using a similar mechanism to other echinocandins but still 

being an orally administrated drug. IBX acts by inhibiting β-1,3-D-glucan 

synthase, a key enzyme in the biosynthesis of β-(1,3)-D-glucan, which is a 

major component of the fungal cell wall (Figure 2 and Figure 3).65 

IBX is the first drug in the past 20 years to receive US Food and Drug 

Administration (FDA) approval (on 1 June 2021) for the treatment of 

Table 2: Topical antifungal treatment for vulvovaginal candidiasis 

Antifungal Mode of administration Regimen

Clotrimazole 1–2% Cream Daily for 3–14 days

Miconazole 2–4% Cream Daily for 3–14 days

Miconazole 100, 200 and 1,200 mg Vaginal suppository One suppository daily for 7, 3 or 1 day(s), respectively

Tioconazole 6.5% Ointment Single application therapy

Butoconazole 2%* Cream Single application therapy

Terconazole 0.4–0.8%* Cream Daily for 3–7 days

Terconazole 80 mg* Vaginal suppository One suppository daily for 3 days

Nystatin Vaginal cream, tablet or pessary One or two 100,000 units for 14 days

Boric acid Vaginal suppository One 600 mg suppository daily for 3 weeks 

* Medical prescription is required for marked medication.
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VVC.66 Although IBX acts on the same enzyme as echinocandins, it has 

a different structure and interacts differently with the target enzyme, 

resulting in a lower rate of resistance.67–69 IBX is approved for the 

treatment of VVC in adult and post-menarchal paediatric females, with 

a recommended dose of 2 × 150 mg tablets administered approximately 

12 hours apart for 1 day.

Spectrum of antifungal activity
Several studies investigating the activity of IBX have shown that it 

possesses fungicidal activity against Candida.70,71 This activity was 

reported to also include isolates that are resistant to azoles and 

echinocandins.69,71

IBX demonstrated potent activity against albicans and non-albicans 

Candida species reported to cause VVC,72 including C. glabrata – one of 

the fungi known to cause VVC, which recently began to exhibit increased 

resistance against commonly available antifungal agents.73 Schell et al. 

showed, using in vitro assays, that IBX maintains its activity against 

C.glabrata isolates that possess resistance against echinocandins.72 

Similarly, IBX had MIC values ranging from <0.03 to 4 μg/mL against 

C.glabrata strains with mutations in the FKS gene (responsible for 

resistance against echinocandins).74 However, isolates with F641S, 

F649del, F658del and F659del mutations were less susceptible to 

IBX.68,69,74,75 Additionally, we previously demonstrated that among 22 

echinocandin-resistant C. glabrata strains the minimum concentration 

of IBX that inhibits 50% of the tested isolates (MIC50) was 1  μg/mL 

and the minimum concentration of IBX that inhibits 90% of the tested 

isolates (MIC90) was 4 μg/mL.76 The MIC50 and MIC90 for caspofungin 

were 1 and 2 μg/mL, respectively, and micafungin demonstrated an 

MIC50 and MIC90 of 0.125 and 1 μg/mL, respectively.76 

Pharmacokinetics
Several studies were performed to determine the pharmacokinetic 

parameters and bioavailability of IBX. In a phase I study conducted 

in healthy volunteers, IBX demonstrated a mean terminal half-life of 

approximately 20–30 hours. Additionally, IBX was shown to be safely 

administered with or without food, although a high-fat meal increased 

the bioavailability of IBX.77

In terms of tissue distribution, IBX displayed wide tissue distribution, 

which was several-fold greater than fluconazole and echinocandin.78 

It achieved a steady-state volume of distribution of >5 L/kg in animal 

models.79 Furthermore, IBX demonstrated high tissue penetrability via 

its ability to achieve a kidney tissue concentration 20- to 25-fold greater 

than that seen in plasma. Moreover, a single oral dose of IBX (15 mg/kg) 

in rats, was sufficient to achieve a tissue-to-blood area under the curve 

(AUC) ratio of 9-fold in vaginal tissue.79 IBX showed a high potential to 

accumulate in vaginal tissue and fluids, with a tissue concentration 2-to 

5-fold higher than that in plasma. Importantly, IBX was also shown to 

exhibit potent activity at a lower pH environment compared with azoles 

and echinocandins.56 In an in vitro study by Larkin et al., reduction of 

the pH resulted in increased activity of IBX, which was noted by the 

lower MIC90 value of <0.016 μg/mL at pH 4.5 versus 0.5 μg/mL at pH 7.56 

In contrast, minimal or no change in the MIC values was observed with 

micafungin and fluconazole at a lower pH.56 This characteristic could 

be advantageous for IBX as the low vaginal pH will boost its activity, 

resulting in a better response to the treatment.

IBX had a half-life of approximately 20 hours and was eliminated mainly 

in the faeces.66 Following administration of carbon labelled [14C]-IBX 

intravenously and orally, approximately 90% of the radioactivity was 

recovered from faeces and bile for both administration routes.79 Similarly, 

in a separate study of six healthy human subjects, an average of 98% of 

[14C]-IBX administered orally was recovered in faeces.80

IBX is a CYP3A4 substrate and a reversible inhibitor of CYP2C8 and 

CYP3A4, as shown by in vitro studies. Despite this observation, co-

administration of IBX with CYP2C8 and CYP3A4 substrates showed that 

IBX had minimal effects on the pharmacokinetics of both drugs. This 

suggests a low potential for IBX to cause CYP-mediated drug interactions 

at therapeutic exposures. In support of this concept, co-administration 

of a single dose of tacrolimus with IBX at a steady state resulted in a 

1.4-fold increase in systemic exposure to tacrolimus with no effect on 

the maximum blood level, Cmax (maximum serum concentration that a 

drug achieves in a compartment of the body following administration 

of a single dose).81,82 Additionally, no age-dependent dose adjustment is 

required for IBX based on a study comparing the area under the curve 

from zero to infinity; the geometric mean ratio for total drug exposure 

across time (AUC0-inf) in elderly versus young healthy subjects (range 

of 65–76 years versus 20–45 years) was 1.39 (90% confidence interval 

1.19, 1.62).83 Furthermore, IBX did not affect the AUC or Cmax levels of 

CYP2C8 substrates (e.g. rosiglitazone).82 Similarly, co-administration 

of IBX with a moderate CYP3A4 inhibitor (diltiazem) or proton pump 

inhibitor (pantoprazole) was not associated with clinically significant 

alteration in IBX AUC or Cmax levels.83 IBX did not significantly impact 

dabigatran, a substrate for P-glycoprotein, AUC or Cmax levels when 

both drugs were co-administered in healthy subjects.84 

Taken together, these data suggest that, unlike azoles antifungals, IBX 

can be safely administrated with several other drugs without the need 

for dose adjustment.85 However, co-administration of IBX with strong 

CYP3A inhibitors or inducers should be done with caution as it may 

alter its plasma concentrations and, consequently, affect IBX safety and 

efficacy.83

Safety profile
IBX is designed to target β-1,3-D-glucan synthase, an enzyme unique 

to lower eukaryotes. Thus, IBX has a low risk of causing toxicity. In the 

VANISH 303 clinical trial that tested the safety of IBX versus placebo 

in patients with acute VVC, 39.7% (98/247) of the patients reported 

side effects compared with 16.9% (21/124) for the placebo-treated 

group.86 The majority of these side effects were gastrointestinal and 

mild in severity. The most highly reported side effects in the IBX-

treated group were diarrhoea and nausea (22.3% [55/247] and 10.9% 

[27/247], respectively).86 Moreover, four patients in the IBX-treated group 

discontinued the study due to side effects. Interestingly, in the IBX-

treated group, two pregnancies were reported, both of which resulted 

in a live birth with no associated delivery or newborn complications.86 

Figure 2: Ibrexafungerp chemical structure65
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However, in animal studies, oral administration of IBX in rabbits during 

organogenesis was associated with rare malformations such as absent 

forelimb, absent ear pinna, and thoracic gastroschisis at dose exposures 

greater or equal to approximately five times the human exposure at the 

recommended human dose. On the other hand, foetal toxicity was not 

observed in pregnant rats. Based on these data, IBX is contraindicated 

during pregnancy.83,87

In another clinical trial (VANISH 306), the safety of IBX versus placebo 

was evaluated in post-menarchal females aged ≥12 years with acute 

VVC.88 Of 298 patients in the IBX-treated group, 44 reported mild-to-

moderate side effects, which were also limited to the gastrointestinal 

tract, versus 6 of 151 in the placebo-treated group.88 Additionally, 

only two patients discontinued the IBX treatment specifically due to 

abdominal pain and vomiting. 

Similar results were observed in the clinical CANDLE trial that evaluated 

the safety of IBX versus placebo in patients with RVVC.89 In that study, 47 

of 130 patients in the IBX-treated group reported gastrointestinal side 

effects compared with 21 of 130 of the placebo-treated group.89

Finally, unlike fluconazole, there was no clinically relevant effect on QTc 

interval. In this regard, the effect on QTc interval was tested on human 

subjects in which no significant change was observed with a plasma 

concentration up to 4 μg/mL.90 Thus, IBX, like other echinocandins, has 

a good safety profile. Clinical studies have only evaluated the safety and 

efficacy of IBX compared with placebo. A head-to-head comparison with 

fluconazole remains to be conducted.

Clinical development overview
Several clinical trials have been performed to test the efficacy and safety 

of IBX in the management of VVC. Ibrexafungerp-203, a multicentre, 

randomized, evaluator-blinded, active-controlled study to evaluate the 

safety and efficacy of oral IBX versus oral fluconazole in subjects with 

VVC was the first clinical trial conducted as proof-of-concept.91 This was 

followed by a phase II, multicentre, randomized, double-blind, double-

dummy, active-controlled, dose-finding study to compare the efficacy, 

safety and tolerability of oral IBX versus oral fluconazole in adult female 

subjects 18 years and older with moderate-to-severe acute VVC (DOVE).92

Additionally, two phase III, multicentre, randomized, double-blind, 

placebo-controlled trials to evaluate the efficacy and safety of oral IBX 

versus placebo in subjects with acute VVC (VANISH) were conducted in 

which the IBX-treated group exhibited significantly higher rates of clinical 

cure (defined as complete resolution of all signs and symptoms of VVC) 

and mycological eradication compared with placebo (50.5% versus 

28.6% and 49.5% versus 19.4%, respectively).93 IBX was shown to have 

a sustained effect in reducing VVC symptoms compared with placebo 

(59.6% versus 44.9%; p=0.009) at follow-up visit (~4 months after last 

dose). Additionally, the time to initial symptom relief ranged between 

1  and 15 days with some cases reporting improvement as early as 

day 1. Moreover, the time to complete resolution of all symptoms ranged 

between 1 and 25 days. These effects were not altered by other factors 

such as race or high body mass index. Overall, IBX was well tolerated 

with minimal side effects primarily in the form of mild gastrointestinal 

symptoms, including vomiting and nausea.86,88,93

IBX has also been reported to effectively reduce the incidence of RVVC 

following the completion of a phase III, multicentre, randomized, double-

blind, placebo-controlled study aimed to evaluate the efficacy and 

safety of oral IBX compared with placebo in female subjects 12 years 

and older with RVVC (CANDLE).89 The subjects in this study were given 

a once-a-month dose of IBX (300 mg twice a day) for prevention of 

RVVC for a total of 6 months. The primary endpoint in this study was 

clinical success, which was defined as subjects having a test-of-cure 

(TOC) evaluation with no mycologically proven, presumed or suspected 

recurrences of VVC up to TOC (week 24) visit. Mycologically proven 

recurrence was defined as an episode of VVC with a total composite 

score of ≥3 on the Vulvovaginal Signs and Symptoms (VSS) Scale 

and a culture-positive test for Candida spp. that required antifungal 

treatment. Presumed recurrence was defined as an episode of VVC with 

Figure 3: Mechanism of action of different antifungals
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a total composite score of ≥3 on the VSS Scale that required antifungal 

treatment, and for which there was positive potassium hydroxide (KOH) 

microscopy, but no positive fungal culture. Suspected recurrence was 

defined as an episode of VVC that required treatment with an antifungal 

agent regardless of VSS composite score but for which there was no 

mycological evidence of disease.

Interestingly, in a study by Goje et al., 65% of the IBX-treated group 

achieved clinical success with no recurrence compared with 53% for 

the placebo-treated group.94 Additionally, no mycologically proven 

recurrence was reported in 70.8% of patients treated with IBX. The data 

from this study have been recently submitted to regulatory agencies for 

review, but approval of this new indication for prevention of RVVC has 

not been published as of the date of this paper. 

Currently, a new clinical trial is being conducted to determine the 

potential use of IBX in treatment of patients with complicated VVC in 

whom prior fluconazole therapy has failed. In this study, three different 

IBX regimens are being tested: 1, 3 or 7 days of 300 mg IBX twice daily 

for a total of 600 mg per day. The study (NCT05399641) is currently still in 

the recruitment phase.95

Although IBX has been shown to have potent efficacy in the management 

of VVC compared with placebo, a head-to-head comparison with 

fluconazole has not been conducted. However, based on the available 

data, IBX can be used as an alternative to fluconazole for the 

management of VVC, especially in patients who have contraindication 

to fluconazole (e.g. allergic reaction) or those with infections resistant 

to fluconazole therapy.

Oteseconazole
Oteseconazole (previously VT-1161) is a new oral antifungal agent 

indicated to reduce the incidence of RVVC in females with a history of 

RVVC who are not of reproductive potential. In fact, it is the first antifungal 

agent to receive US FDA approval for this indication.96

According to the label, oteseconazole can be used alone or as a follow-

up treatment after fluconazole. The single drug regimen consists of single 

dose of 600 mg, then 450 mg capsules of oteseconazole on day 1 and day 

2, respectively, followed by 150 mg once a week for 11 weeks beginning 

on day 14. For the fluconazole–oteseconazole regimen, first fluconazole 

is initiated alone as a single oral dose of 150 mg every 72 hours, followed 

by 150 mg of oteseconazole once daily for 7 days from day 14 to 20, then 

150 mg once a week for 11 weeks beginning on day 28.97

Although oteseconazole is a member of the azole antifungal group, 

its new chemical structure makes it different from the other agents. 

Currently available azoles contain an imidazole or triazole moiety 

that binds the human cytochrome P450 causing several side effects 

and drug–drug interactions, while oteseconazole contains a tetrazole 

moiety that increases the selectivity of oteseconazole for the fungal 

CYP51, reducing off-target interaction with the human cytochrome and 

consequently reducing side effects (Figure 3 and Figure 4).98,99 

Spectrum of activity
Oteseconazole demonstrated a wide spectrum of activity against fungi 

isolated from patients with VVC comparable to or more potent than 

fluconazole. In a study performed by Ghannoum et al., 1,910 clinical 

isolates (87% C. albicans) were obtained from women with VVC, and the 

MIC50 and MIC90 for oteseconazole were reported to be 0.002 and 0.06 

µg/mL, respectively, compared with 0.25 and 8 µg/mL for fluconazole, 

respectively.3 Furthermore, against C. glabrata, represented in 8% 

of these isolates, oteseconazole had MIC50 and MIC90 values of 0.03 

and 0.125 µg/mL, respectively, compared with 2 and 8 µg/mL, for 

fluconazole, respectively.3 

Similarly, in a study conducted by Wang et al., oteseconazole showed 

activity against C. glabrata, C. parapsilosis and C. tropicalis comparable 

to or more potent than that of itraconazole and fluconazole.100 The MIC50 

and MIC90 for oteseconazole against C. glabrata were 0.5 and 2 µg/mL, 

compared with 1 and 2 µg/mL for itraconazole, and 2 and 64 µg/mL, 

for fluconazole, respectively. Against C. parapsilosis and C. tropicalis, 

oteseconazole had an MIC50 of 0.031 and 0.016 µg/mL compared with 

0.125 and 0.5 µg/mL for itraconazole, and 0.25 µg/mL for fluconazole 

against both organisms, respectively. Additionally, while oteseconazole 

had an MIC90 similar to itraconazole against C. parapsilosis (1 µg/mL) 

compared with fluconazole, it was 4-fold dilution lower (i.e. 1 versus 

16 µg/mL). A similar observation was also noted against C. tropicalis 

(1 versus 2 and >64.0 µg/mL, respectively).

These in vitro findings agree with in vivo data generated by Garvey et 

al. where 25 mg/kg oral doses of oteseconazole and fluconazole were 

sufficient to significantly reduce the fungal burden on day 1 post-

treatment compared with the vehicle-treated group in a murine model 

of vaginal candidiasis infected with susceptible C. albicans strain.101 

Although both drugs maintained their activity through 4 days post-

treatment, oteseconazole showed superior activity against fluconazole-

resistant strains using the same animal model. However, against one 

strain that was moderately resistant to oteseconazole, no significant 

effect was observed with both antifungals.101 

A study investigating the resistance mechanism of oteseconazole 

showed that overexpression or mutation of the active site (e.g. mutations 

in ERG3) of the fungal lanosterol 14α-demethylase was associated with 

reduced susceptibility to this agent.102 Additionally, upregulation of the 

drug efflux pumps was another mechanism that was associated with 

resistance to oteseconazole. 

Taken together, oteseconazole has demonstrated high activity against 

a wide variety of Candida isolates including azole-resistant strains. 

However, taking into consideration our experience with fluconazole, it will 

be important to practice antimicrobial stewardship to avoid development 

of resistance.

Pharmacokinetics
In clinical trials evaluating the pharmacokinetics of oteseconazole, 

the plasma concentration of the drug was shown to be increased in 

a dose-dependent manner. Following oral administration, around 76% 

of the antifungal agent was absorbed. Additionally, approximately 

5–10 hours were needed for oteseconazole to reach the peak plasma 

concentration achieving a Cmax of 2.8 ± 1.25 following repeat dose 

Figure 4: Oteseconazole chemical structure99
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administration. However, the Cmax value was increased by 45% 

following oteseconazole intake with a high fat meal compared with 

fasting state.97

Oteseconazole is highly bound to plasma protein (99.5–99.7%) with a 

volume of distribution of 423 L. Additionally, data from animal studies 

showed that oteseconazole achieved a vaginal concentration 2-fold 

higher than that in the plasma following oral intake.101 Oteseconazole was 

also shown to have a low rate of metabolism, with a median terminal 

half-life of approximately 138 days. Moreover, it is mainly excreted in 

faeces and urine (56% and 26%, respectively).

In terms of drug interaction, oteseconazole increased the Cmax and 

area under the curve from zero to 24 hours (AUC0-24h) of rosuvastatin, 

a breast cancer resistance protein (BCRP) substrate, by 118% and 

114%, respectively. This may increase the incidence of BCRP substrate 

side effects. Thus, co-administering oteseconazole with a BCRP 

substrate requires starting the BCRP agent at the lowest possible 

dose and monitoring for development of side effects. On the other 

hand, no clinically significant differences in the pharmacokinetics 

of the following drugs were observed when co-administered with 

oteseconazole: midazolam (sensitive CYP3A4 substrate), ethinyl 

estradiol (CYP3A4 substrate), norethindrone (CYP3A4 substrate) or 

digoxin (P-gp substrate).

Safety profile
Because of the unique structure of oteseconazole (having tetrazole 

moiety) as mentioned above, it has high selectivity for the fungal CYP51 

with reduced affinity for the human type.100 Consequently, oteseconazole 

was shown to have fewer side effects compared with other members 

of the azole antifungals, with the most common side effects being 

headache and nausea.103,104

Oteseconazole is contraindicated in females of reproductive age, in 

pregnant women and during lactation.97 This warning, indicated in 

the drug label, was based on animal studies in which administration 

of oteseconazole to pregnant rats and rabbits resulted in ocular 

abnormalities. Furthermore, considering the drug exposure window 

of approximately 690 days, reducing the embryo-foetal toxicity risks is 

challenging.97 

In patients with mild renal or liver diseases, dose adjustment is not 

required. However, due to insufficient numbers of subjects evaluated 

belonging to these populations, oteseconazole is not recommended in 

severe disease.97 

Clinical development overview
Three phase III clinical trials have been conducted for evaluating 

oteseconazole.103–105 In the first two trials, C. albicans represented 87% of 

the organisms isolated from the vaginal swabs followed by C. glabrata 

which was the causative organism in 8% of the cases. Other organisms 

that were identified included: C. parapsilosis, C. tropicalis, C. krusei, 

C. dubliniensis, C. kefyr and Saccharomyces cerevisiae. 

Participants with VVC were treated with one dose of fluconazole  

150 mg every 72 hours, and those with resolved symptoms and signs 

were randomly assigned to a treatment group in a ratio of 2:1 to receive 

150 mg of oral oteseconazole daily for 7 days, followed by 150  mg 

of oteseconazole weekly for 11 weeks, or to matching placebo for  

12 weeks. Patients in both groups were then followed up with no 

treatment for 36 weeks. 

The primary endpoint in both studies (CL-011 and CL-012) was the 

proportion of patients with ≥1 culture-verified acute VVC episode during 

the maintenance phase. The incidence in the oteseconazole-treated 

group ranged between 3.9% and 6.7% versus 39.0% and 42.8% for the 

placebo-treated group. When considering recurrence – patients with 

culture-verified VVC or those who received an antifungal treatment for 

a VVC episode during the study – the reported incidence of recurrence 

ranged from 21.3% to 27.3% for the oteseconazole group and 49.7% 

to 50.8% for the placebo group. These analyses were performed using 

missing values with multiple imputation. Additionally, treating culture-

proven recurrences, VVC medication use, and incomplete follow-up 

as failures led to a 35% to 42% failure rate for oteseconazole versus 

56.5% to 57.8% for placebo, maintaining a 14.9% to 21.7% difference 

between the groups and realigning statistical significance for this more 

strict analysis.105

The percentage of side effects were similar between the treatment 

groups, with the most common side effects being respiratory infections, 

headache, bacterial vaginosis, vulvovaginal pruritus, urinary tract 

infection, cystitis and back pain.105 Interestingly, no adverse obstetric 

reactions or foetal abnormalities were reported among eight pregnant 

participants who were in the oteseconazole treatment group, with six 

participants giving birth to healthy babies, one participant electively 

terminating the pregnancy, and one with an unknown outcome. 

Similarly, in the ultraVIOLET clinical trial that included patients with 

a history of RVVC with a confirmed acute VVC episode at the time of 

screening, the most common organisms isolated from patients’ samples 

were C. albicans (76.1%), C. glabrata (11.8%), C. parapsilosis (5.4%) and 

C. tropicalis (4.1%).104 

The primary efficacy outcome measure was the proportion of participants 

with ≥1 culture-verified acute VVC episode during the maintenance 

phase of the study through week 50 in the intent-to-treat (ITT) population 

(including all randomized participants, inclusive of those with unresolved 

infection during the induction phase). Multiple endpoints were used as 

secondary outcomes, including: 1. the proportion of participants with 

resolved acute VVC infection at the end of the induction phase; 2. the 

proportion of participants with ≥1 culture-verified acute VVC episode 

with a signs and symptoms score of ≥3 during the maintenance phase; 

3. time to first recurrence of culture-verified acute VVC episode with a 

signs and symptoms score of ≥3 during the maintenance phase; and 

4. proportion of participants with ≥1 positive culture for Candida during 

the maintenance phase.

The results of the primary efficacy outcome showed that only 5.1% of 

the oteseconazole-treated group had ≥1 culture-verified acute VVC 

episode compared with 42.2% of the group receiving placebo through 

week 50 post-randomization (p<0.001). When use of VVC medication was 

considered as part of the definition of recurrence, the recurrence rate of 

the oteseconazole group was 43.5% versus 59.0% of the fluconazole/

placebo group (p=0.039). Furthermore, when considering recurrences, 

VVC medication use and incomplete follow-up as failures by definition, 

the recurrence was 59.2% for the oteseconazole group compared with 

70.8% for the fluconazole/placebo group, which supports the efficacy 

of oteseconazole compared with fluconazole/placebo in reduction of 

recurrence. This analysis was performed using multiple imputation to 

address subjects with incomplete data. 

In the induction phase (treatment of cases with acute VVC), 

oteseconazole was similar to fluconazole in the treatment of acute VVC, 
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with 93.2% of the oteseconazole-treated group reporting resolution of 

symptoms compared with 95.8% in the fluconazole-treated group at 

day 14. Additionally, 34.0% (50/147) of the oteseconazole-treated group 

reported failure to resolve by the end of the induction phase (day 14) or 

recurrence during the maintenance phase compared with 44.4% (32/72) 

for fluconazole/placebo group. When incomplete follow-up was treated 

as a failure, the percentages were 51.0% for oteseconazole compared 

with 66.7% for fluconazole/placebo (p=0.028).

No significant differences were noted between the two treatment groups 

in terms of side effects (54% and 64% for oteseconazole- and fluconazole/

placebo-treated groups, respectively). In line with the results obtained 

from previous trials, the most common side effects were infections (36% 

versus 44%, respectively), mostly in the form of urinary tract infection 

and bacterial vaginosis, and gastrointestinal disorders (10% versus 11%, 

respectively).104

Future directions
Although we currently have two new options for the management of 

VVC and RVVC, there is a need to develop more options that can meet 

patients’ needs and complement the available therapies. In this regard, 

several trials are ongoing to evaluate new potential therapies. Beside 

agents that act through their antimicrobial activity, several options 

are being developed to target other aspects of pathogenesis such as 

preventing Candida colonization, enhancing the immune response and 

rebalancing the vaginal microbiome. In this section, we will briefly discuss 

potential candidates under development to treat VVC. 

Vaccines against vulvovaginal candidiasis currently 
in clinical trials
NDV-3A vaccine
The development of an effective, long-lasting and safe vaccine could 

be a key to lowering the incidence of VVC. N acetyl delivery vaccine-3  

(NDV-3) comprises a recombinant agglutinin-like sequence 3 protein 

(Als3p) epitope in an adjuvant delivery system. The suggested 

mechanism of action is that NDV-3 works by triggering both humoral 

and adaptive immune responses by producing long-lasting memory 

B- (immunoglobulin [Ig]G, IgA1) and T-cell (interferon-α, interleukin-

17A) responses after the first dose, which will be boosted with 

a second dose.106 In a clinical trial by Edwards et al., the NDV-3A 

vaccine was highly immunogenic, safe and decreased the frequency 

of VVC symptomatic episodes in women aged <40 years for up to 

12 months.107 However, this was not the case for patients older than 

40 years old. The impact of the vaccine in older patients was weaker 

compared with those aged <40 years. This may limit the utility of the 

vaccine as it will not provide appropriate coverage for a large portion 

of VVC patients. 

PEV7 vaccine
The virosome formulated anti-Candida vaccine (PEV7) is a shortened 

recombinant secretory aspartyl proteinase 2 (rSAP2) protein integrated 

into influenza virosomes that has demonstrated some protection against 

VVC in rats.108 Following intravaginal or intramuscular plus intravaginal 

administration, high levels of anti-Sap2 IgG and IgA were found in the 

vaginal fluid of rats. PEV7 was also found to be safe in repeated-dose 

toxicological testing in rats. The vaccine is currently undergoing a human 

trial (phase I) by Pevion Biotech AG.108 

Whilst overall results are promising, it is hypothesized that simultaneously 

targeting numerous Candida epitopes (multivalence) will probably be 

more effective in eliciting a stronger and wider immune response, as 

Candida antigens are complex and have the capacity to evade host 

immune surveillance. This will provide a future direction for vaccine 

development against vaginal yeast infections worldwide.109,110 However, no 

clinical trials or studies are in progress regarding this vaccine approach.

Approaches to rebalance the microbiome 
Probiotics
As VVC is associated with alterations in the abundance of Lactobacillus 

species in the vaginal milieu, efforts to use probiotics to rebalance the 

vaginal microbial communities are underway.14–16 The mechanism by 

which probiotics may exhibit their effect is by positively modulating 

the vaginal microbiota to increase beneficial microorganisms, thereby 

preventing candidal overgrowth. 

Data reported from different studies are variable regarding the 

efficacy of probiotics in management of VVC. Where some studies 

reported successful utilization of probiotics for management 

of VVC,111–113 others failed to demonstrate significant difference 

between the standard VVC treatment alone versus when combined 

with probiotics.114,115 For example,  the study by Oerlemans et al., 

evaluated the impact of a probiotic vaginal gel containing three 

species of Lactobacilli (Lactobacillus rhamnosus GG, Lactobacillus 

pentosus KCA1 and Lactobacillus plantarum WCFS1) on VVC.116 Data 

analysis showed that 45% of women did not need rescue treatment, 

suggesting an improvement in their symptoms.116 In another trial that 

included 95 patients, no significant difference in the clinical cure 

rate was noted between subjects who received probiotic capsules 

(containing Lactobacillus gasseri LN40, Lactobacillus fermentum 

LN99, Lactobacillus casei subsp., Lactobacillus rhamnosus LN113 

and Pediococcus acidilactici LN23) and those receiving placebo 

treatment.115 Thus, additional studies evaluating the utility of probiotics 

to treat VVC are warranted. 

Other alternative modalities under investigation for 
the management of vulvovaginal candidiasis
TOL-463 
TOL-463 is a non-azole, lactobacilli-sparing, boric acid-based vaginal anti-

infective enhanced with edetic acid. A study by Marrazzo et al. evaluated 

this formulation in a randomized, single-blind, phase II, controlled 

clinical trial and showed that TOL-463 was safe and well tolerated in the 

treatment of bacterial vaginosis and VVC. However, vulvovaginal burning 

was the most frequently encountered adverse event, which may limit 

patient compliance.117 

Dequalinium chloride (Fluomizin®) 
Dequalinium chloride (DQC; Fluomizin; Kora Healthcare, Dublin, 

Ireland) is a quaternary ammonium salt with established antimicrobial 

activity against a wide range of vaginal pathogens, including bacteria, 

Candida species (e.g. C. albicans and C. glabrata) and Trichomonas 

vaginalis.118,119 It acts primarily by increasing the microbial cell 

permeability followed by the loss of mitochondrial ATP synthesis via 

inhibition of F1-ATPase, leading to cell death.120 DQC demonstrated 

rapid in vitro bactericidal and fungicidal effects after a short contact 

time (within 30–60 minutes). Additionally, when compared with 

clotrimazole, both medications showed comparable clinical response; 

however, the latter resulted in higher negative KOH microscopic 

examination and fungal culture.121,122

Blue light-emitting diode 
The antimicrobial effect of blue light-emitting diodes (LEDs) make it a 

good potential candidate for the treatment of VVC. It acts by targeting the 
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endogenous porphyrin of the pathogens resulting in cell death. Preliminary 

results of an ongoing clinical trial using 401 ± 5 nm blue LED demonstrated 

that it did not affect the microbiota in any of the participants, albeit with 

no adverse effects observed during or after illumination.123 The next 

step is to test the effect of 401 ± 5 nm blue LED on pathogens causing 

vulvovaginal infection. This approach is still in its infancy.

Medical-grade honey formulation (L-Mesitran®)
L-Mesitran (Triticum Exploitatie BV, Maastricht, The Netherlands) is an 

organic honey that is sterilized with gamma radiation, and it has been 

used as a potential antifungal treatment. A trial investigating the effect 

of L-Mesitran administration on RVVC symptoms is currently recruiting.124

Conclusion
VVC represents a disabling disease125 that affects the quality of life of 

women, and development of antifungals to treat this disease is lacking. 

Fortunately, recently, two new and effective antifungals that target VVC 

and RVVC were approved by the US FDA. Moreover, it is encouraging 

that alternative approaches to managing this disease are currently 

being pursued. ❑

1. Sobel JD. Vulvovaginal candidosis. Lancet. 2007;369:1961–71.
2. Benedict K, Jackson BR, Chiller T, Beer KD. Estimation of direct 

healthcare costs of fungal diseases in the United States. Clin 
Infect Dis. 2019;68:1791–7.

3. Ghannoum M, Degenhardt T, Person K, Brand S. 719. 
Susceptibility testing of oteseconazole (VT-1161) against clinical 
isolates from phase 3 clinical studies in subjects with recurrent 
vulvovaginal candidiasis. Open Forum Infect Dis. 2021;8:S459.

4. Martin Lopez JE. Candidiasis (vulvovaginal). BMJ Clin Evid. 
2015;03:815.

5. Balakrishnan SN, Yamang H, Lorenz MC, et al. Role of vaginal 
mucosa, host immunity and microbiota in vulvovaginal 
candidiasis. Pathogens. 2022;11:618.

6. Chatzivasileiou P, Vyzantiadis TA. Vaginal yeast colonisation: 
From a potential harmless condition to clinical implications 
and management approaches-a literature review. Mycoses. 
2019;62:638–50.

7. Giraldo P, von Nowaskonski A, Gomes FA, et al. Vaginal 
colonization by Candida in asymptomatic women with and 
without a history of recurrent vulvovaginal candidiasis.  
Obstet Gynecol. 2000;95:413–16.

8. Mayer FL, Wilson D, Hube B. Candida albicans pathogenicity 
mechanisms. Virulence. 2013;4:119–28.

9. Moyes DL, Richardson JP, Naglik JR. Candida albicans-epithelial 
interactions and pathogenicity mechanisms: Scratching the 
surface. Virulence. 2015;6:338–46.

10. Cavalheiro M, Teixeira MC. Candida biofilms: Threats, 
challenges, and promising strategies. Front Med (Lausanne). 
2018;5:28.

11. Swidsinski A, Guschin A, Tang Q, et al. Vulvovaginal candidiasis: 
Histologic lesions are primarily polymicrobial and invasive and 
do not contain biofilms. Am J Obstet Gynecol. 2019;220:91.
e1–91.e8.

12. Wu X, Zhang S, Li H, et al. Biofilm formation of Candida albicans 
facilitates fungal infiltration and persister cell formation in 
vaginal candidiasis. Front Microbiol. 2020;11:1117.

13. Ravel J, Gajer P, Abdo Z, et al. Vaginal microbiome of 
reproductive-age women. Proc Natl Acad Sci U S A. 2011;108 
Suppl 1:4680–7.

14. Jang SJ, Lee K, Kwon B, et al. Vaginal lactobacilli inhibit 
growth and hyphae formation of Candida albicans. Sci Rep. 
2019;9:8121.

15. Pendharkar S, Brandsborg E, Hammarstrom, L, et al. Vaginal 
colonisation by probiotic lactobacilli and clinical outcome in 
women conventionally treated for bacterial vaginosis and yeast 
infection. BMC Infect Dis. 2015;15:255.

16. Tortelli BA, Lewis WG, Allsworth JE, et al. Associations between 
the vaginal microbiome and Candida colonization in women 
of reproductive age. Am J Obstet Gynecol. 2020;222:471.
e1–471.e9.

17. Xu J, Schwartz K, Bartoces M, et al. Effect of antibiotics on 
vulvovaginal candidiasis: A MetroNet study. J Am Board Fam 
Med. 2008;21:261–8.

18. Kumwenda P, Cottier F, Hendry AC, et al. Estrogen promotes 
innate immune evasion of Candida albicans through 
inactivation of the alternative complement system. Cell Rep. 
2022;38:110183.

19. Jaeger M, Plantinga TS, Joosten LA, et al. Genetic basis for 
recurrent vulvo-vaginal candidiasis. Curr Infect Dis Rep. 
2013;15:136–42.

20. Harpf V, Kenno S, Rambach G, et al. Influence of glucose 
on Candida albicans and the relevance of the complement 
FH-binding molecule Hgt1 in a murine model of candidiasis. 
Antibiotics (Basel). 2022;11:257.

21. Rodrigues CF, Rodrigues ME, Henriques M. Candida sp. 
infections in patients with diabetes mellitus. J Clin Med. 
2019;8:76.

22. Rosati D, Bruno M, Jaeger M, et al. Recurrent vulvovaginal 
candidiasis: An immunological perspective. Microorganisms. 
2020;8:144.

23. CDC. Sexually transmitted infections treatment guidelines, 
vulvovaginal candidiasis (VVC). 2021. Available at: www.cdc.
gov/std/treatment-guidelines/candidiasis.htm (accessed 10 
November 2022).

24. Denning DW, Kneale M, Sobel JD, Rautemaa-Richardson R. 
Global burden of recurrent vulvovaginal candidiasis:  
A systematic review. Lancet Infect Dis. 2018;18:e339–47.

25. Jaffe S, Normand N, Jayaram A, et al. Unique variation in 
genetic selection among Black North American women and its 
potential influence on pregnancy outcome. Med Hypotheses. 
2013;81:919–22.

26. Hammad NM, El Badawy NE, Nasr AM, et al. Mannose-
binding lectin gene polymorphism and its association with 
susceptibility to recurrent vulvovaginal candidiasis. Biomed Res 
Int. 2018;2018:7648152.

27. Babula O, Lazdane G, Kroica J, et al. Relation between 

recurrent vulvovaginal candidiasis, vaginal concentrations of 
mannose-binding lectin, and a mannose-binding lectin gene 
polymorphism in Latvian women. Clin Infect Dis. 2003;37:733–7.

28. Giraldo PC, Babula O, Goncalves AK, et al. Mannose-binding 
lectin gene polymorphism, vulvovaginal candidiasis, and 
bacterial vaginosis. Obstet Gynecol. 2007;109:1123–8.

29. Duerr A, Heilig CM, Meikle SF, et al. Incident and persistent 
vulvovaginal candidiasis among human immunodeficiency 
virus-infected women: Risk factors and severity. Obstet 
Gynecol. 2003;101:548–56.

30. Foessleitner P, Petricevic L, Boerger I, et al. HIV infection as 
a risk factor for vaginal dysbiosis, bacterial vaginosis, and 
candidosis in pregnancy: A matched case-control study. Birth. 
2021;48:139–46.

31. Perlin DS, Rautemaa-Richardson R, Alastruey-Izquierdo A. 
The global problem of antifungal resistance: Prevalence, 
mechanisms, and management. Lancet Infect Dis. 
2017;17:e383–92.

32. World Health Organization. WHO fungal priority pathogens list 
to guide research, development and public health action. 2022. 
Available at: www.who.int/publications/i/item/9789240060241 
(accessed 10 November 2022).

33. Sobel JD. Factors involved in patient choice of oral or vaginal 
treatment for vulvovaginal candidiasis. Patient Prefer 
Adherence. 2013;8:31–4.

34. Sobel JD, Faro S, Force RW, et al. Vulvovaginal candidiasis: 
Epidemiologic, diagnostic, and therapeutic considerations.  
Am J Obstet Gynecol. 1998;178:203–11.

35. Denison HJ, Worswick J, Bond CM, et al. Oral versus intra-
vaginal imidazole and triazole anti-fungal treatment of 
uncomplicated vulvovaginal candidiasis (thrush). Cochrane 
Database Syst Rev. 2020;8:CD002845.

36. Vaginitis in nonpregnant patients: ACOG practice bulletin, 
number 215. Obstet Gynecol. 2020;135:e1–e17.

37. Nett JE, Andes DR. Antifungal agents: Spectrum of activity, 
pharmacology, and clinical indications. Infect Dis Clin North Am. 
2016;30:51–83.

38. Berard A, Sheehy O, Zhao JP, et al. Associations between low- 
and high-dose oral fluconazole and pregnancy outcomes: 3 
nested case-control studies. CMAJ. 2019;191: E179–87.

39. Molgaard-Nielsen D, Svanstrom H, Melbye M, et al. Association 
between use of oral fluconazole during pregnancy and risk of 
spontaneous abortion and stillbirth. JAMA. 2016;315:58–67.

40. Budani MC, Fensore S, Di Marzio M, Tiboni GM. Maternal use 
of fluconazole and congenital malformations in the progeny: A 
meta-analysis of the literature. Reprod Toxicol. 2021;100:42–51.

41. Liu D, Zhang C, Wu L, et al. Fetal outcomes after maternal 
exposure to oral antifungal agents during pregnancy: A 
systematic review and meta-analysis. Int J Gynaecol Obstet. 
2020;148:6–13.

42. Alsaad AM, Kaplan YC, Koren G. Exposure to fluconazole and 
risk of congenital malformations in the offspring: A systematic 
review and meta-analysis. Reprod Toxicol. 2015;52:78–82.

43. Howley MM. Using meta-analyses to improve risk estimates of 
specific birth defects. BJOG. 2019;126:1553.

44. Farr A, Effendy, Frey Tirri B, et al. Guideline: Vulvovaginal candidosis 
(AWMF 015/072, level S2k). Mycoses. 2021;64:583–602.

45. Ghannoum MA, Rice LB. Antifungal agents: Mode of 
action, mechanisms of resistance, and correlation of these 
mechanisms with bacterial resistance. Clin Microbiol Rev. 
1999;12:501–17.

46. Amichai B, Grunwald MH. Adverse drug reactions of the 
new oral antifungal agents--terbinafine, fluconazole, and 
itraconazole. Int J Dermatol. 1998;37:410–5.

47. Fluconazole. In: LiverTox: Clinical and Research Information on 
Drug-Induced Liver Injury. Bethesda (MD): National Institute of 
Diabetes and Digestive and Kidney Diseases, 2012.

48. van der Pas R, Hofland LJ, Hofland J, et al. Fluconazole inhibits 
human adrenocortical steroidogenesis in vitro. J Endocrinol. 
2012;215:403–12.

49. Unal Yuksekgonul A, Ertugrul I, Karagoz T. Fluconazole-
associated QT interval prolongation and Torsades de Pointes in 
a paediatric patient. Cardiol Young. 2021;31:2035–7.

50. Govindarajan A, Bistas KG, Ingold CJ, Aboeed A. Fluconazole. 
2022. Available at: www.ncbi.nlm.nih.gov/books/NBK537158/ 
(accessed 11 November 2022).

51. Zhu Y, Bateman BT, Gray KJ, et al. Oral fluconazole use in the 
first trimester and risk of congenital malformations: Population 
based cohort study. BMJ. 2020;369:m1494.

52. Davis MR, Nguyen MH, Donnelley MA, Thompson III GR. 
Tolerability of long-term fluconazole therapy. J Antimicrob 
Chemother. 2019;74:768–71.

53. Bloch B, Smythe E. Ketoconazole in the treatment of vaginal 
candidiasis. S Afr Med J. 1985;67:178–9.

54. das Neves J, Amaral MH, Bahia MF. Vaginal drug delivery. In: Gad 
SC (ed). Pharmaceutical Manufacturing Handbook. Hoboken, 

NJ: John Wiley & Sons, Inc., 2008;809–78.
55. Danby CS, Boikov D, Rautemaa-Richardson R, Sobel JD. Effect 

of pH on in vitro susceptibility of Candida glabrata and Candida 
albicans to 11 antifungal agents and implications for clinical 
use. Antimicrob Agents Chemother. 2012;56:1403–6.

56. Larkin EL, Long L, Isham N, et al. A novel 1,3-beta-d-glucan 
inhibitor, ibrexafungerp (formerly SCY-078), shows potent 
activity in the lower pH environment of vulvovaginitis. 
Antimicrob Agents Chemother. 2019;63:e02611–18.

57. Spitzer M, Wiederhold NP. Reduced antifungal susceptibility 
of vulvovaginal Candida species at normal vaginal pH levels: 
Clinical implications. J Low Genit Tract Dis. 2018;22:152–8.

58. Saxon C, Edwards A, Rautemaa-Richardson R, et al. British 
Association for Sexual Health and HIV national guideline for the 
management of vulvovaginal candidiasis (2019). Int J STD AIDS. 
2020;31:1124–44.

59. Zhang X, Li T, Chen X, et al. Nystatin enhances the immune 
response against Candida albicans and protects the 
ultrastructure of the vaginal epithelium in a rat model of 
vulvovaginal candidiasis. BMC Microbiol. 2018;18:166.

60. Fan S, Liu X, Wu C, et al. Vaginal nystatin versus oral fluconazole 
for the treatment for recurrent vulvovaginal candidiasis. 
Mycopathologia. 2015;179:95–101.

61. Martins HP, da Silva MC, Paiva LC, et al. Efficacy of fluconazole 
and nystatin in the treatment of vaginal Candida species. Acta 
Derm Venereol. 2012;92:78–82.

62. De Seta F, Schmidt M, Vu B, et al. Antifungal mechanisms 
supporting boric acid therapy of Candida vaginitis. J Antimicrob 
Chemother. 2009;63:325–36.

63. Sobel JD, Chaim W, Nagappan V, Leaman D. Treatment of 
vaginitis caused by Candida glabrata: Use of topical boric acid 
and flucytosine. Am J Obstet Gynecol. 2003;189:1297–300.

64. Felix TC, de Brito Roder DVD, Dos Santos Pedroso R. Alternative 
and complementary therapies for vulvovaginal candidiasis. 
Folia Microbiol (Praha). 2019;64:133–41.

65. National Center for Biotechnology Information. PubChem 
identifier: CID 46871657. Available at: https://pubchem.ncbi.
nlm.nih.gov/compound/46871657#section=2D-Structure 
(accessed 24 November 2022).

66. Food and Drug Administration, Center for Drug Evaluation 
and Research. BREXAFEMME Approval Package. 
Available at: www.accessdata.fda.gov/drugsatfda_docs/
nda/2021/214900Orig1s000Approv.pdf (accessed 
11 November 2022).

67. Gamal A, Chu S, McCormick TS, et al. Ibrexafungerp, a novel oral 
triterpenoid antifungal in development: Overview of antifungal 
activity against Candida glabrata. Front Cell Infect Microbiol. 
2021;11:642358.

68. Pfaller MA, Messer SA, Rhomberg PR, et al. Differential activity 
of the oral glucan synthase inhibitor scy-078 against wild-
type and echinocandin-resistant strains of Candida species. 
Antimicrob Agents Chemother. 2017;61:e00161-17.

69. Jimenez-Ortigosa C, Paderu P, Motyl MR, Perlin DS. 
Enfumafungin derivative MK-3118 shows increased in vitro 
potency against clinical echinocandin-resistant Candida 
species and Aspergillus species isolates. Antimicrob Agents 
Chemother. 2014;58:1248–51.

70. Scorneaux B, Angulo D, Borroto-Esoda K, et al. SCY-078 
is fungicidal against Candida species in time-kill studies. 
Antimicrob Agents Chemother 2017;61:e01961-16.

71. Ghannoum M, Long L, Larkin EL, et al. Evaluation of the 
antifungal activity of the novel oral glucan synthase inhibitor 
SCY-078, singly and in combination, for the treatment 
of invasive aspergillosis. Antimicrob Agents Chemother. 
2018;62:e00244-18.

72. Schell WA, Jones AM, Borroto-Esoda K, Alexander BD. Antifungal 
activity of SCY-078 and standard antifungal agents against 178 
clinical isolates of resistant and susceptible Candida species. 
Antimicrob Agents Chemother. 2017;61:e01102-17.

73. Nakamura-Vasconcelos SS, Fiorini A, Zanni PD, et al. Emergence 
of Candida glabrata in vulvovaginal candidiasis should be 
attributed to selective pressure or virulence ability? Arch 
Gynecol Obstet. 2017;296:519–26.

74. Nunnally NS, Etienne KA, Angulo D, et al. In vitro activity of 
ibrexafungerp, a novel glucan synthase inhibitor against 
Candida glabrata isolates with FKS mutations. Antimicrob 
Agents Chemother. 2019;63:e01692-19.

75. Marcos-Zambrano LJ, Gomez-Perosanz M, Escribano P, et al. 
The novel oral glucan synthase inhibitor SCY-078 shows in vitro 
activity against sessile and planktonic Candida spp.  
J Antimicrob Chemother. 2017;72:1969–76.

76. Ghannoum M, Long L, Isham N, et al. Activity of a novel 
1,3-beta-D-glucan synthase inhibitor, ibrexafungerp (formerly 
scy-078), against Candida glabrata. Antimicrob Agents 
Chemother 2019;63:e01510-19.

77. Trucksis M, Friedman E, Taylor A, et al. Abstract# 3604: A phase 

http://www.who.int/publications/i/item/9789240060241


Novel Antifungals for the Treatment of Vulvovaginal Candidiasis: Where Are We?

25touchREVIEWS in Infect ious Diseases

I single-rising dose study evaluating the safety, tolerability, 
pharmacokinetics and pharmacodynamics of an oral akt 
inhibitor in healthy male volunteers. Cancer Res. 2009;69:3604.

78. Lepak AJ, Marchillo K, Andes DR. Pharmacodynamic target 
evaluation of a novel oral glucan synthase inhibitor, SCY-078 
(MK-3118), using an in vivo murine invasive candidiasis model. 
Antimicrob Agents Chemother. 2015;59:1265–72.

79. Wring S, Borroto-Esoda K, Solon E, Angulo D. SCY-078, 
a novel fungicidal agent, demonstrates distribution to 
tissues associated with fungal infections during mass 
balance studies with intravenous and oral [(14)C]SCY-078 in 
albino and pigmented rats. Antimicrob Agents Chemother. 
2019;63:e02119-18.

80. Azie N, Angulo D, Evans P, et al. Absorption, distribution, 
metabolism, and excretion of oral [14C]-ibrexafungerp in 
healthy male subjects. Abstract PI-023. American Society for 
Clinical Pharmacology and Therapeutics. Clin Pharmacol Ther. 
2021;109 Suppl 1:S5–S88.

81. Wring S, Murphy G, Atiee G, et al. Clinical pharmacokinetics and 
drug-drug interaction potential for coadministered SCY-078, an 
oral fungicidal glucan synthase inhibitor, and tacrolimus. Clin 
Pharmacol Drug Dev. 2019;8:60–9.

82. Wring S, Murphy G, Atiee G, et al. Lack of impact by SCY-078, 
a first-in-class oral fungicidal glucan synthase inhibitor, on the 
pharmacokinetics of rosiglitazone, a substrate for CYP450 2C8, 
supports the low risk for clinically relevant metabolic drug-drug 
interactions. J Clin Pharmacol. 2018;58:1305–13.

83. Food and Drug Administration. Highlights of prescribing 
information - BREXAFEMME®. Available at: www.accessdata.
fda.gov/drugsatfda_docs/label/2021/214900s000lbl.pdf 
(accessed 11 November 2022). 

84. Azie N, Angulo D, Wabnitz P, et al. Evaluate the effect of oral 
doses of ibrexafungerp on the pharmacokinetics of dabigatran 
administered orally to healthy subjects. Abstract PI-024. 
American Society for Clinical Pharmacology and Therapeutics. 
Clin Pharmacol Ther. 2021;109 Suppl 1:S5–S88.

85. Gaies E, Salouage I, Sahnoun R, et al. [Interaction between 
azole antifugals drugs and tacrolimus in four kidney transplant 
patients]. J Mycol Med. 2011;21:46–50.

86. Schwebke JR, Sobel R, Gersten JK, et al. Ibrexafungerp versus 
placebo for vulvovaginal candidiasis treatment: A phase 3, 
randomized, controlled superiority trial (VANISH 303). Clin Infect 
Dis. 2022;74:1979–85.

87. Carruthers C, Barat S, Thomas P, Lewis E. SCY-078, a novel IV/
oral triterpenoid anti-fungal treatment in development for 
vulvovaginal candidiasis and other severe invasive fungal 
infections, is not embryo/feto-toxic. Am J Obstet Gynecol. 
2018;219:646–7.

88. Sobel R, Nyirjesy P, Ghannoum MA, et al. Efficacy and safety 
of oral ibrexafungerp for the treatment of acute vulvovaginal 
candidiasis: A global phase 3, randomised, placebo-controlled 
superiority study (VANISH 306). BJOG. 2022;129:412–20

89. ClinicalTrials.gov. Phase 3 Study of Oral Ibrexafungerp (SCY-078) 
Vs. Placebo in Subjects With Recurrent Vulvovaginal Candidiasis 
(VVC) (CANDLE). ClinicalTrials.gov Identifier: NCT04029116. 
Available at: https://clinicaltrials.gov/ct2/show/NCT04029116 
(accessed 22 November 2022).

90. Murphy G, Darpo B, Marbury T, et al. Lack of an effect of SCY-
078 a novel antifungal agent on QTc interval in healthy subjects. 
Presented at: ASM Microbe, New Orleans (LA), 1–5 June 2017.

91. ClinicalTrials.gov. Safety and Efficacy of Oral Ibrexafungerp 
(SCY-078) vs. Oral Fluconazole in Subjects with Vulvovaginal 
Candidiasis. ClinicalTrials.gov Identifier: NCT02679456. Available 
at: https://clinicaltrials.gov/ct2/show/NCT02679456 (accessed 
11 November 2022).

92. Cadet R, Tufa M, Angulo D, Nyirjesy P. A phase 2b, dose-

finding study evaluating oral ibrexafungerp vs fluconazole 
in vulvovaginal candidiasis (DOVE) [24J]. Obstet Gynecol. 
2019;133:doi: 10.1097/01.aog.0000558840.33387.ee.

93. Azie N, King T, Sanchez S, Angulo D. Estimated time to relief 
from vulvovaginal symptoms with ibrexafungerp: Patient 
reported data from the VANISH studies. Available at: www.
idsog.org/wp-content/uploads/2022/08/2022.IDSOG_Letter.
Program-FV-LR-for-Website.pdf (accessed 11 November 2022).

94. Goje O, Azie N, King T, Angulo D. A phase 3, multicenter, 
randomized, double blind, placebo-controlled study to evaluate 
the efficacy of once monthly oral ibrexafungerp for prevention 
of recurrent vulvovaginal candidiasis (VVC). Available at: www.
idsog.org/wp-content/uploads/2022/08/2022.IDSOG_Letter.
Program-FV-LR-for-Website.pdf (accessed 11 November 2022). 

95. ClinicalTrials.gov. Ibrexafungerp for the Treatment of 
Complicated Vulvovaginal Candidiasis. ClinicalTrials.gov 
Identifier: NCT05399641. Available at: https://clinicaltrials.gov/
ct2/show/NCT05399641 (accessed 11 November 2022).

96. Food and Drug Administration, Center for Drug 
Evaluation and Research. VIVJOA Approval Package. 
Available at: www.accessdata.fda.gov/drugsatfda_docs/
appletter/2022/215888Orig1s000ltr.pdf (accessed 
11 November 2022).

97. Food and Drug Administration. Highlights of prescribing 
information - VIVJOA™. Available at: www.accessdata.fda.gov/
drugsatfda_docs/label/2022/215888s000lbl.pdf (accessed 11 
November 2022).

98. Warrilow AG, Hull CM, Parker JE, et al. The clinical candidate VT-
1161 is a highly potent inhibitor of Candida albicans CYP51 but 
fails to bind the human enzyme. Antimicrob Agents Chemother. 
2014;58:7121–7.

99. National Center for Biotechnology Information. PubChem 
identifier: CID 77050711. Available at: https://pubchem.ncbi.
nlm.nih.gov/compound/77050711#section=2D-Structure 
(accessed 24 November 2022).

100. Wang L, Zhang M, Guo J, et al. In vitro activities of the tetrazole 
VT-1161 compared with itraconazole and fluconazole against 
Cryptococcus and non-albicans Candida species. Mycologia. 
2021;113:918–25.

101. Garvey EP, Hoekstra WJ, Schotzinger RJ, et al. Efficacy of the 
clinical agent VT-1161 against fluconazole-sensitive and 
-resistant Candida albicans in a murine model of vaginal 
candidiasis. Antimicrob Agents Chemother. 2015;59:5567–73.

102. Monk BC, Keniya MV, Sabherwal M, et al. Azole resistance 
reduces susceptibility to the tetrazole antifungal VT-1161. 
Antimicrob Agents Chemother. 2019;63:e02114-18.

103. Sobel JD, Donders G, Degenhardt T, et al. Efficacy and safety of 
oteseconazole in recurrent vulvovaginal candidiasis. NEJM Evid. 
2022;1:doi: 10.1056/EVIDoa2100055.

104. Martens MG, Maximos B, Degenhardt T, et al. Phase 3 study 
evaluating the safety and efficacy of oteseconazole in the 
treatment of recurrent vulvovaginal candidiasis and acute 
vulvovaginal candidiasis infections. Am J Obstet Gynecol. 
2022:doi: 10.1016/j.ajog.2022.07.023.

105. Food and Drug Administration, Center for Drug Evaluation and 
Research. Application number: 211288Orig1s000, Integrated 
Review. Available at: www.accessdata.fda.gov/drugsatfda_
docs/nda/2022/215888Orig1s000IntegratedR.pdf (accessed 
11 November 2022). 

106. Schmidt CS, White CJ, Ibrahim AS, et al. NDV-3, a recombinant 
alum-adjuvanted vaccine for Candida and Staphylococcus 
aureus, is safe and immunogenic in healthy adults. Vaccine. 
2012;30:7594–600.

107. Edwards JE Jr, Schwartz MM, Schmidt CS, et al. A fungal 
immunotherapeutic vaccine (NDV-3A) for treatment of 
recurrent vulvovaginal candidiasis-a phase 2 randomized, 

double-blind, placebo-controlled trial. Clin Infect Dis. 
2018;66:1928–36.

108. De Bernardis F, Amacker M, Arancia S, et al. A virosomal 
vaccine against candidal vaginitis: Immunogenicity, efficacy and 
safety profile in animal models. Vaccine. 2012;30:4490–8.

109. Jimenez-Lopez C, Lorenz MC. Fungal immune evasion in a 
model host-pathogen interaction: Candida albicans versus 
macrophages. PLoS Pathog. 2013;9:e1003741.

110. Cassone A. Development of vaccines for Candida 
albicans: Fighting a skilled transformer. Nat Rev Microbiol. 
2013;11:884–91.

111. Kovachev SM, Vatcheva-Dobrevska RS. Local probiotic therapy 
for vaginal Candida albicans infections. Probiotics Antimicrob 
Proteins. 2015;7:38–44.

112. Martinez RC, Franceschini SA, Patta MC, et al. Improved 
treatment of vulvovaginal candidiasis with fluconazole plus 
probiotic Lactobacillus rhamnosus GR-1 and Lactobacillus 
reuteri RC-14. Lett Appl Microbiol. 2009;48:269–74.

113. Chew SY, Cheah YK, Seow HF, et al. Probiotic Lactobacillus 
rhamnosus GR-1 and Lactobacillus reuteri RC-14 exhibit strong 
antifungal effects against vulvovaginal candidiasis-causing 
Candida glabrata isolates. J Appl Microbiol. 2015;118:1180–90.

114. Lu X. Observation of curative effect of miconazole and 
lactobacillus on vulvovaginal candidiasis treated. Chinese 
Journal of Microecology. 2008.

115. Ehrstrom S, Daroczy K, Rylander E, et al. Lactic acid 
bacteria colonization and clinical outcome after probiotic 
supplementation in conventionally treated bacterial vaginosis 
and vulvovaginal candidiasis. Microbes Infect. 2010;12:691–9.

116. Oerlemans EFM, Bellen G, Claes I, et al. Impact of a lactobacilli-
containing gel on vulvovaginal candidosis and the vaginal 
microbiome. Sci Rep. 2020;10:7976.

117. Marrazzo JM, Dombrowski JC, Wierzbicki MR, et al. Safety 
and efficacy of a novel vaginal anti-infective, TOL-463, in the 
treatment of bacterial vaginosis and vulvovaginal candidiasis: 
A randomized, single-blind, phase 2, controlled trial. Clin Infect 
Dis. 2019;68:803–9.

118. Della Casa V, Noll H, Gonser S, et al. Antimicrobial activity 
of dequalinium chloride against leading germs of vaginal 
infections. Arzneimittelforschung. 2002;52:699–705.

119. Mendling W, Weissenbacher ER, Gerber S, et al. Use of locally 
delivered dequalinium chloride in the treatment of vaginal 
infections: A review. Arch Gynecol Obstet. 2016;293:469–84.

120. Merianos JJ. Quaternary ammonium antimicrobial compounds. 
In: Block SS (ed). Disinfection, Sterilization, And Preservation, 
Fourth Edition. Philadelphia: Lea and Febiger, 1991;225–55.

121. ClinicalTrials.gov. Comparative Efficacy Study of 10 mg 
Dequalinium Chloride (Fluomizin) in the Treatment of 
Vulvovaginal Candidiasis. ClinicalTrials.gov Identifier: 
NCT02242695. Available at: https://clinicaltrials.gov/ct2/show/
NCT02242695 (accessed 11 November 2022). 

122. Thamkhantho M, Chayachinda C. Vaginal tablets of dequalinium 
chloride 10 mg versus clotrimazole 100 mg for vaginal 
candidiasis: A double-blind, randomized study. Arch Gynecol 
Obstet. 2021;303:151–60.

123. Pavie MC, Robatto M, Bastos M, et al. Blue light-emitting diode 
in healthy vaginal mucosa-a new therapeutic possibility. Lasers 
Med Sci. 2019;34:921–7.

124. ClinicalTrials.gov. The Effect of Medical Grade Honey 
Formulation (L-Mesitran) Administration on Recurrent 
Vulvovaginal Candidiasis Symptoms. ClinicalTrials.gov Identifier: 
NCT05367089. Available at: https://clinicaltrials.gov/ct2/show/
NCT05367089 (accessed 11 November 2022). 

125. Jeanmonod R, Jeanmonod D. Vaginal Candidiasis. Available 
at: www.ncbi.nlm.nih.gov/books/NBK459317/ (accessed 11 
November 2022). 

https://clinicaltrials.gov/ct2/show/NCT04029116

	_Hlk114645084
	_Hlk113222506
	_Hlk112532048
	_Hlk119423515
	_Hlk112272028
	_Hlk111060625



