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ABSTRACT:

—  Objective: Vulvovaginal candidiasis (VVC) is a major concern for women of reproductive age group af-
fecting more than 70% of total population of the mentioned population. Apart from Candida albicans
as a predominant etiological fungal agent, other non albican species as C. glabrata, C. tropicalis, C. kru-
sei, C. parapsilosis, Trichosporon spp. zygomycetes spp and Saccharomyces cerevisiae have also proven
to be other important agents causing the disease. The situation becomes difficult when the usual con-
ventional therapeutic modalities like oral and local azoles, as well as boric acid and flucytosine fail to cure
the disease and raise the burden of resistant strains.

—  Results: Iberxafungerp, as a novel oral triterpenoid oral antifungal, has been evolved to treat VVC by
interacting differently with the target cell unlike other echinocandins. Additionally, it has a broader anti-
fungal spectrum, fungicidal activity against Candida spp., high tissue penetration into target tissues, ac-
tivity at low pH, and no preclinical fetal toxicity, which addresses many of the unmet needs of existing
antifungal drugs for VVC.

—  Conclusions: Available data obtained from recently completed clinical trials on safety and efficacy of
this drug in treatment of VVC, as well as recent approval from FDA raise a great hope to treat the drug-
resistant pathogens.

—  Keywords: \/ulvovaginal, Triterpenoid, Novel, Oral, Safety, Azole resistant.

INTRODUCTION

Vulvovaginal candidiasis (VVC) is a common infection
of the lower female genital tract that primarily affects
women of reproductive age who are immunocompetent.
It is a condition that affects women of all races and socio-
economic backgrounds'?. According to currently avail-

able data, 70-75% of women will have VVC at least once
in their lifetime®. Candida albicans is the most common
species in 90-95% of cases, followed by non-albicans
species such as C. glabrata, C. tropicalis, C. krusei, and
C. parapsilosis*. Trichosporon spp., zygomycetes spp.,
and Saccharomyces cerevisiaeare said to induce symp-
tomatic vaginitis in rare anecdotal case reports. Accord-
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ing to epidemiological data, the whole female popula-
tion’s incidence ranges from 12-57%?2°. Given that acute
VVC is underreported to clinicians due to generally suc-
cessful over-the-counter treatment alternatives, estimat-
ing the incidence rate is almost impossible®. C. albicans,
a component of the typical human microbiota, colonize
the vaginal lumen asymptomatically®. However, profuse
mucosal inflammation produced predominantly by fun-
gal proliferation in the vagina and subsequent epitheli-
al invasion and generation of virulence effectors might
result in symptomatic infection. Candida-related infec-
tions, aside from asymptomatic fungal colonization, are
the second biggest cause of vaginitis, mostly affecting
women during their reproductive age, when high estro-
gen levels increase the glycogen content of the vaginal
epithelium, hence providing food for the yeast’. Because
50% of women who have an infection will have a sec-
ond episode, and 5-8% may develop recurrent vulvo-
vaginal candidiasis (RVVC), it is critical to distinguish
between colonization and infection. RVVC is defined as
four or more episodes of VVC in a calendar year. Ac-
cording to recent research, roughly 138 million women
are affected by RVVC each year, with an additional 372
million affected across their lifetimes. The majority of
RVVC events occur between the ages of 19 and 35, with
a prevalence rate of 9% by the age of 50, according to
a survey*. According to Fidel et al®, women with RVVC
have a problem with the normally protective immune
response triggered by a previous Candida infection'2,
The azoles’ static activity and insufficient immune-me-
diated clearance are important factors in illness recur-
rence. Antibiotics, sexual activity, high-estrogen-con-
taining oral contraceptives, pregnancy, sodium-glucose
cotransporter 2 (SGLT2) inhibitors, and uncontrolled
diabetic mellitus are all risk factors for VVCP31, Al-
though genome-wide association studies have begun to
unravel certain genetic determinants of susceptibility,
there are currently no identified risk factors for RVVC™.

MATERIALS AND METHODS

After an extensive literature search using the databases
PubMed, Scopus and Cochrane it was found that Short-
course therapy with topical or oral systemic azole medi-
cations works well for uncomplicated VVC. The path of
therapy should be chosen and determined by the wom-
en. The majority prefer oral medication because it is
more convenient; however, topical medicines may pro-
vide relief sooner. More complicated infections require
a longer course of treatment, especially in severe cases
and in compromised hosts (pregnancy, diabetes, etc.).
Complicated VVC caused by non-albicans Candida spp.
necessitates further care. While C. tropicalis infection
is uncommon, it can be treated with conventional azoles
if the treatment is not rushed. However, boric acid or
flucytosine therapy is frequently required for C. krusei
and, in particular, C. glabrata. Long-term maintenance
suppressive therapy with oral once-weekly fluconazole
is used to control complicated recurrent VVC, which re-
quires attention to the underlying cause. Unfortunately,

while the recurrence rate is relatively low (about 7%)
while on the well-tolerated fluconazole when prophylax-
is is stopped, a substantial risk of recurrence might be
expected®. There are no additional oral therapy choices
for people who have vulvovaginal infections caused by
an azole-resistant organism or who do not respond to
fluconazole. Topical boric acid or nystatin suppositories
compounded amphotericin B for topical use, or various
systemic antifungals in severe cases are already avail-
able as alternatives!'®-!.

When these fail, women are left with few options
for treatment. Although itraconazole is licensed for the
treatment of VVC in the EU, it is rarely utilized. Fur-
thermore, systemic azoles like fluconazole, including
the single oral 150 mg dose during pregnancy, carry the
risk of fetal harm'®. Oral azole antifungals, which are
now used to treat both acute VVC and RVVC preven-
tion, have limitations. Overexpression of efflux pumps,
up-regulation of transporters, overexpression of drug
targets, mutations, and mitochondrial abnormalities all
contribute to azole resistance in Candida spp. identified
in VVC¥?2!, New medicines must also have long-term
efficacy to prevent recurrence in women with RVVC,
as well as be safe and well-tolerated, especially when
long-term therapy is required. High tissue penetration,
particularly into vaginal tissues, and notable activity at
a low pH, as well as low risk of drug-drug interactions,
particularly with oral contraceptives, are further criteria
of an optimal antifungal agent for treating VVC.

Ibrexafungerp (previously SCY-078) is a new, orally
active triterpenoid antifungal that, like echinocandins,
causes a decrease in (1,3)—D-glucan polymers and a
weakening of the fungal cell wall*2. In comparison to
echinocandins, Ibrexafungerp, the first member of the
‘fungerp’ family of drugs, is a structurally unique tri-
terpenoid glucan synthase inhibitor that interacts dif-
ferently with the target cell®. In vitro, Ibrexafungerp
inhibits a wide spectrum of Candida isolates with fksl
and fks2 point mutations, which produce echinocandin
resistance in Candida glabrata, Candida auris, and
Aspergillus spp*3. The discovery of enfumafungin, a
triterpene glycoside, came as a result of active research
into new medications using high throughput screening
of natural compounds from an endophytic fungus*. En-
fumafungin differs structurally from echinocandins,
producing a novel antifungal class known as “fungerps”
(Antifungal Triterpenoid)***°. The semi-synthetic de-
rivative Ibrexafungerp was developed after enfuma-
fungin was modified for enhanced oral absorption and
pharmacokinetic characteristics (IBX)*. Ibrexafungerp
(IBX) works in a similar way to echinocandins, block-
ing the -(1,3) D-glucan synthase enzyme in a non-com-
petitive manner**2, IBX, like echinocandins, displays
fungicidal and fungistatic effects on Candida spp.*® and
Aspergillus spp.**°. The Ibrexafungerp and echinocan-
din-binding sites on the enzyme, on the other hand, are
not identical but partially overlap, resulting in very lim-
ited cross-resistance across echinocandin- and Ibrexa-
fungerp-resistant strains. Pharmacokinetic properties
of Ibrexafungerp in comparison to other echinocandins
are summarized in Table 1.
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Table 1. Pharmacokinetic properties of Ibrexafungerp in comparison to other echinocandins®.

Variables Ibrexafungerp Anidulafungin Caspofungin Micafungin
Oral Bio-availability 35-51% <5% <5% <5%
Food Effect High fat diet improves NA NA NA
absorption
Volume of Distribution 4.7-5.3 0.43-0.71 0.14 0.39
(in Litre)
Protein Binding (%) 99.6-99.8 84 97 99
Half Life (in hrs) 20-30 26 30 15
Metabolism Hepatic None Hepatic Hepatic
Elimination Feces Feces Urine Feces
DISCUSSION against a variety of Candida species”. Ibrexafungerp

Iberxafungerp is a substrate of CYP3A4 and a possible
inhibitor of cytochrome (CYP) 2C8, according to in vi-
tro research**, Tt has a low activity for other CYP iso-
enzymes. To assess the drug-drug interaction potential
of Ibrexafungerp, four Phase 1 investigations were done
in healthy participants*. After single or several doses
of Ibrexafungerp, studies looked at the interaction po-
tential of ketoconazole and diltiazem (CYP3A4 inhibi-
tors), rosiglitazone (CYP2CS substrate), and tacrolimus
(CYP3A4 substrate). Ibrexafungerp had no therapeu-
tically relevant effect on 2C8 inhibition or 3A4 sub-
strates. When combined with powerful CYP3A4 inhib-
itors, Ibrexafungerp may require a dosage change. Oral
contraceptives are unlikely to interact with Ibrexafun-
gerp. The proarrhythmic effect of Ibrexafungerp was
assessed in healthy people in a thorough QT study to
establish effects on heart rate and an exposure-response
analysis*’. The effects of Ibrexafungerp on heart rate,
PR, and QRS intervals were not clinically significant.
After IV dosages of 125, 250, and 375 mg, no clinically
relevant effect of Ibrexafungerp on the QTc-F interval
was seen at plasma concentration ranges up to 4000
ng/mL. At therapeutic exposures, Ibrexafungerp has a
low risk of CYP-mediated medication interactions. In a
phase I trial, Ibrexafungerp and placebo had equal rates
of non-serious side effects (AE), with 22/24 individuals
in the treatment arm and 7/8 subjects in the placebo arm
reporting AEs*.

As previously established®, Ibrexafungerp’s higher ac-
tivity in an acidic medium may be beneficial for treating
Candida spp. vaginal infections. Susceptibility testing for
Candida albicans and Candida glabrata isolates was done
with Ibrexafungerp, micafungin, and fluconazole in a test
medium adjusted to pH values of 7.0, 5.7, and 4.5. While
Candida albicansis the most common causative pathogen
of VVC, additional Candida species, such as C. glabrata,
C. parapsilosis, C. krusei, and C. tropicalis, have been
identified as pathogenic species in recent years™. The fre-
quency of non-albicans Candida (NAC) species as a cause
of VVC has increased in recent years, with NAC species
accounting for 10% to 45 percent of VVC infections®.
Ibrexafungerp showed antifungal effectiveness against C.
glabrata, C. krusei, C. tropicalis, and C. parapsilosis, all
of which have reduced fluconazole susceptibility*. Ibrexa-
fungerp has been shown to have potent fungicidal action

showed fungicidal efficacy after 24 hours in a time-kill as-
say. Fluconazole and voriconazole, on the other hand, were
fungistatic®. Ibrexafungerp is active against a wide range
of Candida species, including echinocandin- and azole-re-
sistant isolates, as well as isolates with FKSI or FKS2 mu-
tations, Aspergillus spp., and other fungal pathogens, in
vitro. Ibrexafungerp regularly outperforms fluconazole in
vitro against Candida spp., notably among echinocandin-
and azole-resistant isolates™. FKS mutations in the glucan
synthase gene cause resistance to Ibrexafungerp. Although
this region largely overlaps with an echinocandin binding
site, the binding site appears to be nonidentical, suggesting
a decreased rate of Ibrexafungerp resistance®. Ibrexafun-
gerp activity was scarcely influenced by the presence of
FKS mutations in a study evaluating its activity against
wild-type and echinocandin-resistant Candida spp.*FKS1
(F625del) and FKS2 (F659del) deletion mutations result in
40-fold and >121-fold increases in the MIC50 for Ibrexa-
fungerp, respectively*®. The bulk of IBX resistance muta-
tions in C. glabrata are found in the FKS2 gene, which
supports the theory that the FKS2 gene is primarily in-
volved in -(1,3) D-glucan production in C. glabrata®.

In two Phase 2 studies, the safety and efficacy of
Ibrexafungerp were assessed. One proof-of-concept
study of women with moderate to severe VVC (clinical-
trials.gov: NCT02679456)*®. DOVE (clinicaltrials.gov:
NCT03253094), a Phase 2 randomized, double-blind,
active-controlled dose-finding study that enrolled wom-
en with moderate or severe acute VVC, was the second
study®’. Both studies showed clinical results that were
comparable to fluconazole. Ibrexafungerp was general-
ly well tolerated. The majority of adverse events (AEs)
were mild to severe and lasted for one day. The oral for-
mulation of Ibrexafungerp has been the subject of the
majority of clinical investigations®. Six investigations
on the efficacy of Ibrexafungerp for the treatment of
vulvovaginal candidiasis (VVC) and the prevention of
recurrence of VVC were conducted (Table 2).

These trials®-®* indicated a satisfactory safety and
tolerability profile, as well as high efficacy in the context
of VVC, resulting in the US Food and Drug Adminis-
tration (FDA) accepting a new drug application (NDA)
for the treatment of VVC with Ibrexafungerp. The FDA
also granted Ibrexafungerp Qualified Infectious Dis-
ease Product (QIDP) and Fast Track designations for the
treatment of VVC and prevention of recurrent VVC®,
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Table 2. Summary of trials on Ibrexafungerp in vulvovaginal candidiasis.

(VVC

Phase Trial Title Acronym Sample Drugs Outcome Study Study
of Trial identification (if any) size used Parameters start completion
number (NCT date date
Number)
Phase 2 NCT03253094 An Active- DOVE 186 Fluco- Clinical cure 1 August 4 May
Controlled, nazoleand (complete resolution 2017 2018
Dose-Finding Study SCY-078  of signs and
of Oral IBX vs. symptoms)
Oral Co-occurrence of
Fluconazole in clinical and
Subjects mycological cure
With Acute
Vulvovaginal
Candidiasis
Phase 2 NCT02679456 Safety and Efficacy 96 SCY-078  Percentage of 1 November 5 August
of Oral Ibrexa- & Fluco-  subjects achieving 2015 2016
fungerp (SCY-078) nazole therapeutic cure
vs.Oral at TOC visit
Fluconazole in (Day 24 +/-3)|%
Subjects With of subjects with
Vulvovaginal recurrence of VVC
Candidiasis during the
observation period
Phase 3 NCT03734991 Efficacy and Safety Vanish 303 376 Ibrexa- Clinical cure 4 January 4 September
of Oral Ibrexa- fungerp  (complete resolution 2019 2019
fungerp (SCY-078) and of signs and
vs. Placebo in Placebo  symptoms)
Subjects With Acute Mycological
Vulvovaginal eradication (negative
Candidiasis culture for yeast
(VANISH 303) growth)
Clinical cure and
mycological
eradication
(responder outcome)
Complete resolution
of signs and
symptoms at
follow-up|
subjects with
treatment-related
adverse events
Phase 3 NCT03987620 Efficacy and Safety Vanish 306 366 Ibrexa- Clinical cure 7 June 29 April
of Oral Ibrexa- fungerp (complete resolution 2019 2020
fungerp (SCY-078) and of signs and
vs. Placebo in Placebo  symptoms)
Subjects With Acute Mycological
Vulvovaginal eradication (negative
Candidiasis culture for growth
of yeast)
Clinical cure and
mycological
eradication
(responder outcome)
Complete resolution
of signs 7 symptoms
at follow-up
Safety and tolerability
of Ibrexafungerp
Phase 3 NCT04029116 Phase 3 Study of Oral CANDLE 320 Clinical Success 23 September,
Ibrexafungerp The percentage of ~ September 2021
(SCY-078) subjects with no 2019
vs. Placebo in Subjects Mycologically
With Recurrent Proven Recurrence
Vulvovaginal Safety andtolerability
Candidiasis
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Ibrexafungerp tablets were approved by the FDA in
June 2021 for oral use in patients with vulvovaginal can-
didiasis (VVC), also known as a vaginal yeast infection.
The recommended dosage is 600 mg, divided into two
150 mg pills twice a day for one day. Oral Ibrexafungerp
indicated efficacy and a favorable tolerability profile in
women with VVC in two Phase 3 studies, according to
the FDA. The FDA granted approval based on the re-
sults of the VANISH-303 and VANISH-306 multicenter
randomized, double-blind, placebo-controlled investi-
gations, in which oral Ibrexafungerp indicated effica-
cy and an acceptable tolerability profile in women with
VVC.

The Phase 3 research VANISH-303 (clinicaltrials.
gov: NCT03734991) enrolled 376 women in the Unit-
ed States. The preliminary findings have been shared.
Ibrexafungerp 300 mg was compared to a placebo BID
in this one-day research. Ibrexafungerp considerably
outperformed placebo in terms of clinical cure (full
remission of all vaginal signs and symptoms by Day
10) and mycological eradication test-of-cure (TOC).
On Day 10, the efficacy was comparable to the Phase 2
DOVE study. Ibrexafungerp was found to be generally
safe and well-tolerated, with the most prevalent side ef-
fects being gastrointestinal. Severe and major AEs were
uncommon with Ibrexafungerp and more common with
placebo. VANISH-306 (NCT03987620) was a Phase 3
research that enrolled 376 women in the United States
and the European Union. Ibrexafungerp 300 mg BID or
placebo were given to the women for one day. Ibrexa-
fungerp considerably outperformed placebo in terms
of clinical cure (full remission of all vaginal signs and
symptoms by Day 10) and mycological eradication test-
of-cure (TOC). Ibrexafungerp was generally well-tol-
erated and safe, with no major adverse effects report-
ed. CANDLE (clinicaltrials.gov: NCT04029116) is a
320-woman Phase 3 randomized, double-blind study.
Oral Ibrexafungerp 300 mg or placebo twice daily for 1
day each month for 6 months are the study arms.

The high cost of novel antifungals restricts their
availability, particularly in low- and middle-income
countries (LMICs), where the fungal disease burden is
large, but the perceived commercial market is modest,
limiting manufacturers’ interest in obtaining more reg-
ulatory approvals®. Ibrexafungerp has been tested in
healthy individuals in many Phase 1 studies. Once-dai-
ly dose, a reduced likelihood of drug-drug interactions,
high tissue concentrations, and a favorable safety/toler-
ability profile are all supported by the PK profile. The
clinical development program for VVC showed signif-
icant clinical cure rates and a low rate of primarily GI
AEs when employing a twice-daily dose regimen to
minimize GI intolerance. Ibrexafungerp is the first of a
new class of triterpenoid antifungals with a novel mech-
anism of action (MOA), glucan synthase inhibition, that
distinguishes it from current azole therapies for VVC. In
vitro, Ibrexafungerp showed fungicidal activity against
Candida spp., including azole-resistant isolates, that
was comparable to echinocandins.

CONCLUSIONS

Finally, unlike other drugs that show greater MICs in
low pH conditions in vitro, Ibrexafungerp has shown
good action at low pH in vitro testing environments,
equivalent to the low vaginal pH in VVC. Ibrexafun-
gerp has a favorable tolerability profile, with the ma-
jority of recorded adverse events (AEs) being gastroin-
testinal and often minor, and not leading to treatment
cessation. Another area where a novel class of fungi-
cidal agents could be advantageous is recurrent VVC,
which has a significant impact on QoL. Ibrexafungerp
provides a novel mechanism of action with a broader an-
tifungal spectrum, fungicidal activity against Candida
spp., high tissue penetration into target tissues, activity
at low pH, and no preclinical fetal toxicity, which ad-
dresses many of the unmet needs of existing antifungal
drugs for VVC. Ibrexafungerp patent applications are in
the works for 10 years of regulatory exclusivity in the
United States, as well as a composition-of-matter patent
that will last until 2035, with more applications pend-
ing for a total of 15 years of exclusivity in the United
States®. This will further delay access to this therapy in
most LMIC nations; thus, to promote worldwide access
to this breakthrough medication, early and effective
partnerships among pharmaceutical companies, gov-
ernments, and international organizations are required.
Despite this, the current approval of Ibrexafungerp re-
lies on the fact that this novel antifungal provides the
VVC treating clinician and their patients with the first
non-azole, one-day treatment option for women with
VVC who do not respond to azoles or who are allergic
or intolerant to azole therapy.
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