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Abstract: Molds are ubiquitous in the environment, and immunocompromised patients are at
substantial risk of morbidity and mortality due to their underlying disease and the resistance of
pathogenic molds to currently recommended antifungal therapies. This combination of weakened-
host defense, with limited antifungal treatment options, and the opportunism of environmental molds
renders patients at risk and especially vulnerable to invasive mold infections such as Aspergillus
and members of the Order Mucorales. Currently, available antifungal drugs such as azoles and
echinocandins, as well as combinations of the same, offer some degree of efficacy in the prevention and
treatment of invasive mold infections, but their use is often limited by drug resistance mechanisms,
toxicity, drug-drug interactions, and the relative paucity of oral treatment options. Clearly, there is a
need for agents that are of a new class that provides adequate tissue penetration, can be administered
orally, and have broad-spectrum efficacy against fungal infections, including those caused by invasive
mold organisms. Ibrexafungerp, an orally bioavailable glucan synthase inhibitor, is the first in a new
class of triterpenoid antifungals and shares a similar target to the well-established echinocandins.
Ibrexafungerp has a very favorable pharmacokinetic profile for the treatment of fungal infections
with excellent tissue penetration in organs targeted by molds, such as the lungs, liver, and skin.
Ibrexafungerp has demonstrated in vitro activity against Aspergillus spp. as well as efficacy in animal
models of invasive aspergillosis and mucormycosis. Furthermore, ibrexafungerp is approved for use
in the USA for the treatment of women with vulvovaginal candidiasis. Ibrexafungerp is currently
being evaluated in clinical trials as monotherapy or in combination with other antifungals for treating
invasive fungal infections caused by yeasts and molds. Thus, ibrexafungerp offers promise as a new
addition to the clinician’s armamentarium against these difficult-to-treat infections.

Keywords: new antifungal agents; ibrexafungerp; molds; triterpenoid; invasive fungal infection

1. Introduction

Molds are ubiquitous in the environment and pose a serious and growing threat to
public health, especially for patients who are immunocompromised [1–3]. Invasive fungal
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infections (IFIs) are associated with mortality rates as high as 30–74% [2], and the associated
clinical problem is compounded by the reported increased resistance of these pathogens to
azoles, which serve as the first line of pharmacologic treatment against various mold infec-
tions. While infections due to opportunistic molds are generally uncommon, the overall
incidence is increasing, including infections caused by Aspergillus spp. and members of
the order Mucorales [2,3]. In addition to invasive pulmonary disease, Aspergillus spp. can
also cause other syndromes including chronic pulmonary aspergillosis, bronchitis, sinusi-
tis, and hypersensitivity reactions such as allergic bronchopulmonary aspergillosis [4,5].
Moreover, invasive pulmonary aspergillosis (IPA) is a life-threatening infection that occurs
more often in immunosuppressed patients, particularly in those with severe and prolonged
neutropenia because of myelotoxic chemotherapy, and in those receiving immunosup-
pressive medication for rejection prophylaxis after organ transplantation or treatment of
graft-versus-host disease (GVHD) [6–9]. IPA has also been associated with severe influenza
and COVID-19 infections [10]. IPA has a global prevalence of 42 per 100,000 population, but
in the U.S. and Europe, the yearly rate is estimated at 1 to 2 cases per 100,000 [11]. However,
this rate is likely to be higher when COVID-19-associated IPA is taken into consideration.
Due to the relative severity of IPA, the early initiation of treatment with mold-active azoles
is recommended for suspected cases by the Infectious Diseases Society of America (IDSA)
guidelines, with liposomal amphotericin B (LAMP) as an alternative [12]. While primary
treatment with an echinocandin is not recommended, in some cases, combination treatment
with voriconazole may be considered, and micafungin or caspofungin may be used in
situations where treatment with an azole is not suitable or contraindicated [12].

Mucormycosis, a rare fungal infection, is associated with mortality rates as high as
50–100% in immunocompromised patients [13,14]. Mucormycosis has a global incidence
rate of 0.005–1.7 per million in the population [15], causing infections that are angioinvasive,
necrotic, and rapidly progressing. The culprits in mucormycosis are ubiquitous environmen-
tal molds of the Mucorales order with global distribution, including the Rhizopus, Mucor,
Rhizomucor, and Lichtheimia species, as well as the less frequently pathogenic Syncephalastrum,
Cunninghamella, Apophysomyces, and Saksenaea species [16,17]. Mucormycosis is primarily
seen in immunocompromised patients, especially those with uncontrolled diabetes mellitus,
prolonged neutropenia, extended use of corticosteroids, and hematological malignancies,
patients with injuries such as those caused by road accidents, and more recently has been
associated with severe COVID-19 [15,16,18,19]. Mucorales exhibit intrinsic resistance to
multiple antifungal agents, and there are limited available treatment options including
surgery and amphotericin B-based drugs, and a couple of mold-active azoles [20].

Although still uncommon, increased incidences of fungal infections caused by other
rare molds including Fusarium, Lomentospora, and Scedosporium spp., as well as by the
dematiaceous molds Rasamsonia, Schizophyllum, Scopulariopsis, Paecilomyces, Penicillium,
Talaromyces, and Purpureocillium spp., have been reported. The treatment options for
these rare mold infections are even more limited because many of them have an inherent
resistance to almost all currently available antifungals [21].

Management of mold infections is especially problematic because of the limited num-
ber of effective, orally available drugs and increased resistance, especially to triazoles [2,3].
Echinocandins inhibit glucan synthase, the enzyme involved in the synthesis of the fun-
gal cell wall polymer β-(1,3)-D-glucan, and have been previously reported to act against
Aspergillus spp. and experimental mucormycosis when combined with polyenes [13,14].
The aforementioned IDSA guidelines offer combination antifungal therapy with voricona-
zole and an echinocandin in certain patients with documented IPA [12]. Marr [22] noted
the promise offered by agents that target β-glucan synthase (specifically, echinocandins) in
the treatment of aspergillosis as they are not antagonistic, and there is evidence of additive
and synergistic activity when coupled with a triazole, presenting the opportunity of adding
an echinocandin or other agent with a similar mechanism-of-action target, such as ibrex-
afungerp, for patients whose aspergillosis has progressed despite triazole monotherapy.
Caspofungin was initially approved in 2001 with an indication for the treatment of refrac-
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tory invasive aspergillosis [23]. Ibrexafungerp, an investigational agent in the treatment of
invasive fungal disease, is the first member of the triterpenoid class of antifungals, and acts
on the same target as the echinocandins, yet is orally available with evidence of good tissue
penetration at many body sites [24].

On the basis of two large, randomized, double-blind, placebo-controlled Phase 3 clini-
cal studies, ibrexafungerp was approved in the United States for the treatment of vulvo-
vaginal candidiasis (VVC) in 2021. In both studies, ibrexafungerp 300 mg BID for 1 day
was compared with a placebo. In both the VANISH 303 and VANISH 306 clinical trials,
patients receiving ibrexafungerp had significantly higher rates of clinical cures. The cure
rates were 50.5% for ibrexafungerp vs. 28.6% for placebo; p < 0.001 and 63.3% vs. 44.0%,
p = 0.007 in VANISH 303 and VANISH 306; respectively, mycological eradication (49.5%
for ibrexafungerp vs. 19.4% for placebo, p < 0.001 and 58.5% vs. 29.8%, p < 0.001 in
VANISH 303 and VANISH 306, respectively), and overall therapeutic success (36.0% for
ibrexafungerp vs. 12.6% for placebo, p < 0.001 and 46.1% vs. 28.4%, p = 0.022 in VANISH
303 and VANISH 306, respectively) [25,26]. Most importantly, symptom resolution was
sustained, and symptoms improved further at follow-up with ibrexafungerp compared
with the placebo. In both studies, ibrexafungerp was generally well tolerated. Adverse
effects were primarily gastrointestinal and mild to moderate in severity.

Early evidence of ibrexafungerp in the treatment of invasive mold infections has
shown promise, particularly in preclinical models of disease. We review here the potential
use of ibrexafungerp for treating invasive infections caused by opportunistic molds.

2. Ibrexafungerp Mechanism of Action

Ibrexafungerp (previously MK-3118 and SCY-078; SCYNEXIS, Inc.; Jersey City, NJ,
USA) disrupts fungal cell wall synthesis through the inhibition of (1,3)-β-D-glucan syn-
thase [27]. Glucan synthase inhibition is also the mechanism of action of the echinocandins
and has been demonstrated to result in a clinically meaningful effect in the treatment of
yeast and mold infections. Because ibrexafungerp targets an enzymatic pathway that is not
found in human cells, it has a low risk of off-target effects (Figure 1).
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Figure 1. The site and mechanism of action of ibrexafungerp.

Ibrexafungerp, a triterpenoid antifungal, is structurally distinct from the echniocandins
(Figure 2) and is a semisynthetic derivative of the naturally occurring hemiacetal triterpene
glycoside enfumafungin that incorporates a pyridine triazole at position 15 of the core
phenanthropyran carboxylic acid ring system and a 2-amino- 2,3,3-trimethyl-butyl ether at
position 14 to improve antifungal potency and pharmacokinetic properties [28]. Compared
with echinocandins, ibrexafungerp has the advantages of oral bioavailability, a larger
volume of distribution, and its binding to the glucan synthase appears distinct from that of
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echinocandins, leading to retention of activity against most echinocandin-resistant isolates
of Candida spp., including those of C. auris [29].
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Figure 2. Molecular structures of caspofungin (left) and ibrexafungerp (right). Red structures indicate
core structural components.

3. Pharmacokinetics

In animals, ibrexafungerp is absorbed by the gastrointestinal tract after oral admin-
istration with a bioavailability of approximately 35–50%. Importantly, ibrexafungerp is
widely distributed in tissues and demonstrates excellent tissue penetration in sites com-
monly associated with invasive fungal infection, including (but not limited to) the lung,
liver, kidney, spleen, and skin. Ibrexafungerp has poor penetration into the central nervous
system in uninfected animals [24] (Table 1).

Table 1. Mass-balance studies with intravenous 14C-ibrexafungerp in albino and pigmented rats.

Tissue Tissue:Plasma Ratio

Bone 1.3
Bone marrow (femur) 36

Brain (cerebrum) 0.1
Esophagus 6
Eye (uvea) 117

Heart (myocardium) 10
Kidney (cortex) 25

Liver 56.5
Lung 26.5

Lymph node 38
Oral mucosa 5.5

Salivary gland 22.5
Skin (non-pigmented) 11.3

Spleen 75.6
Urinary bladder 7

Ibrexafungerp is eliminated mainly via metabolism and biliary excretion with <2%
of a dose recovered in urine. In vitro studies show that ibrexafungerp is metabolized
via hydroxylation by CYP3A4 isoenzymes, followed by glucuronidation and sulfation
of a hydroxylated inactive metabolite. Following oral administration of radio-labeled
ibrexafungerp to healthy volunteers, a mean of 90% of the radioactive dose (51% as un-
changed ibrexafungerp) was recovered in feces, and 1% was recovered in urine. The mean
steady-state volume of distribution (Vss) of ibrexafungerp in humans is approximately
600 L. Ibrexafungerp is highly protein-bound (greater than 99%), predominantly to albu-
min [30,31]. A dose-proportional increase in the mean area under the concentration–time
curve (AUC0–∞) and peak concentration (Cmax) occurred with single doses of 10 mg to
1600 mg within 4 to 6 h, and the mean terminal half-life was 20 to 30 h [27]. The oral
bioavailability of ibrexafungerp was increased with a high-fat meal, but absorption was
delayed by administration with food [27]. No clinically meaningful effect was observed on
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the corrected QT interval (QTcF), heart rate, PR, or QRS intervals at plasma ibrexafungerp
concentrations up to 4000 ng/mL [32]. Ibrexafungerp concentrations may be increased
when administered with strong CYP3A4 inhibitors and dose adjustment may be needed.
The coadministration of ibrexafungerp with CYP3A4 inducers is not recommended since it
will decrease ibrexafungerp exposure [31].

4. In Vitro Activity against Aspergillus species

Ibrexafungerp has been extensively tested in vitro against a broad variety of fungal
pathogens and has demonstrated potent activity against several isolates, with variable to
weak activity against others (Figure 3).
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Figure 3. In vitro spectrum of activity of ibrexafungerp. Figure adapted from Hoenigl, 2021 [33].

a. Includes A. fumigatiaffinis, A. thermomutatus, A. udagawae, A. hiratsukae, A. felis,
A. citrinoterreus, A. carneus, A. aureoterreus, A. hortai, A. kevei, A. insuetus, A. ochraceus,
and A. sclerotiorum.

b. No in vitro activity, although in vivo activity has been reported in animal models.

Glucan synthase inhibitors exhibit a fungistatic effect against many molds [34,35],
such as Aspergillus spp., despite a high proportion of β-(1,3)-D-glucan in the Aspergillus
cell wall [34]. Because glucan synthase inhibitors exhibit a fungistatic effect against
Aspergillus, MIC values are not accurate; thus, minimum effective concentrations (MEC;
the lowest concentration at which abnormal hyphal growth occurs) are used for antifungal
susceptibility testing in both CLSI and EUCAST methods [35].

In studies of in vitro susceptibility, ibrexafungerp demonstrated potent in vitro activity
against Aspergillus spp. Complexes including azole-resistant strains [36–39]. The MEC of
ibrexafungerp against a collection of Aspergillus spp. (n = 311) ranged from <0.06 µg/mL
to 4 µg/mL [36]. The combinations of ibrexafungerp with voriconazole, amphotericin B,
or isavuconazole were tested using a checkerboard combination test method against four
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strains of wild-type (WT) and two strains of azole-resistant Aspergillus strains. The combina-
tion of ibrexafungerp with voriconazole or isavuconazole showed in vitro synergy against
WT Aspergillus spp. and was additive against azole-resistant strains. The combination of
ibrexafungerp and amphotericin B were synergistic against both WT Aspergillus spp. and
azole-resistant strains [36]. Similar results were observed in another study reporting that
the combination of ibrexafungerp with isavuconazole resulted in a synergistic interaction
in A. fumigatus, measured by Bliss independence drug interaction analysis [40].

The in vitro activity of ibrexafungerp combined with azole antifungals was evaluated
against Aspergillus spp. isolates from patients undergoing lung transplantation [41]. The
median MIC for azoles against all isolates was reduced by ≥4-fold when combined with
ibrexafungerp, and the median MIC for ibrexafungerp also was reduced by ≥4-fold when
combined with azoles against all isolated other than A. calidoustus. A synergistic effect was
observed for ibrexafungerp combined with isavuconazole (62%), posaconazole (54%), and
voriconazole (53%). Among isolates with an ibrexafungerp or azole MIC < 0.06 µg/mL,
combinations remained beneficial with ≥4-fold reduction in MIC for 75%, 50%, and 75% of
isolates for isavuconazole, posaconazole, and voriconazole, respectively.

The in vitro activity of ibrexafungerp and other antifungal comparators was evaluated
against Aspergillus spp. clinical isolates that included both azole-susceptible and azole-
resistant A. fumigatus sensu stricto (s.s.) and cryptic species with varying degrees of antifungal
resistance [42]. The geometric mean MECs against A. fumigatus s.s. with ibrexafungerp were
0.040 µg/mL for azole-susceptible strains versus 1.231 µg/mL and 0.660 µg/mL (EUCAST
and CLSI) for voriconazole, respectively [43,44]. Against azole-resistant strains, MECs were
0.092 µg/mL and 0.056 µg/mL (EUCAST and CLSI) with ibrexafungerp vs. 2.144 µg/mL
and 2.000 µg/mL with voriconazole [43,44]. Ibrexafungerp was also active against most
cryptic species of Aspergillus [43,44]. Ibrexafungerp exhibited moderate activity against the
A. ustus species complex, including A. calidoustus, A. insuetus, and A. keveii, but was inactive
against A. alliaceus (MEC90 ≥ 16 µg/mL). Overall, ibrexafungerp demonstrated in vitro
activity against many Aspergillus spp., including azole-susceptible and azole-resistant
strains of A. fumigatus.

Additionally, the in vitro activity of ibrexafungerp was examined against a selection of
clinical isolates obtained from patients failing azole therapy for chronic pulmonary aspergillo-
sis [45]. The MEC was determined for 22 A. fumigatus complex, 3 A. flavus complex, and
1 A. niger complex isolates with resistance to at least 1 azole antifungal. The MEC range
for ibrexafungerp was from 0.008 to 0.25 µg/mL. The ibrexafungerp MEC among isolates
considered resistant to all azoles ranged from 0.015 to 0.25 µg/L. One isolate that was resistant
to all azoles and amphotericin B was susceptible to ibrexafungerp (MEC 0.125 µg/mL).

5. In Vivo Activity against Aspergillus spp. in Animal Models of Infection

In neutropenic mice, ibrexafungerp demonstrated potent in vivo efficacy against wild-
type (WT) and azole-resistant strains of A. fumigatus when studied in a murine model
of invasive aspergillosis [46]. Treatment with oral ibrexafungerp at 7.5 mg/kg/day and
10 mg/kg/day BID significantly increased the mean survival in all strains (p ≤ 0.003) and
resulted in significant reductions in fungal kidney burden (p < 0.05) and serum galactoman-
nan levels (p < 0.005). The exposure needed to achieve efficacy was similar to exposures
reported in invasive candidiasis models.

The in vivo efficacy of ibrexafungerp combined with isavuconazole was examined
in an experimental neutropenic rabbit model of invasive A. fumigatus pneumonia [40].
Ibrexafungerp 2.5 or 7.5 mg/kg/d IV or oral isavuconazole 40 mg/kg/d or their combina-
tion were administered. Ibrexafungerp and isavuconazole in combination demonstrated
prolonged survival, decreased pulmonary injury, reduced residual fungal burden, and
lower GMI and (1,3)-β-D-glucan levels in comparison to those of single therapy for the
treatment of invasive pulmonary aspergillosis.
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6. In Vitro Activity against Other Molds

The in vitro activity of ibrexafungerp and other antifungal drugs was examined in a selec-
tion of molds [6,39]. In these studies, ibrexafungerp exhibited activity against Paecilomyces variotii
(MEC < 0.02 µg/mL to 0.03 µg/mL), Penicillium citrinum, Neoscytalidium dimidiatum, Alternaria
spp., and Cladosporium spp. but had limited or no in vitro activity against the Mucorales,
Fusarium spp., Purpureocillium lilacinum, Acremonium spp., Cladosporium cladosporioides,
Trichoderma citrinoviride, and Trichoderma longibrachiatum [6,39]. Ibrexafungerp showed vari-
able activity against Scopulariopsis spp. and modest activity against Scedosporium apiospermum
and Lomentospora prolificans. Ibrexafungerp was the only drug that exhibited modest in vitro
activity against pan-resistant Lomentospora prolificans isolates [6].

The in vitro interaction between ibrexafungerp and isavuconazole or amphotericin
B was examined in a selection of molds [47]. Ibrexafungerp and isavuconazole exhibited
synergistic effects in vitro against Cunninghamella bertholletiae, S. apiospermum, F. solani, and
F. oxysporum with variable results against other molds.

7. In Vivo Activity against Other Molds

The in vivo efficacy of ibrexafungerp was examined alone and in combination against
the clinical isolates of Rhizopus delemar and M. circinelloides causing mucormycosis [48].
Immunosuppressed mice were treated with a placebo, ibrexafungerp (30 mg/kg, po, BID),
liposomal amphotericin B (LAMB, 10 mg/kg, IV, QD), posaconazole (POSA, 30 mg/kg, po,
QD), a combination of ibrexafungerp + LAMB, or a combination of ibrexafungerp + POSA
24 h post-infection, and continued for 7 days for ibrexafungerp and POSA and 4 days
for LAMB. The MEC for ibrexafungerp against the R. delemar isolate was >8 µg/mL,
while the MICs for amphotericin B and posaconazole at 100% inhibition of growth were
0.06 and 0.5 µg/mL, respectively. Survival through Day 21 was the primary endpoint. All
mice in the placebo group died by Day 16 post-infection. Following R. delemar infection,
a significant (p < 0.002 for any treatment versus placebo) improvement in the median
survival time and overall percent survival was observed with all treatments. In addition,
ibrexafungerp + LAMB resulted in significantly (p < 0.04) improved overall survival versus
any monotherapy. Thus, while ibrexafungerp lacked in vitro activity singly, ibrexafungerp
monotherapy demonstrated in vivo efficacy against R. delemar infection and was equivalent
to other antifungal drugs. The combination of ibrexafungerp + LAMB also demonstrated
the highest survival among mice infected with M. circinelloides. Tissue burden determined
by qPCR was also evaluated after infection with R. delemar, and ibrexafungerp mono- or
combination-therapy reduced mice lung and brain fungal burden with the combination of
ibrexafungerp + LAMB, resulting in the lowest fungal tissue burden when compared with
placebo or monotherapy.

8. Ongoing Clinical Investigations with Ibrexafungerp for Invasive Mold Infections

There are two ongoing clinical studies evaluating the activity of ibrexafungerp against
mold and fungal infections: an open-label study and a blinded phase 2 study. FURI is an
open-label study of fungal diseases that are refractory to, or where, patients are intolerant
of standard antifungal therapies (clinicaltrials.gov NCT03059992). Eligible patients have
proven or probable severe mucocutaneous candidiasis, invasive candidiasis, invasive
aspergillosis, or other fungal diseases such as coccidioidomycosis, histoplasmosis, and
blastomycosis. In addition, patients must demonstrate treatment failure, intolerance or
toxicity related to a currently approved standard-of-care antifungal treatment, or are
unable to receive an approved oral antifungal drug (e.g., inadequate susceptibility of the
organism), and a continued IV antifungal therapy is clinically undesirable or unfeasible.
Most of the patients in this study have yeast infections, but data from some patients with
mold infections are expected. Study completion is estimated by the end of 2022.

SCYNERGIA is a phase 2 study evaluating the safety and efficacy of ibrexafungerp
co-administered with voriconazole in patients with IPA (ClinicalTrials.gov Identifier:
NCT03672292). This is a multicenter, randomized, double-blind, two-arm study in male
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and female patients 18 years of age and older with a probable or proven IPA. Eligible pa-
tients are required to have a probable or proven infection that requires antifungal treatment
and a diagnosis consistent with IPA. Patients are randomized to voriconazole alone or
voriconazole combined with oral ibrexafungerp. Treatment is continued for a minimum
of 6 weeks and up to 13 weeks. Outcomes include safety and tolerability, ibrexafungerp
pharmacokinetics, and efficacy evaluated by a composite of clinical, radiological, and
mycological response and mortality. Study completion is estimated by the end of 2022.

9. Summary

Invasive fungal infections, particularly mold infections, are associated with high
mortality and often require prolonged antifungal therapy. Currently, available treatment
options for mold infections are scarce and have limitations including increasing reports of
resistance development. The increased incidence of Aspergillus spp. and Mucorales infec-
tions among COVID-19 patients have reminded us of the gaps in the available antifungal
treatment armamentarium. Novel antifungals and treatment strategies are needed to im-
prove the outcomes of these difficult-to-treat infections. The novel antifungal ibrexafungerp
is a glucan synthase inhibitor with a spectrum of activity that includes several of the molds
often involved in systemic diseases. Ibrexafungerp offers oral administration and has been
found to be generally safe and well-tolerated. Ibrexafungerp is approved in the United
States for treating acute episodic VVC, with approval for recurrent VVC anticipated, and
is in development for the treatment of invasive fungal infections. The activity of ibrexa-
fungerp includes the most prevalent fungal pathogens such as Candida spp., as well as
Aspergillus spp. and other molds, and does not have cross-resistance with the azoles, which
are the only oral antifungals available for many of these infections. The availability of a
once-daily oral dosage form of ibrexafungerp offers the potential to reduce the need for IV
administration and may decrease the frequency of prolonged hospitalization and complex
dosing schedules, which may enhance the chances of treatment success. The evidence
of the activity of ibrexafungerp against mold infections thus far is based on pre-clinical
investigations, but these data provide a solid foundation for ongoing clinical development.
For Aspergillus spp. infections, ibrexafungerp has shown in vitro and in vivo activity as
monotherapy and synergetic activity in combination with other antifungals. For Muco-
rales infections, ibrexafungerp has shown evidence of activity in in vivo models despite
the apparent lack of activity in traditional in vitro evaluation. The synergistic activity
of ibrexafungerp noted in mice models of mucormycosis when combined with LAMB is
particularly interesting considering the high mortality rate for these infections, representing
a significant opportunity to improve outcomes for this devastating condition.

When reviewing new therapeutic options under development, it is important to
understand their anticipated future role while taking into consideration their attributes
and potential clinical implications. Additional clinical data are needed to better define
ibrexafungerp’s future role in mold infections; however, the pre-clinical data generated
thus far are promising, justifying further development. Combination therapy appears to
be an area of opportunity for ibrexafungerp, considering its inherent low risk for drug-to-
drug interactions, oral bioavailability, and preclinical data suggesting synergistic effects
with other antifungals. The outcomes for many of these mold infections are still far from
optimal, and novel therapeutic approaches including antifungal combinations may improve
outcomes and warrant further investigation. The activity of ibrexafungerp against azole-
resistant Aspergillus spp. is another feature of interest, particularly considering patients with
chronic Aspergillus infections that often require long-term exposure to azoles, eventually
developing resistance in geographic areas where azole-resistant Aspergillus spp. infections
are more prevalent.

Another potential role of ibrexafungerp which will require further clinical demonstration
could be its use in preventing fungal infections in patients at heightened risk. Its spectrum
of activity, including the most prevalent fungal pathogens such as Candida spp. (including
azole-resistant and most echinocandin-resistant), Aspergillus spp., Pneumocystis jirovecii, and
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Mucorales (based on animal models), together with its oral bioavailability, make ibrexafungerp
a good candidate for evaluation as a prophylaxis agent. Based on the available preclinical data,
other potential roles of ibrexafungerp include a salvage therapy for patients not responding to,
or not tolerating, other antifungal options. As with any antimicrobial, the future role of this
novel antifungal should consider the potential for drug resistance development and adequate
surveillance and stewardship strategies.

Results from ongoing clinical trials are awaited to further define the efficacy of ibrexa-
fungerp, alone or combined with other antifungals, for treating invasive fungal infections
including those caused by Aspergillus spp. and other molds.

Author Contributions: Writing—review and editing, D.A.A., B.A., R.R.-R., A.A.-I., M.H., A.S.I., M.A.G.,
T.R.K., N.E.A. and T.J.W. All authors have read and agreed to the published version of the manuscript.

Funding: Experiments reported in this manuscript were funded by Scynexis and support for mu-
cormycosis research was provided by the NIH/NIAID under Contract No. HHSN272201700039I
(Task order A34-HHSN27200003).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors acknowledge the editorial assistance of Richard S. Perry, in the
preparation of this manuscript, which was supported by SCYNEXIS, Inc., Jersey City, NJ, USA.

Conflicts of Interest: DA, TRK, NA are employees of SCYNEXIS, Inc. MH reports research funding
from Astellas, Gilead, MSD, Pfizer, Euroimmun, and SCYNEXIS, Inc. MAG reports research funding
from Astellas, Cidara, Mycovia, and SCYNEXIS, Inc.

References
1. Jacobs, S.E.; Zagaliotis, P.; Walsh, T.J. Novel antifungal agents in clinical trials. F1000Research 2021, 10, 507. [CrossRef] [PubMed]
2. Wiederhold, N.P. Emerging fungal infections: New species, new names, and antifungal resistance. Clin. Chem. 2022, 68, 83–90.

[CrossRef] [PubMed]
3. Seiler, G.T.; Ostrosky-Zeichner, L. Investigational agents for the treatment of resistant yeasts and molds. Curr. Fungal Infect. Rep.

2021, 15, 104–115. [CrossRef] [PubMed]
4. Muldoon, E.G.; Strek, M.E.; Patterson, K.C. Allergic and Noninvasive Infectious Pulmonary Aspergillosis Syndromes. Clin. Chest

Med. 2017, 38, 521–534. [CrossRef] [PubMed]
5. Panjabi, C.; Shah, A. Allergic Aspergillus sinusitis and its association with allergic bronchopulmonary aspergillosis. Asia Pac.

Allergy 2011, 1, 130–137. [CrossRef]
6. Lamoth, F.; Alexander, B.D. Antifungal activities of SCY-078 (MK-3118) and standard antifungal agents against clinical non-

Aspergillus mold isolates. Antimicrob. Agents Chemother. 2015, 59, 4308–4311. [CrossRef]
7. Kosmidis, C.; Denning, D.W. The clinical spectrum of pulmonary aspergillosis. Thorax 2015, 70, 270–277. [CrossRef]
8. Rubio, P.M.; Sevilla, J.; González-Vicent, M.; Lassaletta, A.; Cuenca-Estrella, M.; Díaz, M.A.; Riesco, S.; Madero, L. Increasing

incidence of invasive aspergillosis in pediatric hematology oncology patients over the last decade: A retrospective single centre
study. J. Pediatr. Hematol. Oncol. 2009, 31, 642–646. [CrossRef]

9. Bassetti, M.; Bouza, E. Invasive mould infections in the ICU setting: Complexities and solutions. J. Antimicrob. Chemother. 2017, 72
(Suppl. S1), i39–i47. [CrossRef]

10. Cadena, J.; Thompson, G.R., 3rd; Patterson, T.F. Aspergillosis: Epidemiology, Diagnosis, and Treatment. Infect. Dis. Clin. N. Am.
2021, 35, 415–434. [CrossRef]

11. Thompson, G.R., 3rd; Young, J.H. Aspergillus Infections. N. Engl. J. Med. 2021, 385, 1496–1509. [CrossRef]
12. Patterson, T.F.; Thompson, G.R., 3rd; Denning, D.W.; Fishman, J.A.; Hadley, S.; Herbrecht, R.; Kontoyiannis, D.P.; Marr, K.A.;

Morrison, V.A.; Nguyen, M.H.; et al. Executive Summary: Practice Guidelines for the Diagnosis and Management of Aspergillosis:
2016 Update by the Infectious Diseases Society of America. Clin. Infect. Dis. 2016, 63, 433–442. [CrossRef]

13. Spellberg, B.J.; Edwards, J.E., Jr.; Ibrahim, A.S. Novel perspectives on mucormycosis: Pathophysiology, presentation, and
management. Clin. Microbiol. Rev. 2005, 18, 556–569. [CrossRef]

14. Ibrahim, A.S.; Spellberg, B.; Edwards, J.E., Jr. Iron acquisition: A novel perspective on mucormycosis pathogenesis and treatment.
Curr. Opin. Infect. Dis. 2008, 21, 620–625. [CrossRef]

15. Singh, P.; Arora, S.; Mittal, N.; Singh, A.; Verma, R.; Sharma, S.; Goyal, S. Diabetes and rhino-orbito-cerebral mucormycosis—A
deadly duo. J. Diabetes Metab. Disord. 2021, 20, 201–207. [CrossRef]

http://doi.org/10.12688/f1000research.28327.1
http://www.ncbi.nlm.nih.gov/pubmed/35136573
http://doi.org/10.1093/clinchem/hvab217
http://www.ncbi.nlm.nih.gov/pubmed/34969112
http://doi.org/10.1007/s12281-021-00419-5
http://www.ncbi.nlm.nih.gov/pubmed/34075318
http://doi.org/10.1016/j.ccm.2017.04.012
http://www.ncbi.nlm.nih.gov/pubmed/28797493
http://doi.org/10.5415/apallergy.2011.1.3.130
http://doi.org/10.1128/AAC.00234-15
http://doi.org/10.1136/thoraxjnl-2014-206291
http://doi.org/10.1097/MPH.0b013e3181acd956
http://doi.org/10.1093/jac/dkx032
http://doi.org/10.1016/j.idc.2021.03.008
http://doi.org/10.1056/NEJMra2027424
http://doi.org/10.1093/cid/ciw444
http://doi.org/10.1128/CMR.18.3.556-569.2005
http://doi.org/10.1097/QCO.0b013e3283165fd1
http://doi.org/10.1007/s40200-021-00730-5


J. Fungi 2022, 8, 1121 10 of 11

16. Hamed, H.; Madia, R.; Ladadweh, H.; Falana, H.; Abu Khalil, A.D. Fatal mucormycosis post COVID-19 infection in uncontrolled
diabetes with misuse of glucocorticoids and antibiotics. Infect. Drug Resist. 2022, 15, 1121–1126. [CrossRef]

17. Stone, N.; Gupta, N.; Schwartz, I. Mucormycosis: Time to address this deadly fungal infection. Lancet Microbe 2021, 2, e343–e344.
[CrossRef]

18. Son, H.J.; Song, J.S.; Choi, S.; Jung, J.; Kim, M.J.; Chong, Y.P.; Kim, S.H. Risk factors for mortality in patients with pulmonary
mucormycosis. Mycoses 2020, 63, 729–736. [CrossRef]

19. Mehta, S.; Pandey, A. Rhino-orbital mucormycosis associated with COVID-19. Cureus 2020, 12, e10726. [CrossRef]
20. Garre, V. Recent advances and future directions in the understanding of mucormycosis. Front. Cell Infect. Microbiol. 2022, 12, 850581.

[CrossRef]
21. Hoenigl, M.; Salmanton-García, J.; Walsh, T.J.; Nucci, M.; Neoh, C.F.; Jenks, J.D.; Cornely, O.A. Global guideline for the diagnosis

and management of rare mould infections: An initiative of the European Confederation of Medical Mycology in cooperation with
the International Society for Human and Animal Mycology and the American Society for Microbiology. Lancet Infect. Dis. 2021,
21, e246–e257. [CrossRef] [PubMed]

22. Marr, K. Combination antifungal therapy: Where are we now, and where are we going? Oncology 2004, 18 (Suppl. S7), 24–29.
[PubMed]

23. Merck and Co., Inc. Caspofungin (Approved Product Labeling). 2001. Available online: https://www.accessdata.fda.gov/
drugsatfda_docs/label/2016/206110lbl.pdf (accessed on 21 September 2022).

24. 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 [14C]SCY-078 in albino and pigmented
rats. Antimicrob. Agents Chemother. 2019, 63, e02119-18. [CrossRef] [PubMed]

25. Schwebke, J.R.; Sobel, R.; Gersten, J.K.; Sussman, S.A.; Lederman, S.N.; Jacobs, M.A.; Sobel, J.D. Ibrexafungerp Versus Placebo for
Vulvovaginal Candidiasis Treatment: A Phase 3, Randomized, Controlled Superiority Trial (VANISH 303). Clin. Infect. Dis. 2022,
74, 1979–1985. [CrossRef] [PubMed]

26. Sobel, R.; Nyirjesy, P.; Ghannoum, M.A.; Delchev, D.A.; Azie, N.E.; Angulo, D.; Sobel, J.D. 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 Int. J. Obstet. Gynaecol. 2022, 129, 412–420. [CrossRef]

27. McCarthy, M.W. Pharmacokinetics and Pharmacodynamics of Ibrexafungerp. Drugs R D 2022, 22, 9–13. [CrossRef]
28. Wring, S.A.; Randolph, R.; Park, S.; Abruzzo, G.; Chen, Q.; Flattery, A.; Borroto-Esoda, K. Preclinical pharmacokinetics and

pharmacodynamic target of SCY-078, a first-in-class orally active antifungal glucan synthesis inhibitor, in murine models of
disseminated candidiasis. Antimicrob. Agents Chemother. 2017, 61, e02068-16. [CrossRef]

29. Davis, M.R.; Donnelley, M.A.; Thompson, G.R. Ibrexafungerp: A novel oral glucan synthase inhibitor. Med. Mycol. 2020, 58,
579–592. [CrossRef]

30. Wring, S.; Murphy, G.; Atiee, G.; Corr, C.; Hyman, M.; Willett, M.; Angulo, D. 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, 60–69. [CrossRef]

31. SCYNEXIS, Inc. Ibrexafungerp (Approved Product Labeling). 2022. Available online: https://www.accessdata.fda.gov/
drugsatfda_docs/label/2021/214900s000lbl.pdf (accessed on 21 September 2022).

32. Murphy, G.; Darpo, B.; Marbury, T.; Hyman, M.; Angulo, D. Lack of an effect of SCY-078 a novel antifungal agent on QTc interval
in healthy subjects. In Abstract 172, Proceedings of the ASM Microbe, New Orleans, LA, USA, 1–5 June 2017; SCYNEXIS, Inc.: Jersey
City, NJ, USA.

33. Hoenigl, M.; Sprute, R.; Egger, M.; Arastehfar, A.; Cornely, O.A.; Krause, R.; Jenks, J.D. The Antifungal Pipeline: Fosmanogepix,
Ibrexafungerp, Olorofim, Opelconazole, and Rezafungin. Drugs 2021, 81, 1703–1729. [CrossRef]

34. Bowman, J.C.; Hicks, P.S.; Kurtz, M.B.; Rosen, H.; Schmatz, D.M.; Liberator, P.A.; Douglas, C.M. The antifungal echinocandin
caspofungin acetate kills growing cells of Aspergillus fumigatus in vitro. Antimicrob. Agents Chemother. 2002, 46, 3001–3012.
[CrossRef]

35. Odds, F.C.; Brown, A.J.; Gow, N.A. Antifungal agents: Mechanisms of action. Trends Microbiol. 2003, 11, 272–279. [CrossRef]
36. Ghannoum, M.; Long, L.; Larkin, E.L.; Isham, N.; Sherif, R.; Borroto-Esoda, K.; Angulo, D. 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. [CrossRef]

37. Pfaller, M.A.; Messer, S.A.; Motyl, M.R.; Jones, R.N.; Castanheira, M. In vitro activity of a new oral glucan synthase inhibitor
(MK-3118) tested against Aspergillus spp. by CLSI and EUCAST broth microdilution methods. Antimicrob. Agents Chemother.
2013, 57, 1065–1068. [CrossRef]

38. Jiménez-Ortigosa, C.; Paderu, P.; Motyl, M.R.; Perlin, D.S. Enfumafungin derivative MK-3118 shows increased in vitro potency
against clinical echinocandin-resistant Candida Species and Aspergillus species isolates. Antimicrob. Agents Chemother. 2014, 58,
1248–1251. [CrossRef]

39. Ghannoum, M.; Long, L.; Sherif, R.; Abidi, F.Z.; Borroto-Esoda, K.; Barat, S.; Wiederhold, N. Determination of antifungal activity
of SCY-078, a novel glucan synthase inhibitor, against a broad panel of rare pathogenic fungi. In Proceedings of the ASM Microbe,
Chicago, IL, USA, 18 June 2020.

http://doi.org/10.2147/IDR.S356465
http://doi.org/10.1016/S2666-5247(21)00148-8
http://doi.org/10.1111/myc.13092
http://doi.org/10.7759/cureus.10726
http://doi.org/10.3389/fcimb.2022.850581
http://doi.org/10.1016/S1473-3099(20)30784-2
http://www.ncbi.nlm.nih.gov/pubmed/33606997
http://www.ncbi.nlm.nih.gov/pubmed/15651179
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/206110lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/206110lbl.pdf
http://doi.org/10.1128/AAC.02119-18
http://www.ncbi.nlm.nih.gov/pubmed/30478166
http://doi.org/10.1093/cid/ciab750
http://www.ncbi.nlm.nih.gov/pubmed/34467969
http://doi.org/10.1111/1471-0528.16972
http://doi.org/10.1007/s40268-021-00376-x
http://doi.org/10.1128/AAC.02068-16
http://doi.org/10.1093/mmy/myz083
http://doi.org/10.1002/cpdd.588
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/214900s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/214900s000lbl.pdf
http://doi.org/10.1007/s40265-021-01611-0
http://doi.org/10.1128/AAC.46.9.3001-3012.2002
http://doi.org/10.1016/S0966-842X(03)00117-3
http://doi.org/10.1128/AAC.00244-18
http://doi.org/10.1128/AAC.01588-12
http://doi.org/10.1128/AAC.02145-13


J. Fungi 2022, 8, 1121 11 of 11

40. Petraitis, V.; Petraitiene, R.; Katragkou, A.; Maung BB, W.; Naing, E.; Kavaliauskas, P.; Walsh, T.J. Combination therapy with
ibrexafungerp (formerly SCY-078), a first-in-class triterpenoid inhibitor of (1→3)-β-D-glucan synthesis, and isavuconazole for
treatment of experimental invasive pulmonary aspergillosis. Antimicrob. Agents Chemother. 2020, 64, e02429-19. [CrossRef]

41. Jagadeesan, V.; Driscoll, E.; Hao, B. In Vitro Evaluation of Combination of Ibrexafungerp and Azoles against Aspergillus spp.
Isolated from Lung Transplant Recipients. In Proceedings of the ASM Microbe 2019, San Francisco, CA, USA, 20–24 June 2019.

42. Rivero-Menendez, O.; Soto-Debran, J.C.; Cuenca-Estrella, M.; Alastruey-Izquierdo, A. In Vitro Activity of ibrexafungerp against a
collection of clinical isolates of Aspergillus, including cryptic species and Cyp51A mutants, using EUCAST and CLSI methodolo-
gies. J. Fungi 2021, 7, 232. [CrossRef]

43. CLSI. Method for Antifungal Disk Diffusion Susceptibility Testing of Nondermatophyte Filamentous Fungi, 1st ed.; CLSI Guideline M51;
Clinical and Laboratory Standards Institute: Wayne, PA, USA, 2010.

44. European Committee on Antimicrobial Susceptibility Testing (EUCAST). Eucast Definitive Document E.Def 9.4 Method for the
Determination of Broth Dilution Minimum Inhibitory Concentrations of Antifungal Agents for Conidia Forming Moulds; European
Committee on Antimicrobial Susceptibility Testing: Stockholm, Sweden, 2022.

45. Rautemaa-Richardson, R.; Bazaz, R.; Cornely, O.A. Outcomes of Oral Ibrexafungerp by Pathogen from two open-label studies of
patients with serious fungal infections (FURI and CARES). In Proceedings of the 10th Trends in Medical Mycology, Aberdeen,
UK, 18 June 2021.

46. Borroto-Esoda, K.; Barat, S.; Angulo, D.; Holden, K.; Warn, P. SCY-078 demonstrates significant antifungal activity in a murine
model of invasive aspergillosis. Open Forum Infect. Dis. 2017, 4, S472. [CrossRef]

47. Petraitis, V.; Kavaliauskas, P.; Planciuniene, R. In vitro activity of ibrexafungerp in combination with isavuconazole or ampho-
tericin B against medically important molds. In Proceedings of the ASM Microbe 2018, Atlanta, GA, USA, 6 June 2018.

48. Gebremariam, T.; Alkhazraji, S.; Gu, Y. Efficacy assessment of ibrexafungerp in the neutropenic mouse model of pulmonary
mucormycosis. In Proceedings of the 32nd European Congress of Clinical Microbiology and Infectious Diseases (ECCMID),
Lisbon, Portugal, 23 April 2022.

http://doi.org/10.1128/AAC.02429-19
http://doi.org/10.3390/jof7030232
http://doi.org/10.1093/ofid/ofx163.1207

	Introduction 
	Ibrexafungerp Mechanism of Action 
	Pharmacokinetics 
	In Vitro Activity against Aspergillus species 
	In Vivo Activity against Aspergillus spp. in Animal Models of Infection 
	In Vitro Activity against Other Molds 
	In Vivo Activity against Other Molds 
	Ongoing Clinical Investigations with Ibrexafungerp for Invasive Mold Infections 
	Summary 
	References



