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New antifungals: Where do we stand?
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management of other rising difficult to treat molds and 
yeasts such as Mucorales, Fusarium, Lomenospora, and 
Scedosporium, is far more complex. Of note, despite our 
advances, survival rates of Aspergillus infection have not 
risen beyond 70% through the last 20 years [3-5]. This 
underscores the presence of numerous unmet needs 
in the treatment of fungal infections. To address this 
barrier, multiple strategies are currently under investi-
gation. Hopefully, the development of novel antifungal 
drugs in addition to repurposing or establishing new 
methods of delivery of existing agents will enhance the 
available treatment options and achieve more favorable 
patient outcomes.

To this end, a number of new agents in currently used 
classes are currently coming out of the clinical research 
pipeline. Otesoconazole is a novel oral agent that dif-
fers from other azoles because it contains a tetrazole 
moiety instead of triazole or imidazole. This modification 
produces better selectivity for fungal CYP51 with less 
interaction with off-target human CYPs and improves 
the safety profile [6]. Otesoconazole is FDA approved 
for the treatment of recurrent vulvovaginal candidiasis 
(VVC) and demonstrated efficacy for onychomycosis 
treatment compared to itraconazole [7].

Opelconazole is a novel inhaled triazole with a broad 
spectrum against yeasts and molds. The inhaled route 
of administration achieves high local concentrations 
in the lung, rendering it a promising agent for invasive 
aspergillosis treatment including COVID-19 associated 
pulmonary aspergillosis, allergic bronchopulmonary 
aspergillosis and chronic pulmonary aspergillosis. The 
topical use maximizes local activity while minimizing 
systemic toxicity and drug-drug interactions [1].

Rezafungin is a next generation echinocandin, de-
rived from anidulafungin. It has echinocandin-expected 
in-vitro activity against Candida spp and has a chemical 

The landscape of fungal infections has progressively 
changed over the years with the emergence of antifun-
gal resistance constituting a growing problem in clinical 
practice and compromising successful patient outcomes 
[1]. While significant progress has been achieved in the 
development of novel agents, the survival rates for cer-
tain fungal infections have not improved. Some fungal 
species remain neglected and lack effective therapeutic 
options and multiple drug related limitations persist.

Resistance occurs due to selective pressure from the 
increased usage of antifungal drugs in empiric therapy 
and involves a number of mechanisms depending on 
their action, such as gene mutations, drug target modi-
fication, efflux pumps etc. [1]. Yet another reason for 
the emergence of resistance is antifungal prophylaxis. 
Although prophylactic therapy is proven to effectively 
prevent invasive fungal infections and improve survival 
of high-risk populations [patients with hematologic 
malignancies and allogeneic hematopoietic stem cell 
transplantation (HSCT)], some of these patients may 
develop breakthrough infections. When such infections 
occur, they often involve difficult to treat drug resistant 
pathogens [2].

Antifungal drug resistance is not the sole concern 
when dealing with fungal infection treatment. There are 
other drug associated factors that complicate treatment 
and emphasize the need for improvement of existing 
medications. Currently, mostly utilized agents have an 
oral route of administration with multiple limitations, 
cause significant adverse effects and induce drug-drug 
interactions. Also, toxicity and unstable pharmacoki-
netic parameters that impact drug efficacy, necessitate 
mention.

And even though there are currently plenty of thera-
peutic options available for Candida infections, the 
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modification that confers high stability, a longer half-
life, and allows for a once-a-week dosing regimen [8]. 
A completed trial (ReSTORE) examined the rezafungin 
400-mg/200-mg once-weekly regimen for the treatment 
of candidemia and invasive candidiasis. The active com-
parator was intravenous caspofungin. Rezafungin was 
non-inferior to caspofungin for the primary endpoints 
of day-14 global cure and 30-day all-cause mortality. 
Compared with other echinocandins in phase 3, results 
showed improved efficacy and safety. An ongoing trial 
(ReSPECT) is designed to evaluate the drug’s role as 
prophylaxis [9].

Ibrexafungerp is a novel triterpenoid antifungal that 
shares mechanism of action with echinocandins. After 
two successful trials, VANISH 303 and 306, the FDA ap-
proved ibrexafungerp for the treatment of vulvovaginal 
candidiasis [10]. Another ongoing study (FURI) evaluates 
the role of ibrexafungerp as treatment for patients who 
are either intolerant of standard antifungal therapy or 
have not responded to standard therapy. The study 
has already shown that oral ibrexafungerp provides a 
favorable therapeutic response in patients with challeng-
ing fungal disease and limited treatment options [11].

Another approach in the battle against fungal infec-
tions is the development of new methods of delivery for 
established agents. Alternative AmB formulations are 
currently under investigation and contain cochleates, 
nanoparticles and umbrellas. The intended objective is 
to target delivery, minimize toxicity and improve efficacy. 
Among the aforementioned, an oral encochleated form 
of AmB (MAT2203) is the furthest along clinical devel-
opment [7]. There is a completed study for VVC that 
resulted in lower cure rates and more adverse effects in 
comparison to fluconazole. Phase 1 and phase 2 studies 
on cryptococcal meningitis in HIV infected patients are 
ongoing [7]. Oral cAmB was well tolerated when given 
in 4-6 divided daily doses without the toxicities com-
monly seen with IV AmB [12].

Last, we have been happy to see new agents with a 
totally new mechanism of action arising from clinical 
trials. Olorofim is the first member of a novel antifungal 
class, orotomides. The mechanism of action was identi-
fied during genetic screening of Aspergillus nidulans and 
is based on inhibition of dihydroorotate dehydrogenase 
(DHODH), a key enzyme for pyrimidine biosynthesis. 
The agent has in vitro activity against difficult-to-treat 
Aspergillus spp. with intrinsic and acquired antifungal 
resistance [13]. It is active against Lomentospora, Sce-
dosporium, Coccidioides and Fusarium spp but lacks 

activity against mucorales and yeasts [1]. Interim results 
of a phase-2b, open-label trial (study 32) suggest that 
olorofim, when compared to relevant historical controls 
or expected outcomes for highly active, uncontrolled 
invasive fungal infection, has a positive benefit-risk 
profile in a well-defined population of patients with 
limited or no treatment options [14].

Fosmanogepix is a prodrug of the antifungal 
manogepix which targets glycosylphosphatidylinositol-
anchored protein maturation through inhibition of the 
fungal enzyme Gwt1. This impacts fungal cell integrity, 
growth, and virulence [1]. The drug showed potent ac-
tivities against most Candida species., except for Candida 
krusei. Compared to fluconazole, itraconazole, voricona-
zole, amphotericin B, and micafungin, fosmanogepix 
showed equally potent activities against fluconazole-
resistant and fluconazole-susceptible Candida strains. 
It also had potent activities against various filamentous 
fungi, including Aspergillus fumigatus and it was active 
against Fusarium solani and some black molds. Given 
its broad spectrum of activity, fosmanogepix is likely 
to be a promising agent for the treatment of invasive 
fungal infections [15].

Last repurposing other drugs as antifungals re-
mained always an option. Sertraline, a commonly 
prescribed antidepressant, offers a promising treatment 
option for cryptococcosis, notably for cryptococcal 
meningitis. Sertraline’s ability to accumulate in central 
nervous system is a valuable characteristic relatively 
to other antifungal drugs. Contrasted with flucona-
zole, sertraline showed narrower range of inhibitory 
concentrations against multiple cryptococcal isolates 
which translates into a lower probability of resistance 
occurrence. In addition, a synergistic fungicidal effect 
with fluconazole was observed in a mammalian model 
and could potentially mark the shortening of treatment 
duration and the reduction in resistance emergence 
[16]. The role of Tamoxifen derivatives and related 
agents have also been investigated for similar purposes. 
The research pointed out the structural requirements 
for antifungal activity of these agents [17]. Calcineurin 
inhibitors also serve as repositionable candidates. There 
is evidence that calcineurine is required for virulence 
based on research on many human fungal pathogens 
including C. albicans and C. neoformans. Calcineurin 
fulfills critical functions in fungal growth, transition 
between morphological states and stress response. 
Thus, fungal specific calcineurin inhibitors, which do 
not cross react with human calcineurin causing im-
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munosuppression must be developed, so as to be 
used as combination therapy for fungal infections [18]. 
Lastly, ebselen and auranofin exhibit potential for drug 
repurposing. Both agents demonstrated antifungal and 
anti-biofilm activities and presented synergistic effects 
when combined with other antifungal agents, thus 
rendering them promising candidates for combination 
therapy [19, 20].

In conclusion, there has been an extraordinary surge 
in the development of novel antifungals, including 
meaningfully different formulations, distinct new agents 
in existing antifungal classes and drugs with completely 
novel mechanisms of action and potential for spectrum 
targeting in difficult to treat fungi. However, whether 
these drugs are to address all our unmet needs is to be 
seen, since difficult to treat infections including Mucor-
ales remain neglected. But most importantly, within our 
departments of critical care and immunocompromised 
patients, we need to be able to determine early enough 
those at high risk of specific infections, so as to provide 
meaningful prophylaxis or therapy in order to ensure 
successful outcomes. Unfortunately, at the moment, our 
diagnostic armamentarium remains limited in terms of 
sensitivity and specificity hampering therapeutic efforts, 
and underlining the need for parallel development of 
both diagnostic and therapeutic tools.

Conflict of interest: KA has previously received honorary, 
research or travel grants from Pfizer Hellas, Gilead Greece, 
MSD, ViiV/GSK Greece, 3M, Sobi, Unipharma Hellas, Astra-
Zeneca; CG has previously received honorary, research or 
travel grants from Pfizer Hellas, Gilead Greece, MSD, ViiV/
GSK Greece, 3M, Unipharma Hellas, Astra-Zeneca.

Declaration of funding sources: None to declare.

Author contributions: KA, CG conceived idea; KA, DP 
performed literature search; KA, DP wrote manuscript; 
CG critically corrected manuscript; KA oversaw study; DP 
revised manuscript.

References

	 1.	Hoenigl M, Sprute R, Egger M, Arastehfar A, Cornely OA, 
Krause R, et al. The Antifungal Pipeline: Fosmanogepix, 
Ibrexafungerp, Olorofim, Opelconazole, and Rezafungin. 
Drugs. 2021;81(15):1703-29.

	 2.	Lionakis MS, Lewis RE, Kontoyiannis DP. Breakthrough In-
vasive Mold Infections in the Hematology Patient: Current 
Concepts and Future Directions. Clinical infectious diseases 
: an official publication of the Infectious Diseases Society 

of America. 2018;67(10):1621-30.
	 3.	Maertens JA, Raad, II, Marr KA, Patterson TF, Kontoyiannis 

DP, Cornely OA, et al. Isavuconazole versus voriconazole 
for primary treatment of invasive mould disease caused 
by Aspergillus and other filamentous fungi (SECURE): a 
phase 3, randomised-controlled, non-inferiority trial. Lancet. 
2016;387(10020):760-9.

	 4.	Maertens JA, Rahav G, Lee DG, Ponce-de-Leon A, Ramirez 
Sanchez IC, Klimko N, et al. Posaconazole versus voricona-
zole for primary treatment of invasive aspergillosis: a phase 
3, randomised, controlled, non-inferiority trial. Lancet. 
2021;397(10273):499-509.

	 5.	Herbrecht R, Denning DW, Patterson TF, Bennett JE, Greene 
RE, Oestmann JW, et al. Voriconazole versus amphotericin B 
for primary therapy of invasive aspergillosis. N Engl J Med. 
2002;347(6):408-15.

	 6.	 Sobel JD, Nyirjesy P. Oteseconazole: an advance in treatment 
of recurrent vulvovaginal candidiasis. Future Microbiol. 
2021;16:1453-61.

	 7.	 Jacobs SE, Zagaliotis P, Walsh TJ. Novel antifungal agents 
in clinical trials. F1000Res. 2021;10:507.

	 8.	 Guinea J. Rezafungin and invasive candida infections: a new 
game changing antifungal? Lancet. 2023;401(10370):3-5.

	 9.	Thompson GR, 3rd, Soriano A, Cornely OA, Kullberg BJ, 
Kollef M, Vazquez J, et al. Rezafungin versus caspofungin 
for treatment of candidaemia and invasive candidiasis 
(ReSTORE): a multicentre, double-blind, double-dummy, 
randomised phase 3 trial. Lancet. 2023;401(10370):49-59.

	 10.	McCarthy MW. Pharmacokinetics and Pharmacodynamics 
of Ibrexafungerp. Drugs R D. 2022;22(1):9-13.

	 11.	 Thompson GR, King T, Azie N, Angulo DA, Prattes J. 871. Oral 
Ibrexafungerp Outcomes by Fungal Disease in Patients from 
an Interim Analysis of a Phase 3 Open-label Study (FURI). 
Open Forum Infectious Diseases. 2022;9(Supp_2):S41.

	 12.	Skipper CP, Atukunda M, Stadelman A, Engen NW, Bangdi-
wala AS, Hullsiek KH, et al. Phase I EnACT Trial of the Safety 
and Tolerability of a Novel Oral Formulation of Amphotericin 
B. Antimicrob Agents Chemother. 2020;64(10):e00838-20.

	 13.	Buil JB, Rijs A, Meis JF, Birch M, Law D, Melchers WJG, et al. 
In vitro activity of the novel antifungal compound F901318 
against difficult-to-treat Aspergillus isolates. J Antimicrob 
Chemother. 2017;72(9):2548-52.

	 14.	 Maertens JA, Verweij PE, Lanuza EF, Harvey EL, Dane A, Zinzi 
D, et al. 870. Olorofim for the treatment of invasive mould 
infections in patients with limited or no treatment options: 
Comparison of interim results from a Phase 2B open-label 
study with outcomes in historical control populations 
(NCT03583164, FORMULA-OLS, Study 32). Open Forum 
Infectious Diseases. 2022;9(Supp_2):S40-41.

	 15.	Miyazaki M, Horii T, Hata K, Watanabe NA, Nakamoto K, 
Tanaka K, et al. In vitro activity of E1210, a novel antifungal, 
against clinically important yeasts and molds. Antimicrob 
Agents Chemother. 2011;55(10):4652-8.

	 16.	Zhai B, Wu C, Wang L, Sachs MS, Lin X. The antidepressant 
sertraline provides a promising therapeutic option for 
neurotropic cryptococcal infections. Antimicrob Agents 



10 Karolina Akinosoglou, et al

ACHAIKI IATRIKI January - March 2024, Volume 43, Issue 1 

Chemother. 2012;56(7):3758-66.
	 17.	Butts A, Martin JA, DiDone L, Bradley EK, Mutz M, Krysan 

DJ. Structure-activity relationships for the antifungal activ-
ity of selective estrogen receptor antagonists related to 
tamoxifen. PloS one. 2015;10(5):e0125927.

	 18.	 Juvvadi PR, Lee SC, Heitman J, Steinbach WJ. Calcineurin 
in fungal virulence and drug resistance: Prospects for har-
nessing targeted inhibition of calcineurin for an antifungal 
therapeutic approach. Virulence. 2017;8(2):186-97.

	 19.	Wall G, Chaturvedi AK, Wormley FL, Jr., Wiederhold NP, 
Patterson HP, Patterson TF, et al. Screening a Repurposing 
Library for Inhibitors of Multidrug-Resistant Candida auris 
Identifies Ebselen as a Repositionable Candidate for Anti-
fungal Drug Development. Antimicrob Agents Chemother. 
2018;62(10):e01084-18.

	 20.	Rollin-Pinheiro R, Borba-Santos LP, da Silva Xisto MID, de 
Castro-Almeida Y, Rochetti VP, Rozental S, et al. Identifica-
tion of Promising Antifungal Drugs against Scedosporium 
and Lomentospora Species after Screening of Pathogen 
Box Library. J Fungi (Basel). 2021;7(10):803.

Corresponding author:

Charalambos A. Gogos
Internal Medicine - Infectious Diseases, Professor of Medicine, 
Patras University Medical School, Chief of the Department 
of  Medicine / Infectious Diseases, Chairman of the Infection 
Control Committee; Metropolitan General Hospital,  
Co-ordinator: Hellenic Sepsis Study Group (www.sepsis.gr)
e-mail: lambisgogos@gmail.com


