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An Introduction to the Antifungal Space



Another Public Health Crisis?



Invasive Fungal Infections

Immunosuppression
3% US Population

90% invasive fungal infections

Amplyx Pharmaceuticals, JP Morgan Healthcare Conference 2019



Invasive Fungal Infections

Candidiasis 
>400k worldwide
46-75% mortality 

Aspergillosis  
>200k worldwide
30-95% mortality 

Rare Molds   
20-30k worldwide
30-90% mortality 

Immunosuppression
3% US Population

90% invasive fungal infections

$3.8 billion market and high unmet need

Amplyx Pharmaceuticals, JP Morgan Healthcare Conference 2019
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Antifungal Development and Resistance  

Adapted from Scynexis Corporate Presentation, January 2024.
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increase in 
vulnerable population

Antifungal Development and Resistance  

Adapted from Scynexis Corporate Presentation, January 2024.
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Challenges in Antifungal Treatment

Fungal Cell

metabolically similar to human cells

significant time to confirmed diagnosis
 

rare strain identification

lack of broad spectrum drugs
poor safety profiles

Kainz, K.; Bauer, M. A.; Madeo, F.; Carmona-Gutierrez, Didac. Microb Cell. 2020, 7(6), 143–145.



Antifungal Targets

inhibition of nucleic
acid synthesis

flucytosine

inhibition of protein synthesis
sodarins

azasordarins

disruption of microtubules and 
inhibition of mitosis

griseofulvin

disruption of cell 
membrane

azoles
allylamines

disruption of cell wall
echinocandins

nikkomycin

Fungal Cell

Kainz, K.; Bauer, M. A.; Madeo, F.; Carmona-Gutierrez, Didac. Microb Cell. 2020, 7(6), 143–145.
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Antifungal Targets



Three Major Classes

Echinocandins 
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Foye, W. O., Foye's Principles of Medicinal Chemistry. Lippincott Wlliams & Wilkins: 2008.
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Polyenes – Mechanism of Action

Polyene sponge complex

ergosterol
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Maji, A.; Soutar, C. P.; Zhang, J.; Lewandowska, A.; Uno, B. E.; Yan, S.; Shelke, Y.; Murhade, G.; Nimerovsky, E.; Borcik, C.G.; Arango, A. S. Nature. 2023, 623(7989), 1079–1085.



Polyenes – Mechanism of Action

Polyene sponge complex

polyene-sterol complex

Sterols

Pore formation 
Loss of intracellular ions


  
Membrane deformation 

Sterol depletion 

pores

Maji, A.; Soutar, C. P.; Zhang, J.; Lewandowska, A.; Uno, B. E.; Yan, S.; Shelke, Y.; Murhade, G.; Nimerovsky, E.; Borcik, C.G.; Arango, A. S. Nature. 2023, 623(7989), 1079–1085.
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renal toxicity

Polyenes – Mechanism of Action
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Elion Therapeutics – Amphotericin B Derivative
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Elion Therapeutics – Amphotericin B Derivative
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Elion Therapeutics – Amphotericin B Derivative

Sterol Sponge Complex loss of H-bond

Maji, A.; Soutar, C. P.; Zhang, J.; Lewandowska, A.; Uno, B. E.; Yan, S.; Shelke, Y.; Murhade, G.; Nimerovsky, E.; Borcik, C.G.; Arango, A. S. Nature. 2023, 623(7989), 1079–1085.
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Elion Therapeutics – Amphotericin B Derivative
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Elion Therapeutics – Amphotericin B Derivative
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Azole Target – Ergosterol Biosynthesis
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toxic to fungi, cell membrane deformed 



Echinocandins
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Echinocandins
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Echinocandins – Mechanism of Action

Szymański, M.; Chmielewska, S.; Czyżeqska, U.; Malinowska, M.; Tylicki, A. J. Enzyme Inhib. Med. Chem. 2022, 37(1), 876–894.

glucan
synthase

Inhibition of glucan synthase
weakens cell wall 

fungal specific

glucans

echinocandin



Drawbacks

Poor Oral Bioavailability 
echinocandins, polyenes

Non-Specific Binding
azoles, polyenes

Strain-Variable Activity
all classes

Drug Resistant Strains
emerging problem

Hoenigl, M.; Sprute, R.; Egger, M. Drugs. 2021, 81, 1703–1729.

the development of novel antifungals is essential to combat these issues



Novel Drugs, Novel Mechanisms, Novel Delivery 

Ibrexafungerp
Rezafungin

Fosmanogepix

Opelconazole

Olorofim

Hoenigl, M.; Sprute, R.; Egger, M. Drugs. 2021, 81, 1703–1729.



Novel Drugs, Novel Mechanisms, Novel Delivery 

Ibrexafungerp
Rezafungin

Fosmanogepix

Opelconazole
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Hoenigl, M.; Sprute, R.; Egger, M. Drugs. 2021, 81, 1703–1729.



Rezafungin – Cidera

Second Generation Echinocandin
FDA approved, March 2023
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Szymański, M.; Chmielewska, S.; Czyżeqska, U.; Malinowska, M.; Tylicki, A. J. Enzyme Inhib. Med. Chem. 2022, 37(1), 876–894.

Candidiasis 
>400k worldwide
46-75% mortality 

phase 3 clinical trials 
prophylaxis for allogeneic blood

And marrow transplantations



Rezafungin – Cidera
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Anidulafungin derivative

reduced non-enzymatic degradation
hemiaminal protected

long half life
once weekly dose convenient for 
outpatient and prophylactic use

reduced hepatotoxicity
stable to biotransformations in liver



Ibrexafungerp
Rezafungin

Fosmanogepix

Opelconazole

Olorofim

Novel Drugs, Novel Mechanisms, Novel Delivery 

Hoenigl, M.; Sprute, R.; Egger, M. Drugs. 2021, 81, 1703–1729.



Opelconazole – Pulmocide
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https://pulmocide.com/opelconazole/

Pagani, N.; Armstrong-James, D.; Reed, A. J. Heart Lung Transplant. 2020, 39(12), 1505–1506.

designed for inhalation
first triazole of this design

lung retention
low systemic exposure

significantly increased potency
improvement over standard care

Aspergillosis
usually lung localized 



Opelconazole – Pulmocide

https://pulmocide.com/opelconazole/

Pagani, N.; Armstrong-James, D.; Reed, A. J. Heart Lung Transplant. 2020, 39(12), 1505–1506.

Aspergillus Fumigatus in lung transplant patients
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Ibrexafungerp
Rezafungin

Fosmanogepix
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Olorofim

Novel Drugs, Novel Mechanisms, Novel Delivery 

Hoenigl, M.; Sprute, R.; Egger, M. Drugs. 2021, 81, 1703–1729.



Ibrexafungerp – Scynexis

Davis, M. R.; Donnelley, M. A.; Thompson, G.R. Med. Mycol. 2020, 58(5), 579–592.

Jallow, S.; Govender, N. P. J. Fungi. 2021, 7, 163.
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Triterpenoid – First in class
2021 

first non-azole oral treatment 
for yeast infections



disruption of cell wall
similar mechanism to echinocandins

limited off-target effects

high bioavailability
oral and IV administration

Ibrexafungerp – Scynexis

novel binding site
activity against echinocandin-

and azole-resistant strains

GSK collaboration for IV formulation in clinical trials 

Phillips, N. A.; Rocktashel, M.; Merjanian, L. Drug Des. Devel. Ther. 2023, 17, 363–367.

Davis, M. R.; Donnelley, M. A.; Thompson, G.R. Med. Mycol. 2020, 58(5), 579–592.

Jallow, S.; Govender, N. P. J. Fungi. 2021, 7, 163.



Ibrexafungerp
Rezafungin

Fosmanogepix

Opelconazole

Olorofim

Novel Drugs, Novel Mechanisms, Novel Delivery 

Hoenigl, M.; Sprute, R.; Egger, M. Drugs. 2021, 81, 1703–1729.



Fosmanogepix – Amplyx-Pfizer-Basilea 



mannoproteins

Desired Drug Compound – 2003 
Interference with cell wall localization of mannoproteins

Fosmanogepix – Amplyx-Pfizer-Basilea 

Mann, P. A. ACS Infect. Dis. 2015, 1(1), 59–72.



N

Me

1-(4-butylbenzyl)isoquinoline (BIQ) 
MIC: 1.56 μg/mL

Compound screen Genetic screening  
Gwt1 enzyme

Fosmanogepix – Amplyx-Pfizer-Basilea 

Mann, P. A. ACS Infect. Dis. 2015, 1(1), 59–72.



Shaw, K. J.l Ibrahim, A. S. J. Fungi. 2020, 6(4), 239.

Fosmanogepix – Mechanism of Action



Shaw, K. J.l Ibrahim, A. S. J. Fungi. 2020, 6(4), 239.

Fosmanogepix – Mechanism of Action



Shaw, K. J.l Ibrahim, A. S. J. Fungi. 2020, 6(4), 239.

Fosmanogepix – Mechanism of Action



Fosmanogepix – Compound Screening

Nakamoto, K. et al. BMCL. 2010, 20(15), 4624–4626.

N

Me

1-(4-butylbenzyl)isoquinoline (BIQ) 
Aspergillosis

unaffected by BIQ
metabolically unstable

easily degraded



Fosmanogepix – Compound Screening

Nakamoto, K. et al. BMCL. 2010, 20(15), 4624–4626.



N

N
H

O

S
O

F

NN
H

N
H

O

S
O

3A R1:NH2; R2:H;  R3: m-F
3B R1:H; R2:NH2; R3: m-F
3C R1/R2:NH2; R3:H
3D R1/R2:NH2; R3:p-F

N

N
H

O

S
O

R1 R2

R3

1

2

N

N
H

O

S

NH2

4

Fosmanogepix – Compound Screening

Nakamoto, K. et al. BMCL. 2010, 20(15), 4624–4626.
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R1 R2

R3

1
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Compound C. albicans A. fumigatus

1 0.1 1.56

2 0.39 3.13

3A 1.56 N.T.

3B 0.05 0.78

3C 0.78 1.56

3D 0.39 0.78

4 0.05 0.78

BIQ 1.56 N.T.

Fluconazole 0.39 N.T.

Amphotericin B 1.56 0.78

MIC (μg/mL)

Fosmanogepix – Compound Screening

Nakamoto, K. et al. BMCL. 2010, 20(15), 4624–4626.
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Lots of variability tolerated

1-2 atom linkers preferred

Isosteres
Pyridinyl, phenyl

Rigidify
isoxazoles

Optimized

Fosmanogepix – Structure Activity Relationship 

Covel, J. A. et al. Med. Chem. Rev. 2010, 221-237.
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Manogepix

Fosmanogepix – Structure Activity Relationship 

Covel, J. A. et al. Med. Chem. Rev. 2010, 221-237.
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Fosmanogepix 

N NH2

O
N

O
N

O
P
O

O
HO

improved aqueous solubility

Fosmanogepix – Structure Activity Relationship 

good safety profile, in trials for invasive Candida infections.

Covel, J. A. et al. Med. Chem. Rev. 2010, 221-237.

Lots of variability tolerated

1-2 atom linkers preferred

Isosteres
Pyridinyl, phenyl
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isoxazoles
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Ibrexafungerp
Rezafungin

Fosmanogepix

Opelconazole

Olorofim

Novel Drugs, Novel Mechanisms, Novel Delivery 

Hoenigl, M.; Sprute, R.; Egger, M. Drugs. 2021, 81, 1703–1729.



Olorofim – F2G

Wiederhold, N. P. J. Fungi. 2020, 6(3), 122.
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Orotomide – First in class 
in clinical trials 
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Olorofim Mechanism of Action – F2G
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uridine 5’-monophosphate

inner mitochondrial membrane

outer mitochondrial membrane

dihydroorate dehydrogenase

Oliver, J. D. et al. PNAS. 2016, 113(45), 12809–12814.
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Olorofim Mechanism of Action – F2G

dihydroorotate orotate

uridine 5’-monophosphate

Olorofim

Oliver, J. D. et al. PNAS. 2016, 113(45), 12809–12814.



DHODH

Olorofim Mechanism of Action – F2G
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Olorofim

Oliver, J. D. et al. PNAS. 2016, 113(45), 12809–12814.



DHODH

inhibition of nucleic
acid synthesis

pyrimidines in RNA/DNA

disruption of cell wall
glucan and chitin synthesis

Cell cycle arrest
Olorofim

Oliver, J. D. et al. PNAS. 2016, 113(45), 12809–12814.

Olorofim Mechanism of Action – F2G



Olorofim – F2G

novel mechanism
activity against multi-resistant strains

unique, complementary spectrum
activity against molds,

thermally dimorphic fungi

good bioavailability
oral dosing, good tissue penetration

fungal specificity 
minimal cross reactivity with human DHODH

vs

CNS activity 
potential Coccidioidomycosis treatment

Oliver, J. D. et al. PNAS. 2016, 113(45), 12809–12814.

Wiederhold, N. P. J. Fungi. 2020, 6(3), 122.
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