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Abstract:  Invasive fungal infections (IFI) are now recognized as a serious global health threats placing a heavy burden on health 

care system. Treating thus infections is difficult because the available antifungal drugs often cause side effects , have limited 

effectiveness and face rising resistance. Over the past 30 years,researchers have carried out extensive testing of antifungal 

drugs.These efforts have been crucial in creating treatment guidelines for serious fungal infections.  

Most of these guidelines are based on well known and highly cited clinical trials. While we have made progress in developing 

antifungal medicines that are more effective and less toxic than older options .Early detections and targeted treatment This growing 

challenge highlights the urgent need for new antifungal medications. This review explores the latest advancements in antifungal 

drug development, focusing on innovative compounds that are either being tested in clinical trials or are likely to be evaluated soon. 

These new agents stand out because of their novel mechanisms of action, broader antimicrobial coverage, and improved 

pharmacokinetic properties. Together, these qualities hold promise for more effective treatment options than traditional drugs.  

 

Index : Invasive fungal infections (IFIs), Global health concern, Drug resistance, Clinical trials, Pharmacokinetics, Improved patient outcomes  -  

I. INTRODUCTION 

Fungi are an incredibly diverse group of microorganisms. Out of thousands of species, only about 300 are known to cause disease 

in humans — but those that do can be very serious, even life-threatening. In recent years, fungal infections have been gaining 

attention as a growing public health concern. In 2023 alone, fungal diseases were estimated to have caused around 2.5 million 

deaths worldwide. They are especially dangerous for people with weakened immune systems.  

Currently, we treat fungal infections with four main types of drugs — polyenes, azoles, echinocandins, and pyrimidine analogues. 

While they can be effective, they also have significant limitations. Many fungi have developed resistance to them, and some drugs 

can be toxic or have poor pharmacokinetic properties, meaning they don’t travel through the body efficiently.  

Conventional antifungal drugs remain a cornerstone of fungal infection treatment. The most widely used 

classes are polyenes, azoles, allylamines, echinocandins, and pyrimidine analogues. Each class works 

differently to stop fungal growth, and each has its own clinical strengths and limitations.  

Polyenes  

 

Polyenes work by binding directly to ergosterol, a crucial component of fungal cell membranes. This binding 

punches holes in the membrane, allowing cell contents to leak out, which ultimately kills the fungus.  

     

• Amphotericin B is the classic example, often reserved for life-threatening infections such as 

cryptococcal meningitis and invasive aspergillosis. It’s very effective but has a major drawback — 

serious kidney toxicity — which limits its long-term use.  
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• Nystatin is mostly used for Candida infections of the mouth or vagina. It’s generally applied topically 

since it’s too toxic for systemic use, but it’s safe when used locally.  

Azoles  

 

Azoles stop fungi from making ergosterol by blocking the enzyme 14-α-demethylase. Without ergosterol, the 

membrane becomes unstable and fungal growth is halted.  

• First-generation azoles like ketoconazole are now mostly used topically due to the risk of serious 

liver damage.  

• Second-generation azoles like fluconazole and itraconazole are used much more often.  

o Fluconazole is widely prescribed for Candida infections and cryptococcal meningitis, though it’s 

less effective against certain resistant Candida strains (C. glabrata and C. krusei). Liver toxicity 

is still a possible concern. o Itraconazole treats skin infections and some invasive fungal diseases, 

but its absorption can vary depending on the patient and even on what they’ve eaten, making dosing 

tricky.  

Allylamines  

 

Allylamines — such as terbinafine and naftifine — block squalene epoxidase, another key enzyme in the 

ergosterol-making process. Without ergosterol, the fungal cell membrane falls apart, leading to cell death.  

They’re most often prescribed for skin and nail infections like athlete’s foot, ringworm, and onychomycosis. 

Liver toxicity is possible, so patients are usually monitored during longer treatments.  

Echinocandins  

 

Echinocandins, including caspofungin and micafungin, target β-(1,3)-D-glucan synthase, an enzyme fungi 

need to build their cell walls. Without a proper cell wall, the fungus becomes fragile and  dies.  

These drugs are especially valuable for invasive Candida and Aspergillus infections. While generally well 

tolerated, they can raise liver enzymes and sometimes cause infusion-related reactions. Resistance can occur 

through mutations in the FKS genes that alter the drug’s binding site.  

Pyrimidine Analogues  

 

Flucytosine works inside the fungal cell, disrupting both DNA and RNA production, which stops the fungus 

from multiplying. It’s rarely used alone — instead, it’s combined with amphotericin B for cryptococcal 

meningitis, which boosts effectiveness and lowers resistance risk. Long-term use can suppress bone marrow 

function, so blood counts must be monitored.   

Limitations of Traditional Antifungals  

While these drugs are essential, each class comes with its own challenges — whether it’s toxicity, resistance, 

or inconsistent absorption. With resistant fungal strains on the rise and more patients needing complex 

antifungal care, the shortcomings of these older drugs are becoming clearer  
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EFFICACY OF ANTIFUNGAL DRUGS  

  

 
  

  

1. Traditional Antifungal Drugs 

 

Drug/Class  Efficacy Highlights  

Amphotericin  

(Polyenes)  

Highly effective for severe systemic infections like cryptococcal meningitis and  

B invasive aspergillosis; broad-spectrum activity against most pathogenic fungi; 

nephrotoxicity limits prolonged use.  

Effective for topical treatment of oral and vaginal Candida infections; minimal  

Nystatin (Polyenes) systemic toxicity.  

Good activity against most Candida species and cryptococcal meningitis;  

Fluconazole (Azoles) limited efficacy against C. glabrata and C. krusei.  

Effective for dermatophytosis, some invasive fungal infections; efficacy can  

Itraconazole (Azoles) vary due to unpredictable absorption.  

Very effective for dermatophyte skin and nail infections; fungicidal against  

Terbinafine (Allylamines) most dermatophytes.  

Caspofungin  &  

Strong activity against Candida (including azole-resistant strains) and  

Micafungin  

Aspergillus; minimal activity against Cryptococcus.  

(Echinocandins)  

Drug/Class  Efficacy Highlights  

Flucytosine (Pyrimidine Effective in combination with amphotericin B for cryptococcal meningitis; analogue) enhances 

treatment outcomes and delays resistance onset.  

   
2. Novel / Next-Generation Antifungal Drugs  

 

 

Drug/Class  Efficacy Highlights  

Ibrexafungerp  

Broad-spectrum activity against Candida, including echinocandin- and 

azoleresistant strains (C. auris); effective in murine and rabbit models; FDA-

approved for vulvovaginal candidiasis (VVC) and recurrent VVC; higher cure and 

eradication rates than placebo in clinical trials.  

Rezafungin  

Strong activity against Candida and Aspergillus, including resistant strains; 

prolonged half-life allows weekly dosing; Phase III trials show non-inferiority to 

caspofungin.  

Nikkomycin Z  

Potent against Histoplasma, Coccidioides, Blastomyces, Sporothrix, Candida, 

Aspergillus; superior to azoles and amphotericin B in animal models for 

coccidioidomycosis and blastomycosis; synergistic with echinocandins and azoles.  

Fosmanogepix  

Active against broad range of fungi including azole-resistant Aspergillus and 

echinocandin-resistant Candida; reduces fungal burden in lung and brain models; 

synergistic with amphotericin B.  

Jawsamycin  
Potent against Mucor, Fusarium, Trichosporon; improves survival in mouse 

mucormycosis model; no toxicity at high concentrations in human cell lines.  
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Opelconazole  
Strong inhaled activity against Aspergillus; sustained lung exposure; synergistic 

with systemic triazoles; promising for invasive pulmonary aspergillosis.  

Isavuconazole  

Broad-spectrum; effective against Aspergillus, Candida, Fusarium, Cryptococcus; 

improves survival and reduces fungal load in animal models, including 

azoleresistant strains.  

VT-1598  

Broad-spectrum; effective against yeasts, molds, endemic fungi; good CNS 

penetration and activity in coccidioidomycosis and cryptococcosis models; active 

against fluconazole-resistant Candida.  

Oteseconazole  

1161)  

(VT- Highly active against Candida species, including resistant strains; FDA-approved 

for recurrent VVC; effective in coccidioidomycosis models.  

Aureobasidin A  

Potent against Candida and Aspergillus; enhances amphotericin B efficacy in 

cryptococcal meningitis models.  

Drug/Class  Efficacy Highlights  

Encochleated  

Amphotericin  

(MAT2203)  

Oral formulation with efficacy comparable to standard amphotericin B but lower  

B toxicity; 100% survival in animal candidiasis models; reduces fungal burden in 

multiple organs.  

Resistance Impact on Efficacy  

 

 

   Resistance mechanisms include:  

o Genetic mutations altering drug targets. o  Overexpression of efflux pumps. o 

 Biofilm formation, which shields fungi from drug penetration.  

o Metabolic adaptation to reduce dependence on the targeted pathway.   These 

mechanisms reduce drug susceptibility, leading to treatment failure  

RESISTANCE OF ANTIFUNGAL DRUGS    

Antifungal Drug Resistance Overview  

 Example  Resistant  

Drug Class  Mechanism of Resistance  Impact on Treatment Fungi  

- Mutations in ERG11 (target  

 enzyme)  →  prevents  drug  - Higher failure rates in  

Azoles  (fluconazole,  Candida auris, Candida  

 binding   invasive  infections  

itraconazole,  glabrata,  Aspergillus  

- Efflux pump overexpression  - Limited oral treatment voriconazole) 

 fumigatus  

 → drug pumped out of cell  options  

- Biofilm formation  

- Mutations in FCY1/FCY2 genes Cryptococcus  -  Rapid 

 resistance  

Drug Class  Example  

Mechanism of Resistance  

Fungi  

Resistant  

Impact on Treatment  

Polyenes  

(amphotericin B)  

- Altered ergosterol Candida biosynthesis → 

reduced drug some  

binding  species  

lusitaniae,  

- Reduced susceptibility  

Aspergillus  

- Higher relapse rates  

Echinocandins 

(caspofungin, 

micafungin)  

- Loss  of  first-line  

- Mutations in FKS1/FKS2 (β- Candida glabrata, treatment for invasive  
(1,3)-glucan synthase genes)  Candida krusei  

candidiasis  
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Pyrimidine analogues  

 →  disrupt  drug neoformans,  Candida development if used as  

(flucytosine)  

 uptake/metabolism  spp.  monotherapy  

  

  

  

SAFETY OF ANTIFUNGAL DRUGS   

 

 

Safety of Traditional Antifungal Drugs  

Polyenes (e.g., Amphotericin B)  

  

Safety Concerns: Notoriously associated with nephrotoxicity (kidney damage) and infusion-related reactions such as fever and 

chills.  

  

Improvements: Liposomal formulations have reduced toxicity but still require close monitoring.  

  

Azoles (e.g., Fluconazole, Itraconazole, Voriconazole)  

  

Side Effects: Can cause hepatotoxicity (liver injury), gastrointestinal disturbances, and drug–drug interactions due to CYP450 

enzyme inhibition.  

  

Voriconazole, in particular, has visual disturbances and neurological side effects.  

  

Echinocandins (e.g., Caspofungin)  

  

Generally Safe: Minimal side effects, well tolerated.  

  

Rare Reactions: Mild liver enzyme elevations and histamine-like reactions with rapid infusion.  

  

Flucytosine  

  

High Toxicity Risk when used alone; causes bone marrow suppression, hepatotoxicity, and gastrointestinal issues.  

  

Always used in combination (e.g., with Amphotericin B) to reduce resistance and toxicity.  

General Issues  

Limited efficacy of current antifungals is strongly linked to toxicity as well as resistance  

.  

  

Structural similarities between fungal and human cells make it difficult to find selective targets, increasing the risk of host toxicity  

.  

  

Specific Drug Class Safety Concerns  

Drug Class  Major Safety Issue  Notes  

Azoles (e.g., fluconazole, voriconazole) Hepatotoxicity Can cause liver injury due to similarity between fungal ergosterol 

synthesis and human cholesterol metabolism  

.  

Polyenes (e.g., amphotericin B) Nephrotoxicity Kidney toxicity reduced with liposomal formulations (e.g., AmBisome®)  

.  

Echinocandins Generally well tolerated Few systemic toxicities reported, but IV administration can cause infusion-related 

reactions.  

Pyrimidine analogues (e.g., flucytosine) Bone marrow suppression Risk increases with prolonged therapy or renal impairment.  
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Drug–Drug Interactions  

Azoles strongly interact with human cytochrome P450 enzymes, leading to potentially dangerous interactions with other drugs  

Safety in Nanomedicine Formulations  

Liposomal and polymeric nanoparticle formulations improve safety by:  

  

Targeting drug delivery.  

  

Reducing off-target effects.  

  

Allowing higher therapeutic dosing  

 

CONCLUSION  

  

Fungal infections are becoming harder to treat due to rising drug resistance, limited treatment options, and the complexity of fungal 

biology. Although current antifungal drugs have helped manage many infections, their limitations are now evident.  

  

The development of next-generation antifungals marks a major step forward. These new agents bring fresh mechanisms, improved 

delivery systems, and broader activity against resistant fungi. Innovations like oral echinocandins, first-in-class orotomides, and 

mitochondrial disruptors are paving the way for more effective and targeted treatments.  

  

Continued research, faster clinical trials, and global collaboration will be key in bringing these promising drugs to the patients who 

need them most. With the right support, we may soon have the tools to overcome fungal resistance and greatly improve patient 

outcomes.  
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