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Antifungal drugs 
Neil Clipstone, Ph.D. 

 
Department of Molecular Pharmacology 

and Therapeutics 

Learning Objectives 
1.  For each of the major ANTIFUNGAL DRUG CLASSES you should know:  

•  Indications** (i.e. spectrum of activity)/Principle clinical use 
•  Mechanism of action**  
•  Major adverse effects** 

2.  For the AZOLE class of drugs know the major differences in the: 
•  spectrum of activity** 
•  pharmacokinetic parameters  

    - absorption  
    - drug distribution (i.e. penetration of CNS/urine)** 
    - elimination (i.e. requires renal dosage adjustment) 

•  adverse effects** 
 
3.  Know those antifungal drugs that pose significant risk of drug interactions 

4.  Based upon specific drug parameters, be able to choose the most  
 appropriate antifungal agent to treat a given fungal infection 

 
5.  Know which antifungal drugs are safe for use in pregnancy 

Dermatophytes 
Epidermorphyton sp 
Trichphyton sp 
Microsporum sp 
 
Yeast 
Candida Sp */§ 
Cryptococcus neoformans* 
 
Endemic/Dimorphic fungi 
Histoplasma sp 
Blastomyces sp 
Coccidioides sp 
 
Moulds 
Aspergillus sp * 
Pseudallescheri boydii * 
Fusarium sp * 
Mucor sp* 
 
•  * - Opportunistic infections occur  

primarily in immunocompromised 
hosts and require  more aggressive 
treatment 

•  §-Also iatrogenic infections of 
normally sterile sites (e.g. catheters) 

Reasons: 
•  é numbers of immunocompromised hosts 

 - Organ transplantation 
 

 - AIDS 
 

 - Cancer chemotherapy 
 

 - Diabetes 
 
•  Broad spectrum antibiotics 
 
•  Invasive medical devices 
 

•  Fungal infections once observed only rarely 

•  Now fungal infections are the 4th most common  
  nosocomial infection. 

Introduction 
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Antifungal drugs 

I. Systemic antifungal drugs for treatment of systemic fungal infections 

Polyenes 
Amphotericin B 

Fluorinated  
pyrimidine 
Flucytosine 

Azoles 
Ketoconazole 
Fluconazole 
Itraconazole 
Voriconazole 

Posaconazole 

Echinocandins 
Caspofungin 
Micafungin 

Anidulafungin 

II. Systemic antifungal drugs for treatment of mucocutaneous infections 

Griseofulvin Allylamines 
Terbinafine 

III. Topical antifungal drugs for treatment of cutaneous infections 

Topical polyenes 
Nystatin 

Topical Allylamines 
Terbinafine 
Butenafine 

Topical Azoles 
Clotrimazole 
Miconazole 
Terconazole 

The different systemic antifungal agents exhibit varying  
degrees of activity against fungal pathogens 

Candida sp 
     C. glabrata 
     C.krusei 
     C. lusitaniae 
 
Cryptococcus neoformans 
 
Coccidioides sp 
Blastomyces sp 
Histoplasma sp 
 
Aspergillus sp 
 
Fusarium sp 
 

Pseudallerischeri boydii/ 
Scedosporium apiospermum 
 

Zygomyces/Mucor 
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Echocandins 
+ 
+  
+  
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Flucytosine 
+ 
+  

+/-  
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+ 
 
- 
- 
- 
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-  
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Antifungal agent Organism 
AZOLES 

Amphotericin B 

Overview 
•  Naturally occurring polyene macrolide antibiotic from Streptococcus nodosus 

 - introduced in the 1950s 
 
•  Broadest spectrum of ALL anti-fungal agents 
 
•  Not orally absorbed, administration is by IV injection only 

 - Intrathecal injections can be used for meningitis (poorly tolerated) 
 
•  Associated with significant adverse effects 

 - newer liposomal formulations associated with ↑efficacy and ↓toxicity 
 
•  Despite newer drugs, Ampho B remains the standard therapy for treatment  
  of life-threatening mycoses 
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K+ and other 
small molecules 

Fungal Cell 
Death 

Mechanism of action of Amphotericin B 

Fungal  
Cell membrane 

Cytoplasm Ergosterol 

Amphotericin B 
interacts with ergosterol 

forming a pore 

Efflux of essential 
molecules 

-  Ampho B binds to ergosterol in 
  fungal membrane 
-  forms pore in the membrane thereby 
  increasing membrane permeability 
-  binds only weakly to cholesterol  

Phospholipid 
bilayer 

Amphotericin B: Spectrum of activity 

•  Broadest spectrum of all anti-fungal agents 
 
•  Effective against:  Candida sp (except C. lusitaniae) 

   Cryptococcus 

   Histoplasma 
   Blastomyces 
   Coccidioides sp 

   Aspergillus sp 

   Fusarium 
   Zygomyces/Mucor 

 
Not active against:  Pseudallescheria boydii (Scedosporium apiosermum) 
 
 
•  Resistance to Ampho B is infrequent and is associated with reduced  
  ergosterol content of the membrane 
 

Amphotericin B: Clinical uses 
•  Despite broad spectrum- is associated with significant toxicities 
  Typically reserved for life-threatening mycotic infections- particularly: 

 - fungal infections in immunosuppressed patients 
 - severe fungal pneumonia 
 - severe cryptococcal meningitis 
 - disseminated infections of endemic mycoses 
 - patients not responding to AZOLE-treatment of invasive Aspergillus 

 
 
•  Used as an initial induction therapy (typically 4 weeks) to reduce 
  fungal burden, then replaced by newer, less toxic AZOLE drugs for  
  consolidation therapy and prevention of relapse 
 
 
•  Intrathecal route can be used in patients with severe meningitis, although 
  therapy is poorly tolerated due to significant neurological adverse effects 
 
•  Treatment of choice for Zygomycosis/mucormycosis 

Note: only antifungal agent that is approved for use in  
pregnant/breastfeeding women 
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Amphotericin B: Adverse effects 
Low therapeutic index 
 
I. Infusion-related (Nearly universal - “Amphoterrible”) 
Fever, chills, muscle spasms, vomiting, headache and hypotension 
 

 a) Prevent by slowing infusion rate/decreasing daily dose 
 b) pre-emptive medication with anti-pyretic, anti-histamine  
     and corticosteroids 

 
II. Cumulative Toxicities: 
a) Nephrotoxicity (common) 

 Reversible: ↓Renal perfusion via vasoconstriction 
          -maybe reduced with Na+ loading (saline drip) 

 

 Irreversible: Renal tubule injury (with prolonged administration) 
         Tubular acidosis and severe K+ and Mg2+ wasting 
   - More common in presence of diuretics or other  
                 nephrotoxic meds e.g. aminoglycosides/cyclosporin 

 

b) Hepatotoxicity (occasional)  
 
c) Anemia- reversible suppression of erythrocyte production due to ↓EPO 

Flucytosine 

Overview 
•  Flucytosine is 5-flurocytosine (originally developed as an anti-metabolite  
  chemotherapy agent- ineffective for this indication) 
 
•  Narrow spectrum of activity   
 
•  Good oral absorption, Widely distributed throughout the body  
  Good penetration into the CSF 

 - useful for treatment of Cryptococcal meningitis 
 
•  Use is restricted by high incidence of primary and acquired resistance 
 
•  Typically used in combination with other antifungal drugs 

- especially Amphotericin B or an Azole 
 
•  Renally eliminated t1/2 - ~ 6hrs, BUT >200 hrs in renal failure 

 - Dosage adjustment required in presence of renal insufficiency 

Mechanism of action of Flucytosine 

5-FUTP 
RNA 

Synthesis 

dUMP dTMP DNA 
Synthesis Thymidylate 

Synthase 

N 

N 
H 

NH2 

O 

F 

N 

N 
H 

NH2 

O 

F 

5-flurouracil 

5-FdUMP 

Fungal-specific 
Cytosine 

Deaminase 

Cytosine 
permease 

Flucytosine 

NH3 

H2O 

Amphotericin B 
enhances flucytosine 

permeability 
- Synergystic Drug Action 

Fungistatic 
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Flucytosine: Spectrum of activity and clinical uses 
•  Narrow spectrum:  Cryptococcus neoformans 

   Candida sp 
   Agents of chromoblastomycosis (Tropical Climates) 
    e.g. Fonsecaea pedrosol, Phialophora verrucosa  
          Cladosporium carrionii. Fonsecaea compacta 

 
•  Use is restricted by primary and acquired RESISTANCE 

 - due to mutations in cytosine permease, cytosine deaminase,  
   uracil phosphoribosyl transferase, or ↑cytosine synthesis 
 - the emergence of resistance is reduced by combination therapy 
  
 Flucytosine + Amphotericin B ⇒ Candidiasis or Cryptococcosis 
 Flucytosine + Itraconazole ⇒ Chromoblastomycosis 

 
•  Flucytosine is frequently used together with Ampho B for the treatment of  
  cryptoccocal meningitis  

 - good CSF penetration of flucytosine 
 - ampho B enhances fungal cell uptake of flucytosine 

 
•  Flucytosine dosage needs to be reduced in presence of renal impairment 

Flucytosine: Adverse effects 

•  GI (frequent): nausea, vomiting, diarrhea 
 
•  Bone marrow toxicity: Anemia, leukopenia and thrombocytopenia 

 - more common in: - those with underlying hematological disorder 
                    - those receiving radiation or chemotherapy 

 
•  Tetratogenic- SHOULD NOT be used in PREGNANCY 

Endogenous 
Gut microflora Flucytosine 5-Flurouracil 

Anti-metabolite TOXICITY 

Express  
Cytosine deaminase 

The AZOLE class of antifungal agents 

Overview 
•  Widely used clinically 
 
•  Broad spectrum of activity 

 - all have some activity against Candida and Cryptococcus 
 - each drug exhibits a UNIQUE spectrum of activity 

 

       Fluconazole << Itraconazole < Voriconazole < Posaconazole 
 
•  All drugs have unique chemical and pharmacokinetic properties 
  that can influence their clinical use 
e.g. formulation (oral/IV), absorption, distribution (esp. CNS) & elimination 
 
•  Less serious side effects than Ampho B 
 
•  Major inhibitors and substrates of CYP450 

 - potential for many major drug interactions 

Imidazoles 
Ketoconazole (prototype) 
 

Triazoles 
Fluconazole 
Itraconazole  
Voriconazole 
Posaconazole 
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HO 
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Membrane 
Synthesis 
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AZOLES: Mechanism of action 
•  AZOLES are FUNGISTATIC/FUNGICDAL 
•  inhibit 14α-sterol demethylase involved in  
  the biosynthesis of ergosterol, an essential  
  component of fungal membranes 
      - Impairs membrane function  
      - ↑Membrane permeability 
      - ↓Activity of membrane-associated proteins 

The fungal membrane/ 
ergosterol biosynthesis 

pathway Fungal 
Death 

Dermatophytes 
 

Candida sp 
C. Glabrata (+/-)/C.krusei(-) 

  
Cryptococcus 

 
Coccidioides 

Histoplasma (+/-) 
Blastomyces (+/-) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Spectrum  
of 

Activity 

Ketoconazole 

Dermatophytes 
 

Candida sp 
  
 

Cryptococcus 
 

Coccidioides 
Histoplasma 
Blastomyces 

 
 
 
 
 
 
 
 
 
 
 

Fluconazole Itraconazole 

Dermatophytes 
 

Candida sp 
C. Glabrata (+/-)/C.krusei (+/-) 

 
Cryptococcus 

 
Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii/Scedosporium (+/-) 
 

Aspergillus 
(+) 
 
 
 
 
 

Voriconazole 

Dermatophytes 
 

Candida sp 
Inc C. glabrata/C.krusei 

 
Cryptococcus 

 
Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii/Scedosporium 
 

Aspergillus 
(+++) 

 
Fusarium 

 
 

Posaconazole 

Dermatophytes 
 

Candida sp 
Inc C. glabrata/C.kruseii 

 
Cryptococcus 

 
Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii/Scedosporium 
 

Aspergillus 
(+++) 

 
Fusarium 

 
Mucor 

 
 

MOA Inhibition of 14α-sterol demethylaseinvolved in the synthesis of ergosterol, an essential component of fungal membranes 

Increasing Spectrum of Activity 

AZOLES: Overview of Spectrum of Activity 

Common Adverse effects of ALL AZOLES 
•  GI Distress 
 
•  Hepatotoxicity- requires hepatic enzyme monitoring 

•  Can cause fetal abnormalities- SHOULD NOT BE USED IN PREGNANCY 

 - EACH INDIVIDUAL DRUG ALSO HAS UNIQUE SIDE EFFECTS 
 
 
 

AZOLES: Adverse Effects 
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•  Drug Interactions are a major problem for this class of drugs 
 
•  All azoles are either substrates or inhibitors of a range of hepatic CYP450 
  enzymes 

 i.e. CYP3A4, 2C9 and 2C19 
 
•  Most drug interactions are associated with Itraconazole and Voriconazole 

•  Many potential drug interactions  
e.g. STATINS, cyclosporin, Benzodiazepines, HIV Protease inhibitors 
warfarin, digoxin etc 

 
•  Itraconazole and Voriconazole should NEVER be given to a patient  
  taking STATINs due to increased risk of developing fatal Rhabdomyolysis 
 
•  Drugs that are inducers of CYP450 enzymes can reduce levels of AZOLES 

 e.g. phenytoin, phenobarbital & rifampin 

AZOLES: Drug-Drug Interactions 

Ketoconazole (Prototype) 
Overview 
•  First azole antifungal introduced (also available as a topical agent) 
 
•  Spectrum of activity:   Candida sp, C. neoformans,  

  Coccidioides, Histoplasma, Blastomyces sp  
    and dermatophytes 

 
•  Poor Pharmacokinetics and Adverse effect profile limits its use: 

 - Oral ketaconazole requires acidic environment for absorption 
 

 - Poor penetration into CSF and urine 
 

 - Many adverse effects due to inhibition of mammalian CYP450  
   enzymes involved in ADRENAL and GONADAL steroid synthesis 
  ⇒↓cortisol and ↓testosterone 
   gynecomastia, libido, impotence,  
   menstrual irregulatities, hypotension and fatigue 

 
•  Many drug interactions due to strong inhibition of CYP450 3A4 
 
•  Rarely used now (although inexpensive), Largely replaced by itraconazole 

 - topical ketoconazole used to treat common dermatophyte infections 

Fluconazole 
Overview 
•  Cheap well-tolerated, high therapeutic index  
 
•  Narrowest spectrum of activity of all AZOLE drugs 
 
 
•  Good oral bioavailability and Excellent penetration into the CSF 

  
•  Fewest drug interactions of all AZOLES 

•  Available in both ORAL and IV formulations 
 
•  Only minor adverse effects: nausea, headache, skin rash and GI 

  - Alopecia (reversible) associated with long duration/high dose  
                therapy 
 
•  >80% of drug eliminated unchanged in the urine 

 - dosage adjustment required in renal insufficiency 
 - useful in treatment of fungal bladder infections 
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Spectrum  
of 

Activity 

Clinical Uses 

Fluconazole 
Dermatophytes 

 
 
 
 

Candida sp 
C. Glabrata (+/-) 

C.krusei (-) 
  
 
 
 

Cryptococcus 
 
 
 

Coccidioides 
Histoplasma (+/-) 
Blastomyces (+/-) 

 
 

Pseudoallerischeri 
Boydii/Scedosporium 

 
 

Aspergillus 
(+++) 

 
Fusarium 

 
Mucor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 

Candida 
 

TOC:  
Cryptococcal  

meningitis 
 

Coccidioidal  
meningitis 

Variable activity against endemic dimorphic fungi 
•  Less active than itraconazole against Histoplasmosis, 

Blastomycosis and Sporotrichosis 
- only used if itraconazole not tolerated, then at high 
dose 

Good Activity against yeast 
•  Active against most Candida sp 
•  Agent most commonly used to treat mucocutaneous 

candiasis 
- poor activity towards C. glabrata 
- no activity against C. krusei (point mutation in enzyme) 

 
Treatment of Choice for Cryptococcal meningitis 
•  Excellent CSF penetration 
•  Used as consolidation/maintenance therapy with  
      Ampho B/flucytosine 

Fluconazole: Spectrum of activity and Clinical uses 

Good activity against Coccidioides 
•  Good CSF penetration & less morbidity than intrathecal 

Ampho B 
•  Effective for treatment of disseminated infection & 

Coccidioides meningitis 

Narrow Spectrum antifungal - Well tolerated 

Itraconazole 

Overview 
 
•  Broader spectrum of activity than Fluconazole 

  
•  Poor penetration of CSF, urine and eye 

 - ineffective in treatment of fungal meningitis or bladder infections 
 
•  Strong inhibitor of CYP3A4 

 - many potential drug interactions 
 

Spectrum  
of 

Activity 

Clinical Uses 

Itraconazole  
 

Dermatophytes 
 
 
 
 

Candida sp 
C. Glabrata (+/-) 

C.krusei (+/-) 
  
 
 
 

Cryptococcus 
 
 
 

Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii 
Scedosporium (+-) 

 
 

Aspergillus 
(+) 
 

Fusarium 
 

Mucor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 

Dermatophytes 
Onchomycosis 

 
Non-meningeal 

Blastomyces/Histoplasma/ 
Coccidioides 

 
NOT FOR 

Cryptococcal meningitis 

Active against Aspergillus 
•  Although less effective than Voriconazole (TOC) 

Effective against Candida 
•  Although more adverse effects than fluconazole 
 

NOT RECOMMENDED for Treatment of Cryptococcal 
meningitis 
•  Poor CSF Penetration 
 
Preferred agent for non-meningeal endemic dimorphic 
fungal infections  
•  e.g. Blastomyces, Histoplasmosis, Sporothrix and 

Coccidioidomycosis 

Itraconazole: Spectrum of activity and Clinical uses 

Some activity against Pseudoallerischderi Boydii/
Scedosporium 

Used for oral treatment of Dermatophyte infections  and 
Onchomycosis 

Broad Spectrum antifungal – more Adverse Effects than Fluconazole 
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Itraconazole: Adverse Effects 

Typical Azole Adverse effects:   
 (i) GI distress 
 (ii) Hepatotoxicity 
 (iii) Tetratogenic- should not be used in pregnancy 

 
 
Itraconazole-specific adverse effects: 

 (I) Triad of Hypertension, Hypokalemia and Peripheral Edema 
 

 (ii) Can cause CHF in patients with ventricular dysfunction 
 

 (iii) Should NOT be used in the treatment of simple fungal infections  
       in patients with history of either ventricular dysfunction or CHF 

Voriconazole 
Overview 
•  Newer, so called “extended-spectrum” azole 

- Oral and IV formulations available 
 
•  Well absorbed, broadly distributed into tissues including CSF 

 - Absorption inhibited by fatty meals 
 - bioavailability is unpredictable and affected by genetic polymorphisms 

 
•  Less toxic than Ampho B, although a number of unique side effects 
 
•  Hepatic metabolism- no active metabolites 

 - does not need dosage adjustment in renal insufficiency 
 - Non-linear metabolism 
   50% increase in dose ⇒ 150% increase in serum concn 
   important since some adverse effects are dose-dependent 

 
•  Inhibitor of CYP2C19, 2C9 and 3A4- many potential drug interactions 

Spectrum  
of 

Activity 

Clinical Uses 

Voriconazole  
 

Dermatophytes 
 
 
 
 

Candida sp 
C. Glabrata  

C.Krusei  
  
 
 
 

Cryptococcus 
 
 
 

Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii 
Scedosporium 

 
 

Aspergillus 
(+++) 

 
Fusarium 

 
Mucor 

 
 
 
 
 
 
 
 
 

 
 Enhanced activity against Aspergillus and Fusarium 

•  Treatment of choice for invasive Aspergillus 
•  Less toxic than Ampho B 

Excellent activity against Candida 
•  Even fluconazole-resistant C. glabrata & C. krusei 
 

Good activity against endemic dimorphic fungal 
infections  
•  e.g. Blastomyces, Histoplasmosis, Sporothrix and 

Coccidioidomycosis 

Voriconazole: Spectrum of activity and Clinical uses 

Effective against Pseudoallerischderi Boydii/
Scedosporium 

TOC:  
Invasive  

Apsergillus/Fusarium 
 

Treatment of  
Pseudoallerischeri  

boydii 

Extended Spectrum antifungal – more Adverse Effects than Fluconazole 
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Voriconazole: Adverse Effects 
Typical Azole Adverse effects:   

 (i) GI distress 
 (ii) Hepatotoxicity 
 (iii) Fetal abnormalities- should not be used in pregnancy 

 
Unique side effects: 

 (i) Periostitis (Bone pain- associated with longterm therapy) 
  - inflammation of the periosteum 
  
 (ii) Transient vision changes - visual blurring    
     - flashes of light 
     - changes in color vision 
    Affects ~ 30% of patients 
    Seen after first dose/diminishes with time 
  
 (iii) Photosensitivity/Rash- rarely Stevens Johnson syndrome 
  

More serious effects associated with high serum concentration >5.5 mcg/ml 
 (iv) Visual/Auditory hallucinations 
   
 (v) Seizures 

 

Posaconazole 
Overview 
•  Newest AZOLE 
 
•  Broadest spectrum of AZOLE family 
 
•  Oral formulation only (lack of IV formulation limits use in the severely ill) 
 
•  Readily distributes to tissues, but POOR penetration of CSF and URINE 

 - ineffective for treatment of fungal meningitis or bladder infections 
 - CONTROVERSIAL AS SOME REPORTS INDICATE THAT  
   DRUG CAN BE USED TO TREAT CNS INFECTIONS 

 
•  Unchanged drug eliminated in the feces 

 - unnecessary to alter dosage in renal insufficiency 
 
•  Inhibitor of CYP3A4- many potential drug interactions 

•  Good safety profile/Generally well tolerated 
 - However- fetal abnormalities- should not be used in pregnancy 

Spectrum  
of 

Activity 

Clinical Uses 

Posaconazole  
 
 

Dermatophytes 
 
 
 

Candida sp 
C. Glabrata (+/-) 

C.krusei (+/-) 
  
 
 
 

Cryptococcus 
 
 
 

Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii 
Scedosporium 

 
 

Aspergillus 
(+++) 

 
Fusarium 

 

Mucor 
 
 
 
 
 
 
 
 
 
 

 
 

Broadest spectrum of azole drug class 
 

Primarily used in the treatment of INVASIVE FUNGAL 
infections 
•  e.g. Candida and Aspergillus 

Posaconazole: Spectrum of activity and Clinical uses 

Used for antifungal prophylaxis in patients with: 
    - Prolonged neutropenia due to chemotherapy 
    - Severe graft-versus-host disease 

Treatment of invasive 
Fungal infections 

Candida/Aspergillus 
 

Antifungal prophylaxis  
in neutropenia 

 
Salvage therapy 

for mucormycosis 

Overall similar spectrum of activity to Voriconazole 

Extended Spectrum antifungal 

ONLY AZOLE active against 
Zygomycosis/

Murcormycosis 
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Hypertension/Hypokalemia/ 
Peripheral edema 

 
Contraindicated in  

Ventricular Dysfunction/CHF 
 
 

TOC: Dermatophytes 
TOC: Onchomycosis 

 
Non-meningeal 

Blastomyces/Histoplasma/ 
Coccidioides 

 
NOT FOR 

Cryptococcal meningitis 

Spectrum  
of 

Activity 

CSF Penetration 
Renal Dose 
Adjustment 

Drug interactions 

Adverse Effects 

Clinical Uses 

Ketoconazole 

Dermatophytes 
 

Candida sp 
  
 

Cryptococcus 
 

Coccidioides 
Histoplasma 
Blastomyces 

 
 
 
 
 
 
 
 
 
 
 

Endocrine effects 
 
 
 
 
 
 

Largely replaced by  
itraconazole 

 
Cheap 2nd line agent 

Mucocutaneous  
Candidiasis/ 

Dermatophytes 
  

No 

No 

+++++ 

Fluconazole 

Dermatophytes 
 

Candida sp 
C. Glabrata (+/-);C.krusei (-) 

  
Cryptococcus 

 
Coccidioides 

Histoplasma (+/-) 
Blastomyces (+/-) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Minor adv effects 
Alopecia 

 
Nausea 

Skin rash 
Headache/GI 

 
Candida 

 
TOC:  

Cryptococcal  
meningitis 

 
Coccidioidal  
meningitis 

YES 

YES 

++ 

Itraconazole 

Dermatophytes 
 

Candida sp 
C. glabrata (+/-)/C.krusei (+/-) 

 
Cryptococcus 

 
Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii/Scedosporium (+/-) 
 

Aspergillus 
(+) 
 
 
 
 
 No 

No 

+++ 

Voriconazole 

Dermatophytes 
 

Candida sp 
Inc C. glabrata/C.krusei 

 
Cryptococcus 

 
Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii/Scedosporium 
 

Aspergillus 
(+++) 

 
Fusarium 

 
 

Photosensitivity/ 
Rash/Periostitis/ 
Visual changes/ 
Hallucination/ 

Seizures 
 
 

TOC:  
Invasive  

Apsergillus/Fusarium 
 

Treatment of  
Pseudoallerischeri  

boydii 
 
  

YES 

No 

+++ 

Posaconazole 

Dermatophytes 
 

Candida sp 
Inc C. glabrata/C.kruseii 

 
Cryptococcus 

 
Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii/Scedosporium 
 

Aspergillus 
(+++) 

 
Fusarium 

 
Mucor 

 
 

Well tolerated 
 
 
 
 
 
 

Treatment of invasive 
Fungal infections 

Candida/Aspergillus 
 

Antifungal prophylaxis  
in neutropenia 

 
Salvage therapy 

for mucormycosis 

No 

No 

+++ 

MOA Inhibition of 14α-sterol demethylaseinvolved in the synthesis of ergosterol, an essential component of fungal membranes 

Echinocandins 
Caspofungin 
Micafungin  
Anidulafungin 

Overview 
•  Newest class of antifungal agents 
 
•  First agents to directly target the fungal cell wall 
 
•  Large lipopeptides/poor oral availability/must be administered IV 
 
•  Poor penetration of CSF 
 
•  Not significant inhibitors/substrates of CYP450 

 - few drug interactions 
 
•  Well tolerated- few adverse effects 

 - Histamine-like effect (skin itching)- associated with rapid infusion 
 - embryotoxic- NOT TO BE USED IN PREGNANCY 

 

Echinocandins: Mechanism of action 
Echinocandins competitively inhibit β(1-3)-D-glucan synthase complex  
involved in the biosynthesis of the principal building block of the fungal cell wall 

 - impairs structural integrity of fungal cell wall 
 - increases osmotic instability leading to cell death 

β-glucan synthase complex 

Fungal  
Cell membrane 

Ergosterol 

Chitin 

β-glucans 

Mannoproteins 

Echinocandins 

Loss of structural 
integrity 

Fungal cell 
death 
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Echinocandins: Spectrum of activity and Clinical Uses 

•  Good activity towards Candida sp including C. glabrata & C. krusei 
 - Fungicidal 
 - used as a treatment for invasive Candida  
 - especially in critically ill/neutropenic patients 
 Major advantage: Fungicidal with minimal adverse effects 

 
•  Good activity against Aspergillus sp (Fungistatic) 

 - used as salvage therapy for invasive Aspergillus infections that 
   fail initial treatment with either Ampho B or Voriconazole 

 
 

NO SIGNIFICANT ACTIVITY TOWARDS: 
Cryptococcus or dimorphic fungi 

II.Systemic antifungal drugs for cutaneous  
fungal infections 

Used for treatment of superficial skin and nail infections with dermatophytes 
Microsporum, Epidermophyton & Trichophyton 

Tinea pedis (foot) 
Tinea cruris (groin) 
Tinea corpora (body) 
Tinea captis (scalp) 
Onchomycosis (nail) 

Griseofulvin and Terbinafine 

Griseofulvin 
Overview 
•  Very insoluble fungistatic drug - essentially insoluble in water 

 - Administered in a microcrystalline form (1g/day) 
 - Absorption is improved by fatty meal 

 

Mechanism of Action. 
•  The drug is fungistatic and binds to fungal microtubules, preventing the  
   formation of the mitotic spindle and inhibiting fungal mitosis 
 
•  Griseofulvin accumulates in newly differentiated keratin-producing precursor  
  cells preventing their infection by fungi 

 - This allows the new growth of hair, skin and nails to be essentially  
   free of dermatophyte infections 
  

 - infected cells are exfoliated and are replaced by new uninfected cells 
 

Uninfected 
Nail bed 

Infected 
Nail bed 

Griseofluvin 
binds fungal 
microtubules 
and prevents 
fungal growth 

Drug-treatment > 6 months 

Grisoefluvin- 
containing 
new nail 

cells replace 
older infected 

cells 

Direction of  
growth of 
new nail 

cells 

Infected 
cells are 
gradually 
exfoliated 

Fungal  
infected 

cells 
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Griseofulvin :Spectrum of activity and Clinical use 
•  Only clinical use is for the treatment of mycotic infections of the skin, nail  
  and hair due to dermatophytes:   

 Microsporum, Epidermophyton & Trichophyton 
 
•  Has no activity against any other fungi 
 
•  Treatment needs to be continued until affected tissue is completely replaced 
  by by new tissue 
 
•  Therapeutic use is now limited by the availability of other topical/oral  
  antifungal agents with fewer side effects (i.e. terbafine/itraconazole) 
 
Griseofulvin: Adverse Effects 
Many adverse effects- although serious side effects are rare 

 - Nervous system: headache, lethargy, vertigo & blurred vision 
 - Skin: Urticaria, photosensitivity, rash and skin eruptions 
 - Hepatotoxicity (Rare) 
 - Leukopenia, neutropenia and monocytosis (Rare) 
 - Fetal abnormalities- should not be taken during pregnancy 

 
Drug interactions: Inducer of CYP450 enzymes- many potential interaction 

   e.g. warfarin and oral contraceptives 

Terbinafine (Oral) 
•  An allylamine oral antifungal agent, although low oral bioavailability due to  
  significant 1st pass effect 
 
•  Specifically deposits in the skin, nails, hair and fat 

 - Long half life ~200-400 hrs 
 
•  Extensively metabolized in liver and excreted via the kidney 

 - not recommended for patients with hepatic/renal insufficiency 
 
Spectrum of activity and clinical use: 
•  Activity is limited to dermatophytes and Candida albicans 
 
•  Used in the treatment of tinea captis, tinea corpis, tinea cruis, tinea pedis  
  and onchomycosis 

 - Cure rate is ~90%- more effective than griseofulvin or itraconazole 
 
Adverse effects:  
•  Well tolerated- Low incidence of GI distress, headache & rash 
 
•  Rarely may cause hepatotoxicity, neutropenia or Stevens-Johnson syndrome 
 
•  Few significant drug interactions 

Terbinafine: Mechanism of action 

Squalene 

Ergosterol 

Fungal 
Plasma membrane 

Squalene 
epoxidase 

Terbinafine 

↓Ergosterol 

↑Squalene 

Fungal membrane synthesis pathway 

↓Fungal 
Plasma membrane 

TOXIC 
PRODUCTS 

Impaired fungal 
membrane function 

Fungal 
Cell Death 

MOA: Inhibition of fungal SQUALENE EPOXIDASE 
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Topical antifungal drugs for the treatment of cutaneous 
fungal infections 

Topical Polyene 
Nystatin 

 
Topical Azoles 

Clotrimazole 
Miconazole 
Terconazole 

 
Topical Allylamines and Benzylamines 

Terbinafine 
Naftifine 

Butenafine 

Topical antifungal drugs for the treatment of cutaneous 
fungal infections 

A. Nystatin 
•  Polyene antibiotic similar in structure and mechanism of action to Ampho B 

 - binds to ergosterol and forms pores in the fungal membrane 
 
•  Too toxic for IV administration 

 - Available in gels, creams ointments and suppositories 
 - Not significantly absorbed from skin, mucus membranes or GI tract 

 
•  Not active against dermatophytes 
 
•  Used in the  treatment of oral candidiasis (swish and swallow) 

 - drug is not absorbed and is excreted in the feces 
 - consequently few adverse effects 

B. Topical Azoles: Clotrimazole, Miconazole and Terconazole 
•  Available as creams, lozenges and suppositories 

•  Absorption negligible- Adverse effects rare 
 

 Clinical Uses:  Oral and Vulvovaginal candidiasis 
   Dermatophyte infections 

 
 
C. Topical Allylamines and Benzylamines 

 Allylamines- Terbinafine and Naftifine 
 Benzylamines- Butenafine 

 
•  MOA- all drugs act like terbinafine to inhibit squalene epoxidase 
 
•  Spectrum of activity limited to Candida albicans and dermatophytes 
 

 Clinical Uses:  Used in the treatment of tinea cruris,  
   tinea corporis and tinea pedis 
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Summary 
Material 

nucleus 

Fungal 
Cell 

Endoplasmic Reticulum: 
Inhibition of ergosterol synthesis 

Azoles 
Terbinafine 

Cell Wall: Inhibits β-glucan synthesis 
Echinocandins e.g. caspofungin 

 

Plasma membrane 
Polyenes: Amphotericin B 

      Nystatin 

Mitotic spindle 
Griseofulvin 

DNA/RNA synthesis 
Flucytosine 

Sites of action of antifungal drugs 

Endoplasmic 
reticulum 

microtubules 

Candida sp 
     C. glabrata 
     C.krusei 
     C. lusitaniae 
 
Cryptococcus neoformans 
 
Coccidioides sp 
Blastomyces sp 
Histoplasma sp 
 
Aspergillus sp 
 
Fusarium sp 
 

Pseudallerischeri boydii/ 
Scedosporium apiospermum 
 

Zygomyces/Mucor 

AmB 
+ 
+ 
+ 
- 
 
+ 
 
+ 
+ 
+ 
 
+ 
 
+ 
 
- 
 
+ 

Flu 
+ 

+/- 
- 
+ 
 
+ 
 
+ 

+/- 
+/- 
 
- 
 
- 
 
- 
 
- 

Itra 
+ 

+/- 
+/- 
+ 
 
+ 
 
+ 
+ 
+ 
 
+ 
 
- 
 

+/- 
 
- 

Vori 
+ 
+  
+  
+ 
 
+ 
 
+ 
+ 
+ 
 
+ 
 
+ 
 
+  
 
- 

Pos 
+ 
+  
+  
+ 
 
+ 
 
+ 
+ 
+ 
 
+ 
 
+ 
 
+  
 
+ 

Echocandins 
+ 
+  
+  
+ 
 
- 
 
- 
- 
- 
 
+ 
 
- 
 
-  
 
- 

Flucytosine 
+ 
+  

+/-  
+ 
 
+ 
 
- 
- 
- 
 
- 
 
- 
 
-  
 
- 

Antifungal agent Organism 
AZOLES 

Summary of Spectrum of activity of Antifungal agents  
for Systemic Infections 
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Endemic Mycoses 

Candidiasis 

Cryptococcosis 

Aspergillosis 

Mucormycosis 
Fusariosis 

Histoplasmosis 
Blastomycosis 
Coccidioidmycosis 

Mild/moderate 

Severely ill/ 
disseminated 

Mucocutaneous 
Oral/vaginal/rash 

Severe disease 

Mild/moderate 

Meningitis 

Pulmonary/skin 

Pulmonary/skin 

Meningitis 

Invasive 

Itraconazole 

Voriconazole OR Amph B 
 Itraconazole- maintenance/Alt. agent 
 Echinocandins/posaconazole- salvage 

Amph B OR Posaconazole (salvage) 

Amph B  OR Voriconazole/Posaconazole (salvage) 

Amph B +/- Flucytosine (induction) 
Fluconazole (consolidation/maintenance) 

Fluconazole OR Amph B 

Initially a topical Agent: Nystatin or an azole 
OR oral Fluconazole if topical treatment is unsuccessful 

Fluconazole OR another Azole 

Amph B OR an Azole OR an Echinocandin 

Amph B +/- Flucytosine (induction) 
Fluconazole (consolidation/maintenance) 
NOT AN ECHINOCANDIN- poor CNS penetration 

An Azole-e.g.  Itraconazole (preferred) 

Amph B (induction) 
An Azole (consolidation/maintenance) 

Note: Fluconazole can be used to treat Coccidioidmycosis  
and is DOC for Disseminated disease/meningitis 

Fungal Disease Type Recommended treatment 

Treatment of Dermatophyte infections and Onchomycosis 

Tinea captis 
(ringworm of the scalp) 

Oral Griseofulvin (long safety history) 
Oral Terbinafine  
Oral fluconazole/Itraconazole  
 
Note: Topical antifungals are ineffective 

Tinea pedis 
Tinea corporis 
Tinea cruris 

Topical antifungals  
 e.g. AZOLES or Terbinafine 

 
 NOT NYSTATIN 

            (not active against dermatophytes) 

Chronic/extensive disease 
Immunocompromized 
patient 

Oral terbinafine/Itraconazole/fluconazole 

Onchomycosis 

Oral terbinafine or Itraconazole 
 
2nd line: Oral fluconazole or griseofluvin 
 
Note: Topical antifungals are ineffective 

Indications MOA Adverse Effects Misc. 

Amph B 
•  Broad Spectrum- All life-threatening 
mycotic infections 
 
Candida, Cryptococcus Histoplasma, 
Blastomyces, Coccidioides, 
Aspergilus, Fusarium, Mucor 
     Not C. lusitaniae 
     Not Pseudallerischeri boydii 
•  TOC Mucormycosis 

Binds to ergosterol in fungal plasma  
membrane and forms pores causing  
increased membrane permeability  
and loss of cytoplasmic K+ 

Infusion related (Ampho-terrible) 
Fever, Chills, spasms, vomiting 
 
Cumulative 
Nephrotoxicity/Hepatoxicity/Anemia 

•  Only Antifungal drug approved  
for use in pregnancy 
 
•  Used for initial induction therapy 
followed by consolidation therapy 
with less toxic Azole 

Flucytosine 
•  Narrow spectrum 
Cryptococcus neoformans 
-especially cryptococcal meningitis 
Candida sp 
Agents of chromblastomycosis 

Taken up via cytosine permease and 
converted by fungal-specific cytosine 
deaminase to 5-FU analogs that inhibit  
thymidylate synthase and RNA synthesis 

•  GI (frequent) nausea/vomiting/diarrhea 
•  BM toxicity- more common in those  
with blood disorder 
•  Tetratogenic 

•  Good CSF penetration 
•  Used in combination with Amph B 
•  Frequent resistance 
•  Dosage adjustment in Renal failure 
•  Not to be used in pregnancy 

Echinocandins 
Caspofungin 
Micafungin 
Anidulafungin 

•  Candida 
       inc C. glabrata/C. kruseii 
•  Treatment of invasive Candida 
•  Treatment of Invasive Aspergillus 
 
•  No activity for Cryptococcus or 
  Dimorphic fungi 

•  Acts on fungal cell wall 
•  Inhibits β(1-3) D glucan synthase  
  complex 
     - Impairs membrane structure 
     - Increases osmotic instability 

•  Well tolerated 
•  Histamine-like effect with 
Rapid infusion 

•  Poor CSF penetration 
•  Not to be used in pregnancy 

Griseofulvin •  Treatment of mycotic  
infections of Skin, nail and hair  
due to dermatophytes 

•  Fungistatic 
•  Binds fungal microtubules and  
inhibits mitotic spindle 
•  Accumulates in newly differentiated 
Keratin producing cells preventing  
fungal growth 

•  Many adverse effects 
- Headache, lethargy, vertigo, blurred vision 
- Urticuria, photosensitivity, rash 
- Hepatotoxicity 
- Leukopenia, neutropenia, monocytosis 
- Fetal abnormalities 

•  Very insoluble 
•  Strong CYP450 inducer 
      - many drug interactions 
•  Not to be used during pregnancy 

Terbinafine 

Treatment of onchomycosis  
and superficial skin infections  
•  Candida Albicans  
•  Dermatophytes 

Treatment of tinea captis, 
tinea carpis, tinea cruis & tinea pedis 

Inhibits fungal squalene epoxidase 
resulting in formation of toxic products 
and inhibition of ergosterol synthesis 

•  Well tolerated 
•  Adverse effects rare 
      Hepatotoxicity 
      neutropenia 
      Stevens Johnson  

•  Long half life (> 200 hrs) 
•  Not recommended in 
hepatic/renal insufficiency 

Summary of major antifungal drug classes 
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Hypertension/Hypokalemia/ 
Peripheral edema 

 
Contraindicated in  

Ventricular Dysfunction/CHF 
 
 

Dermatophytes 
Onchomycosis 

 
Non-meningeal 

Blastomyces/Histoplasma/ 
Coccidioides 

 
NOT FOR 

Cryptococcal meningitis 
 
  

Spectrum  
of 

Activity 

CSF Penetration 
Renal Dose 
Adjustment 

Drug interactions 

Adverse Effects 

Clinical Uses 

Ketoconazole 

Dermatophytes 
 

Candida sp 
  
 

Cryptococcus 
 

Coccidioides 
Histoplasma 
Blastomyces 

 
 
 
 
 
 
 
 
 
 
 

Endocrine effects 
 
 
 
 
 
 

Largely replaced by  
itraconazole 

 
Cheap 2nd line agent 

Mucocutaneous  
Candidiasis/ 

Dermatophytes 
  

No 

No 

+++++ 

Fluconazole 

Dermatophytes 
 

Candida sp 
C. Glabrata (+/-);C.krusei (-) 

  
Cryptococcus 

 
Coccidioides 

Histoplasma (+/-) 
Blastomyces (+/-) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Minor adv effects 
Alopecia 

 
Nausea 

Skin rash 
Headache/GI 

 
Candida 

 
TOC:  

Cryptococcal  
meningitis 

 
DOC:  

Coccidioidal  
meningitis 

YES 

YES 

++ 

Itraconazole 

Dermatophytes 
 

Candida sp 
C. glabrata (+/-)/C.krusei (+/-) 

 
Cryptococcus 

 
Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii/Scedosporium (+/-) 
 

Aspergillus 
(+) 
 
 
 
 
 No 

No 

+++ 

Voriconazole 

Dermatophytes 
 

Candida sp 
Inc C. glabrata/C.krusei 

 
Cryptococcus 

 
Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii/Scedosporium 
 

Aspergillus 
(+++) 

 
Fusarium 

 
 

Photosensitivity/ 
Rash/Periostitis/ 
Visual changes/ 
Hallucination/ 

Seizures 
 
 

TOC:  
Invasive  

Apsergillus/Fusarium 
 

Treatment of  
Pseudoallerischeri  

boydii 
 
  

YES 

No 

+++ 

Posaconazole 

Dermatophytes 
 

Candida sp 
Inc C. glabrata/C.kruseii 

 
Cryptococcus 

 
Coccidioides 
Histoplasma 
Blastomyces 

 
Pseudoallerischeri 

Boydii/Scedosporium 
 

Aspergillus 
(+++) 

 
Fusarium 

 
Mucor 

 
 

Well tolerated 
 
 
 
 
 
 

Treatment of invasive 
Fungal infections 

Candida/Aspergillus 
 

Antifungal prophylaxis  
in neutropenia 

 
Salvage therapy 

for mucormycosis 

No 

No 

+++ 

MOA Inhibition of 14α-sterol demethylaseinvolved in the synthesis of ergosterol, an essential component of fungal membranes 


