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FungiFungi
Yeasts Moulds

Candida sp.

Cryptococcus 
neoformans

Pneumocystis 
jiroveci Dimorphic

Histoplasmosis 
Blastomycosis 
Coccidioidomycosis 
Paracoccidioidomycosis 
Sporotrichosis 
Chromoblastomycosis

Aspergillus sp.
(septate)

Dermatophytes
Trichophyton 
Microsporum 
Epidermophyton

Mucormycosis
(rarely septate)

Rhizopus 
Rhizomucor 
Mucor        
Absidia

[Zygomycetes]

Miscellaneous
Pseudoallerscheria boydii
(Scedosporium apiospermum)                   

Scedosporium prolificans
Penicillium marneffei
Fusarium sp.                
Phaeohyphomycosis (dark walled fungi)

Review of our Fungal Review of our Fungal ““PlayersPlayers””

Opportunistic fungiOpportunistic fungi
–– Normal floraNormal flora

Candida Candida spp. spp. 
–– Ubiquitous in our environmentUbiquitous in our environment

Aspergillus Aspergillus spp.spp.
Cryptococcus Cryptococcus spp.spp.
MucorMucor spp.spp.

Endemic geographically restrictedEndemic geographically restricted
BlastomycesBlastomyces sp. sp. 
CoccidioidesCoccidioides sp. sp. 
HistoplasmaHistoplasma sp.sp.

Newly emerging fungiNewly emerging fungi
FusariumFusarium
ScedosporidiumScedosporidium
TrichosporinTrichosporin
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Risk Factors for Fungal DiseaseRisk Factors for Fungal Disease
CandidiasisCandidiasis
–– AntibioticsAntibiotics
–– Indwelling cathetersIndwelling catheters
–– HyperalimentationHyperalimentation
–– Multiple abdominal Multiple abdominal 

surgeriessurgeries
–– Prosthetic materialProsthetic material
–– Severe burnsSevere burns
–– Neoplastic Neoplastic 

diseases/chemotherapydiseases/chemotherapy
–– Immunosuppressive Immunosuppressive 

therapytherapy
–– Diabetes mellitusDiabetes mellitus
–– Extremes of ageExtremes of age

AspergillosisAspergillosis
–– GranulocytopeniaGranulocytopenia ((↓↓

neutrophil numbers or neutrophil numbers or 
function)function)

–– TT--cell dysfunctioncell dysfunction
hematologic and other hematologic and other 
malignanciesmalignancies
organ allograft recipientsorgan allograft recipients
immunosuppressive immunosuppressive 
therapytherapy

–– CorticosteroidsCorticosteroids
–– Chronic granulomatous Chronic granulomatous 

diseasedisease
–– AIDSAIDS
–– Burn patientsBurn patients

An optimal antifungal drug has..An optimal antifungal drug has....

Wide spectrum of activityWide spectrum of activity
Favorable pharmacokinetic profileFavorable pharmacokinetic profile
Adequate in vivo efficacyAdequate in vivo efficacy
Low rate of toxicityLow rate of toxicity

Low costLow cost

HOST

DRUG

FUNGUS
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Overall (1941) BMT (285) Leuk/Lymph (288) Pulm (1153) CNS/Dissem (175)

Invasive Aspergillosis Mortality 

Review of 1941 Patients from 50 Studies

Lin S-J et al, Clin Infect Dis 2001; 32:358-66

Systemic Antifungal AgentsSystemic Antifungal Agents
By Mechanism of ActionBy Mechanism of Action

Membrane disrupting Membrane disrupting 
agentsagents
–– AmphotericinAmphotericin BB

ErgosterolErgosterol synthesis synthesis 
inhibitorsinhibitors
–– AzolesAzoles

Nucleic acid inhibitorNucleic acid inhibitor
–– FlucytosineFlucytosine

GlucanGlucan synthesis synthesis 
inhibitorsinhibitors
–– EchinocandinsEchinocandins
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The Promise of a Dynamic EraThe Promise of a Dynamic Era……

1950 1960 1970 19901980 2000

Amphotericin B
Flucytosine

Ketoconazole

Fluconazole

Itraconazole

Lipid 
amphotericin 

products

Caspofungin

Voriconazole

Micafungin

Posaconazole

Systemic Antifungal AgentsSystemic Antifungal Agents
The AzolesThe Azoles
–– FluconazoleFluconazole ((DiflucanDiflucan®®))
–– ItraconazoleItraconazole ((SporanoxSporanox®®))
–– VoriconazoleVoriconazole ((VfendVfend®®))
–– PosaconazolePosaconazole ((NoxafilNoxafil®®))

AmphotericinAmphotericin BB
–– AmphotericinAmphotericin B B deoxycholatedeoxycholate ((FungizoneFungizone®®))
–– ABCD (ABCD (AmphotecAmphotec®®))
–– ABLC (ABLC (AbelcetAbelcet®®))
–– LiposomalLiposomal AmphotericinAmphotericin B (B (AmbisomeAmbisome®®))

EchinocandinsEchinocandins
–– CaspofunginCaspofungin ((CancidasCancidas®®))
–– MicafunginMicafungin ((MycamineMycamine®®))
–– AnidulafunginAnidulafungin ((EraxisEraxis®®))

FlucytosineFlucytosine ((AncobonAncobon®®))
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β1,6
glucans

β1,3

PPL 
bilayer chitin

• Polyene antibiotics
- Amphotericin B 
- Lipid-AMB

• Azole antifungals
- Ketoconazole
- Itraconazole 
- Fluconazole 
- Voriconazole
- Posaconazole

Ergosterol

mannoproteins

Yeast

beta-1,3 glucan synthase
Echinocandins

- Caspofungin
- Micafungin
- Anidulafungin

DNA Synthesis
- Fluctyosine

Targets of Antifungal AgentsTargets of Antifungal Agents

Amphotericin BAmphotericin B
A polyeneA polyene
Clinical use since 1960Clinical use since 1960
Insoluble in waterInsoluble in water
–– Solubilized by sodium deoxycholateSolubilized by sodium deoxycholate

Most broad spectrum antifungalMost broad spectrum antifungal
–– ““gold standardgold standard””

PharmacokineticsPharmacokinetics
–– Extensively tissue boundExtensively tissue bound

Highest concentrations in liver, spleen, Highest concentrations in liver, spleen, 
bone marrow with less in kidneys and bone marrow with less in kidneys and 
lunglung

–– HalfHalf--lifelife
Tissue ~15 days, Plasma ~5 daysTissue ~15 days, Plasma ~5 days
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Amphotericin B Amphotericin B BBinds to inds to EErgosterol rgosterol 
and and GGenerates enerates PPoresores

Mechanism of actionMechanism of action
–– Binds to Binds to ergosterolergosterol and alter cell and alter cell 

membrane permeability membrane permeability →→ cell cell 
deathdeath

–– Also binds to cholesterol Also binds to cholesterol →→
adverse effectsadverse effects

Clin Microbiol RevClin Microbiol Rev 1999; 12: 5011999; 12: 501..

Amphotericin BAmphotericin B

Clinical activityClinical activity
–– CandidaCandida sp.sp.

C. lusitaniae C. lusitaniae oftenoften resistantresistant
–– Cryptococcus neoformansCryptococcus neoformans
–– BlastomycosisBlastomycosis
–– HistoplasmosisHistoplasmosis
–– AspergillusAspergillus sp.sp.
–– ZygomycetesZygomycetes

RhizopusRhizopus sp., sp., MucorMucor sp., etc.sp., etc.
Little to no activityLittle to no activity
–– Aspergillus terreusAspergillus terreus, , 

Aspergillus nidulansAspergillus nidulans, , 
Aspergillus flavusAspergillus flavus, , Fusarium Fusarium 
sp.,sp., Pseudoallescheria boydii, Pseudoallescheria boydii, 
Scedosporium prolificans, Scedosporium prolificans, 
Trichosporon beigeliiTrichosporon beigelii

PharmacokineticsPharmacokinetics
–– Intravenous formulation onlyIntravenous formulation only
–– DistributionDistribution

Extensively tissue boundExtensively tissue bound
–– HalfHalf--lifelife

Tissue ~15 daysTissue ~15 days
Plasma ~5 daysPlasma ~5 days

ToxicitiesToxicities
–– NephrotoxicityNephrotoxicity
–– Infusion Related Reactions Infusion Related Reactions 

(IRRs)(IRRs)
–– Electrolyte AbnormalitiesElectrolyte Abnormalities
–– Thrombophlebitis Thrombophlebitis 
–– AnemiaAnemia

Most broad spectrum antifungal – long considered the “gold standard”
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Available LipidAvailable Lipid--Based Based 
AmphotericinAmphotericin B AgentsB Agents

Closed, fluidClosed, fluid--filled liposome.filled liposome.
Molecular ratio (drug:lipid) = 1:9Molecular ratio (drug:lipid) = 1:9
Particle size = 45 Particle size = 45 -- 80 nm.80 nm.

Liposomal Liposomal 
LL--AAmmB; B; 
AmbisomeAmbisome®®

Elongated disk structure.Elongated disk structure.
Molecular ratio (drug:lipid) = 1:1Molecular ratio (drug:lipid) = 1:1
Particle size = 120 Particle size = 120 -- 140 nm.140 nm.

Colloidal DispersionColloidal Dispersion
ABCD; ABCD; 
AmphocilAmphocil®® or or 
AmphotecAmphotec®®

Flattened, ribbonFlattened, ribbon--like complex.like complex.
Molecular ratio (drug:lipid) = 3:7Molecular ratio (drug:lipid) = 3:7
Particle size = 1,600 Particle size = 1,600 –– 11,000 nm.11,000 nm.

Lipid ComplexLipid Complex
ABLC; AbelcetABLC; Abelcet®®

Chemical StructureProduct

Lipid Amphotericin B Product Lipid Amphotericin B Product 
ComparisonComparison

Factor Amphotericin B 
deoxycholate 

Amphotericin B 
colloidal 

dispersion (ABCD, 
Amphotec®) 

Amphotericin B lipid 
complex 

(ABLC, Abelcet®) 

Liposomal amphotericin B 
(Ambisome) 

 
Particle 

 
Micelle Lipid disks Ribbons, sheets Liposomes, small 

unilamellar vesicles 
 

Size (nm) 
 

<25 100 500-5000 90 

 
Infusion related toxicity 

 
High High Moderate Mild 

 
Nephrotoxicity 

 
++++ ± ± ± 

 
Serum concentrations 

compared to conventional 
amphotericin 

 

 ↓ ↓ ↑ 

 
Tissue concentrations 

compared to conventional 
amphotericin 

 

 
Liver: ↑ 

Lungs: ↔ 
Kidney: ↔ 

Liver: ↑ 
Lungs: ↑ 

Kidney: ↔ 

Liver: ↑ 
Lungs: ↔ 
Kidney: ↔ 

 
Dosage 

 
 

0.5-1.5 
mg/kg/day 3-4 mg/kg/day 5 mg/kg/day 3-5 mg/kg/day 
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Aggregate Efficacy Estimates of AMB Aggregate Efficacy Estimates of AMB 
Formulations in OpenFormulations in Open--Label StudiesLabel Studies

Invasive Aspergillosis

5 15 25 35 45 55 65 75 85 95

ABCD

ABLC

L-AmB

AMB-deoxy

% Complete and Partial Response

Invasive Candidiasis

5 15 25 35 45 55 65 75 85 95

ABCD

ABLC

L-AmB

AMB-deoxy

% Complete and Partial Response

Ostrosky-Zeichner et al. Clin Infect Dis 2003;37:415-25.

The EFFICACY of the lipid-based amphotericin B products appears 
to be COMPARABLE to AMB or better with LESS TOXICITY.

Azole AntifungalsAzole Antifungals
ImidazolesImidazoles

–– KetoconazoleKetoconazole

TriazolesTriazoles
–– ItraconazoleItraconazole
–– FluconazoleFluconazole
–– VoriconazoleVoriconazole
–– PosaconazolePosaconazole

Mechanism of actionMechanism of action
–– Inhibit ergosterol synthesis through inhibition of Inhibit ergosterol synthesis through inhibition of 

CYP450CYP450--dependent dependent lanosterollanosterol 1414--αα--demethylasedemethylase
Depletion of ergosterol on fungal cell membraneDepletion of ergosterol on fungal cell membrane

ResistanceResistance
–– ERG 11 mutations (gene encoding 14ERG 11 mutations (gene encoding 14--αα sterol sterol 

demethylase) leading to demethylase) leading to overexpressionoverexpression
–– ↑↑ azole effluxazole efflux
–– ↑↑ production or alteration production or alteration 1414--αα--demethylasedemethylase
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Azole Antifungals Spectrum of ActivityAzole Antifungals Spectrum of Activity
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Posaconazole

++++++++

00

++

++++++

++++++

++++

++++++

Itraconazole

++++++++++Endemic fungiEndemic fungi

0000ZygomycetesZygomycetes

0000Other mouldsOther moulds

0000AspergillusAspergillus

MouldsMoulds

++++++++++++CryptococcusCryptococcus

++++++Resistant yeastsResistant yeasts

++++++++++++C. albicansC. albicans

YeastYeast

FluconazoleKetoconazoleOrganism

Understanding the Understanding the CandidaCandida speciesspecies

SS

S to IS to I

S to IS to I

SS

SS

SS

Posaconazole

SSS to RS to RSSSSSSSSC. C. lusitaniaelusitaniae

SSS to IS to II to RI to RS to IS to ISS--DD to RDD to RRRC. C. kruseikrusei

SSS to IS to IS S S to IS to ISS--DD to RDD to RSS--DD to RDD to RC. C. glabrataglabrata

S to R (?)S to R (?)SSSSSSSSSSC. C. 
parapsilosisparapsilosis

SSSSSSSSSSSSC. C. tropicalistropicalis

SSSSSSSSSSSSC. C. albicansalbicans

EchinocandinsAmpho BFlucytosineVoriconazoleItraconazoleFluconazole

Pappas et al.  CID 2004; 38: 161-89.
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FluconazoleFluconazole
Favorable pharmacokinetic and toxicity profileFavorable pharmacokinetic and toxicity profile
–– Low mw and high water solubility Low mw and high water solubility →→ rapid absorption and rapid absorption and ↑↑ bioavailabilitybioavailability

>90% bioavailability (IV and PO interchangeable)>90% bioavailability (IV and PO interchangeable)
–– No dependence on low gastric pHNo dependence on low gastric pH
–– Effectively penetrates CSF (50Effectively penetrates CSF (50--90% plasma levels)90% plasma levels)

Brain and eye too!Brain and eye too!
–– >90% renal excretion>90% renal excretion

Adverse effectsAdverse effects
–– Very well toleratedVery well tolerated

Even up to 1600 mg/dayEven up to 1600 mg/day
–– GI, reversible GI, reversible transaminasetransaminase elevationselevations

DoseDose
–– 100100--800 mg/d (max 1600 mg/d)800 mg/d (max 1600 mg/d)

6 mg/kg/d for susceptible strains (400 mg/d)6 mg/kg/d for susceptible strains (400 mg/d)
12 mg/kg/d for S12 mg/kg/d for S--DD strains (800 mg/d)DD strains (800 mg/d)

–– IV and oral interchangeable (>90% bioavailability) IV and oral interchangeable (>90% bioavailability) 

ItraconazoleItraconazole
LIMITATIONSLIMITATIONS

PharmacokineticsPharmacokinetics
–– Only ionized at low pH Only ionized at low pH →→ wide wide interpatientinterpatient

variability in plasma concentrationsvariability in plasma concentrations
–– Nonlinear serum PK Nonlinear serum PK 
–– Extensively liver metabolizedExtensively liver metabolized

Adverse effectsAdverse effects
–– Transient GI upset, dizziness, headacheTransient GI upset, dizziness, headache
–– HepatotoxicityHepatotoxicity (~5%)(~5%)
–– Negative Negative inotropeinotrope

Drug InteractionsDrug Interactions
–– Propensity and extent greater than Propensity and extent greater than 

fluconazolefluconazole
–– Substrate of CYP3A4 and inhibitor of Substrate of CYP3A4 and inhibitor of 

CYP3A4CYP3A4
RifampinRifampin, , phenytoinphenytoin, , phenobarbitalphenobarbital
CYACYA

IV IV itraconazoleitraconazole
–– Formulated in Formulated in hydroxypropylhydroxypropyl--ββ--

cyclodextrincyclodextrin
–– Increases solubility of Increases solubility of itraconazoleitraconazole
–– Renal dysfunctionRenal dysfunction

A 6A 6--fold fold ↓↓ cyclodextrincyclodextrin clearance in clearance in 
pts with pts with CrCLCrCL<20 ml/min (therefore <20 ml/min (therefore 
not recommended in pts with not recommended in pts with 
CrCLCrCL<30 ml/min)<30 ml/min)

SpectrumSpectrum
–– ParaccoccidiodomycosisParaccoccidiodomycosis, , blastomycosisblastomycosis, , histoplasmosishistoplasmosis and and sporotrichosissporotrichosis, , cutaneouscutaneous and and 

mucosal mucosal candidiasiscandidiasis, , AspergillosisAspergillosis
DosingDosing

–– 200 mg IV q12h x 4 doses, then 200 mg IV q24h followed by 200 mg200 mg IV q12h x 4 doses, then 200 mg IV q24h followed by 200 mg PO q12h oral solutionPO q12h oral solution
Target troughs >0.5 mcg/Target troughs >0.5 mcg/mLmL
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VoriconazoleVoriconazole
Second generation synthetic derivative of fluconazoleSecond generation synthetic derivative of fluconazole

–– addition of methyl group to the propyl backboneaddition of methyl group to the propyl backbone
–– substitution of triazole moiety with a fluropyrimidine groupsubstitution of triazole moiety with a fluropyrimidine group

Active against yeast and mouldsActive against yeast and moulds
–– Fungicidal in vitro against Fungicidal in vitro against AspergillusAspergillus sppspp., ., ScedosporiumScedosporium sppspp., ., FusariumFusarium sppspp..
–– FungistaticFungistatic in vitro against in vitro against Candida Candida sppspp..

IndicationsIndications
–– Invasive Invasive aspergillosisaspergillosis
–– Esophageal Esophageal candidiasiscandidiasis
–– Fungal infections caused by Fungal infections caused by ScedosporiumScedosporium apiospermumapiospermum and and FusariumFusarium sppspp.. in in 

patients intolerant of or refractory to other therapypatients intolerant of or refractory to other therapy

VoriconazoleVoriconazole
Precautions (AND LIMITATIONS?)Precautions (AND LIMITATIONS?)

Adverse effectsAdverse effects
–– Transient, dose related visual disturbances (30%)Transient, dose related visual disturbances (30%)

Mechanism unknown Mechanism unknown –– ↓↓ electrical currents in electrical currents in retinaretina
–– Elevated liver function tests (~13%) Elevated liver function tests (~13%) 

May be doseMay be dose--relatedrelated
–– Skin reactions (6%)Skin reactions (6%)

Drug interactionsDrug interactions
DosingDosing
–– IntravenousIntravenous

6 mg/kg IV q12h x 2 doses, then 4 mg/kg IV q12h6 mg/kg IV q12h x 2 doses, then 4 mg/kg IV q12h
–– Oral Oral (>95% bioavailability on empty stomach)(>95% bioavailability on empty stomach)

<40 kg <40 kg –– 100 mg PO q12h100 mg PO q12h
>>40 kg 40 kg –– 200 mg PO q12h200 mg PO q12h

Organ dysfunctionOrgan dysfunction
–– Renal diseaseRenal disease

Oral dosing recommended in patients with Oral dosing recommended in patients with CrCLCrCL<50 ml/min<50 ml/min
IV vehicle, IV vehicle, sulfobutylsulfobutyl ether betaether beta--cyclodextrincyclodextrin, accumulates, accumulates

–– Hepatic diseaseHepatic disease
Maintenance dose should be halved in patients with mild/moderateMaintenance dose should be halved in patients with mild/moderate liver diseaseliver disease
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PosaconazolePosaconazole ((NoxafilNoxafil®®))
IndicationsIndications
–– Prophylaxis of invasive Prophylaxis of invasive AspergillusAspergillus and Candida infections in severely and Candida infections in severely 

immunocompromisedimmunocompromised hosts, such as HSCT recipients with GVHD or hosts, such as HSCT recipients with GVHD or 
those with those with hematologichematologic malignancies with prolonged malignancies with prolonged neutropenianeutropenia ((≥≥ 13 13 
yrs old)yrs old)

Dose (40 mg/5 Dose (40 mg/5 mLmL oral suspension ONLY)oral suspension ONLY)
–– Prophylaxis: 200 mg (5 Prophylaxis: 200 mg (5 mLmL) PO TID with a high fat meal or nutritional ) PO TID with a high fat meal or nutritional 

supplementsupplement
–– Treatment: 200 mg PO 4x/day or 400 mg PO BIDTreatment: 200 mg PO 4x/day or 400 mg PO BID

Drug interactionsDrug interactions
–– Substrate of PSubstrate of P--gpgp and inhibitor of CYP3A4and inhibitor of CYP3A4
–– CimetidineCimetidine decreases POSA bioavailabilitydecreases POSA bioavailability

Adverse effectsAdverse effects
–– N/V, hepaticN/V, hepatic

Clinical usesClinical uses
–– ProphylaxisProphylaxis
–– Salvage therapySalvage therapy
–– ZygomycetesZygomycetes

Azole Inhibition of CYP P450Azole Inhibition of CYP P450

Posaconazole
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Flucytosine (5Flucytosine (5--FC)FC)

Mechanism of actionMechanism of action
–– Flucytosine is deaminated to 5Flucytosine is deaminated to 5--fluorocytosine (5fluorocytosine (5--FC)FC)
–– Incorporated into RNA and disrupts protein synthesisIncorporated into RNA and disrupts protein synthesis

ResistanceResistance
–– Develops during therapy, especially monotherapyDevelops during therapy, especially monotherapy

Single point mutationSingle point mutation
–– Loss of permease necessary for cytosine transportLoss of permease necessary for cytosine transport
–– ↓↓ activity of UMP pyrophosphorylase or cytosine deaminaseactivity of UMP pyrophosphorylase or cytosine deaminase

SpectrumSpectrum
–– Cryptococcus neoformansCryptococcus neoformans
–– Candida Candida sp. (except sp. (except C. kruseiC. krusei))
–– Little to no activity against Little to no activity against AspergillusAspergillus sp. and other moldssp. and other molds

FlucytosineFlucytosine
PharmacokineticsPharmacokinetics
–– Oral onlyOral only
–– DistributionDistribution

CSF levels ~75% of serum levelsCSF levels ~75% of serum levels
–– EliminationElimination

90% excreted via glomerular filtration90% excreted via glomerular filtration
HalfHalf--life ~3life ~3--6 hours6 hours

–– Renal/hepatic diseaseRenal/hepatic disease
Dose adjust in renal dysfunctionDose adjust in renal dysfunction

Adverse effectsAdverse effects
–– DoseDose--dependent bone marrow suppression (dependent bone marrow suppression (↓↓ WBC, WBC, ↓↓ platelets)platelets)
–– GI (nausea/vomiting/diarrhea)GI (nausea/vomiting/diarrhea)

Clinical usesClinical uses
–– Cryptococcal meningitis, hepatosplenic candidiasis, Candida Cryptococcal meningitis, hepatosplenic candidiasis, Candida 

endophthalmitisendophthalmitis
–– Used in combination ONLY (usually with amphotericin)Used in combination ONLY (usually with amphotericin)

Minimizes development of resistanceMinimizes development of resistance
Amphotericin potentiates uptakeAmphotericin potentiates uptake
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β1,6
glucans

β1,3

PPL 
bilayer chitin

• Polyene antibiotics
- Amphotericin B 
- Lipid-AMB

• Azole antifungals
- Ketoconazole
- Itraconazole 
- Fluconazole 
- Voriconazole
- Posaconazole*

Ergosterol

mannoproteins

Yeast

beta-1,3 glucan synthase
Echinocandins

- Caspofungin
- Micafungin
- Anidulafungin

DNA Synthesis
- Fluctyosine

Targets of Antifungal AgentsTargets of Antifungal Agents

Fungal cell wall components

β (1,3) Glucan Synthase Enzyme Complex
Non-competitive Inhibition by 
Enchinocandins

GTP

UDP
glucose

Catalytic subunit

Regulatory Subunit 
(GTPase)

Continuous fibrils of 
Glucan

Fibrous (β −(1,3) Glucan

Plasma Membrane
(phospholipid 

bilayer)

Surface-Layer
Mannoprotein

β 1-6 Tail
β 1-6 Branched
Glucan

Entrapped
Mannoprotein

Chitin

Plasma Membrane

Glycosyl Phosphatidylinositol  “(GPI) 
Anchor”
(to mannoproteins)

Ergosterol

Chitin Synthase1. Adapted from: Kurtz, MB,  ASM News, Jan 98, Vol 64, No 1, pp. 31-9. 
2. Walsh, TJ, et al,  The Oncologist,  2000,  5;120-135
3. Module 1, Introduction to Medical Mycology, Merck & Co. Inc, , 2000, pp 8-11.



16

Some  ActivitySome  Activity

C. immitisC. immitis
B. dermatididisB. dermatididis
Scedosporium speciesScedosporium species
P. variotiiP. variotii
H. capsulatumH. capsulatum

Detectable activity, which 
might have therapeutic 
potential for man (in some 
cases in combination with 
other drugs).

Highly ActiveHighly Active

C. albicans C. albicans 
C. glabrataC. glabrata
C. tropicalis C. tropicalis 
C. kruseiC. krusei
C. kefyrC. kefyr
P. carinii*P. carinii*

Very low MIC, withVery low MIC, with
fungicidalfungicidal activityactivity and and 
good ingood in--vivo activity.vivo activity.

*only active against cyst *only active against cyst 
forms, and probably only forms, and probably only 
useful for prophylaxisuseful for prophylaxis

Echinocandins Echinocandins -- spectrumspectrum
Very ActiveVery Active

C. parapsilosisC. parapsilosis
C. gulliermondiiC. gulliermondii
A. fumigatusA. fumigatus
A. flavusA. flavus
A. terreusA. terreus
C. lusitaniaeC. lusitaniae

Low MIC, but without 
fungicidal activity in most 
instances.

Denning DW, Lancet 2003 (Oct 4);1142-51.

EchinocandinEchinocandin IndicationsIndications
CaspofunginCaspofungin
– Candidemia and the following 

Candida infections: intra-abdominal 
abscesses, peritonitis and pleural 
space infections

Not studied in endocarditis, 
osteomyelitis or meningitis due to 
Candida sp.

– Esophageal candidiasis
– Invasive Aspergillosis in patients 

who are refractory to or intolerant of 
other therapies

Not studied as initial therapy for IA
– Empirical therapy for presumed 

fungal infections in febrile 
neutropenic patients

MicafunginMicafungin
– Esophageal candidiasis
– Prophylaxis of Candida infections 

in patients undergoing HSCT

AnidulafunginAnidulafungin
– Esophageal candidiasis
– Candidemia and other forms of 

Candida infections (intra-abd
abscess, and peritonitis)

Cancidas Product Information, Merck & Co. Inc.  May 2004
Mycamine Product Information, Astellas Pharma US, Inc.  April 2005
Eraxis Product Information, Pfizer, Inc., March 2006
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Understanding the Understanding the CandidaCandida speciesspecies

SS

S to IS to I

S to IS to I

SS

SS

SS

Posaconazole

SSS to RS to RSSSSSSSSC. C. lusitaniaelusitaniae

SSS to IS to II to RI to RS to IS to ISS--DD to RDD to RRRC. C. kruseikrusei

SSS to IS to IS S S to IS to ISS--DD to RDD to RSS--DD to RDD to RC. C. glabrataglabrata

S to R (?)S to R (?)SSSSSSSSSSC. C. 
parapsilosisparapsilosis

SSSSSSSSSSSSC. C. tropicalistropicalis

SSSSSSSSSSSSC. C. albicansalbicans

EchinocandinsAmpho BFlucytosineVoriconazoleItraconazoleFluconazole

Pappas et al.  CID 2004; 38: 161-89.

Sirolimus and Sirolimus and nifedipinenifedipine
levels are increased by levels are increased by 
micafunginmicafungin (<20%).(<20%).

No interaction seen with No interaction seen with 
fluconazolefluconazole, , CsACsA, FK506, , FK506, 
MMFMMF, rifampin, and , rifampin, and ritonavirritonavir

Hepatotoxicity (2 Hepatotoxicity (2 –– 4%)4%)
Anemia (2 Anemia (2 –– 4%)4%)

NoneNone
(no data in severe)(no data in severe)

NoneNone

CatecholCatechol--OO--methyltransferasemethyltransferase

Rat study: levels in brain Rat study: levels in brain 
approximately 2% plasmaapproximately 2% plasma

>99% (albumin)>99% (albumin)

0.39 L/kg0.39 L/kg

~15 hrs~15 hrs

16.4 mcg/16.4 mcg/mLmL (150 mg)(150 mg)

50 50 –– 150 mg (896 mg)150 mg (896 mg)

IVIV

Micafungin

Cyclosporine increases Cyclosporine increases 
anidulafunginanidulafungin levels (22%)levels (22%)

HepatotoxicityHepatotoxicity (0.3(0.3--2.3%)2.3%)
Histamine release Histamine release 
(rare if infused < 1.1 mg/min)(rare if infused < 1.1 mg/min)

NoneNone

NoneNone

Slow chemical degradationSlow chemical degradation

unknownunknown

84% (albumin)84% (albumin)

3030--50 L50 L

~40~40--50 hrs50 hrs

8.6 mcg/8.6 mcg/mLmL (100 mg)(100 mg)

50 50 –– 200 mg (400 mg)200 mg (400 mg)

IVIV

Anidulafungin

Reduces AUC of tacrolimus Reduces AUC of tacrolimus 
(20%)(20%)

Cyclosporine increases Cyclosporine increases 
caspofungin levels (35%)caspofungin levels (35%)

Caspofungin levels may be Caspofungin levels may be 
decreased by inducersdecreased by inducers

Drug-Drug 
interactions

Hepatotoxicity (1.9 Hepatotoxicity (1.9 –– 10.3%)10.3%)
Anemia (0.9 Anemia (0.9 –– 10%)10%)

Common ADR

35 35 –– 70 mg (100 mg)70 mg (100 mg)Dosing (MTD)

Probably poorProbably poorCNS penetration

~9~9--11 hrs11 hrsHalf-life

14.03 mcg/14.03 mcg/mLmL (100 mg)(100 mg)Cmax

Child Pugh 7 to 9Child Pugh 7 to 9
(no data in severe)(no data in severe)

Hepatic Adjustment

NoneNoneRenal adjustment

NN--acetylationacetylation and hydrolysisand hydrolysisMetabolism

~97% (albumin)~97% (albumin)Protein binding

9.67 L9.67 LVd

IVIVDosage forms

Caspofungin
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How to Choose?How to Choose?
SpectrumSpectrum
–– Likely pathogensLikely pathogens
–– Documented pathogensDocumented pathogens

Site of infection Site of infection 
Concomitant diseases Concomitant diseases 
Hepatic/renal function Hepatic/renal function 
ToxicitiesToxicities
Drug InteractionsDrug Interactions
IV/POIV/PO
CostCost

Treatment Options for Candida sp.Treatment Options for Candida sp.

AmphotericinAmphotericin BB
FluconazoleFluconazole
ItraconazoleItraconazole
VoriconazoleVoriconazole
PosaconazolePosaconazole (?)(?)
CaspofunginCaspofungin / / MicafunginMicafungin / / AnidulafunginAnidulafungin
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EchinocandinsEchinocandins vs. vs. FluconazoleFluconazole
EchinocandinsEchinocandins
–– ProsPros

CidalCidal against Candida sp.against Candida sp.
Expanded spectrum to Expanded spectrum to 
include include AspergillusAspergillus sp.sp.
Activity against Activity against azoleazole--
resistant Candida speciesresistant Candida species
Lack of clinically Lack of clinically 
significant drug significant drug 
interactionsinteractions
Well toleratedWell tolerated

–– ConsCons
Lack of superiority Lack of superiority 
IV onlyIV only
$$$$$$

FluconazoleFluconazole
–– ProsPros

Clinical experience and Clinical experience and 
comparable outcomescomparable outcomes
Activity against the Activity against the 
majority of majority of CandidaCandida
speciesspecies
Well toleratedWell tolerated
IV/POIV/PO
Less costlyLess costly

–– ConsCons
Potential resistancePotential resistance

AspergillosisAspergillosis TreatmentTreatment
Risk factorsRisk factors
–– granulocytopeniagranulocytopenia ((↓↓

neutrophilneutrophil numbers or numbers or 
function)function)

–– TT--cell dysfunctioncell dysfunction
hematologichematologic and other and other 
malignanciesmalignancies
organ allograft recipientsorgan allograft recipients
immunosuppressive immunosuppressive 
therapytherapy

–– corticosteroidscorticosteroids
–– chronic chronic granulomatousgranulomatous

diseasedisease
–– AIDSAIDS
–– Burn patientsBurn patients

Drug therapy optionsDrug therapy options
–– AmphotericinAmphotericin B productB product
–– ItraconazoleItraconazole
–– EchinocandinsEchinocandins
–– VoriconazoleVoriconazole
–– PosaconazolePosaconazole (?)(?)

Methenamine silver (GMS) stained tissue section of 
lung showing dichotomously branched, septate

hyphae of Aspergillus fumigatus. 
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Combination Antifungal TherapyCombination Antifungal Therapy
Fungi more difficulty to diagnose, less amenable to Fungi more difficulty to diagnose, less amenable to 
treatment, and associated with highest attributable treatment, and associated with highest attributable 
mortality compared to bacterial pathogensmortality compared to bacterial pathogens
–– Often consider combination therapy in refractory mycosesOften consider combination therapy in refractory mycoses

BenefitsBenefits
–– Improved clinical and microbiologic outcomeImproved clinical and microbiologic outcome
–– Decreased toxicityDecreased toxicity
–– Decreased likelihood of resistanceDecreased likelihood of resistance
–– Broader spectrum in empiric therapyBroader spectrum in empiric therapy

Little objective clinical dataLittle objective clinical data

Combination Antifungal TherapyCombination Antifungal Therapy
AdvantagesAdvantages
–– Enhanced rate and extent Enhanced rate and extent 

of killing (of killing (additivityadditivity, , 
synergy)synergy)

–– Decrease in antifungal drug Decrease in antifungal drug 
resistanceresistance

–– Increase in the spectrum of Increase in the spectrum of 
activityactivity

–– Enhancement in the tissue Enhancement in the tissue 
distribution of the two drugsdistribution of the two drugs

–– Reduction in drugReduction in drug--related related 
toxicity, particularly if the toxicity, particularly if the 
dosage of a toxic drug can dosage of a toxic drug can 
be reducedbe reduced

DisadvantagesDisadvantages
–– Decreased rate and extent Decreased rate and extent 

of killing (antagonism)of killing (antagonism)
–– Increase in drugIncrease in drug--related related 

toxicitytoxicity
–– Increased risk of drugIncreased risk of drug--drug drug 

interactionsinteractions
–– Increased cost compared Increased cost compared 

to to monotherapymonotherapy

Cuenca-Estrella M.  JAC 2004; 54: 854-69.
Mukherjee PK et al.  Clin Micro Reviews 2005; 18: 163-94.
Marr K.  Oncology 2004; 18: S24-29.
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Conclusions Related to Conclusions Related to 
Combination Antifungal TherapyCombination Antifungal Therapy
In vitroIn vitro studies controversialstudies controversial
Clinical efficacy data rely on case reports/seriesClinical efficacy data rely on case reports/series
Literature probably biased towards reports of successLiterature probably biased towards reports of success
Many questions remainMany questions remain……
–– What combination?What combination?
–– When?When?

SequenceSequence
Initial vs. salvageInitial vs. salvage
MultiresistantMultiresistant species species 

AntiAnti--Tuberculosis AgentsTuberculosis Agents
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AntiAnti--Tuberculosis AgentsTuberculosis Agents
FirstFirst--line Drugsline Drugs
–– RifampinRifampin
–– IsoniazidIsoniazid
–– PyrazinamidePyrazinamide
–– EthambutolEthambutol
–– StreptomycinStreptomycin

SecondSecond--line Drugsline Drugs
–– RifabutinRifabutin
–– QuinolonesQuinolones
–– CapreomycinCapreomycin
–– Amikacin, kanamycinAmikacin, kanamycin
–– ParaPara--aminosalicylic acid (PAS)aminosalicylic acid (PAS)
–– CycloserineCycloserine
–– EthionamideEthionamide

AntiAnti--Tuberculosis TherapyTuberculosis Therapy
Drug therapy is the cornerstone of TB managementDrug therapy is the cornerstone of TB management

GoalsGoals
–– Kill TB rapidlyKill TB rapidly
–– Prevent emergence of resistancePrevent emergence of resistance
–– Eliminate persistent bacilli from the host to prevent relapseEliminate persistent bacilli from the host to prevent relapse

Drug therapyDrug therapy
–– First line agentsFirst line agents

Greatest efficacy with acceptable toxicityGreatest efficacy with acceptable toxicity
–– SecondSecond--line agentsline agents

Less efficacy, greater toxicity, or bothLess efficacy, greater toxicity, or both
–– If properly used, can achieve cure rate ~98%If properly used, can achieve cure rate ~98%

Increasing prevalence of multidrug resistant TB (MDRTB)Increasing prevalence of multidrug resistant TB (MDRTB)
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Treatment PrinciplesTreatment Principles
Disease burdenDisease burden
–– Asymptomatic patients have an organism load of ~10Asymptomatic patients have an organism load of ~1033

organismsorganisms
–– CavitaryCavitary pulmonary TB has a load of 10pulmonary TB has a load of 101111 organismsorganisms

As the number of organisms increases, likelihood of As the number of organisms increases, likelihood of 
drugdrug--resistant mutants increasesresistant mutants increases
–– Mutants found at rates of 1 in 10Mutants found at rates of 1 in 1066 to 1 in 10to 1 in 1088 organismsorganisms

Drug therapy regimens
– Latent TB

Monotherapy, usually with isoniazid (INH)
Risk of selecting out resistant organisms is low

– Active TB
Combination therapy of at least 2 drugs, generally three or more
Rates for multiple drug mutations occur as an additive function

– 1 in 1013  (INH rate of 106 + RIF rate of 107)

Treatment Principles (cont.)Treatment Principles (cont.)
3 subpopulations of 3 subpopulations of mycobacteriamycobacteria proposed to existproposed to exist
–– ExtracellularExtracellular, rapidly dividing , rapidly dividing mycobacteriamycobacteria, often within cavities , often within cavities 

(10(1077 to 10to 1099))
Killed most readily by INH > RIF > streptomycin > other drugsKilled most readily by INH > RIF > streptomycin > other drugs

–– Organisms residing within Organisms residing within caseatingcaseating granulomasgranulomas (semi(semi--dormant dormant 
metabolic state; 10metabolic state; 1055 to 10to 1077))

Activity of PZA > INH and RIFActivity of PZA > INH and RIF
–– Intracellular Intracellular mycobacteriamycobacteria present within macrophages (10present within macrophages (1044 to to 

101066))
RIF, INH, PZA and RIF, INH, PZA and quinolonesquinolones believed to be most activebelieved to be most active



24

Treatment Principles (cont.)Treatment Principles (cont.)

Toxicities
– Hepatoxicity

Risk factors = multiple hepatotoxic agents, alcohol abuse
Regimen and Dosing
– Duration varies

Condition of patient, extent of disease, presence of drug resistance, and 
tolerance of medications

– Adherence is important (DOT)
– Daily vs. TIW
– PO vs. IV vs. IM

√√XXXXStreptomycin

√√XX√√Ethambutol

XX√√√√XXPyrazinamide

√√√√√√√√√√Isoniazid

√√√√√√√√√√Rifampin

Prevent emergence of 
resistanceSterilizing activityEarly bactericidal 

activity

FirstFirst--Line AgentsLine Agents
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IsoniazidIsoniazid (INH)(INH)
Inhibits mycolic acid synthesisInhibits mycolic acid synthesis
–– LongLong--chain fatty acids of the mycobacterial cell wallchain fatty acids of the mycobacterial cell wall
–– Bactericidal against growing MTBBactericidal against growing MTB
–– Bacteriostatic against nonreplicating MTBBacteriostatic against nonreplicating MTB

PO onlyPO only
–– Well absorbedWell absorbed

Metabolized in liver by NMetabolized in liver by N--acetyltransferaseacetyltransferase
–– Slow vs. fast acetylatorsSlow vs. fast acetylators
–– Half life 2Half life 2--4 hrs vs. 0.54 hrs vs. 0.5--1.5 hrs1.5 hrs
–– >80% Asian patients are rapid acetylators>80% Asian patients are rapid acetylators
–– Drug interactions more likely in slow acetylatorsDrug interactions more likely in slow acetylators

ToxicitiesToxicities
–– ↑↑ serum transaminases (AST, ALT)serum transaminases (AST, ALT)

Slow Slow acetylatorsacetylators may be at increased riskmay be at increased risk
–– NeurotoxicityNeurotoxicity

Usually manifests as peripheral neuropathy Usually manifests as peripheral neuropathy →→ administer pyridoxine administer pyridoxine 
(vitamin B6) daily(vitamin B6) daily
↑↑ risk alcoholics, children, diabetics, malnourished, dialysis parisk alcoholics, children, diabetics, malnourished, dialysis patients, HIV+tients, HIV+

RifampinRifampin
Inhibits DNAInhibits DNA--dependent RNA polymerasedependent RNA polymerase
–– Bactericidal (very effective)Bactericidal (very effective)

Allows short course therapy (6Allows short course therapy (6--9 9 mosmos vs. vs. ≥≥18 18 mosmos))
–– IV/POIV/PO
–– ToxicitiesToxicities

↑↑ hepatic enzymes (AST, ALT, bilirubin, alkaline phosphatase)hepatic enzymes (AST, ALT, bilirubin, alkaline phosphatase)
GI distressGI distress
RedRed--orange discoloration of body fluidsorange discoloration of body fluids
RashRash

–– DRUG INTERACTIONS, DRUG INTERACTIONS, DRUG DRUG INTERACTIONS, DRUG INTERACTIONS, DRUG 
INTERACTIONSINTERACTIONS

Potent inducer of CYP450 metabolism (Potent inducer of CYP450 metabolism (↓↓ concentrations of other concentrations of other 
drugs)drugs)
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First Line Agents (cont.)First Line Agents (cont.)
PyrazinamidePyrazinamide
–– Mechanism unknownMechanism unknown

Fatty acid synthetaseFatty acid synthetase--11
Converted to Converted to pyrazinoicpyrazinoic
acid (active metabolite)acid (active metabolite)

–– BactericidalBactericidal
–– PO onlyPO only
–– Metabolized in the liver, but Metabolized in the liver, but 

metabolites are renally metabolites are renally 
excretedexcreted

–– ToxicitiesToxicities
↑↑ liver enzymesliver enzymes
HyperuricemiaHyperuricemia
Nausea/vomitingNausea/vomiting

EthambutolEthambutol
–– Inhibits cell wall Inhibits cell wall 

componentscomponents
–– Generally Generally bacteriostaticbacteriostatic
–– PO onlyPO only
–– Renal excretionRenal excretion
–– ToxicitiesToxicities

Optic neuritis (doseOptic neuritis (dose--
related)related)
HyperuricemiaHyperuricemia

StreptomycinStreptomycin
Inhibits protein synthesis (aminoglycoside)Inhibits protein synthesis (aminoglycoside)
–– BactericidalBactericidal

Poor activity in acidic environment of closed fociPoor activity in acidic environment of closed foci
Not good sterilizing drugNot good sterilizing drug

–– IM/IVIM/IV
–– Renal excretionRenal excretion
–– ToxicitiesToxicities

Vestibular toxicityVestibular toxicity
–– Dizziness, problems with balance, tinnitusDizziness, problems with balance, tinnitus
–– Can be permanentCan be permanent

NephrotoxicityNephrotoxicity
–– Tends to be mild and reversibleTends to be mild and reversible
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SecondSecond--Line AgentsLine Agents

Second Line AgentsSecond Line Agents
RifabutinRifabutin
–– Often used as an alternative Often used as an alternative 

to rifampinto rifampin
Less potent inducer CYP450Less potent inducer CYP450
Drug interactions still Drug interactions still 
importantimportant
Cross resistance among Cross resistance among 
rifamycinsrifamycins

–– PO onlyPO only
–– ToxicitiesToxicities

Uveitis (ocular pain, blurred Uveitis (ocular pain, blurred 
vision)vision)

QuinolonesQuinolones
–– Levofloxacin, moxifloxacin, Levofloxacin, moxifloxacin, 

gatifloxacingatifloxacin
–– Bactericidal against Bactericidal against 

extracellularextracellular organisms and organisms and 
achieve good intracellular achieve good intracellular 
concentrationsconcentrations

–– IV/POIV/PO
–– UsesUses

MDRMDR--TBTB
IV alternativeIV alternative
Well tolerated optionWell tolerated option

–– ToxicitiesToxicities
Nausea, abdominal painNausea, abdominal pain
Headache, insomnia, Headache, insomnia, 
restlessnessrestlessness
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Second Line AgentsSecond Line Agents
CapreomycinCapreomycin

–– UsesUses
MDRMDR--TBTB
IM/IVIM/IV
CrossCross--resistance with resistance with 
aminoglycosidesaminoglycosides

–– ToxicitiesToxicities
Injection painInjection pain
Hearing loss, tinnitusHearing loss, tinnitus
Renal dysfunctionRenal dysfunction

Amikacin, kanamycinAmikacin, kanamycin
–– AminoglycosidesAminoglycosides

CrossCross--resistance with resistance with 
streptomycinstreptomycin

–– UsesUses
MDRMDR--TBTB
IV/IM alternativeIV/IM alternative

–– ToxicitiesToxicities
Renal toxicityRenal toxicity
Hearing loss, tinnitusHearing loss, tinnitus

ParaPara--amino salicylic acid (PAS)amino salicylic acid (PAS)
–– Synthetic structural analog of Synthetic structural analog of 

aminobenzoicaminobenzoic acidacid
–– BacteriostaticBacteriostatic for for extracellularextracellular

organisms onlyorganisms only
–– UsesUses

MDRMDR--TB (bacteriostatic)TB (bacteriostatic)
PO onlyPO only

–– Toxicities (can be severe)Toxicities (can be severe)
GI (N/V/D)GI (N/V/D)
HepatotoxicityHepatotoxicity

–– Mortality reported ~21%Mortality reported ~21%
HypothyroidismHypothyroidism

Second Line AgentsSecond Line Agents
CycloserineCycloserine
–– UsesUses

MDRMDR--TBTB
–– BacteriostaticBacteriostatic for both for both 

intracellular and intracellular and extracellularextracellular
organismsorganisms

–– PO onlyPO only
–– ToxicitiesToxicities

Central nervous system Central nervous system 
effects (confusion, irritability, effects (confusion, irritability, 
somnolence, headache, somnolence, headache, 
vertigo, seizures)vertigo, seizures)
Peripheral neuropathyPeripheral neuropathy

EthionamideEthionamide
–– UsesUses

MDRMDR--TB (bacteriostatic)TB (bacteriostatic)
–– BacteriostaticBacteriostatic for for extracellularextracellular

organisms onlyorganisms only
–– PO onlyPO only
–– ToxicitiesToxicities

Nausea/vomitingNausea/vomiting
Peripheral neuropathyPeripheral neuropathy
Psychiatric disturbancesPsychiatric disturbances
↑↑ liver enzymesliver enzymes
↑↑ glucoseglucose
Goiter with or without Goiter with or without 
hypothyroidismhypothyroidism
GynecomastiaGynecomastia, impotence, , impotence, 
menstrual irregularitiesmenstrual irregularities
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DrugDrug--Resistant TBResistant TB
Acquired resistanceAcquired resistance
–– Suboptimal therapy that encourages selective growth of mutants Suboptimal therapy that encourages selective growth of mutants 

resistant to one or more drugsresistant to one or more drugs

Primary resistancePrimary resistance
–– Infection from a source case who has drugInfection from a source case who has drug--resistant diseaseresistant disease

Factors leading to suboptimal therapyFactors leading to suboptimal therapy
–– Intermittent drug suppliesIntermittent drug supplies
–– Use of expired drugsUse of expired drugs
–– Unavailability of combination preparationsUnavailability of combination preparations
–– Use of poorly formulated combination preparationsUse of poorly formulated combination preparations
–– Inappropriate drug regimensInappropriate drug regimens
–– Addition of single drugs to failing regimens in the absence of bAddition of single drugs to failing regimens in the absence of bacteriologic controlacteriologic control
–– Poor supervision of therapyPoor supervision of therapy
–– Unacceptably high cost to patient (drugs, travel to clinic, timeUnacceptably high cost to patient (drugs, travel to clinic, time off work)off work)

QUESTIONS?QUESTIONS?


