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The era of systemic antifungal chemotherapy began with the introduction of amphotericin B-deoxycholate in 1958. It took more than 3 decades before a less toxic alternative came to the marked (fluconazole)
Recente ontwikkeling van nieuwe antifungale middelen, nieuwe werkingsmechanismen en een breder spectrum van activiteit
Belangrijke toename, echter in vergelijking met de antibiotica is het aantal antifungale middelen toch beperkt
Met de komst van nieuwe middelen is het ook belangrijk om te begrijpen in welk aspect het geneesmiddel uniek is (rol in therapie, toxiciteits profiel en interacties met andere medicatie)




No single antifungal agent is appropriate for 
all patients for a given mycosis because of:

Patient specific co morbid conditions
Hypersensitivities
Risk of drug interactions
Site of infection
Risk of infection with a resistant-pathogen



SPECTRUM
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Action by inhibing 14 a-demethylase, a fungal cytochrome P450 dependent enzyme. However, this inhibition is not entirely selective to fungi. Indeed collateral inhibition of human CYP enzymes by azeoles is often responsible for pharmcokinetic drug-drug interactions



TRIAZOLES

Voriconazole

FLUCONAZOLE ITRACONAZOLE

VORICONAZOLE POSACONAZOLE
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Presentatienotities

Fluconazole: goed water oplosabaar, voriconazole, beperkt wateroplosabaar, Posaconazole en itraconazole: niet wateroplosbaar
Voriconazole is structureel verwant met fluconazole. Het werd speciaal ontwikkeld voor anti-Aspergillus activiteit. Het uitgebreider spectrum kwam ten koste van vermindere oplosbaarheid, minder gunstige farmacokinetiek en een hele reek van CYP-450 afhankelijke GM interacties.

Itraconazole en posaconazole hebben een additioneel bindingsplaats thv lanosterol demethylase door hun lange zijketen.



Activity of azoles
• Differences in the conformation of the 14α-

demethylase binding pocket and azole structure 
largely define the binding affinity of each drug

• Resistance mainly results from mutations in the 
azole binding pocket and/or overexpression of efflux 
pumps
– C. krusei: impaired binding of fluconazole to 14α-

demethylase, newer triazoles retain activity
– C. glabrata: often due to expression of multidrug efflux 

pumps, cross resistance may occur



Ergosterol

Development of echinocandin resistance during therapy is a relatively rare 
clinical phenomenon. 
Mutations in ‘hot spot’ regions of the FKS1 and FKS2 catalytic subunits of the 
glucan synthase are associated with reduced inhibitory activity.

Presentator
Presentatienotities
Echinocandins block the synthesis of a major fungal cell wall component, 1-3-b-D-glucan. The lack of glucan synthesis enzymes in mammalian tissue makes this an attractive target for antifungal activity 
Inhibitie van b-1-3-glucan synthase activiteit: Aspergillus en Candida: b-1-3-glucan prominente celwand component



Development of amphotericin B resistance during therapy is a rare clinical 
phenomenon:
• Alternative cell wall sterols
• Increased resistance to oxidative damage in the cell membrane through 

increased production of neutralizing enzymes

Presentator
Presentatienotities
Amphotericin B binds to sterols, preferentially to the primary fungal cell membrane sterol, ergosterol. This binding disrupts osmotic integrity of the fungal membrane, resulting in leakage of intracellular potassium, magnesium, sugars, and metabolites and then cellular death. The mechanism of action is the same for all the preparations and is due to the intrinsic antifungal activity of amphotericin B 



MIC90 (mg/L)
Organism AmB Flu Itr Vor Pos Isa
Candida species

C. albicans 0.5-1 0.25-16 0.016-0.06 0.03-0.06 <0.016-0.25 <0.002-0.03

C. glabrata 0.5-2 32->64 1 1-4 2-4 0.5-8

C. krusei 0.5-4 64->64 0.5 1-4 1 0.25-1

C. parapsilosis 0.5-2 1-8 0.063 0.06-0.125 0.125 0.03-0.125

Aspergillus species

A. fumigatus 0.5-8 >64 1->8 0.5-2 0.25-1 0.5-2

A. flavus 1-4 >64 0.5 0.5-2 0.5 1-16

A. niger 0.5-2 >64 2 1-2 0.5-1 2-4

A. terreus 1-8 >64 0.25-1 0.5-2 0.5 0.5-4

Thompson and Wiederhold. Mycopathologia, 2010, 170: 291-313.



MIC90 (mg/L)
Organism Casp Ani Mica
Candida species

C. albicans 0.03-1 0.015 0.015

C. glabrata 0.125-0.25 0.06-0.125 0.015

C. krusei 0.25-0.5 0.125 0.125

C. parapsilosis 1-2 4-8 2

Aspergillus species

A. fumigatus 0.06-0.5 0.015 0.015

A. flavus 0.03-0.25 0.015->8 0.03

A. niger 0.125-0.25 0.015 0.015

A. terreus 0.06-0.5 0.015 0.015-0.06

Thompson and Wiederhold. Mycopathologia, 2010, 170: 291-313.

Cidal activity

Static activity



Antifungal agents
Organism AmB Flu Itr Vor Pos Isa Ani Casp Mica

Cryptococcus neoformans + + + + + + - - -

Mucorales + - - - + + - - -

Fusarium species ± - - ± ± ± - - -

Scedosporium apiospermum ± - ± ± ± ± - - -

Scedosporium prolificans - - - ‐ ‐ - - - -



PHARMACOKINETIC 
CONSIDERATIONS



Azoles

• Voriconazole: high variable plasma levels 
due to non-linear kinetics (not children) and 
genetic variation in metabolism (CYP2C19)

• Posaconazole: oral absorption can be 
unpredictable
– Reformulation of oral suspension
– Intravenous dosage form



Involvement of cytochrome P450 enzymes and P-glycoprotein (P-gP) 
in the metabolism of azole antifungal drugs

R.J.M. Brüggeman et al., CID, 2009, 48: 1441-1457. 



High water solubility of prodrug isavuconazonium sulfate

Isavuconazole

VoriconazoleIsavuconazole
(BAL4815)
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PK in Healthy Volunteers
• Oral bioavailability > 90%
• Pro-drug is immediately and quantitatively 

converted to isavuconazole
• Isavuconazole characterized by 

– a large volume of distribution (> 400 L),
– a long elimination half-life (30-120 h)
– plasma protein binding: 98%
– elimination by metabolism



PK is specific for each echinocandin
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Side chain determines:

- Activity: interaction with the cell wall
- Pharmacokinetics: more lipophilic → higher distribution volume

Poor CNS, urine, eye penetration

ECHINOCANDINS

Presentator
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- 
Echinocandines zijn alledrie zeer grote (MW 1200) lipopeptide moleculen, amfifiel, dus met een lipofiele en hydrofiele component.  Ze bestaan alledrie uit een cycclisch hexapeptide met daarop een lipide zijketen.  Het is waarschijnlijk ook de zijketen die interfereert met de celwand van de schimmel.  De verschillen in de zijketens bepalen ook de verschillen in kinetiek, vooral dan in metabolisatie en in weefselpenetratie.  De zijketen van caspofungin is hydrofiel, waardoor caspo gemakkelijk oplost in water. De zijketen van anidulafungin bevat aromatische ringen waardoor het eerder lipofiel is, en dus leidt to verschillen in distributie en verdelingsvolume. Die zijketen zorgt er ook voor dat anidula minder gemakkelijk oplost in water, en verklaart dus de ehtanol in de formulatie in anidula in oplossing te houden.




• amphotericin B lipid complex: 
phospholipid ribbons
(1.6-11µm)

• amphotericin B colloidal dispersion:
cholesteryl sulfate complex
(0.12-0.14 µm)

• liposomal amphotericin B
(0.08 µm)

Principal advantage is reduced distribution of amphotericin B to the kidneys

Presentator
Presentatienotities
 Gedurende de jaren negentie werden lipiden preparaten ontwikkeld om de toxiciteit van amfotericine B te minderen. Deze producten hebben hetzelfde spectrum als ampfotericine B deoxycholaat. Reductie van opname door humane cellen, hierdoor reductie van nefrotoxiciteit


Amfothericine B lipidencomplex (Abelcet®)
= Complex van amfo B met fosfolipiden

Liposomaal amfotericine B (Ambisome®)
Inkapseling van amfo B in liposomen ~ uni- of multilaminaire fosfolipenvesikels

Amfothericine B colloidale dispersie (Amphotec®)
Amfo B verpakt in kleine schijfjes die cholesterolsulfaat bevatten

Nefrotoxiciteit ↓ ↓  (toch pulmonaire toxiciteit bij liposomale formulering: infusie gerelateerd, reageert op defenhydramine en stop infuus), maar kostprijs ↑
		toegenomen efficaciteit niet aangetoond

ABCD is composed of amphotericin B complexed with cholesteryl sulfate. It is a disk-like structure 
ABLC is composed of amphotericin B complexed with dymyristoyl phosphatidylcholine and dimyristoyl phosphatidylglycerol [1044, 2454]. The configuration of this complex is ribbon-like. 
L-AMB is composed of amphotericin B complexed with hydrogenated soy phosphatidylcholine, distearoylphosphatidylglycerol, and cholesterol. Unlike the other lipid formulations of amphotericin B, it is a true liposome composed of unilamellar lipid vesicles 






Lipid-Formulated amphotericin B

L-Amb ABLC

Cmax 83.0 mg/L 1.7 mg/L

Toxicity 20 mg/kg: minimal 
nephrotoxicity (rats)

10 mg/kg: mild 
nephrotoxicity (rats)

Mode of action Liposome targeting to 
fungal cell wall with release 
of AMB into fungus

Release of AMB from 
complexes by 
phospholipases?

Drug localisation –
therapeutic effect

Comparable efficacy to 
ABLC even with lower 
tissue concentrations

Higher concentrations in 
lung, liver and spleen
Taken primarily up by 
tissues of RES

Presentator
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Uptake by reticuloendothelial system: high concentrations in liver en spleen, the bigger the lipid vehicle, the faster the uptake by the RES (ABLC >>>L-Amb), associatie met circulerende lipoproteinen = belangrijkse transportmech bij neutropenen
Lagere toxiciteit van liposomale amfo B toegeschrevn aan de kleinere gevoelheden ongeboden amfoB in plasma
Snel geklaard van de bloedsomloop en voornamelijk opgenomen door weefsel van RES
ABLC: snellere distributie naar de weefsel, lagere Cmax
Mode of action: ABLC: verdere studies zijn nodig om de release van ampho B uit het fosfolipidencomplex op te helderen (mogelijks door gastheercel afkomstige fosfolipasen)
De in vitro mode of action van AmBi werd goed gekarakteriseerd door microscpische technieken. Liposomen binden aan de oppervlakte van de fungale cel wand. Release van amphotericine B uit liposomen gebeurt enkel na contact met de gistcellen. Amfo B beschadigt de fungale celmembraan en laat liposomen of uiteengerukte liposomen binnen in de fungale cel.



Lewis, R. E. et al. 2007. Antimicrob. Agents Chemother. 51(4):1253-1258

Differences in kinetics of AMB lung accumulation and fungal clearance between 
ABLC and L-AMB in a murine model of IPA

L-AMB

ABLC

After 3 and 5 days of treatment: no difference in lung fungal burden and 
AMB lung concentration.
The clinical significance of pharmacokinetic differences is yet to be fully 
elucidated.



Site of infection

• Fluconazole, voriconazole and 5-FC have 
the best penetration in the CSV and vitreous 
chamber of the eye

• L-AMB and perhaps other triazoles and 
echinocandins may still achieve 
concentrations in the brain parenchyma 
sufficient to be clinically effective.

• Candiduria: no role for lipid AMB, newer 
triazoles and echinocandins



PHARMACODYNAMIC 
CONSIDERATIONS



Triazoles

PK/PD relationship in vivo associated with 
effective therapy: 

Candida and Aspergillus: AUC(f)/MIC > 25

Lewis RE, Mayo Clin Proc, 2011, 86: 805-817.

Presentator
Presentatienotities
Relatie tussen expositie en de outcome
Nog niet goed ontwikkeld voor Aspergillus



Echinocandins

PK/PD relationship in vivo associated with 
effective therapy:
• AUC(f)/MIC >20 for C. albicans

• AUC(f)/MIC > 7 for C. glabrata, 

OK if MIC < 0.5 mg/L

• Cmax/MEC >10 (Aspergillus spp.)

Lewis RE, Mayo Clin Proc, 2011, 86: 805-817.



Amphotericin B

PK/PD relationship in vivo associated with 
effective therapy: 

AMB: Cmax/MIC > 4-10
L-AMB: Cmax/MIC >40 

• OK if MIC < 2 mg/L
• But dosage of 10 mg/kg provided no benefit 

over the 3 mg/kg dosage in AmBiLoad trial.

Lewis RE, Mayo Clin Proc, 2011, 86: 805-817.

Presentator
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L-AMB: spiegel bekomen bij volwassenen en standaard dosis, behalve als de MIC>2



THERAPEUTIC DRUG 
MONITORING



Voriconazole

• Specific recommendations not yet available but 
accumulating evidence that TDM may play an 
important role in optimizing the safety and efficacy

• Plasma through levels preferred, provisional 
therapeutic range: 
– 0.5-2 mg/L for efficacy  
– 6 mg/L for toxicity

• Frequent monitoring after dose adjustments is 
warranted

Presentator
Presentatienotities
Through levels: reflect the overall exposure and can be interpreted morese easily than AUC




Pascual A. CID 2008;46:201-211.

Voriconazole

52 adult patients: 
181 samples

25%: levels < 1 
mg/L

31%: levels ≥ 5.5 mg/L

31% CNS toxicity
19% hepatitis

Presentator
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Toenemende wetenschappelijke evidentie suggereert dat routine monitoring moet in overweging genomen worden voor voriconazole
Levels < 1 mg/L: lack of response more frequent in this group, correlated with oral therapy
Er was een grote variabiliteit in dalspiegels ,gaande van <= 1mg/L tot > 5,5 mg/L. Lack of respons was more frequent in patients with voriconazole level <= 1 mg/L. Na opdrijven van de dosis werden spiegels > 1mg/l bekomen met compete resuolutie van de infectie in alle gevallen. Geen enkele patient met een spiegel lager dan 5.5 mg/L had CNS toxiciteit (encefalopathie). Er was in alle patiënten complete neurologische recovery na stopzetten van de therapie.



Monitoring of voriconazole through concentrations 
may be considered:

• Early in therapy for all patients (4-7 days)
• Patients with poor clinical response
• Addition of interacting medication
• Change in route of administration
• Deteriorating hepatic function
• Suspected toxicity such a s severe hepatic 

dysfunction or neurological signs

D. Andes et al. AAC 2009, 53, 24-34.

MINIREVIEW
Antifungal Therapeutic Drug Monitoring: 

Established and Emerging indications



Monitoring of posaconazole through concentrations 
may be considered:

• Early in therapy for all patients (4-7 days)
• Patients with poor clinical response
• Addition of interacting medication
• Patient at risk of impaired gastrointestinal 

absorption (e.g. severe mucositis, vomiting, 
diarrhea, ileus, GVHD, impaired dietary intake, 
therapy with proton pump inhibitors)

• Through level for treatment: 0.5-1.5 mg/L
• Through level for prophylaxis: 0.5 mg/L

D. Andes et al. AAC 2009, 53, 24-34.

MINIREVIEW
Antifungal Therapeutic Drug Monitoring: 

Established and Emerging indications



TOXICITIES





Characteristics Antifungal agents
Ravuconazole Albaconazole Aminocandin

Group Triazole Triazole Echinocandin

Mechanism of 
action

Inhibition of 
ergosterol synthesis

Inhibition of ergosterol synthesis Inhibition of 1,3-β-
glucan synthesis

Available forms Oral and iv Oral IV

Spectrum Broad spectrum Broad spectrum Candida, Aspergillus

Advantages Broad spectrum,
water soluble, long 
acting, favorable 
drug tolerability, 
limited drug 
interactions

Broad spectrum, good 
pharmacokinetics, excellent oral 
bioavailability

Low toxicity, less drug 
interactions, long acting, 
potent anti-Aspergillus 
activity, more active 
than micafungin and 
caspofungin against C. 
parapsilosis

Disadvantages Potential for cross 
resistance with other 
azoles

Potential for cross resistance 
with other azoles, low 
concentration in CSF

IV. Only, limited 
spectrum compared with 
new azoles, less active 
against C. parapsilosis 
and C. guilliermondii
than the azoles

‘NEW’ ANTIFUNGALS

Türel et al, Expert Rev anti Infect Ther, 2011, 9: 325-338.
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