Sit back . . .

The show is aboullo begin!

Enseignant : F. Van Bambeke

FARM2129 — année 2009-2010
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Il'y a champignon et ehelngogrgnon.

oncomycose

cryptococose pulmonaire
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Cibles des médicaments antifongiques
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Cibles des médicaments antifongiques
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Polyenes antifongiques

Molécules amphiphiles mais volumineuses
— mal résorbées
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Cible pharmacologique: les stérols membranaires

eucaryotes supérieurs

cholestérol

champignons

ergostérol

I
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Mecanisme d’action des polyenes antifongiques

1. formation de dimeéeres
peu solubles...

I ﬂ 3. passage d'eau et ions
A

2. Insertion dans la membrane

au niveau de I'ergostérol Asemblage moléculaire entre
amphotéricine B, stérol

et phospholipide
dans une membrane
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Mecanisme d’action des polyenes antifongiques

Amphotericin B Ergosterol Cholesterol

TRENDS in Microbiology

Fig. 3. The polyene antifungal agent, amphotericin B, ergosterol and cholesterol,
visualised in three dimensions. Ergosterol, the sterol found in fungal cell mem-
branes, retains a cylindrical shape in all rotations and binds better to the hydro-
phobic {right-hand) side of the amphotericin B molecule than does cholesteral,
with its sigmoid structure. Cholesterol is the membrane sterol found in mamma-
lian cells; the differential binding affinity of amphotericin B for the two sterols is
the basis of its selective antifungal action.

Odds, Trends in Microbiology (2003) 11:272-279
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Asemblage moléculaire entre
amphotéricine B, steérol

et phospholipide
dans une membrane
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Polyenes antifongiques: propriétés pharmacologiques

Fongicides Résorption mauvaise voire nulle
Spectre large, peu de résistance (nystatine)

Antagonisme avec les azolés

Faible spécificite — toxicite:

e immédiate:
fievres, frissons, nausées,
vomissements, hypotension,
arythmies, ...

 a court terme: néphrotoxicité
e 4 moyen terme: anémie
usage topique * mycoses systemiques

» oral: candidoses, dermatophyties » mycoses oropharyngées
» decontamination intestinale et digestives graves
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Formes lipidiques de I'amphotéricine

AM Bdeoxycholate

Polar
interior

Lipid

Amphotericin B

ABELCET AMPHOTEC

Side view

AmBisome

y phosphalipid bilayer

amphotericin B molecules

The various lipid formulations of AMB have demonstrated antifungal efficacy at least equivalent to the
conventional product with significantly reduced nephrotoxicity.
In: THE USE OF LIPID FORMULATIONS OF AMPHOTERICIN B IN CANCER PATIENTS -- Rod Quilitz,
PharmD, Department of Pharmacy, H. Lee Moffitt Cancer Center & Research Institute, University of San

Francisco, Cal.

http://www.moffitt.usf.edu/cancjrnl/v5n5/department3.html
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Formes lipidiques: proprietés pharmacologiques

3 Drug profiles of amphotericin B (AMB) formulations

Parameter AMB deoxycholate AMB lipid complex Liposomal AMB
Dosage® (malkg per day) 0.5-15 5 3-5 (or higher)
Maximum serum concentration™ — Lower Higher
Infusion-related toxicity® High (50%—60%) Moderate (20%—40%) Mild (10%—20%)
Decrease in serum potassium +H++ ++ ++
Anaemia o o .
Mephrotoxicity ++++ (Up to 80%) +(15%—25%) +(10%—20%)
Prevention of infusion-related toxicity® Required Required Generally not required

* Commonly prescribed treatment doses; dose varies with pathogen. High-dose liposomal AMB required for zygomycete infection (= 5 mg/kg per day). T In comparizon with AMB deoxycholate. * Includes fever, chills,
headache, joint and mu=cle pain, and hypotension. Before therapy, a test dose is recommended to identify patients in whom severe infusion-related reactions might occur. § Usualy comprises “cocktail™ of antipyretic,
antiemstic and antihistaming drugs. Value of corticosteroids not proven.

Mais cher et administration intraveineuse obligatoire
— indications limitées

Chen et al. Med J Aust. (2007) 187:404-9.
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Formes lipidiques: indications selon la notice

Infections fongiques généralisées:
Abelcet est recommandé dans le
traitement des infections fongiques
graves, chez les patients n'ayant
montré aucune ameélioration avec
I'amphotéricine B conventionnelle, ou
chez les patients ayant développé une
insuffisance rénale lors du traitement a
I'amphotéricine B, méme lorsque ce
dernier avait été administré en méme
temps qu"un litre de solution saline
physiologique par jour.

AmBisome est destiné au traitement des
formes graves de mycoses
systémiques et/ou profondes des
patients ne réepondant pas a
I'amphotéricine B conventionnelle ou des
patients représentant une contre-
indication a I'administration de celle-ci
due a l'existence de lésions rénales. Une
réponse positive a été obtenue chez 80
% de ces patients traités pour une
candidiase systémique, chez 70 % des
patients traités pour une aspergillose et
chez 100 % des patients traités pour une
cryptococcose....
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Deérivés azolés
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Biosynthese de I'ergosterol

Hydroxy-methyl-glutaryl (HMG)-CoA

¢ HMG-CoA reductase

|
Y

Allylamines (terbinafine) $ Squalene epoxidase (ERGT)

—————————————————— Lanosterol

A~F-desaturase
(ERG3) Azoles $ C14o. demethylase (ERG11)

C14-demethyl-lanosterol
14 a-methyl-3,6-diol

Amorolfine $ C14-reductase (ERG24)

Fecosterol

Amorolfine $ A% 7 jsomerase (ERG2)

Y

Polyenes (amphotericin B) —E Ergosterol

TRENDS in Molecwlar Medicine

Fig. 2. Mechanism of action of antifungal drugs affecting the ergosterol biosynthetic pathway. The
target enzymes are reported on the right with encoding genes in parentheses, whereas the antifungal
drugs are reported on the left of the arrows indicating the sequential steps of sterol biosynthesis.
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Biosynthese de I'ergosterol

enzymes de
la famille
desP450

14-déméthyl,
14-15ane
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Dérivés azolés et site actif de Ergllp

Le cytochrome P450 posséde un Le cycle imidazole ou triazole
héme essentiel & l'activité se colle a I'heme ...
oxydo-reductasique

http://users.aber.ac.uk/cca/p450/intro.html
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Dérives azolés et site actif de Ergllp

Iltraconazole

Voriconazole

Fluconazole

Fig. 4. Cartoon giving an approximate impression of the protoporphyrin moiety
located at the active site of Erg11p (Cyp51p), the cytochrome P450 enzyme target
for imidazole and triazole antifungals. Three triazole antifungals, itraconazole
(top), fluconazole (centre) and voriconazole (bottom) are shown in comparable
orientations. Arrows link the azole nitrogen atom to the iron atom where the azoles
bind to block the active site of the enzyme. The different side chains attached to
the common azole pharmacophore in the three examples shown will obviously
bind differently to the surrounding regions of the whole P450 protein.

Odds, Trends in Microbiology (2003) 11:272-279
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Mécanismes de résistance aux dérivés azoleés

Mechanism

Caused by:

Comments

Alteration in drug target
(14a-demethylase)

Alteration in sterol biosynthesis

Reduction in the intercellular
concentration of target enzyme

Overexpression of antifungal
drug target

Mutations which alter drug binding but not Target is active (i.e., can catalyze demethylation)

binding of the endogenous substrate

but has a reduced affinity towards azoles

Lesions in the A7*).desaturase

Change in membrane lipid and sterols;
overexpression of specific drug efflux
pumps (CDRI, PDRS5, and BEN")

Increased copy number of the target
enzyme

Results in accumulation of 14a-methyl fecosterol
instead of ergosterol

Poor penetration across the fungal membrane;
active drug efflux

Results in increased ergosterol synthesis;
contributes to cross-resistance between
fluconazole and itraconazole

Lupetti et al, Trends Mol Medicine (2002) 8:76-81
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Mécanismes de résistance aux dérivés azoleés

Azoles
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TRENDS in Maolecuiar Medicine

Mechanism

Caused by:

Comments

Alteration in drug target
(14a-demethylase)

Alteration in sterol biosynthesis

Reduction in the intercellular
concentration of target enzvme

Overexpression of antifungal
drug target

Mutations which alter drug binding but not
binding of the endogenous substrate

Lesions in the A7*).desaturase

Change in membrane lipid and sterols;
overexpression of specific drug efflux
pumps (CDRI, PDRS5, and BEN")

Increased copy number of the target
enzyme

Target is active (i.e., can catalyze demethylation)
but has a reduced affinity towards azoles

Results in accumulation of 14a-methyl fecosterol
instead of ergosterol

Poor penetration across the fungal membrane;
active drug efflux

Results in increased ergosterol synthesis;
contributes to cross-resistance between
fluconazole and itraconazole

31/10/2009

FARM2129 - Antifongiques

19



Mécanismes de résistance aux dérivés azoleés

SUSCEPTIBLE RESISTANT
Azoles
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Mechanism Caused by: Comments

Alteration in drug target
(14a-demethylase)

Alteration in sterol biosynthesis

Reduction in the intercellular
concentration of target enzyme

Overexpression of antifungal
drug target

Mutations which alter drug binding but not
binding of the endogenous substrate

Si6

Lesions in the A°")-desaturase

Change in membrane lipid and sterols;
overexpression of specific drug efflux
pumps (CDRI, PDRS5, and BEN")

Increased copy number of the target
enzyme

Target is active (i.e., can catalyze demethylation)
but has a reduced affinity towards azoles

Results in accumulation of 14a-methyl fecosterol
instead of ergosterol

Poor penetration across the fungal membrane;
active drug efflux

Results in increased ergosterol synthesis;
contributes to cross-resistance between
fluconazole and itraconazole
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Cl

Cl

Cl

Miconazole

Cl

e premier antifongique azolé
* mauvaise resorption digestive

» usage essentiellement topique
( candidoses)
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Kétoconazole
CHg

N NCO

Cl

| - _—

« ameliore la résorption digestive en milieu acide

Cl \ Co-administration d’anti-acides ....

indications (peu utilisé aujourd’hui):
- candidoses (histoplasmose, coccidioidomycose)
- prophylaxie des colonisations par levures chez les neutropéniques
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ler triazole

v

Fluconazole

augmente l'activité

<
N
OH N 2éme
\N triazole

1 Résorption digestive méme a pH neutre

augmente la spécificité
et diminue la déegradabilité

Indications :

- meéningites cryptococcigues (pénétration dans LCR)

- candidoses.
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N
N @)

N
triazole

Cl

Indications :
- candidoses
- aspergilloses

Iltraconazole

triazole CHs

@)
O
Cl
* identique au kétoconazole

e résorption digestive uniguement si pH acide

e 2 triazoles; meilleure activité

\ co-administration d’anti-acides ....
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Voriconazole
F

N

N OH e Spectre large; puissante activité
N e pas de résistance croisée
= avec les autres azoles

* identique au fluconazole
F e résorption digestive méme a pH neutre

e indications :
— aspergilloses invasives
— infections invasives graves a Candida resistant au fluconazole.

— Traitement des infections fongiques graves Fluconazole resistant
a Scedosporium spp. ou Fusarium spp.

e en premiere intention aux patients immunodéprimes,
atteints d’infections évolutives,
pouvant menacer le pronostic vital.

pseudomembrancous candidiasis

31/10/2009 FARM2129 - Antifongiques Copyrig@ 1908.2000 D avid Reznik, D.0.5. All Rights Reserved.
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Deérivés azolés et interactions avec CYP
(CYP2C19, CYP2C9 et CYP3A4)

2 Major drug interactions encountered with triazole agents

Degree of interaction

FLU ITC VOR POS Effect Clinically significant
Substrates of CYP3A4 and CYP2C9* ++ e e ++ Increased plasma concentrations of other drug substrates Yes (some contraindicated)
Inducers of CYP3A4 and CYP2COT ++ an e+ ++ Decreased plasma concentrations of triazoles Yes (some contraindicated)
Warfarin ++ TR T ++ Increased prothrombin time Yes
Phenytoin S e e +++ Increased phenytoin levels, decreased friazole levels Yes
Rifampicin S e e +++ Decreased triazole levels Yes (contraindicated with ITC, VOR, POS)
Proton-pump inhibitors ++ ++ EEC ++ Increased proton-pump inhibitor levels, decreased triazole Yes

absorption

Cyclosporing ++ ++ e+ ++ Toxicity, renal failure Yes
Tacrolimus ++ ++ T ++ Taoxicity, renal failure Yes
Sirolimus ++ ++ +H++ ++ Toxicity, renal failure Yes (contraindicated with VOR)
Statins ++ +—+ =+ ++ Increased statin levels Yes

FLU = fluconazole; TC = itraconazole; POS = posaconazele; WVOR = voriconazole. + = mild, ++ = moderate, +++ = high, ++++ = very high. * Includes but not restricted to cizapride (contraindicated with FLU, TC, VOR
POS), terfenadine, aztemizole, pimozide, quinidine, ergot alkaloidz (contraindicated with ITC, WOR]), sirolimus (contraindicated with WVOR), tacrolimuz, cyclozporin, stating, warfarin, omeprazole, phenytoin,
benzodiazapines, HW protease inhibitors, non-nucleoside reverse transcriptaze inhibitors, and sulfonylurea oral hypoglycaemics. T includes rifampicin (contraindicated with TC, VOR, POS), rifabutin {contraindicated
with [TC, VOR), long-acting barbiturates (contraindicated with WOR), phenytoin, HNV protease inhibitors, non-nucleoside reverse tranzscriptaze inhibitors.

 contre-indiqués: terfénadine, astémizole, cisapride, quinidine, alcaloides de I'ergot
e surveillance étroite : ciclosporine, tacrolimus, anticoagulants oraux, sulfonylurées
» adaptation de posologie : statines, benzodiazépines

Chen et al. Med J Aust. (2007) 187:404-9.
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Dérivés azoleés : propriétés pharmacologiques ‘i&

Pharmacocinétique

 absorption variable; parfois dépendante du pH.
» distribution variable; LCR : fluconazole
voie orale: itraconazole, fluconazole, voriconazole
» demi vie longue (> 24 heures) sauf kétoconazole (8 h) et voriconazole (6 h)

Effets secondaires

* toxicité hépatique (surtout kétoconazole)
 troubles digestifs (miconazole)
* intolérance cutanée par voie locale

31/10/2009 FARM2129 - Antifongiques
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Allylamines

e

Squalene

terbinafine
Inhibiteur de la

H2Cv\/CECC(CH3)3

*TERB
Q‘gﬁy squaléene epoxidase
NH

Squalene-2,3-epoxide

P

HCY
Ergosterol

Lanosterol

« actif uniguement sur les dermatophytes
* bien résorbée mais effet de premier passage important
e interaction avec inhibiteurs et inducteurs des cytochromes
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Cibles des médicaments antifongiques

Fungal cell
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Echinocandines . caspofungine

CH, CH,

*2CH;CO,H

HO

Figure 1. Structure of caspofungin.
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Echinocandines

Anidulafungin Caspofungin Micafungin

Devaloping glucan chain

p1.6
glucans

Cell
embrane

B1,3 glucan (A chitin
synthase Ao

\\ & ergosterol

UDP-glucose

GTP binding site

TRENDS in Microbiology

Fig. 5. Cartoon depicting the transmembrane complex of two proteins, Fks1p and Fks2p, imvolved in synthesis of B-1:3 glucan in the cell walls of Saccharom yoces cerevisiae,

Activity of the complex is regulated by the GTP-binding peptide, Rholp. Fks1p is the target of the echinocanding, with the structures of the three agents now entering
clinical use illustrated above. Evidence for Candida albicans suggests that the Fks2p homologue in this species might not be expressed in growing cells. Much remains

unknown about the glucan synthase protein complex and the manner of interaction of echinocandins with the complesx.
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& Caspofungine: proprietés pharmacologiques
| 4

Indications:

e candidoses (oropharyngées, oesophagiennes)

e aspergilloses invasives chez les patients qui ne répondent pas ou sont intolérants
aux autres traitements

Pharmacocinétique:

Mauvaise résorption orale

Accumulation dans I'organisme lors d’un traitement prolongé (25-50 %
d’augmentation de 'AUC apres 2 a 3 semaines de traitement).

e Métabolisation par le foie; demi-vie, environ 10 h.

Effets secondaires
» phlébite au site d’'injection
e fievre, nausées et vomissements.

Interactions medicamenteuses Patients a risque
« 72 AUC de la caspofungine par cyclosporine d’infection fongique!
« N AUC par inducteurs des cytochromes P450
(rifampicine, inhib.protéases du HIV, phénytoine, carbamazeépine, dexaméthasone).
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Cibles des médicaments antifongiques

Fungal cell
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Inhibiteurs de synthese des acides nucleiques

griseofulvine
@] . . N :

T || e « infections & dermatophytes (cuir chevelu, peau, ongles)

« e adm. orale, résorption 72 par aliments riches en graisse

© e réactions allergiques, maux de téte, troubles digestifs
H3CO o

al H3C

5-fluorocytosine

2 « inhibition de la thymidilate synthase; résistance fréquente
NF F — utiliser en association avec I'ampho B pour les candidoses
J\ | et les cryptococcoses
@)

e concentration dans l'urine —» mfectlon urlnalre

i * leuco- et thrombopénie
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