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Fungus

Species
Resistance
Virulence

Host

Antifongal

Posology
PK

Interactions

Polyène:
-Amphotéricine B liposomale
Triazolés:
-Itraconazole
-Voriconazole
-Posaconazole
-Isavuconazole
Echinocandines
-Caspofongine
-Micafongine

Traitement de l’aspergillose

Surgery?



L’Aspergillus est il sensible?
• Dépend: espèce et antifongigramme
• Nécessité d’une culture

L’Aspergillus est il sensible?



Rapport CNRMA, unpublished data
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Rapport CNRMA, unpublished data

Polyène:
-Amphotéricine B 
liposomale

Triazolés:
-Itraconazole
-Voriconazole
-Posaconazole
-Itraconazole

Echinocandines

L’Aspergillus est il sensible?



La résistance acquise d’A. fumigatus aux 
azolés
• Souches environnement (fongicides azolés)

• Duplication TR région promotrice et mutations 
ponctuelles

• Hyperexpression cyp51A

• TR34/L98H

• TR45/Y121F/T289A

• Mortalité évelée

• Mutations ponctuelles cyp51A

• Pré exposition azolés

• Premières observations: patients avec cavités et 
infection chronique

• G54, M220, G138

Meis J, Phil Trans B, 2016



Résistance au voriconazole et mortalité dans 
l’aspergillose invasive

• 2011-2015
• Netherlands
• 196 IA
• 19% vori R
• 53% HM
• 14 isolats testés isavu: R
• Mortalité patients A. fumigatus

vori R
• J42: 49% vs 28%
• J90: 62% vs 3%

Lestrade, CID 2018



Voriconazole (1)

• Proven or probable AI, 1997-2000

• Voriconazole IV(n=144) 

• Amphotericine B deoxycholate (n=133)    1-1,5 mg/kg/j

• S12 response
Herbrecht R, NEJM, 2002



Lortholary CMI Dec 2011

Ampho B +/- OLAT 
Vori +/- OLAT 

Nivoix. CID 2008

• Strasbourg, retrospective

• 289 IA episodes

• Hemato-oncology

• 1997-2006

Voriconazole(2)



Voriconazole: suivi pharmacologique 

• 52 patients with IFI 
• ≤ 1 mg/L: 

• 13 (25%) patients
• 6 (46%): failure

• > 5,5 mg/L:
• 16 (31%)
• 5 encephalopathy

Pascual A, CID 2008



Hépatotoxicité

Jin H, JAC 2016

Gestion de l’hepatotxicité:
-Prise en compte de la cytolyse
-Recherche autres hépatotoxiques
-Dosage
-Switch si cytolyse>3-5N



Clinical Pharmacology and therapeutics, 2017



Complications dermatologiques

• 2002-2012
• 19 squamous cell carcinoma
• 35 months after treatment start
• 1st year: phototoxicity
• 2nd year: actinic keratosis
• 3rd year: squamous cell carcinoma

Epaulard O, CID 2013

Dermatological surveillance 
Transplantés



Neuropathies

• 220 patients traited with azoles
• 10% neuropathy
• M4
• 9% under voriconazole
• 3% under posaconazole
• 2 non reversible episodes

• Baxter, JAC 2011



Periostitis and voriconazole

• Voriconazole: trifluoré
• Pain
• High PA and fluor
• Periostitis (scinti)

Tedja R, TID, 2013, Moon W, CID 2014



Isavuconazole

• Large spectrum azole
• IV and PO
• No cyclodextrine
• In vitro activity: Candida, Aspergillus, Mucorales
• 200mg X 3/d J1-J2 then 200mg/d
• Biodisponibility 98%
• T1/2= 100-130h +++++
• Dosage: 2-5 mg/L

Miceli, CID 2015, Astvad, CMI 2017



Maertens J, Lancet 2016



Isavuconazole: tolerance

Maertens J, Lancet 2016

Pas de TDM du voriconazole



Gestion des triazolés
Isavuconazole Voriconazole Posaconazole (cp)

/d 1/j 2/j /j

Food Indifférent A jeun Indiffèrent

Renal failure Pas d’ajustement 
de dose

Pas d’ajustement 
de dose
Forme IV Creat
>250

Pas d’ajustement 
de dose

Liver failure Pas d’ajustement 
de dose

Ajustement Ajustement

Through level 2-5 mg/L 1-5 mg/L 1-2.5mg/L

QT Shortened Prolonged Prolonged

20 Townsend RW Eur J Clin Pharmacol 2017, Desai A, AAC, 2016



Interactions

Voriconazole Isavuconazole Posaconazole cp

Tacrolimus Diminution du 
tacro de 60%

Diminution de 
30% ou suivi
rapproché

Diminution du 
tacro de 50%

Sirolimus Contre indiqué Diminution de 
30% ou suivi 
rapproché 

Pas de données 
suffisante

21

Groll A, Clinical Pharmacology in Drug Development, 2017
KieuV, TID, 2018
Collins J, 2019

⛔: rifampicine, statines, AVK



Amphotéricine B liposomale

• Ambiload study
• Probable or proven IFD (95% AI)

• L-AmB 10 mg/kg vs 3 mg/kg 2S then 3 mg/kg
• 10 mg/kg (n=94), response =46%
• 3 mg/kg (n=107), response= 50% 
• More nephrotoxicity and hypokaliemia in 10 mg/kg             

Cornely OA, CID 2007



Caspofungine

-IA allogenic HSCT
-Caspofungin: 1st line
-N=24 patients
-Median treatment duration 24 days

-Survival: W6: 79% W12: 50% 
(underlying condition)

-Response: evaluated with stringent
criteria: 50% nodule regression EOT

-Comparaison:
LamB: 47% favorable outcome
Vori: 32% favorable outcome

BMT 2010



• Randomized, double-blind, placebo-
controlled multicenter trial. 

• voriconazole and anidulafungin vs
voriconazole monotherapy for treatment 
of IA.

• 454 patients with HM or HCT suspected 
or documented IA 

• Primary analysis: MITT 277 patients in 
whom IA was confirmed

• Mortality W6 : combination: 19.3% vs 
monotherapy 27.5% (P = 0.087)

• 78.7% had IA diagnosis established by CT 
+ GM : W6 mortality combination: 15.7% 
vs. 27.3% (P = 0.037).

Ann Intern Med. 2015;162:81-89. 



Quel traitement de première ligne pour l’aspergillose 
pulmonaire invasive?



ECIL-6 recommandations for first-line treatment of invasive 
aspergillosis

Tissot F, Haematologica 2017;102:433-444



ESCMID-ECMM-ERS guidelines for first line targeted therapy of 
pulmonary disease

Intervention SoR QoE Comment

Isavuconazole A I DIII if mould active azole prophylaxis
Fewer adverse events than voriconazole

Voriconazole A I DIII if mould active azole prophylaxis

L-AmB B II

Combination of voriconazole + 
anidulafungin

C I No significant difference compared to voriconazole
In GM-positive (subgroup) better survival

Itraconazole C III DIII if mould active azole prophylaxis

Caspofungin C II

ABLC C III

Micafungin C III

ABCD D I

Conventional AmB D I

Other combination D III

Ullmann A, CMI 2018. Suppl 1: e1-e38



IDSA recommendations for Invasive pulmonary
aspergillosis treatment

Strength of 
recommandation

Quality

Primary therapy Voriconazole Strong High

Alternative L-AmB Strong Moderate

Isavuconazole Strong Moderate

Other lipid
formulation

Week Low

Selected patients 
with documented
IPA

Voriconazole and 
en echinocandin

Weak Moderate

Not recommended Echinocandin Strong Moderate

Patterson T. Clin Infect Dis 2016;63:433-42.



Quel azolé choisir?

Site of infection Half life Interaction

Liver/kidney

TDM availability

Availability

Cost Administration/ 
food

Center/
Patient

Difference:
Short term
tolerance

Out of the context of azole antimould prophylaxis



Voriconazole dose et formulation
Guidelines

ECIL-6 2 x 6 mg/kg on day 1 
then 2 X 4 mg/kg

Initiation with oral therapy CIII

ESCMID/ECMM/ERS 2 x 6mg/kg IV (oral 400 mg bid) D1
then 2 x 4 mg/kg IV 
(oral 200-300mg) bid

Initiation with oral therapy CIII
Consider switching to oral therapy in 
stable and pharmacokinetically reliable
patients. 

IDSA 2 x 6 mg/kg IV on day 1
Then 2 x 4 mg/kg IV 
oral therapy can be used at
200–300 mg bid or weight based
dosing on a mg/kg basis 

Start with voriconazole IV
D1 6mg/kg bid then 4 mg/kg bid
When oral therapy 4 mg/kg bid

Tissot F, Haematologica 2017;102:433-444, Patterson T. Clin Infect Dis 2016;63:433-42, Ullmann A, CMI 2018. Suppl 1: e1-e38



Salvage therapy?
• Failure definition:

• Documentation: coinfection?
• CT progression in not synonymous to failure
• GM monitoring
• Host status
• Azoles trough level
• Aspergillus MIC

• Rule:
• Switch to another drug class

Tissot F, Haematologica 2017;102:433-444, Patterson T. Clin Infect Dis 2016;63:433-42, Ullmann A, CMI 2018. Suppl 1: e1-e38



Location AF SoR QoE Surgery

CNS IDSA Vori Strong Moderate

IDSA Alternative: L AmB Strong Moderate

ESCMID/ECMM/ERS Vori A II

ESCMID/ECMM/ERS AmB lipid formulation B III

ESCMID/ECMM/ERS Posa, itra, echino D III

Endophthalmitis IDSA Systemic vori + 
intravitreal vori or AmB

Strong Low

ESCMID/ECMM/ERS Vori
L-AmB

A
A

II
II

Invasive sinusitis IDSA Vori or L-AmB Strong Moderate

Endocarditis IDSA Vori or L-AmB Strong Low + Surgery

Osteomyelitis or 
arthritis

IDSA Voriconazole Strong Moderate + Surgery

Extra pulmonary aspergillosis

Patterson T. Clin Infect Dis 2016;63:433-42, Ullmann A, CMI 2018. Suppl 1: e1-e38



Posaconazole
comprimés et 
aspergillose 
chronique



• CPA
• 21 patients with voriconazole

• 86% AE

• 20 patients with isavuconazole
• 60% AE

Mycoses 2019

Isavuconazole et 
aspergillose 
chronique



Conclusion

• Voriconazole et isavuconazole en première ligne dans les localisations 
pulmonaires

• Voriconazole si localisation cérébrale
• Dosages à répéter
• Pharmacogénétique
• Toxicité à court et long terme
• Interactions
• Limiter les traitements prolongés par voriconazole (switch)
• Nouvelles molécules en cours d’étude
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