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In the ideal world we have…. 

 MIC distributions 
 Per species 
 Several data sets 
 Epidemiological Cut Off Value (ECOFF) 

 

 MIC-clinical outcome relationships 
– Per species 
– For wild type and non-wild type isolates 

 

 PK/PD 
– defining the important parameter and ratio 

(AUC/MIC, Peak/MIC, Time/MIC) 
– are non wild type covered during standard 

dosing? 
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In real life… 

 … we often don’t.. 

 still, there is a need to translate the MIC into 
clinical guidance 

 incomplete data/evidence is better than nothing! 

 

 AFST has established clinical Breakpoints on 
existing data 
– minimum: ECOFFs and clinical evidence the wild type organism 

respond to treatment 
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EUCAST Candida Breakpoints 2013 

Antifungal  
agent 

MIC breakpoint (mg/l) 

C.  
albicans 

C. 
glabrata 

C.  
krusei 

C. parapsi-
losis 

C.  
tropicalis 

C. guillier-
mondii 

Non-species 
related 

breakpoints 

Ampho.  B 1/1  1/1 1/1 1/1 1/1 IE IE 

Anidulafungin  0.03/0.03 0.06/0.06 0.06/0.06 I/R cat* 0.06/0.06 IE2 IE 

Fluconazole  2/4 I/R cat* - 2/4 2/4 IE 2/4 

Micafungin  0.016/0.016 0.03/0.03 IE2 0.002/2 IE2 IE2 IE 

Posaconazole  0.06/0.06 IE2 IE2 0.06/0.06 0.06/0.06 IE2 IE 

Voriconazole  0.125/0.1254 IE IE 0.125/0.1254 0.125/0.1254 IE2 IE 

2 denotes the MICs for this species is generally higher than those for C. albicans  
4 denotes that voriconazole should be reserved for situations where fluconazole is not appropriate 
- denotes the organism is regarded a poor target for the antimicrobial agent 
 

Revisions on consultation: 
* For C. glabrata and fluconazole:  S: ≤ 0.002 mg/l  and  R: >32 mg/l 
* For C. parapsilosis and anidulafungin:  S: ≤ 0.002 mg/l and  R: >4 mg/l 

Breakpoints (BPs): S: ≤X / R: >Y  
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EUCAST Candida Breakpoints 2013 

Antifungal  
agent 

MIC breakpoint (mg/l) 

C.  
albicans 

C. 
glabrata 

C.  
krusei 

C. parapsi-
losis 

C.  
tropicalis 

C. guillier-
mondii 

Non-species 
related 

breakpoints 

Ampho.  B 1/1  1/1 1/1 1/1 1/1 IE IE 

Anidulafungin  0.03/0.03 0.06/0.06 0.06/0.06 I/R cat* 0.06/0.06 IE2 IE 

Fluconazole  2/4 I/R cat* - 2/4 2/4 IE 2/4 

Micafungin  0.016/0.016 0.03/0.03 IE2 0.002/2 IE2 IE2 IE 

Posaconazole  0.06/0.06 IE2 IE2 0.06/0.06 0.06/0.06 IE2 IE 

Voriconazole  0.125/0.1254 IE IE 0.125/0.1254 0.125/0.1254 IE2 IE 

2 denotes the MICs for this species is generally higher than those for C. albicans  
4 denotes that voriconazole should be reserved for situations where fluconazole is not appropriate 
- denotes the organism is regarded a poor target for the antimicrobial agent 
 

Revisions on consultation: 
* For C. glabrata and fluconazole:  S: ≤ 0.002 mg/l  and  R: >32 mg/l 
* For C. parapsilosis and anidulafungin:  S: ≤ 0.002 mg/l and  R: >4 mg/l 

Breakpoints (BPs): S: ≤X / R: >Y  

Different from 
the ECOFF  

(one step higher) 
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Micafungin breakpoint setting 

 Step one – ECOFFs! (7 dataset available) 
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Micafungin breakpoint setting 

 Step one - ECOFFs ! (7 dataset available) 

9 (0.6%) 
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Micafungin breakpoint setting 

 Step one - ECOFFs ! (7 dataset available) 

9 (0.6%) 

John T 
0.03 

 
 

 
 

0.03 
 
 
 

0.25 
 

4 
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Experience with FKS mutants 
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C. albicans  C. glabrata  

C. krusei  C. parapsilosis  C. tropicalis  

Indicates the ECOFF  

Arendrup AAC 2010 
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Experience with FKS mutants 
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C. krusei  C. parapsilosis  C. tropicalis  

Indicates the ECOFF  

fks mutant 
classified as S!!! 

Arendrup AAC 2010 
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Animal model 
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Arendrup AAC 2012 

         (3 mg/kg  AUC of 93.4 mg*h/l) 
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Step 2: MIC - outcome data 

 No such clinical data using EUCAST MICs 

 

 Micafungin equal to Amphotericin 
– no difference between the species 

 Micafungin equal to Caspofungin  
– no difference between the species 

 Breakthrough cases 
– C. parapsilosis over-represented 

 

 Kuse Lancet 2007, Pappas CID 2007, Queiroz-Telles 2008, 
Pfeiffer JCM 2012    

All good 
targets  
 
however  
 
C. parapsilosis 
associated w 
breakthroughs 
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Step 3: PK/PD & Monte Carlo 

 Animal studies and EUCAST MICs  

 

 

 

 

 Clinical studies and CLSI MICs 

– non-C. parapsilosis cohort (AUC/MIC ratio > 5000),  

• Target attained for MIC values ≤ 0.016 mg/l 

– C. parapsilosis (AUC/MIC ratio > 285) 

• Target attained for MIC values ≤ 0.25 mg/l    (below the wild type) 

Howard AAC 2011,  
Slater AAC 2011, Andes AAC 2011  

MIC (mg/l)  
Population above the target  

C. albicans (AUC/MIC 2420) C. glabrata (AUC/MIC 1283) 

0.016 89.2 % 96.3% 

0.03 51.0% 88.0% 

0.06 2.5% 45.0% 

0.125 0% 1.1% 

ECOFF 

ECOFF 
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Micafungin EUCAST breakpoints  
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EUCAST Aspergillus BPs 2012 

AF compound 
Aspergillus 

flavus fumigatus nidulans niger terreus 

Amphotericin IE* 1/2 Note 1/2 
Poor 

Target 

Itraconazole 1/2 1/2 1/2 IE* 1/2 

Posaconazole IE* 0.125/0.25** IE* IE* Note 

Voriconazole IE* 1/2 Note IE* IE* 

* MICs are higher than for A. fumigatus 
** provided sufficient levels can be achieved 
Note: the MICs are similar to A. fumigatus but insufficient clinical data for BP setting 

BPs indicated as S ≤x / R >y 

www.eucast.org 
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EUCAST Aspergillus BPs 2012 

AF compound 
Aspergillus 

flavus fumigatus nidulans niger terreus 

Amphotericin IE* 1/2 Note 1/2 
Poor 

Target 

Itraconazole 1/2 1/2 1/2 IE* 1/2 

Posaconazole IE* 0.125/0.25** IE* IE* Note 

Voriconazole IE* 1/2 Note IE* IE* 

* MICs are higher than for A. fumigatus 
** provided sufficient levels can be achieved 
Note: the MICs are similar to A. fumigatus but insufficient clinical data for BP setting 

BPs indicated as S ≤x / R >y 

www.eucast.org 

Different from 
the ECOFF  
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ECOFF  1 

Aspergillus and Amphotericin B 
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ND 

ND 

ECOFF 4 

 Aspergillus good target (except A. terreus),  but 
most experience is with A. fumigatus. 

 No MIC - clinical outcome or animal PK/PD data 
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EUCAST Aspergillus BPs 2012 

AF compound 
Aspergillus 

flavus fumigatus nidulans niger terreus 

Amphotericin IE* 1/2 Note 1/2 
Poor 

Target 

Itraconazole 1/2 1/2 1/2 IE* 1/2 

Posaconazole IE* 0.125/0.25** IE* IE* Note 

Voriconazole Note 1/2 Note Note Note 

* MICs are higher than for A. fumigatus 
** provided sufficient levels can be achieved 
Note: the MICs are similar to A. fumigatus but insufficient clinical data for BP setting 

BPs indicated as S ≤x / R >y 

Rationale documents at www.eucast.org 
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Posaconazole Overlap WT & non-WT 
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EUCAST 7 70 384 205 55 12 3 3 3 4 

EUCAST 5 28 50 11 4 1 1 

EUCAST 3 1 7 5 6 8 3 1 3 

EUCAST 113 116 128 100 46 16 2 5 

EUCAST 6 49 163 57 7 6 2 1 14 

EUCAST 5 12 98 77 48 44 69 18 1 2 1 6 

EUCAST 24h 1 3 15 1 

CLSI 21 1 73 87 1 1 

8 Individual dataset for A. fumigatus  

2095 
MICs 
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Overlap between WT and non-WT 

A. fumigatus 

Itraconazole     Posaconazole  

 

 

 

 

 

Clear separation WT and non-WT  Overlap WT and non-WT  BP need 
     to be < ECOFF to capture all non-WT 

Verweij Drug Res Updates 2009 
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Clinical data & animal PK/PD 

 Borderline exposure with the 
current formulation 
– Cav of 1.25 mg/L  better outcome 
– Cav of 1.25 mg/L ~  AUC of 30 mg.h/L 

 

 Mouse models 
– AUC:MIC of 167  ED50 (include 0.125) 

• GM as endpoint, neutropenic model 

– AUC:MIC of 498  ED50 (include 0.06) 
• Survival as endpoint, non-neutropenic 

model 

– Poorer outcome for cyp51A mutants 
• some of which may have an MIC of 0.25 

mg/L 

Walsh CID 2007; Howard JID 2011; Mavridou 
AAC 2010; Verweij DRU 2009 
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Conservative Posaconazole BP 

 Aspergillus fumigatus        
– S ≤0.125, R >0.25 mg/L     

• Provided adequate drug exposure has been confirmed using 
therapeutic drug monitoring 

– TDM targets: 
• > 1 mg/L at steady state for salvage treatment 

• >0.7 mg/L for prophylaxis  

 

 App. 15% WT may be classified as non-S 
 

 Itraconazole “S”  probably also posaconazole “S” 

Jang Clin Pharmacol Ther. 2010; FDA; 
www.EUCAST.org 
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ECOFFs 

 Allow the clinician to differentiate between 

 Normal 
– I can rely on my clinical experience for this infection 

 Different 
– I should be aware this case may respond different 

 
SEVERITY  

of underlying 
condition 

FUNGUS 

- Virulence 

- Susceptibility 

THERAPY 

- Timing 

- Choice 

- Dosing 
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May thanks for your attention 
General committee 
S Arikan-Akdagli (Turkey)  
F Barchiesi (Italy)  
J Bille (Switzerland)  
E Chryssanthou (Sweden)  
P Gaustad (Norway)  
A Groll (Germany)  
P Haml (Czech Republic)  
H Järv (Estonia)  
K Lagrou (Belgium)  
O Lortholary (France)  
N Klimko (Russia)  
T Matos (Slovenia)  
C Moore (UK)  
A Velegraki (Greece)  
P Verweij (The Netherlands) 

Steering Committee  
MC Arendrup, Chair (Denmark)  
W Hope, Secretary (UK)  
C Lass-Flörl (Austria)  
M Cuenca-Estrella (Spain)  
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MIC 
in 
mg/l 

Candidaemia OPC ≥ 100 mg/d All 

No. 
cure/Total 

% 
response 

No. 
cure/Total 

% 
response 

% 
response 

< 0.5 98/107 92 26/26 100 93 

1 6/6 100 4/4 100 100 

2 1/1 100 1/1 100 100 

4 3/3 100 5/9 56 67 

8 2/5 40 7/32 22 24 

≥16 3/4 75 0/60 0 5 

EUCAST Fluconazole MIC & outcome 

Rodriguez-Tudela AAC 2007 

Fluconazole 258 cases  
 (128 candidaemia 58% C. albicans; 133 OPC all C. albicans) 

S 

 

I/SDD 
 
R 
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Step 1 MIC distributions & ECOFFs 

 Anidulafungin (       indicated Mode + 2 dilutions) 
2. MIC wild type distributions (based on MIC-values determined with EUCAST and Etest methodology*) 

Species ≤0.002 0.004 0.008 0.016 0.032 0.064 0.125 0.25 0.5 1 2 4 8 16 32 64 Tot ECOFF≤ (mg/L)** 

Candida albicans 
   Full distribution 

284 360 208 77 16 6 4 1 1 1 958 

0.016-0.032 
   Truncated at 0.032 618 3 0 0 1 1 0 0 0 0 0 0 623 

   Truncated at 0.016 233 5 1 0 1 0 0 0 0 0 0 0 0 240 

Candida glabrata 
   Full distribution 

55 38 60 149 62 8 6 8 2 2 0 0 2 0 0 0 392 

0.032-0.064 
   Truncated at 0.032 233 1 1 0 2 0 0 0 0 0 0 0 237 

   Truncated at 0.016 0 13 49 16 1 0 1 1 0 0 0 0 0 81 

Candida krusei 
   Full distribution 

2 1 12 21 7 12 2 3 0 0 0 0 0 0 0 0 60 

0.064 
   Truncated at 0.032 58 7 0 0 0 0 0 0 0 0 0 0 65 

   Truncated at 0.016 0 

Candida parapsilosis 0 3 1 0 4 6 2 36 78 171 96 13 7 0 0 2 419 4 
Candida tropicalis 
   Full distribution 

18 19 12 30 22 4 4 1 0 0 0 0 0 0 0 0 110 

0.032-0.064    Truncated at 0.032 120 2 0 0 0 0 0 0 0 0 0 0 122 

   Truncated at 0.016 8 22 11 0 0 0 0 0 0 0 0 0 0 41 

Candida guilliermondii 0 0 0 0 0 1 0 2 5 17 6 1 0 0 1 0 33 ND 
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Step 2: MIC – clinical outcome data 

 No such data using EUCAST! 
 

 Anidulafungin superior to fluconazole 
– C. albicans (135 patients) (81% >< 62%) P<0.05 

– C. tropicalis (22 patients) (93% >< 50%) P<0.05 

– C. glabrata (38 patients) (56% >< 50%) 

– Candida spp. (7 patients) (75% >< 67%) 
 

 Anidulafungin inferior to fluconazole 
– C. parapsilosis (23 patients) (64% >< 83%)  

Reboli N Engl J Med 2007 

Good targets 
for 
anidulafungin 

Poorer target 
for 
anidulafungin 
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Step 2: MIC distribution fks mutants 
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C. albicans      C. glabrata  

C. krusei         C. tropicalis 

Arendrup AAC 2010 

MICs for fks mutants 

C. albicans ≥0.06 

C. glabrata ≥0.125 

C. krusei  ≥0.06/ ≥0.5 

C. tropicalis ≥ 0.125 
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Step 3: No PK/PD  ECOFFs as BP  

A 
N 
I 

C. albicans     C. glabrata        C. krusei    C. parapsilosis C. tropicalis 

Arendrup et al AAC 2010 and EUCAST-AFST 

Clinical breakpoints based upon ECOFFs 

 C. albicans :  S ≤0.03, R >0.03 mg/l 

 C. glabrata :  S ≤0.06, R >0.06 mg/l 

 C. tropicalis :  S ≤0.06, R >0.06 mg/l 

 C. krusei :  S ≤0.06, R >0.06 mg/l  

 C. parapsilosis: Proposed revision: S ≤ 0.002, R>4 mg/l 

 C. guilliermondii :  No Breakpoints (Higher MICs and insufficient data) 


