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In vivo pharmacodynamic 
characteristics of major antifungals

Time course of activity Pharmacodynamic 
parameter 

 

 
Drug class 

Killing PAFE Type 
 

Magnitude*

Triazole Static Long AUCfree/MIC 20 - 25 

Polyene Cidal Long Peak/MIC 4 (10) 

Flucytosine Static Short T > MIC 25 % 

Echinocandin Cidal/Static Long Peak/MIC 3 (10) 

Sordarin NA NA AUC/MIC NA 

 
 

* to achieve 50% of maximal effect
( ) maximal efficacy       

Andes D, AAC, 2003, modified



AMPHOTERICIN B 
PK-PD correlation: Cmax /MIC = 4 (10)

Concentration-dependent effects and prolonged 
PAFE suggest:

•
 

Is important to achieve to achieve high peak 
concentrations 

•
 

Large daily doses given relatively rapidly should 
exert optimal efficacy (prolonged infusion is in 
contrast with PK/PD optimization)

•
 

Dose escalation might be more effective than 
standard doses 

Groll AH et al., Pharmacotherapy, 2001; Mukherjee PK et AL., Clin Microbiol Rev, 2005



Walsh TJ, Goodman JL, Pappas P, 
Bekersky I, Buell DN, Roden M, 

Barrett J, Anaissie EJ. 

Safety, tolerance, and pharmacokinetics 
of high-dose liposomal amphotericin B 

(AmBisome) in patients infected 
with Aspergillus species and other 

filamentous fungi: maximum tolerated 
dose study (7.5-15mg/kg/day) 

Walsh TJ, Goodman JL, Pappas P, Walsh TJ, Goodman JL, Pappas P, 
Bekersky I, Buell DN, Roden M, Bekersky I, Buell DN, Roden M, 

Barrett J, Anaissie EJ.Barrett J, Anaissie EJ. 

Safety, tolerance, and pharmacokinetics Safety, tolerance, and pharmacokinetics 
of highof high--dose liposomal amphotericin B dose liposomal amphotericin B 

(AmBisome) in patients infected (AmBisome) in patients infected 
with Aspergillus species and other with Aspergillus species and other 

filamentous fungi: maximum tolerated filamentous fungi: maximum tolerated 
dose study (7.5dose study (7.5--15mg/kg/day)15mg/kg/day)

Antimicrob Agents Chemother 2001 Dec; 45 (12): 3487-96Antimicrob Agents Chemother 2001 Dec; 45 (12): 3487-96



* Serum creatinine 

 

2.0 × 
baseline. 
* Serum creatinine 

 

2.0 × 
baseline.

Walsh TJ, et al. Antimicrob Agents Chemother. 2001;45:3487-3496.Walsh TJ, et al. Antimicrob Agents Chemother. 2001;45:3487-3496.

•

 

MTD was not reached with doses up to 15 mg/kg/day
•

 

Drug was well tolerated at all 4 dosing regimens
•

 

No dose-related differences observed for 
•

 

Nephrotoxicity*
•

 

Infusion-related reactions
•

 

Drug discontinuations because of adverse events
•

 

Hepatotoxicity
•

 

Anaemia
•

 

Severe hypokalaemia observed at 12.5- and 15-mg/kg/day dose levels 
(9 of 26 [35%] patients)

•

 

Nonlinear pharmacokinetics over dose range of 7.5 to 15 mg/kg/day
•

 

Cmax and AUC reached maximal values at a dose of 
10 mg/kg/day

AmBisomeAmBisome®® 

Maximum Tolerated Dosage (MTD) studyMaximum Tolerated Dosage (MTD) study





Cornely A, et al. Clin Infect Dis 2007;44:1289-97

Favourable overall response
Patients (%) with favourable

 
response, by AmphoB

 

dosage
Pt group or characteristic 3 mg/kg/day 10 

mg/kg/day
Difference, % (95% 

CI)
All pts 50 46 4 (-10, 18)

All pts with aspergillosis 50 46 4 (-10, 18)

Pts with microbio. confirmed 
aspergillosis

39 42 -3 (-26, 18)

Pts with diagnosed aspergillosis

 

(halo 
sign)

56 48 8 (-10, 26)

Allogeneic

 

stem cell transplant
Yes
No

47
50

50
45

-3 (-36, 30)
5 (-10, 20)

Haematologic

 

malignancy
Controlled
Uncontrolled

53
48

45
44

-1 (-26, 24)
4 (-14, 21)

Neutropenia

 

at BL
Yes
No

43
67

42
57

1 (-15, 17)
10 (-18, 37)

Pulmonary infection 51 48 3 (-11, 18)

Extrapulmonary

 

infection 33 30 3 (-39, 45)



10 mg/kg

3 mg/kg

Survival with AmphoB

Cornely A, et al. Clin Infect Dis 2007;44:1289-97



AmBiLoadAmBiLoad
 

Trial:Trial:
 Laboratory AbnormalitiesLaboratory Abnormalities

N (%)
AmBi-3mg        
N=115       

AmBi-10mg      
N=111 P-value

Nephrotoxicity1 16/111 (14) 31/100 (31) <0.01
Hypokalaemia

K+

 

<3.0  (grade 3) 18/113 (16) 32/106 (30) 0.015
K+

 

<2.5  (grade 4) 3/113 (3) 4/106 (4) NS
LFT abnormalities2 18 (16) 16 (14) NS

1. Serum creatinine > 2x baseline
2. Treatment emergent grade 3 or 4 values of ALT, AST, alkaline phosphatase, 

or bilirubin

Cornely A, et al. Clin Infect Dis 2007;44:1289-97



12 Week Survival: Adjusting 12 Week Survival: Adjusting 
Treatment Effect by Predictive Treatment Effect by Predictive 

FactorsFactors

AmBi-3 (72%) vs
 

AmBi-10 (59%)
 

P-value*

•
 

Unadjusted
 

0.053
•

 
Adjusted for 

Allo-SCT 0.078
Uncontrolled malignancy

 
0.078

Allo-SCT + Uncontrolled malignancy
 

0.12

*P-value for treatment effect (3 mg/kg vs

 

10 mg/kg) on survival at 12 weeks

Survival driven by underlying risk factors,
 not treatment dose receivedCornely A, et al. Clin Infect Dis 2007;44:1289-97



AmbisomeAmbisome in in aspergillosisaspergillosis

•Ambisome is effective in invasive aspergillosis

•No benefit to increase the dose to 10 mg/kg 
probably because of excess toxicity

Cornely et al., CID 2007, 44: 1289



New approaches in the use of lipid New approaches in the use of lipid 
AmB AmB 

•
 

Aerosol in prophylaxis
•

 
High dose every 7-15 days for 
prophylaxis
Low concentrations in blood
High concentrations in tissues



Pharmacokinetics of Voriconazole 
Influence of CYP2C19 genotype

FDA - Briefing document for Voriconazole - Pfizer, October 2001
courtesy of Dr. N. Wood, Pfizer Central Research



Voriconazolo & TDM

Hepatotoxicity in japanese patients: 34.5%



Cytochrome P450 interactions for the 
azoles 

1. Wexler D et al. Eur J Pharm Sci. 2004;21:645-653.
2. Cupp MJ et al. Am Fam Phys. 1998;57:107-116.
3. Drug interactions. Med Letter. 2003;45(W1158B):46-48.
4. Sporanox IV [summary of product characteristics]. Bucks, UK; Janssen-Cilag Ltd; 2005.
5. Nizoral tablets [summary of product characteristics]. Bucks, UK; Janssen-Cilag Ltd; 2001.
6. Hyland R et al. Drug Metab Dispos. 2003;31:540-547.
7. VFEND [summary of product characteristics]. Kent, UK; Pfizer Ltd; 2005.

CYP3A4 CYP2C8/9 CYP2C19

Drug Inhibitor Substrate Inhibitor Substrate Inhibitor Substrate

Posaconazole1 

Fluconazole2,3  

Itraconazole2-4   

Ketoconazole2,3,5   

Voriconazole3,6,7      

The results from in vitro and in vivo cytochrome P450 interactions do not necessarily predict clinical drug 
interactions



Pascual A et al. CID 2008; 46:201Pascual A et al. CID 2008; 46:201--211211

Voriconazole: 
variability of blood concentrations



Voriconazole trough blood levels and clinical Voriconazole trough blood levels and clinical
 

 
response to antifungal therapyresponse to antifungal therapy

Pascual A et al. CID 2008; 46:201Pascual A et al. CID 2008; 46:201--211211



Voriconazole trough blood levels and safety of antifungal Voriconazole trough blood levels and safety of antifungal 
therapytherapy

Pascual A et al. CID 2008; 46:201Pascual A et al. CID 2008; 46:201--211211



Internal protocol for voriconazole testing, indications for 

TDM:

 day 4 after starting therapy;

 weekly during the first 42 days of therapy;


 

anytime upon clinical indication, particularly inf 

treatment failures, toxicity or modified dosing.

Therapeutic range: 1–5.5 μg/ml  (Pasqual et al, CID 2008).

Voriconazole TDM



53 samples -
 

< 0.5 μg/ml

99 samples -
 

0.5-1 μg/ml

272 Samples -1-5

28 samples -
 

> 5 μg/ml

Voriconazole TDM in our center

Distribution of voriconazole levels:

From January 2010, 452 samples from 56 patients (both paediatric
 

and adults)
were tested for TDM 

Medium number of samples per patient was 8 (range: 1-33)

Median voriconazole concentration was 1.7 μg/ml, ranging from 
0.1 μg/ml  to 11.2 μg/ml

12%

22%

60%

6%

0,5 - 1 μg/ml 

1 - 5 μg/ml 

> 5 μg/ml 
< 0,5 μg/ml 



We participate in the International Interlaboratory Quality Control 

Program for Therapeutic Drug Monitoring of Voriconazole
 

organised by 

the Dutch Association for Quality Assesment in Therapeutic Drug 

Monitoring and Clinical Tossicology (KKGT).

The objectives of the program are to define sources of error in 

bioanalytical methods, to contribute to the optimisation of the 

bioanalysis of antifungal drugs and to establish interconvertibility of 

results among laboratories and methods and comparison of 

interpretations and dosage recommendations.

Quality controls



Posaconazole Therapeutic Drug Monitoring:  A 
Reference Laboratory’s Experience

7

6

7

5

4

3

2

1

•
 

POS serum drug levels 
have wide interpatient 
variability 

•
 

Posaconazole FDA 
briefing document 
recommends a serum 
level of >0.7 µg/mL

•
 

Reference laboratory 
reported undetectable 
levels in 16.3% of 
samples; and 70.3% less 
than 0.7 µg/mL. 

Thompson GR, et al.  Antimicrob Agents Chemother 2009;.  

0.7

Courtesy
Tom Patterson 



Posaconazolo & TDMPosaconazolo & TDM

•Retrospective, 54 patients
•36 prophylaxis (200mgx3), 18 treatment (400mgx2)
•A low POSA plasma concentration was defined as < 
500 ng/ml. 
•44% (16/36) in the prophylaxis group and 22% 
(4/18) in the treatment group had low levels 
•Low levels were more frequent in case of diarrhaea 
(71% vs 27%)
•2 breakthough IFI, both with low levels 



Posaconazole in healthy 
volunteers

•
 

Absorption improved
–With fat meal
–With any meal or nutritional supplement
–Coke-like drink
–By subdividing doses (4x)
–Avoiding proton pump inhibitors

•
 

Absorption seems to worsen if drug 
administered through naso-gastric tube



Walsh et al, CID 2007







AAC 2009







Recommendations for antifungal drug monitoring
Antifungal agent Drug 

monitoring 
recommended

Indication for drug 
monitoring

Timing of sample Target 
range 
(mg/l)

Amphotericin B and 
lipid-based 
preparations

No – – –

Echinocandins No – – –

5-FC Routine To monitor for toxicity 2h post dose < 100

Fluconazole (No) Consider if renal 
insufficiency, suspected 
non-compliance or 
malabsorption

After 5-10 days of 
therapy

Unknown 

Itraconazole Targeted To ensure adequate 
absorption, therapeutic 
concentration

Trough after steady 
state reached (4-5 
days)

> 0.5

Voriconazole Targeted To detect therapeutic and 
toxic concentrations

Peak and Trough 
after steady state 
reached (1-2 days)

2-6

Posaconazole (No)? Consider if suspected 
malabsorption

Trough after steady 
state reached (5-6 
days)

Unknown 
Peak 

>1.48mg/l*
*data based on treatment of Aspergillus

Worth LJ et al., Internal Medicine Journal, 2008, Goodwin ML & Drew RH, J Antimicrob Chemother, 2008
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WHAT WE CAN EXPECT FROM COMBINATION WHAT WE CAN EXPECT FROM COMBINATION 
ANTIFUNGAL THERAPYANTIFUNGAL THERAPY

•
 

Possible benefit
•

 
Improved clinical efficacy

•
 

Reduced dosages 
•

 
Possible disadvantage
•

 
Risk of antagonism

•
 

Increased toxicity
•

 
Increased cost



A methodological algorythm for 
showing that combination therapy is 

more effective than monotherapy


 

In vitro studies


 
Animal  models


 

Clinical trials



Animal models
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••12 animals each group12 animals each group
••doses are in mg/kg/daydoses are in mg/kg/day
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Combination Therapy in Treatment of 
Experimental Pulmonary Aspergillosis:

 Synergistic Interaction between an Antifungal 
Triazole and an echinocandin

 
Vidmantas Petraitis, Ruta Petraitiene, Alia A. Sarafandi, 
Amy M. Kelaher, Caron A. Lyman, Heather E. Casler, 
Tin Sein, Andreas H. Groll, John Bacher, Nilo A. Avila, 

and Thomas J. Walsh

J. Infectious Disease 15 June 2003





PROBLEMS IN EVALUATING DATA FROM PROBLEMS IN EVALUATING DATA FROM 
ANIMAL MODELSANIMAL MODELS


 

Methods for simulating the human 
disease


 

Dosages (often chosen arbitrarily) 


 
Blood or tissue levels sometimes 
from those obtained in humans, 
with consequent different exposure



Drugs 2005



Clinical studies and 
guidelines



Cryptococcosis









Invasive candidiasis







VORICONAZOLE 

A Randomised, Open Label, Comparative, 
Multicenter Study of Voriconazole versus 
Conventional Amphotericin B Followed 

by Fluconazole in the Treatment of 
Candidemia in Non-neutropenic Subjects

Kullberg et al Lancet 2005Kullberg et al Lancet 2005



Treatment

»
 

Voriconazole
 

(IV for ≥
 

3 days) 
–

 
Loading 6 mg/kg IV q12h on day 1, followed by 3 mg/kg IV q12h 

–
 

After 3 days, allowed switch to oral tablets at 200 mg q12h

»
 

Amphotericin
 

B  fluconazole
–

 
Amphotericin

 
B IV at 0.7-1.0 mg/kg/day

–
 

After 3-7 days, allowed switch to IV or oral fluconazole
 

at 400 mg 
qd

»
 

Treatment for at least 14 days after resolution of 
candidemia, up to 8 weeks

»
 

Follow-up 12 weeks



Primary and Secondary Analyses 
(MITT Population)
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Clin Infect Dis 2009Clin Infect Dis 2009





Invasive aspergillosis



Historical controlled study (retrospective review)
comparing the outcomes (90 days survival) of 
patients with IA who failed initial therapy with 
AmB formulations and received either voriconazole 
Or voriconazole + caspofungin (CID 2004)









IN TRANSPLANT RECIPIENTS WITH 
RENAL FAILURE AND IN THOSE WITH A. 
FUMIGATUS INFECTION COMBO THERAPY 
WAS SIGNIFICATLY ASSOCIATED WITH 
IMPROVED SURVIVAL



Cancer 2006



Cancer 2007Cancer 2007



Problems in evaluating 
combination therapy clinical 

studies


 

Small sample sizes


 
Historical control studies tend to 
underestimate results in control groups 
and to show larger treatment effects


 

New diagnostic procedures have been 
introduced overtime, that might have 
lead to earlier diagnoses and 
consequent better therapeutic results 

Viscoli C. Editorial CID 2004



First line therapy for IA  
ECIL III 09 IDSA 08 BSH 08

Voriconazole A I (oral CIII) A I (1°
 

line) Recommended
L-AMB B I A I (1°

 
line for some pts) Recommended

ABLC B II - -

ABCD D I - -

D-AMB D I - Not recommended -
 

A I

Caspofungin C II Alternative Recommended

Micafungin Alternative -
Posaconazole Alternative -
Itraconazole C III Alternative -

Combinatio 
n

D III Not recommended – 
B II

Discouraged – A I

Surgery 
(selected pts)

C III B III B III



Salvage therapy
ECIL III 

2009
IDSA 2008 BSH 2008

L-AMB B III A II No recommendation
The design of these 
trials is so 
heterogeneous that it 
is not possible to 
make a 
recommendation on
the basis of their 
evidence.

ABLC B III
Posaconazole B II B II
Vorico B II
Itraconazole C III B II

Caspofungin B II B II

Micafungin B II

Combination 
therapy 

C II 
(Caspo + L-AMB 
or Caspo + Vori)

B II



Possible role of calcineurin inhibitors 
in invasive aspergillosis (IA)



 
Calcineurin has a role in the fungal cell wall 
homeostasis, fungal growth and virulence



 
The use of calcineurin-inhibitors (cyclosporin) 
was associated with a decrease in the 
incidence of IA in solid organ transplant 
recipients compared with conventional 
immunosuppression (Hoflin, Ann Int Med 1987, 
Singh, Clin Inf Dis 2003)



 
These data have been confirmed in 
experimental models (Steinback, 2006)



 
Calcineurin inhibition prevents the caspofungin-

 associated “paradoxical effect”
 

(regrowth at 
high concentrations) 

The challenge is to develop a calcineurin-inhibitor 
not cross-reacting with human calcineurin
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