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Why, When and How 



Question 1  

Who believes Therapeutic Drug Monitoring is 
beneficial for patient outcome whether this is 

toxicity or efficacy? 



Question 2 

Who performs Therapeutic Drug Monitoring on a 
regular basis for routine patient management?  



Since there is no prospective 
randomized trial to support the 
use of TDM, we follow a 
decision making algorithm to 
determine if TDM of a certain 
drug is useful…… 



Cell wall 
Echinocandins: 
Caspofungin 
Micafungin 
Anidulafungin  

Cytoplasm 
Azoles:  
Ketoconazole  
Fluconazole 
Itraconazole 
Voriconazole  
Posaconazole   
Isavuconazole 

Cell membrane 
Polyenes: 
Amphotericin B 
Lipid formulations of 
amphotericin B  
Nystatin 

DNA 
Antimetabolites: 
5-fluorocytosine 

Sites of Action of Systemic Antifungal Agents 

? 





PK/PD of voriconazole in Aspergillosis 

•  5 patients average conc < 0,25 mg/L, of which 4 failures 
•  6 patients average conc between 0,25 mg/L -  0,50 mg/L, of which 1 failure 

•  22 patients average conc > 6 mg/L, of which 6 liver toxicity 
•  7 patients average conc > 10 mg/L, of which 6 ceased VRC due to AEs 

Denning DW, et al. Clin Infect Dis 2002 March 1;34(5):563‐71  



•  Retrospective analysis of 28 patients 
•  17 because of disease progression; 11 because of toxicity 
•  PK/PD analysis: 10/10 patients with conc >2 mg/L had positive response 

vs. 10/18 with concentrations < 2 mg/L 



Tan K, et al. J Clin Pharmacol 2006 February;46(2):235‐43.  

AST 



Neurological toxiciNty 

Efficacy 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3 Nmes daily 200 mg posaconazole ;  
target concentraNon >0.35 mg/L 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D Lebeaux, F Lanternier, C Elie, et al.  
Therapeutic drug monitoring of posaconazole: 
a monocentric study in 54 adults; 
Antimicrob. Agents Chemother 
Published online ahead of print on 14 September 2009 

54 Adult patients on posaconazole: TDM 

•  36 Prophylaxis (200 mg TID) • 16/36 had concentrations below provisional cut-off point of 
0.5 mg/L.  • 2 patients had a breakthrough infection, both with conc < 0.5 
mg/L  

•  18 patients in curative setting (400 mg BID) • Wide variety of infections  • Response: 8 complete, 4 partial, 2 stable, 2 failure, 2 died of 
other cause • Low pos conc: 2 complete response (1 was optimized after 
this finding), 1 died (other cause), and 2 stable disease • Failures (A. fumigatus and T. rubrum) or stable disease had 
conc ranging from 0.29 – 1.33 mg/L 
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Pharmacokinetic variability 



No strong correlation between dose administered and 
plasma concentration 

Pascual et al, CID 2008 





When to perform TDM – variable pharmacokinetics 
• When there is substantial inter- and intrapatient variation 



Plasma concentrations of  VRZ during 14 days of intravenous 
therapy and subsequent washout 

Brüggemann et al, JAC, accepted for publicaNon 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Pharmacogenetics and Drug Metabolism 



Inter-individual variability - pharmacogenetics 

•  Genetic polymorphism of CYP2C19 is important for VRC 

•  Absence of SNPs (wildtype) means extensive 
metabolizers (EM) 

•  Genetic polymorphism of CYP2C9 has no significant 
influence on pharmacokinetics of voriconazole 

Geist MJ, et al. Antimicrob Agents Chemother 2006 September;50(9):
3227-8 

FDA. Background Document for the 
Antiviral Drug Products Advisory 
Committee Meeting.  4-10-2001.  
Accessed: 2-5-2007  



Pharmacogenetics II – voriconazole metabolism 

Ikeda Y, Umemura K, Kondo K, Sekiguchi K, Miyoshi S, Nakashima M.  
PharmacokineNcs of voriconazole and cytochrome P450 2C19 geneNc status.  
Clin Pharmacol Ther 2004 June;75(6):587‐8. 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Drug – drug and drug – food interactions 



Especially the class of azole cause significant interactions 

R.J.M. Brüggemann, J.W. Alffenaar, N.M.A Blijlevens, E.M. Billaud, 
J.G. Kosterink, P.E Verweij; D.M. Burger.  
Clinical relevance of pharmacokinetic drug interactions with 
antifungal azole drugs 
Clin Infect Dis. 2009 May 15;48(10):1441-58 



Interaction between voriconazole and ritonavir 

Mikus G, Schowel V, Drzewinska M, Rengelshausen J, Ding R, Riedel KD et al.  
Potent cytochrome P450 2C19 genotype‐related interacNon between 
voriconazole and the cytochrome P450 3A4 inhibitor ritonavir.  
Clin Pharmacol Ther 2006 August;80(2):126‐35  

CYP2C19 *1/*1: AUC 16.5 vs 25.5 (+55%) 
CYP2C19 *1/*2: AUC 22.7 vs. 44.1 (+94%) 
CYP2C19 *2/*2: AUC 48.0 vs. 435 (+806%) 

Mechanism: inhibiNon of CYP3A4 by ritonavir in CYP2C19 poor metabolizers 



Drug- food interaction Krishna G, Moton A, Ma L, Medlock MM, McLeod J; PharmacokineNcs and AbsorpNon 
of Posaconazole Oral Suspension under Various Gastric CondiNons in Healthy 
Volunteers. AnNmicrobial Agents and Chemotherapy, 2009 Mar; 53 (3):958‐966 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Special patient populations 

Does the relationship between concentration and 
pharmacological response still apply to the 

patient’s specific subpopulation (disease state) and 
specific indication? 



In both studies  
posaconazole was given as  
prophylaxis at 200 mg TID 
Sampling: at steady state 



Pediatric Patients   

Free communications 2 - Santorini 4-6  

 Monday 17.30  - O2.6  
Therapeutic drug monitoring of voriconazole in pediatric 
patients 
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Non-aspergillus and resistance 
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micro-organism human 
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defence 

virulence 

Other than Aspergillus  
species? 

Resistant fungi /  
increased in vitro MIC?  
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Analytical procedures 
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Discussion 
•  No evidence for TDM for current antifungal drugs (randomized CT) •  Indications where TDM can be useful 

•  Timing of sampling is pivotal in defining cut-off points for efficacy 
and toxicity 

•  Good analytical method 

•  Other issues 
•  Timing of sampling (trough / peak / AUC) 
•  At what time assess first samples 
•  Repetitive sampling  
•  Do cutt-off points still apply when using combination therapy •  When to judge outcome with regards to plasma concentrations 

•  When to perform TDM 
•  Special patient populations (children, disease, genotype) 
•  Drug-drug or drug–food interactions •  Others …… 



To Finalize Will the results of the drug assay make a significant 
difference in the clinical decision-making process and 
provide more information than sound clinical judgement 
alone? 

Don’t treat the number, treat the patient 


