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The singular goal of 
antifungal therapeutics is 

the attainment of maximal 
antifungal effect (with 

toxicity<< disease)
TDM, combination chemotherapy, dose finding in 

early phase clinical studies, loading dosages, 
probability of target attainment etc. etc. are all 

expressions of this idea
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Review of Current Best 
Practice





What exactly did we codify?

• Itraconazole should be measured for all patients
• Trough >0.5 mg/L (HPLC), 5-17 mg/L (bioassay)

• Voriconazole should be measured for all patients
• Trough 1 (or 2) to 5-6 mg/L
• Trough:MIC 2-5

• Posaconazole should be measured for all patients
• Trough > 1 mg/L



What didn’t we codify (because we didn’t 
know)
• Nothing about the quality systems and infrastructure that are 

required
• Physicians trained in pharmacology
• Drug measurement TAT <1 week

• Nothing about how to adjust dosages
• Do your best and see how you go!

• Nothing too much about pharmacodynamics, except for one 
reference to MIC
• Nothing about isavuconazole



Isavuconazole
Is TDM required?
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My interpretation
• There IS a drug threshold somewhere for effect 

(otherwise isavuconazole is not a drug)
• But, that threshold is not visible in the Phase III trial



Why isn't a signal observed?

• On top of exposure response relationship
• Dissociation of measures of drug exposure and observed effect
• Drug measured early, clinical outcomes late

• Compliance
• Inaccurate measures of PK and changing PK
• Patient heterogeneity
• Too much noise
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What to do about dosage 
adjustment?



Picture taken from Bayard, D “Stochastic Control”



Information from past experiences 
from many patients is “stored” in 

population PK models

A “multiple model” file is a 
mathematical summary of this 

stored experience

The Control Process…
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Raw data from Bruggeman et al J Antimicrob Chemother. 
2010 Jan;65(1):107-13. 



Expected only 1/3 patients 
in range 1-3 mg/L



All fine, well done you say, but 
surely this is only half the 

problem?



Individualised Therapy

Pharmacokinetics
• Fixed Effects

• Weight
• CYP genotype
• Acid
• Food
• DDI
• Renal function
• Hepatic function

• Residual Variability
• What’s left over

Pharmacodynamics
• Fixed Effects

• MIC
• Fungal species and strain
• Infectious burden
• Immune status and genotype
• Delay in initiation of therapy
• Site of infection

• Residual Variability
• What’s left over

• [that patient isn’t responding as I 
would expect]



Jang et al

Clinical Pharmacodynamics



In other words, an individualised 
assessment (TDM 

measurement) gets linked to an 
average population target

And that is not (and never will be) 
“true individualised therapy” or 

“patient specific”



Which brings me to the idea of 
individualised 

pharmacodynamics
After all, isn't that what you really care about as clinicians?
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Using biomarkers to follow disease: 
concept=dose the drug to move the biomarker

Following decline in cryptococcal 
counts in phase II &III clinical trials 
Tom Harrison & Tihana Bicanic & 
Jeremy Day

Luc Huurneman & 
Jan Willem Alffenaar



Huurneman et al Antimicrobial Agents and Chemotherapy Feb 2016



The purpose of showing that slide…

• The pharmacodynamics are fully stochastic
• In other words…on average the GM response will be favourable
• But, a priori it is not possible to be sure which path a patient will 

follow



AUC:EC50
(the EC50 is an in vivo MIC)
• High with
• High fungal burden
• In vitro drug resistance (i.e. the MIC)
• Profound immunosuppression
• Infection within a sanctuary site
• Delayed antifungal therapy

• But, requires some pharmacological expertise to estimate



Voriconazole: Low AUC:EC50



Voriconazole: High AUC:EC50



True individualized therapy: the future

• It’s hard enough just to get the job done.  I recognize that
• There is no point in developing something if it is not used optimally
• We will need to do better
• In many cases have the necessary tools to do this, but our training 

and thinking accepts that near enough is good enough



Thank you

• Thank you 
• We are at www.liverpool.ac.uk/apt

http://www.liverpool.ac.uk/apt

