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AddressedAddressed in 9 questionsin 9 questions
Emson 1998

1- DrugDrugDrugDrug’’’’s s s s choicechoicechoicechoice appropriateappropriateappropriateappropriate to indication, to indication, to indication, to indication, subpopulationsubpopulationsubpopulationsubpopulation

2222---- AnalyticsAnalyticsAnalyticsAnalytics

3333---- PK/PD PK/PD PK/PD PK/PD 

4444---- PD PD PD PD responseresponseresponseresponse NOT NOT NOT NOT readilyreadilyreadilyreadily assessableassessableassessableassessable

5555---- PK/PD PK/PD PK/PD PK/PD stillstillstillstill applyapplyapplyapply to to to to specificspecificspecificspecific subpopulationsubpopulationsubpopulationsubpopulation and indicationand indicationand indicationand indication

6666---- NarrowNarrowNarrowNarrow therapeutictherapeutictherapeutictherapeutic range in the range in the range in the range in the specificspecificspecificspecific contextcontextcontextcontext

7777---- PK PK PK PK parametersparametersparametersparameters unpredictableunpredictableunpredictableunpredictable fromfromfromfrom variabilityvariabilityvariabilityvariability or or or or cofactorscofactorscofactorscofactors

8888---- DurationDurationDurationDuration of of of of therapytherapytherapytherapy lengthlengthlengthlength regardingregardingregardingregarding benefitbenefitbenefitbenefit fromfromfromfrom TDMTDMTDMTDM

9999---- TDM TDM TDM TDM makesmakesmakesmakes a a a a significantsignificantsignificantsignificant differencedifferencedifferencedifference

in the in the in the in the clinicalclinicalclinicalclinical decisiondecisiondecisiondecision----makingmakingmakingmaking ////clinicalclinicalclinicalclinical judgementjudgementjudgementjudgement alonealonealonealone

TDMTDM



TDM TDM 

- Analytics

- Narrow therapeutic index efficacy

safety

- Life-threatening background

- PK variability

- Coprescriptions, DDI



Azole :

- plasma (Heparinate Li)

- easily determined using

conventional LC-UV and /or Fluo detection

or LC-MS/MS detection

- after simple deproteinisation

- once at a time or altogether in the same run

X00 mg/day and  mg/L range

AnalyticsAnalytics



KKGT (NL) KKGT (NL) 

International International proficiencyproficiency testingtesting Program for Program for 

Measurement of Azole Antifungal Plasma Measurement of Azole Antifungal Plasma 

ConcentrationsConcentrations

KKGTKKGTKKGTKKGT
Association for Quality 
Assessment in 
TDM and Clinical Toxicology

Radboud University Nijmegen Medical Centre and
Nijmegen Institute for Infection, Inflammation and Imm unology (N4i)

Available

International

National

- FR (Asqualab)

- UK
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ContextContext IFIIFI

ID - acquired HIV

- iatrogenic K, LK drugs

- therapeutic IS (SOT, BMT)

- others ageing...

AF objectives [Aspergillosis] (Candidosis)
- curative (efficacy)

- prophylaxis, maintenance (safety)

Drugs

- AmphoB, AMBI
- Azoles KTZ, ITZ, VRZ, PSZ, FCZ
- Echinocandines (caspofungine)



TDM TDM 

- Analytics
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AF AF –– TherapeuticTherapeutic classesclasses

POLYENES amphotericine B

ECHINOCANDINES -fungine

AZOLES –conazole

ITZ itraconazole
VRZ voriconazole
PSZ posaconazole

[FCZ] fluconazole

IV

Increased prophylaxis, need for oral drugs

PO  + IV
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AZOLES PKAZOLES PKAZOLES PKAZOLES PKAZOLES PKAZOLES PKAZOLES PKAZOLES PK

± lipidic (KTZ, ITZ, PSZ) / ± hydrosoluble (FCZ, VRZ)

LIVER Metabolism +++ CYP3A4 all but PSZ
DDI all

A pH ITZ
food ITZ, PSZ (fatty meal)

VRZ (no food)

E M, bile all but FCZ
t1/2 long (30h) all but VRZ (6h)

VRZ, non linear PK
PSZ, saturable absorption

long time to SS
loading dose

PK variability

TDM



AFAFAFAFAFAFAFAF concentration concentration concentration concentration concentration concentration concentration concentration targetstargetstargetstargetstargetstargetstargetstargets
troughtroughtroughtroughtroughtroughtroughtrough levelslevelslevelslevelslevelslevelslevelslevels (C0)(C0)(C0)(C0)(C0)(C0)(C0)(C0)

EFFICACY concerns

C0  0.5 –2.5 mg/L range

Considering PK as a prerequisite to PD 

1- detectable level > 0.2 mg/L
2- in vitro Aspergillus ssp MIC > 0.5 mg/L [Trifillio 2005]

3- therapeutic levels > pivotal sudies
* ITZ +OH-ITZ 1-2 mg/L
* VRZ 0.5- 2 mg/L [Purkins, 2002]

> 2 mg/L [Smith, 2006]
* PSZ 1 mg/L range seems acceptable from clinical trials



AFAFAFAFAFAFAFAF SafetySafetySafetySafetySafetySafetySafetySafety profileprofileprofileprofileprofileprofileprofileprofile

AmphoB - nephrotoxicity
- tolerance

Echinocandines +
- hepatic function

Azoles - LIVER hepatotoxicity
CYP3A4 inhibitors DDI

- neurotoxicity (VRZ, ITZ)
- photosensitivation (light protection)
- visual disturbances (VRZ, loading dose )

Avoid in Tx



AFAFAFAFAFAFAFAF concentration concentration concentration concentration concentration concentration concentration concentration targetstargetstargetstargetstargetstargetstargetstargets

C0 2 – 4 mg/L

SAFETY concerns : ADR
Not that narrow therapeutic index as IS

Limitations mainly due to VRZ

* ITZ 4-5 mg/L possible

* VRZ < 4 mg/L hepatotoxicity [Pascual, 2007]

2.5 mg/L neuropathy (CFLTx) [Boussaud, 2008]
No obvious evidence that higher concentration are usefu l

* PSZ ? Safety OK 
but difficult to achieve high levels
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- Analytics

- Narrow therapeutic index efficacy
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- Life-threatening background
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- Coprescriptions, DDI



Résiduel en fonction du temps
(Date/VRZ connue)

0 25 50 75 100 125
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0

Spr

Temps (J)

R
és

id
ue

l (
m

g/
L)

Résiduel en fonction du temps
(Date/VRZ connue)

0 25 50 75 100 125
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0

Ney

Temps (J)

R
és

id
ue

l (
m

g/
L)

Résiduel en fonction du temps
(Date/VRZ connue)

0 25 50 75 100 125
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0

Kam

Temps (J)

R
és

id
ue

l (
m

g/
L)

Résiduel en fonction du temps
(Date/VRZ inconnue)

0 20 40 60 80 100 120
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0

Hoo

Temps (J)

m
g/

L

Individual VRZ concentrations profiles

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

IV PO

voie d'administration de la dose de charge

%
 d

e 
do

sa
ge

s 
pa

r 
ni

ve
au

 d
e 

co
nc

en
tr

at
io

n

>3

[2-3]

]1,5-2[

[0,5-1,5] 

[0,2- 0,5[ 

<0,2 

n=16 n=19

PK variability in CF

IV PO

[Berge, 2009]

Underdose,evenUnderdose,evenUnderdose,evenUnderdose,even IVIVIVIV
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The dose regimen necessary to achieve therapeutic VRZ levels in CF Tx ( ����)

was as an average higher and more variable as compared to 

non CF transplanted patients ( ����) or non transplanted patients ( ����). 

Adaptations conducted up to 800 mg/day appeared to be necessary to reach
detectable levels. 

[Imhof 2006,
Pascual 2008,
Berge, 2009]



PGxPGx contribution of CYP2C19 contribution of CYP2C19 

polymorphismpolymorphism in VRZ in VRZ variabilityvariability

*1/*17 *1/*1 *1/*2
0
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20

CYP2C19 genotype p<0.01

VRZ Dose
mg/kg/day

Cystic fibrosis Lung Tx
[Berge, 2010, submitted]

400 mg

600 mg

[Ikeda 2004, Weiss 2009]
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C0 = 0,7 ±±±± 0,5 mg/L
range [0,2-1,6] mg/L

Dose  = 1085 ±±±± 310 mg/24h
range [735-1890] mg/24hPSZ

[Berge, ECCMID 2009 #1751]



PSZ Dose PSZ Dose adjustmentadjustment

Dose adjustment was required in 65% of cases (n=10) at 11 ± 3 days
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 EP LP  EP LP
n 14 14 n 29 29
Dose (mg/d) 800 950 Dose
C0 ± SD (mg/L 0,8 ± 0,7 1,0 ± 0,4 C0 ± SD 1,5 ± 1,0 0,9 ± 1,0

 EP LP  EP LP
n 13 9 n 8 7
Dose 600 600 Dose 445 430
C0 ± SD 0,54 ± 0,36 0,55 ± 0,51 C0 ± SD 2,4 ± 1,8 1,7 ± 1,3

EP = early phase (D8) LP = Late phase (M1)

PSZ CF/LTx VRZ CF/LTx

PSZ LK/BMTx VRZ LK/BMTx

HaematologyHaematologyHaematologyHaematology

[Lebeaux, 2009] low and variable PSZ exposure
/pediatrics, mucositis and diarrhea



Drug concentration changesDrug concentration changesDrug concentration changesDrug concentration changesDrug concentration changesDrug concentration changesDrug concentration changesDrug concentration changes

ConsequencesConsequencesConsequencesConsequencesConsequencesConsequencesConsequencesConsequences

Overdose
Increase both specific toxicities

and therapeutic effect (cf IS)

Overimmunosuppression , 
sustained risk of opportunistic infections

Underexposure
Decrease efficacy
Risk of emergence of resistance (cf AF)
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[Bruggemann 2008]

- As strong inhibitors of CYP3A4-Pgp system

All of them are concerned,

Including PSZ despite a different metabolic pathway

Ex : IS drugs, quantitative aspects [Billaud 2006, Kovarik 2006]

- As targets themselves (ITZ, VRZ) (PSZ?)

Role of steroids

AF SAFETY concerns : DDI (1)



ISIS drugsdrugs

Steroids

CNI CsA cyclosporine nephrotoxicity
TRL tacrolimus neurotoxicity

mTOR inh SRL sirolimus hematoxicity
RAD everolimus GI

hyperlipemia

CYP3A4 DDI +++



DDI DDI DDI DDI DDI DDI DDI DDI AzolesAzolesAzolesAzolesAzolesAzolesAzolesAzoles –––––––– CNI : CNI : CNI : CNI : CNI : CNI : CNI : CNI : 

uponuponuponuponuponuponuponupon the the the the the the the the inhibitorinhibitorinhibitorinhibitorinhibitorinhibitorinhibitorinhibitor

4.64.64.64.64.64.64.64.6
±±±±±±±±0.80.80.80.80.80.80.80.8

(n=12)(n=12)(n=12)(n=12)(n=12)(n=12)(n=12)(n=12)

PSZ+PSZ+PSZ+PSZ+PSZ+PSZ+PSZ+PSZ+

5.85.85.85.85.85.85.85.8 ±±±±±±±±
2.62.62.62.62.62.62.62.6

(n=28)(n=28)(n=28)(n=28)(n=28)(n=28)(n=28)(n=28)

VRZ+VRZ+VRZ+VRZ+VRZ+VRZ+VRZ+VRZ+

7.87.87.87.87.87.87.87.8 ±±±±±±±± 4.54.54.54.54.54.54.54.5

(n=15)(n=15)(n=15)(n=15)(n=15)(n=15)(n=15)(n=15)

ITZ+ITZ+ITZ+ITZ+ITZ+ITZ+ITZ+ITZ+

1.41.41.41.41.41.41.41.4 ±±±±±±±±
0.60.60.60.60.60.60.60.6

(n=19)(n=19)(n=19)(n=19)(n=19)(n=19)(n=19)(n=19)

TRLTRLTRLTRLTRLTRLTRLTRL

(p<0.001(p<0.001(p<0.001(p<0.001(p<0.001(p<0.001(p<0.001(p<0.001))))))))

alonealonealonealonealonealonealonealoneC0/DC0/DC0/DC0/DC0/DC0/DC0/DC0/D

ITZ acts as a stronger inhibitor than VRZ and PSZ
regarding calcineurin inhibitors, 

resulting in a larger dose reduction
for tacrolimus (FK) during ITZ 
as compared with VRZ and PSZ

ITZ [Billaud 1998], VRZ [Billaud 2006, Berge 2008], PSZ [Berge 2009]



VRZ : DDI VRZ : DDI VRZ : DDI VRZ : DDI VRZ : DDI VRZ : DDI VRZ : DDI VRZ : DDI uponuponuponuponuponuponuponupon the the the the the the the the targettargettargettargettargettargettargettarget

Interaction of VRZ on TRL and SRL

0

2

4

6

8

10

12

14

ITZ+TRL VRZ PO

+TRL

VRZ IV

+TRL
TRL alone VRZ+SRL SRL

C
/D

5 4
3

10

Tacrolimus Sirolimus



PSZ Drug PSZ Drug DrugDrug Interaction (SOT)Interaction (SOT)

The immunosuppressant tacrolimus dose was tapered
by a factor 3 during the coprescription with PSZ.  

Mean tacrolimus dose was 2.4 ±0.7 mg/day to achieve 
TRL therapeutic range  [5-15] ng/mL.

The immunosuppressant everolimus dose was tapered
by a factor 2 during the coprescription with PSZ.  

Mean everolimus dose was 1.2 ±0.3 mg/day to achieve  
ERL therapeutic range  [4-10] ng/mL.
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n=17

n=6

observations were free from the metabolic inhibition 
due to CsA on ERL exposure

[Berge, 2009]
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IS Drug IS Drug DrugDrug InteractionInteraction
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43439898ITZ+ITZ+

23239696ITZITZ--

POPOIVIVC/D* C/D* (n=15)(n=15)

* CyA Doses are expressed
as mg/kg/day
* BA  : bioavailability

Role of the route of administration
CYP3A4 / Pgp = hepatic + intestinal 

DDI
X 2

DDI
= 0

DDI x 2
∆ ∆ ∆ ∆ BA

BA
20 - 50 %

CyA concentration to dose ratio during ITZ coprescription

∆BA + DDI



Individual TDM basis DDI management : SWITCH and WITHDRAWAL

FK Therapeutic drug monitoring in a lung 
transplant patient with cystic fibrosis during 
three different consecutive azoles therapy

VRZ then ITZ then PSZ
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Difference of inhibition 
on FK metabolism
between azoles

ITZ > VRZ ~ PSZ

In case of very high azole concentrations , switch between antifungals must be 
conducted with caution, specially regarding the use  of a loading dose
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Interaction VRZ – FK : JOINT TDM

TDM helps in conducting
drug withdrawal, reintroduction, when and how much

GI disorders

clarithromycin
overdose

Dramatic changes in 
azole concentrations
impact the magnitude
of the interaction 
and subsequently the 
need for adjustment



DDI management

- As inhibitors : quantitative aspects

- As targets : VRZ

* inhibition 

HIV : protease inhibitors (RTV)

switch ITZ-VRZ

steroids

* induction : rifampicin +++

AF SAFETY concerns : DDI (2) 
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PPIPPI

•• VRZ VRZ 

2C192C19

no influenceno influence
[Wood, 2006][Wood, 2006]

•• PSZ PSZ 

susceptibilitysusceptibility to to omeprazoleomeprazole
[[AlffenaarAlffenaar, 2009], 2009]



AzolesAzoles DDI DDI targettarget risksrisks

PD - nephrotox(amphoB) , hematotox , hepatotox
- CV (QTc,TSDP, K+)
- neuromuscular

PK A (pH, food)
D
M inhibition or induction CYP3A4 - Pgp +++
Ex U 

Bile



E. M. Billaud, 11-05

PK PD

↑↑↑↑ [MEDT] ↓↓↓↓ [MEDT]
Métabolisé fortement par 3A4 Métabolisé fortement par 3A4

oral contraceptives Néphrotoxicité
- Amphotéricine B

- MACROLIDES - Rifampicine - Aminosides
Erythromycine

Clarithromycine - Melphalan
Josamycine… - Phenobarbital - Cotrimoxazole VO

- Phenytoine
Hepatotoxicité

-ANTIFONGIQUES - azolés (KTZ, VRZ)
Azolés
Kétoconazole… Risque infectieux
Itraconazole , - vaccins vivants atténués
Voriconazole
Posaconazole Hématotoxicité

- ganciclovir -
ANTIPROTEASES - antirétroviraux
Ritonavir...

Neurotoxcicité
- INH CALCIQUES - millepertuis - didanosine
- pamplemousse (St John’s Wort)

Allongement QT
- cisapride...

Rhabdomyolyse
- Statines métabolisées 3A4

EstablishedEstablishedEstablishedEstablishedEstablishedEstablishedEstablishedEstablished INTERACTIONS INTERACTIONS INTERACTIONS INTERACTIONS INTERACTIONS INTERACTIONS INTERACTIONS INTERACTIONS 



AFAFAFAFAFAFAFAF combinationcombinationcombinationcombinationcombinationcombinationcombinationcombination

The high risk of inefficacy during underdosed
periods was supplied by the use of 

antifungal associations , specially with caspofungin, 

[Marr 2004]
[Singh 2006]

supported by an 
individualized concentration-controlled adaptation,

waiting for (VRZ) documented concentration 

On PK basis



PK = N, not S  « pharmacokinetics : required, not enough»



TDM

TDM is of importance to quantify the relative intensities of interactions 
in order to support the management of these narrow the rapeutic index 
drugs :

- to attest the obtention of detectable stable azole levels ,
regarding both efficacy
and the full appreciation of the interaction

- to pilot the switch between drugs of the same class
(calcineurin inhibitors and/or azoles)

- to manage  switch between routes of administration (IV/PO)

- Valuable at the introduction but after withdrawal as well
- Maximal effect at steady-state (respective half-lives related)
- Function of DOSES
- Influenced by inhibitor concentration changes



COST issuesCOST issues

TestingTesting reagentsreagents,,

equipmentsequipments,,

technicaltechnical staffstaff

TreatmentTreatment

InapropriateInapropriate dose dose adjustementadjustement

Complication, Complication, 

prolongedprolonged hospitalisation, hospitalisation, deathdeath

< 50 € / test

> 100 € / day

[Touw, 2007]



TDM Conclusion (1)TDM Conclusion (1)

- Analytics : YES LC, IPTS

- Narrow therapeutic index

efficacy : low exposure (inefficacy, R)

safety : high exposure (LIVER)

VRZ + (hepatotox, neurotox)

ITZ   +/-

PSZ -

photosentisation, skin disorders

- Life-threatening background : opportunist IFI

- PK variability : YES (CF, pediatrics, mucositis)

- Coprescriptions, DDI : YES +++



AddressedAddressed in 9 questionsin 9 questions
Emson 1998

1- DrugDrugDrugDrug’’’’s s s s choicechoicechoicechoice appropriateappropriateappropriateappropriate to indication, to indication, to indication, to indication, subpopulationsubpopulationsubpopulationsubpopulation

2222---- AnalyticsAnalyticsAnalyticsAnalytics

3333---- PK/PD and PK PK/PD and PK PK/PD and PK PK/PD and PK modellingmodellingmodellingmodelling [Hope, 2009]

4444---- PD PD PD PD responseresponseresponseresponse NOT NOT NOT NOT readilyreadilyreadilyreadily assessableassessableassessableassessable

5555---- PK/PD PK/PD PK/PD PK/PD stillstillstillstill applyapplyapplyapply to to to to specificspecificspecificspecific subpopulationsubpopulationsubpopulationsubpopulation and indicationand indicationand indicationand indication

6666---- NarrowNarrowNarrowNarrow therapeutictherapeutictherapeutictherapeutic range in the range in the range in the range in the specificspecificspecificspecific contextcontextcontextcontext

7777---- PK PK PK PK parametersparametersparametersparameters unpredictableunpredictableunpredictableunpredictable fromfromfromfrom variabilityvariabilityvariabilityvariability or or or or cofactorscofactorscofactorscofactors

8888---- DurationDurationDurationDuration of of of of therapytherapytherapytherapy lengthlengthlengthlength regardingregardingregardingregarding benefitbenefitbenefitbenefit fromfromfromfrom TDMTDMTDMTDM

9999---- TDM TDM TDM TDM makesmakesmakesmakes a a a a significantsignificantsignificantsignificant differencedifferencedifferencedifference

in the in the in the in the clinicalclinicalclinicalclinical decisiondecisiondecisiondecision----makingmakingmakingmaking ////clinicalclinicalclinicalclinical judgementjudgementjudgementjudgement alonealonealonealone

TDMTDM



TDM Conclusion (2) : proof TDM Conclusion (2) : proof levellevel

A lot of reviews [Smith and Andes, 2009; Hope 2008…]

Valuable recommendations [Walsh 2008, Singh and Husain, 2009]

Few studies, most of them retrospective series
But emerging evidence , at least for special populations
that fortunately are very representative

CF, haemato GERD, mucositis pediatrics low exposure

Ageing Hepatic insufficiency (PK) high exposure
higher sensitivation (PD) high toxicity

Underlying Tx, BMT, HIV DDI +++
BK

Long course compliance, steady-state control

TDM need for collaborative prospective studies…..indeed
already useful….YES



a multidisciplinary, specialised, collaborative pra ctice

Cardiovascular surgery
R. GUILLEMAIN
C. AMREIN
V. BOUSSAUD
P. CHEVALIER †

Microbiology
E. DANNAOUI

Biochemistry
MA. LORIOT

Pharmacology
Laboratory
M. BERGE
S. LEFEUVRE
M. BENNAMAR

Pharmacovigilance
A. LILLO-LELOUET
C. LEBELLER

Pharmacy
L. HAVARD

A « one patient at a time » management
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