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An international interlaboratory proficiency testing program for the measurement of antifungal drugs was
initiated in 2007, This first round was limited to azole antifungals: flnconazole, itraconazole and hydroxyitra-
conazole, voriconazole, and posaconazole. The results demonstrate the need for and utility of an ongoing

proficiency testing program to further improve the analytical methods for routine patient management and
clinical research.
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POLYENES amphotericine B .
ECHINOCANDINES -fungine

Increased prophylaxis, need for oral drugs

AZOLES —conazole

|ITZ itraconazole
VRZ voriconazole
PSZ posaconazole

[FCZ] fluconazole
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\ Ketoconazole KTZ NIZORAL®
1981

Cl
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§
Iltraconazole ITZ SPORANOX®
1992

Posaconazole (SCH 56592)

Posaconazole PCZ NOXAFIL®
2005

Fluconazole FCZ TRIFLUCAN®
1990

Voriconazole VRZ VFEND®
2002

Ravuconazole
Phase Il|
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t lipidic (KTZ, ITZ, PSZ) / £ hydrosoluble (FCZ, VRZ)

Metabolism +++ CYP3A4 all but PSZ
DDI all

A pH ITZ
food ITZ, PSZ (fatty meal)
VRZ (no food)

E M, bile all but FCZ
ti2 long (30h) all but_ VRZ (6h)

long time to SS
loading dose

VRZ, non linear PK
PSZ saturable absorption




EFFICACY concerns

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

“|TZ +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

CO 05-2.5 m@
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AmphoB - nephrotoxicity
- tolerance

Echinocandi@ +

- hepatic function

A

- LIVER hepatotoxicity
CYP3A4 inhibitors DDI

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




SAFETY concerns : ADR

Not that narrow therapeutic index as IS
Limitations mainly due to/RZ

*ITZ 4-5 mg/L possible

*VRZ <4 mg/L nepatotoxicity [Pascual, 2007]
2.5 mg/L <neuropathy (CFLTX)soussaud, 2008]

No obvious evidence that higher concentration are usefu I

*PSZ ? Safety OK
but difficult to achieve high levels







PK variability in CF

Individual  VRZ concentrations profiles

Résiduel en fonction du temps
(Date/VRZ connue)
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VRZ trough concentrations upon dose and background

12,0

10,0

[Imhof 2006, ® Tx(+) CF (+)
Pascual 2008, 8.0

Berge, 2009]
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600 mg
20+ 400 mg
[
L S 0.
VRZ Dose 154 ¢ o
mg/kg/day ®e .
104 o®
5 [ ]
0 T ) L)
*1/*17 *1/*1 *1/%2

CYP2C19 genotype p<0.01

Cystic fibrosis Lung Tx
[Berge, 2010, submitted]

[lkeda 2004, Weiss 2009]



C0=0,7+20,5mg/L
range [0,2-1,6] mg/L

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

R épartition des CO moyens
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PSZ Dose adjustment

Dose adjustment was required in 65% of cases (n=10) at 11 = 3 days

0O before dose adjustment
m after dose adjustment

100;
901 71,4
801
701

o 601
40
301
201
101

<0,2 0,2-0,5 >0,5
PSZ CO (mg/L)




| pszcrLTx VRZ CF/LTX

EP LP —EP | LP

n 14 14 n 29 29

Dose (mg/d) 800 950 Dose

CO+SD (mg] 0,8+0,7 1,0+£04 C0 £ SD 15+1,0 0,9+1,0

< .

SZ LK/IBMTx VRZ LK/B
EP LP EP LP

n 13 9 n 8 7

Dose 600 600 Dose 445 430

C0xSD 0,54+0,36 | 0,55+0,51 | |[CO+SD 24+1,8 1,7+1,3

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

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




Overdose
Increase both specific toxicities

and therapeutic effect (cf

Overimmunosuppression ,
sustained risk of opportunistic infections

1S)

Underexposure
Decrease efficacy

Risk of emergence of resistance (cf

)







AF SAFETY concerns : DDI (1)

[Bruggemann 2008]

- As strong inhibitors of CYP3A4-Pgp system

All of them are concerned,

Including PSZ despite a different metabolic pathway

Ex : IS drugs, @itative aSpeCE[Billaud 2006, Kovarik 2006]
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Steroids

CNI CsA cyclosporine nephrotoxicity
TRL tacrolimus neurotoxicity

MTOR inh  SRL sirolimus hematoxicity
RAD everolimus Gl

CYP3A4 DDI
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ITZ acts as a stronger inhibitor
regarding calcineurin inhibitors,

than VRZ and PSZ

)'+ -+

%

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

resulting in a larger dose reduction

for tacrolimus (FK) during

as compared with

and
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Interaction of VRZ on TRL and SRL
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ITZ+TRL VRZ PO

+TRL

VRZ IV
+TRL

TRL alone VRZ+SRL

SRL

Sirolimus




PSZ Drug Drug 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.
[Berge, 2009]

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.

@rvaﬂons were free from the metabolic inhibi@
due to CsA on ERL exposure

Everolimus 6 Tacrolimus @
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CO0 RAD (ng/mL)

171 180 9 18198

IDose RAD (mg/24h)

28 37

136 145 154 163 172

244 253 262 271 280 289 316 325

334

40

35

30

25

20

15

10

©
%

171 180 9 18198

207

216 225 234




IS Drug Drug Interaction

Azole-1S DDI

40

| TRL
35
TRL ‘
a 25 4
8 20 4
E 15 4
0] * p<0.001
B om A
0 : : — ‘
ITZ+FK VRZ + FK PSZ + FK FK alone
40

35 -
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25 -
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15

191 * p<0.01
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ITZ+ RAD VRZ + RAD PSZ + RAD RAD alone

RAD CO/C




E—— oo

BA
& N8| 20-50%
S' | J+ & %*
* 11
oD DDI 5 DDI
6DH L0 * ($ X2

QU F oo
* CyA Doses are expressed

as mg/kg/day DBA
* BA : bioavailability

CyA concentration to dose ratio during ITZ coprescription




Individual TDM basis DDI management: SWITCH and WITHDRAWAL

;
o FK Therapeutic drug monitoring in a lung
14 ] transplant patient with cystic fibrosis during
C O o 21 three different consecutive azoles therapy
£ VRZ then ITZ then PSZ
£ ]
2] No dramatic change in FK CO

2
VRZ
3,5
3 4
D -
< 2+
1,5
1 4
E 0,5
0 85 127 169 11 253 295 337 379 P21 463 505 547 589 631 673 715 757 799 841 883 925 967 100 1051 109 1135
days
:
— . .
. M Difference of inhibition
14 .
CO/D = on FK metabolism
10 { CO/D:4,3+1,8 Co/D:4,4+1,9
g 5] between azoles
6 4
4 4 CO/D:10,1%3,9 \\/‘\/\.\‘
2 4
0 o 50 100 150 200 250 300 350 400 460 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 ITZ > VRZ -~ PSZ
days

In case of very high azole concentrations , switch between antifungals  must be
conducted with caution, specially regarding the use of a loading dose




Interaction VRZ — FK : JOINT TDM

FK

Dramatic changes in
azole concentrations
impact the magnitude
of the interaction

and subsequently the
need for adjustment

VRZ

45 Dose FK 30
4 —e— CO FK (ng/ml)
25
3,5
F 3 20
N
25 1
E 15
X 2
g 15 ¢ 10
3
1
5
0,5
o4 R
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 . .
clarithromycin
overdose
9 - | —=—CO0 VRZ (mg/L)]
8 ™
7
g 6 _ |
[o)]
Es
2 4+
o 2 1 :.'
-
1L J \/\/-\
. -

0O 10 20 30 40 50 60 70 80 90 100110 120130 140 150160 170 180 190 200

CO FK (ng/ml)

TDM helps in conducting

drug withdrawal, reintroduction, when and how much




AF SAFETY concerns : DDI (2)

DDI management

- As targets : VRZ
* Inhibition
HIV : protease inhibitors (RTV)
switch ITZ-VRZ

steroids

* Induction : rifampicin +++




STP VRZ Patient ARA

TO (mg/L)
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[Alffenaar, 2009]
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PD

PK

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

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




~ [MEDT]

Métabolisé fortement par 3A4

- MACROLIDES
Erythromycine

Clarithromycine

osamycine...

-ANTIFONGIQUES
Azolés
Kétoconazole...
Itraconazole ,
Voriconazole
Posaconazole

ANTIPROTEASES
Ritonavir...

- INH CALCIQUES
- pamplemousse

6) E 56%)<

~ [MEDT]
Métabolisé fortement par 3A4
oral contraceptives

- Rifampicine

- Phenobarbital
- Phenytoine

- millepertuis
(St John’s Wort)

PD

Néphrotoxicité
- Amphotéricine B
- Aminosides

- Melphalan
- Cotrimoxazole VO

Hepatotoxicité
- azolés (KTZ, VR

Risque infectieux

- vaccins vivants atténués

Hématotoxicité
- ganciclovir -
- antirétroviraux

eurotoxcicité
- didanosine

E. M. Billaud, 11-05



On PK basis

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



PHYSICIAN

~

Therapeutic traditions
Pharmacokinetic & dosing strategy
Qesired conc. range

Desired monitcring frequency
Intuition

TYPE OF
TRANSPLANT

I Race

Kidney

Liver

Heart

Lung
Pancreas
Bone marrow

CONCOMITANT THERAPY

™~

Immunasuppressants
Interactive drugs
Additive toxicity

FIG. 1. Some points of consideration when evaluating an immunosuppressive drug sample.

Ther Drug Monit, Vol. 17, No. 6, 1995



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
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[Touw, 2007]
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reviews

recommendations
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 « one patient at a time » management

a multidisciplinary, specialised, collaborative pra ctice

Cardiovascular surgery Pharmacology
R. GUILLEMAIN Laboratory
C. AMREIN
V. BOUSSAUD M. BERGE
P. CHEVALIER t S. LEFEUVRE
M. BENNAMAR
Microbiology Pharmacovigilance
E. DANNAQUI A. LILLO-LELOUET
_ : C. LEBELLER
Biochemistry
MA. LORIOT Pharmacy
L. HAVARD
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