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This article reviews the in vitro metabolic and the in vivo pharmacokinetic drug-drug interactions with antifungal
drugs, including fluconazole, itraconazole, micafungin, miconazole, and voriconazole. In the in vitro interaction
studies, the effects of antifungal drugs on specific activities of cytochrome P450s (CYPs), including CYP1A2, CYP2C9,
CYP2C19, CYP2D6, CYP2E1, and CYP3A4, in human liver microsomes are compared to predict the possibility of drug
interactions in vivo. Fluconazole, micafungin, and voriconazole have lower inhibitory effects on CYP3A4 activities than
itraconazole and miconazole, and ICs, and/or K; values against CYP2C9 and CYP2C19 activities are the lowest for
miconazole, followed by voriconazole and fluconazole. In in vivo pharmacokinetic studies, it is well known that
itraconazole is a potent clinically important inhibitor of the clearance of CYP3A4 substrates, and fluconazole and
voriconazole are reported to increase the blood or plasma concentrations of not only midazolam and cyclosporine
(CYP3A4 substrates) but also of phenytoin (CYP2C9 substrate) and/or omeprazole (CYP2C19/CYP3A4 substrate) .
On the other hand, no inhibition of CYP activities except for CYP3A4 activity by micafungin is observed in vitro, and
the blood concentrations of cyclosporine and tacrolimus are not affected by coadministration of micafungin in vivo, sug-
gesting that micafungin would not cause clinically significant interactions with drugs that are metabolized by CYPs via
the inhibition of metabolism. Miconazole is a potent inhibitor of all CYPs investigated in vitro, although there are few
detailed studies on the clinical significance of this except for CYP2C9. Therefore the differential effects of these antifun-
gal drugs on CYP activities must be considered in the choice of antifungal drugs in patients receiving other drugs.
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THRHE LR Z, BERESEDITELOHmESIN
TWBERIKRTOEDME AR (in vivo) #iR
U7z, 7o, ENTIEROAFSOIEREAIE L
TIEAWS R TWaWAY, CYP3A4 @ HLRI) 72 [H
EZH & U TH 4 7% ketoconazole®!® |2 DWW T H
CYP3A4 {EMICH T 2 EFMMZMF L, MOH
HEEAl & i U 7.

1. Invitro TOEPRBBERCR(FTHE

Invitro TOE ~ CYP O &5 FRICHT 5 HE
ABRICBE LT, Db HAB Wik O3y
HEAER T —& X— AW TR T S Nz HikEW
T, ROAL 7 2 LRPIEME TH 5 cefixime &
cefdinir S TN A7)V 2 L HEHTHIT b 5 nilvadipine 7%
MR REYIC CYP BHEIC K 2 EMMH AR 2R Z X/
WZ EERBTHMEMREHREL TnD, 1219 5
|, bhbhide NFI 70V —AFORENR6
D CYP IS HHERMAI OB ZH 7 ITHEL
7o PR B 1A TTRRET L 72, 14719 CYP1A2, CYP2CY,
CYP2C19, CYP2D6, CYP2E1 X Tf CYP3A4 D4gf=
EHEE LTI, FHhF4 T-ethoxyresorufin O- ffii T
F VLB ZIEME, tolbutamide /KEE({LEEEIEE, S-
mephenytoin 4’- 7K B (b % 215 1%, debrisoquine 4-
KB EEZETE M, chlorzoxazone 6- /K& (b B 3515 1
U nifedipine FR(LEERIEMZ H W, ZhEho
RIRIZ BT % Ky, 1T 0.22, 150.8, 27.3, 83.9, 47.7
KO 122uM TH > 72728, 1118 jn vitro FHERERIC
BT HHEREL, Ky L E72% 0.25, 200, 30,
100, S0 X 10uM E L7, ZOHFEEZRNT, 1
K515 38T & % sulpiride 232015 D CYP i&1E 2
FLARWI EZBITHE L7z '® Table 1 IZHIEEF
FNZDOW ThNbNNHE Lk ICs, i+ 19%, BE
O DK MEXILIC, fEE EBHITRT. 2B,
EEREN K, ELD & E D ICs fEIX, #HHirHE
ETRKED 2%, FEHHZTIIKEICHY
L, 2 ICsy 8 D S HRE I ELE IR DY Ky, fE AT THR
MENTWLBRERZGIHL .

Fluconazole J¢ U8 voriconazole {2 $ W\ T3,
CYP1A2, CYP2D6 X Tf CYP2E1 259 5 [HEILER
5NN 2, CYP2CY, CYP2C19 Y
CYP3A4 T8 LT 830 umM D ICsy MENFED 5 1,
fluconazole T ICs, flIZELICHRE SN TV S K, i
LIFIEFEE TdH o /2. Itraconazole 12 B W T
CYP3A4 1zt L Tl 0.0326 uM Di& WL ENZED &

N7, ZOfMd CYP T 2 HFIZHD 5N/
WAHAF 10puM LA B EFEHE TN > 2. £,
micafungin {Z3B W TH CYP3A4 LIS @ CYP 2%t
T HHEIZRD 5NT, CYP3A4 ITHT S ICs ff
(13.5 uM) b fluconazole (13.1um) Jx X voricona-
zole (10.5um) E[EIFEE TdH - /=, Miconazole |3
TARTOCYP ZHEL, HiT CYP3A4 KON
CYP2CI9 IZH L THRWHEFZ R L2 (ICy fH :
0.0742—0.33 uM) . BLRI[7: CYP3A4 [HEHITH %
ketoconazole®!? (2B T H, ICs fif 0.0117 um D
RUWHEATZRD 5 317/=. Ketoconazole | CYP1A2,
CYP2A6, CYP2C9, CYP2C19 & UF CYP2D6 IZkf L
ThH, ICs XML K DY 13—28 uM DIHEZRT
ZEDNEEINTHB O, 22 miconazole |L CYP2A6
KO CYP2B6 1 L THHFIHET 2 Z EAURSE
NTns 2

—7, BHFEHD DB O—HRIE SO D & b H R
IR b S, WS SIS L,
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-1 Rl CYP3A4 @ mechanism-based inhibitor T
HBZENFETNTEBD, 2 sorivudine 13 IFN
@ #E T (F)-5-2-bromovinyl) uracil (BVU) 2%
X1, Z® BVU 7 dihydropyrimidine dehydro-
genase (DPD) (2 &k ¥, dihydro-BVU & 720D DPD
IZHEB 9 5.2 24 5 D mechanism-based inhibitor
I3 preincubation K¢ Ik F M DHE Z /R T 720,
mechanism-based inhibitor THh HNENZ AT 5
B21Z13, preincubation BifE DB D H ENM G S
N TS, 11242730 Z 7 T ketoconazole DAL @D 5 f&
@ Hi B HF %17 mechanism-based inhibitor T & % 7
ZWH9 5 /=%, preincubation DEEE M HF L
2. 2L OMEIZTBWT, preincubation KA 1
—30 43 THi#H & 71, mechanism-based inhibitor
Tl 5—10 43 [E LA _F @D preincubation K¢ THH 5 2
BHEZROEMMNED SN TS =D, 773 prein-
cubation F§fil & 15 7 & L 72Dy, WTENOPIERE
% preincubation IZ X BHEZRDEMIFED 51
3", mechanism-based inhibitor TlZ7/2W) Z & AVRIEB
X7, 1506

B il Sakaeda 51%, CYP3A4 Z[HET 2 HEMD
% < |3 multidrug resistance protein 1 (MDRI1, p $i &
H) BEITD I L2WmiEL TH 0,3 FIEEHNIC
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Table 1. ICsy and K; Values of Antifungal Drugs against Human CYP Activities
Antifungal c g 1Cse? K;©
drug CYP Reaction (um) (um) References
Fluconazole CYP1A2 ER NI® — Niwa et al. (2005b)1©
CYP2C9 TB 30.3 — Niwa ef al. (2005a)!%
S-WF — 7—9 (M) Kunze et al. (1996) 19
CYP2C19 MP 12.3 — Niwa et al. (2005a)'9
CYP2D6 DB NI — Niwa et al. (2005b)1®
CYP2E1 cz NI — Niwa et al. (2005b) 6
NP NI — Tassaneeyakul ef al. (1998)29
CYP3A4 NF 13.1 — Sakaeda et al. (2005) 14
NF — 10.7 Kaneko et al. (2002)2D
R-WF — 15—18(C) Kunze et al. (1996)19
TFD — >15 von Moltke et al. (1996)22
TFH — >20 von Moltke et al. (1996)22
Itraconazole CYP1A2 ER NI — Niwa et al. (2005b) 10
CYP2C9 TB >10 — Niwa ef al. (2005a) 1%
CYP2C19 MP >10 — Niwa et al. (2005a)!
CYP2D6 DB NI — Niwa et al. (2005b)1®
CYP2E1 CZ NI — Niwa et al. (2005b)1©
NP NI — Tassaneeyakul et al. (1998)20
CYP3A4 NF 0.0326 — Sakaeda ef al. (2005) 14
TFD — 0.275(C) von Moltke et al. (1996)22
MD — 0.0157(C) Isoherranen et al. (2004)2%
Ketoconazole CYP1A2 ER 13 — Baldwin et al. (1995)9
CYP2A6 CM >100 Baldwin ef al. (1995)9
CM — 24(C) Draper et al. (1997)%
CYP2C9 TB 13 — Baldwin et al. (1995)9
CYP2C19 MP 28 — Baldwin ef al. (1995)9
CYP2D6 BF 17 — Baldwin et al. (1995)9
CYP2El Ccz 90 — Baldwin ef al. (1995)9
NP >100 — Tassaneeyakul et al. (1998)29
CYP3A4 NF 0.0117 — Sakaeda et al. (2005) 14
NF — 0.012 Kaneko et al. (2002)2V
CyA 0.2 Baldwin ef al. (1995)9
TS 0.2 — Baldwin ef al. (1995)9
NF — 0.015 (M) Bourrie et al. (1996)'
TFD — 0.037(C) von Moltke et al. (1996)22
TFH — 0.34(C) von Moltke et al. (1996)22
Micafungin CYP1A2 ER NI — Niwa et al. (2005b) 16
CYP2C9 TB NI — Niwa ef al. (2005a)!%
CYP2C19 MP NI — Niwa et al. (2005a)!
CYP2D6 DB NI — Niwa et al. (2005b)1®
CYP2E1 CZ NI — Niwa et al. (2005b)1®
CYP3A4 NF 13.5 — Sakaeda et al. (2005) 4
NF — 17.3 Kaneko et al. (2002)2V
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Table 1. (Continued)
Antifungal < I1Cs,? K;©
drug CYP Reaction (um) (um) References
Miconazole CYP1A2 ER 2.90 — Niwa et al. (2005b)1®
PN — 3.2(0C) Zhang et al. (2002)2
CYP2A6 CM — 0.22(C) Draper et al. (1997)24
CM — 2.2(0) Zhang et al. (2002)2
CYP2B6 7-ETC — 0.050(C) Zhang et al. (2002)29
CYP2C9 TB 2.0 — Niwa et al. (2005a)!9
DF — 1.2(C) Zhang et al. (2002)2
CYP2C19 MP 0.33 — Niwa et al. (2005a)!9
OMP — 0.010(C) Zhang et al. (2002)2>
CYP2D6 DB 6.46 — Niwa ef al. (2005b)19
DM — 0.70(C) Zhang et al. (2002)2
CYP2E1 CZ >10 — Niwa et al. (2005b) 10
(674 — 7.3(C) Zhang et al. (2002)29
NP — 4(N) Tassaneeyakul et al. (1998)29
CYP3A4 NF 0.0742 — Sakaeda et al. (2005) 14
OMPS — 0.028 (C) Zhang et al. (2002)25
Voriconazole CYP1A2 ER NI — Niwa et al. (2005b)1®
CYP2C9 TB 8.4 — Niwa et al. (2005a)!9
CYP2C19 MP 8.7 — Niwa et al. (2005a)19
CYP2D6 DB NI — Niwa et al. (2005b) 10
CYP2E1 CZ NI — Niwa ef al. (2005b)1®
CYP3A4 NF 10.5 — Niwa et al. (2005a)!9

a) ER: 7-Ethoxyresorufin O-deethylation, PN: phenacetin O-deethylation, CM: coumarin 7-hydroxylation, 7-ETC: 7-ethoxy-4-trifluoromethylcoumarin
deethylation, TB: tolbutamide hydroxylation, S-WF: S-warfarin 7-hydroxylation, DF: diclofenac 4’ -hydroxylation, MP: S-mephenytoin 4’-hydroxylation, OMP:
omeprazole 5-hydroxylation, DB: debrisoquine 4-hydroxylation, BF: bufuralol 1’-hydroxylation, DM: dextromethorphan O-demethylation, CZ: chlorzoxazone
6-hydroxylation, NP: 4-nitrophenol hydroxylation, MD: midazolam 1’-hydroxylation, NF: nifedipine oxidation, R-WF: R-warfarin 10-hydroxylation, CyA: cy-
closporine oxidation, TS: testosterone 6/4-hydroxylation, TFD: terfenadine dealkylation, TFH: terfenadine hydroxylation, OMPS: omeprazole sulfoxidation.

b) Inhibition was determined at substrate concentrations around the expected K,

.¢) (C): Competitive inhibition, (N): non-competitive inhibition, (M) : mixed-

typed inhibition. d) No inhibition was observed at 10 and/or 25 um concentrations.

DWTHMmELzE A, CYP3A4 [HEIEMNTS
WD 5 1178 W fluconazole, micafungin ¢ OF
amphotericin B iZ13 MDR1 [HZEFHITFED 51T,
CYP3A4 [HEIE N R WHTEEF TIE,
zole>ketoconazole >miconazole DJEIZ MDR1 [HZ
EMEGED 50, CYP3A4 D ICs i & HiE E Al 50
uM TD MDRI1 DEEZNR DRI BT 7 AHB A
HBHTEERELL. W

2. BREKRICETD2EYMEEERARR

BIEXT ZTﬁﬁ#*IJODﬁ%’FEEﬁEﬂi WL T, %
%< OEERABAER S NBTICE LD EN TN
%, 374D Table 2 121F, f@BEAXIZEFITBVWTE
WC1FEOAD CYP TRE#ENDEMEPHL,

itracona-

Ref— i AR iR P A (AUC) FTHEYMEA
TER OF 2 iEt & Nz BRREABR O Sl &2 £ &
5@ 6 . 42—63)

Phenytoin 13312 CYP2C9 K& Tf CYP2C19 12 kD
SMARZERMICRH# SN, FNE N S-5- (4-hydrox-
yphenyl) -5-phenylhydantoin (S-p-HPPH) & Uf R-
p-HPPH 234 & #1574, S-p-HPPH |3 p-HPPH
DWV%LLEZ YD, CYP2CY O MEFEMNRKEWN
ZEMRBINTWND, 469 —F  warfarin |3 T
SIRTHERINTW S A, S-warfarin @ 5 A% R-
warfarin cl: D PUREEE D558 <, S-warfarin @
R Z CYP2C9 7Y R-warfarin D {X#HIT
IZ CYP1A2 753551’51 L, CYP3A4 KUf CYP2C19 %)
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Table 2. Drug-Drug Interaction in Clinical Study
] ) Pharmacokinetic (PK) effect?
Antifungal Dose Interacting Primary CYP (% of control) References
drug drug
Cmax AUC t1/2
Fluconazole 200 mg/day, 14 Phenytoin CYP2C9 228 175 — Blum et al.
days, po (1991)4»
400 mg/day, 6 Warfarin R-WF: CYP1A2 — (R-WR:208) R-WF: 210 Black et al.
days, po (WF) >CYP2C19, . . (1996) ¥
CYP3A4 (S-WF: 284) S-WF: 275
S-WF: CYP2C9
400 mg/day, 1 Midazolam  CYP3A4 250 350 170 Olkkola et al.
day, po (1996) 44
400 mg/day, 1 day Midazolam CYP3A4 170 360 210 Olkkola et al.
+200 mg/day, 5 (1996) 4
days, po
400 mg/day, 1 Midazolam  CYP3A4 (230) (373) (223) Ahonen et al.
day, po (1997) 49
400 mg/day, 1 Midazolam  CYP3A4 (179) (344) (223) Ahonen et al.
day, 1 h-infusion (1997) 49
400 mg/day, 1 day Ritonavir CYP3A4 115 112 98.5 Cato III ef al.
+200 mg/day, 4 (1997) 46
days, po [NI] [NI] [NI]
400 mg/day, 1 day Saquinavir CYP3A4 156 150 — Koks et al.
-+200 mg/day, 6 (2001) 47
days, po
[HIV-infected
patients]
Itraconazole 100 mg/day, 4 Fluvastatin ~ CYP2C9 133 127 (117) Kivisto et al.
days, po (1998) 48
100 mg/day, 4 Lovastatin CYP3A4 1450 >1480 — Kivisto e)t al.
48
days, po LA: 1150  LA: 1540 (1998)
200 mg/day, 4 Lovastatin ~ CYP3A4 >2000 >2000 — Neuvonen and
49)
days, po LA: 1300 LA: 2000 Jalava (1996)
200 mg/day, 4 Midazolam  CYP3A4 340 1080 280 Olkkola et al.
day, po (1994) 50
100 mg/day, 4 Midazolam CYP3A4 (256) (575) (192) Ahonen et al.
days, po (1995)5D
200 mg/day, 1 Midazolam CYP3A4 180 340 200 Olkkola et al.
day, po (1996) 4
200 mg/day, 6 Midazolam  CYP3A4 250 660 360 Olkkola et al.
days, po (1996) 49
200 mg/day, 4 Midazolam  CYP3A4 312 797 306 Backman et al.
day, po (1998) 52
200 mg/day, 4 Oxybutynin CYP3A4 (189) (185) (128) Lukkari et al.
day, po (1997) 53
200 mg/day, 4 Quinidine CYP3A4 159 242 158 Kaukonen ef al.
day, po sulfate (1997) 5
200 mg/day, 4 Triazolam CYP3A4 (280) (2712) (676) Varhe ef al.
day, po (1994) 59
Ketoconazole 200 mg/day, 7 Tolbutamide CYP2C9 — 177) (332) Krishnaiah et al.
days, po (1994) 59
50—200 mg/day, Omeprazole CYP2C19, (137—204) (136—205) (73—100)  Bottiger et al.
4 days, po CYP3A4 (1997) 57
400 mg/day, 4 Midazolam  CYP3A4 410 1590 310 Olkkola et al.
day, po (1994) 50
400 mg/day, 4 Triazolam CYP3A4 307) (2237) (645) Varhe et al.
day, po (1994) 5
Micafungin 100 mg, 1 or 5 Cyclosporine CYP3A4 114—115 113—114 — Townsend ef al.
days, 1 h-infusion [NI] [NI] (2002a) 5®
100mg, 1 or 5 Tacrolimus CYP3A4 [NI] [NI] — Townsend et al.
days, 1 h-infusion (2002b) 3
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Table 2.

(Continued)

Pharmacokinetic (PK) effect®

Antifungal Dose Interacting Primary CYP (% of control) References
drug drug
Cmax AUC t1/2
Miconazole 125 mg/day, 3 Warfarin R-WF: CYP1A2 — (303) 279) O’Reilly et al.
days, po (WF) >CYP2C19, . . (1992) »
CYP3A4 (R-WR: 166) (R-WF: 180)
S-WEF: CYP2C9 (S-WEF: 472)  (S-WF: 385)
Voriconazole 400 mg, bid, 10 Phenytoin CYP2C9 167 181 — Purkins ef al.
days, po (2003a) 6V
400 mg bid for 1 ~ Omeprazole CYP2C19, 220 380 (180) Jeu et al. (2003)2
day, followed by CYP3A4
200 mg bid for 6
days, po
200 mg, bid, 7.5 Cyclosporine CYP3A4 113 170 — Romero et al.
days, po (2002) 62
[Renal transplant
patients]
400 mg bid for 1  Sirolimus CYP3A4 556 1014 — Jeu et al. (2003)?
day, followed by
200 mg bid for 8
days, po
400 mg bid for 1 ~ Tacrolimus CYP3A4 220 320 — Jeu et al. (2003)?
day, followed by
200 mg bid, po
200 mg, bid, 7 Indinavir CYP3A4 91.4 87.5 — Purkins et al.
days, po [NI] [NI] (2003b) 63

a) [NI]: No PK interaction effect, LA: lovastatin acid (Lovastatin is an inactive lactone pro-drug which is hydrolyzed to lovastain acid.) . Values in parentheses
show the values calculated from the mean C,,,, AUC, or t,/, values described in the paper.

—¥REY 5.4 % /= CYP2C9 A warfarin O 3 EACH
BETHDESON TS, 66 Fluconazole 13 I
12 CYP2CY9 TH# & #15 phenytoin ¢ Tf warfarin
OMEFRREEZEMIES. 29k, FIC
CYP3A4 TH# & 15 midazolam fz Of saquinavir
OMmEFREDHEMIEL I ENMEINTNS
73, 44454 — 5 T ritonavir O M AP EEEICITRZEL
BN EBHEZIN TS, 4 Voriconazole HZ 31
ZFNFEIZ CYP2CY, CYP2C19 K% UF CYP3A4 THH
X 15 phenytoin, omeprazole, cyclosporine, siroli-
mus % O\ tacrolimus O fi #% th {EJ’EF ZHEMxE 3
73, 26162 indinavir O MHEHIREITITZEL 72, &
723, Koks 547 1% HIV Jgkjg: %%L%LVC flucona-
zole Bf 112 X U ritonavir OE Y ERENEE I N/
Mol tz2WEL, TDREKEL T ritonavir O
mTMA«@ﬁﬂﬁ# <, CYP3A4 [HEFIDZE

EZTIIS WD EERL TWS, £z, in-
dinavir ® ritonavir & [F#2E, CYP3A4 A0 BFIME
MENWZ ENRESIN TS, 98 F7=,
zole 1Z R F 1T HB VW T B cyclosporine, midazolam £

flucona-

DOffi 2 DEYOIMPREZENSE S5 I ENHIS5N
T3, 697D
K UIEEEN 2 W2 B REBR ICB W T,

CYP3A4 THE# S 1% cyclospo-
rine J¢ OX tacrolimus™ DKM EIHE)N T A — 7 [THE
ERIF SNV &, KU micafungin 0)>E'<%§bﬁ‘é/\
< A —#13 cyclosporine & O tacrolimus 12 & D 2%
EZTFBENWT ENHEINTNSD, 5859

Itraconazole ® CYP3A4 FLE 2% 2 H WYt A
TERRBRIZEZ < BMET I N THB O (Table 2) 444859
Varhe %593 itraconazole (200 mg/day) @ triazol-

m 2% 9 5 BHER) 1 ketoconazole (400 mg/day)

LHABEETHLZLEHEL TVS.

3. Invitro EPKBEREEHAR L Invivo T
DIEEFROLEE

A, DRONDWRET U 7z in vitro FEYCHEEHR
RH Rl B B e S il SRR TG SN T 5 3
WA B R SRS SR 2 e U 7= & 2R % Table 3 128
5.

CYP3A4 {51k 9 5 BHEIE 1S, itraconazole

mlcafungm e
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Table 3. Relationship between In vitro Inhibition Data and
In vivo Pharmacokinetic Data

In vitro In vivo
inhibition = pharmacokinetic
effect? inhibition effect?

Antifungal
drug CYP

CYP1A2 —
CYP2C9
CYP2C19
CYP2D6 —

CYP2E1 —

CYP3A4 + —+

Fluconazole

+
+

Itraconazole = CYP1A2 —
CYP2C9
CYP2C19
CYP2D6 —
CYP2El1 —
CYP3A4

H+

it
Ketoconazole CYP1A2 +
CYP2C9 + +
CYP2C19 +
CYP2D6 +
CYP2El1 +
CYP3A4 H—t +—+

Micafungin CYP1A2 — (=)
CYP2C9 — (=)
CYP2C19 — (=)
CYP2D6 — (=)
CYP2E1 (=)

CYP3A4

CYP1A2
CYP2C9
CYP2C19
CYP2D6
CYP2E1
CYP3A4

Miconazole

I
ES | =+ +|+
+ =
+

(+)

Voriconazole CYP1A2 —
CYP2C9
CYP2C19
CYP2D6 —
CYP2E1 —
CYP3A4 + —H

a) —: Inhibition is not observed at 10 and/or 25 uM concentrations, =+ :
Slight inhibition is observed at 10 and/or 25 um concentrations, +: ICsy or
K; value is 10—50 um, + : ICso or K; value is 1—10 um, # : ICso or K;
value is 0.1—1 um, # : ICs; or K; value is less than 0.1 um. b)) —: No inhi-
bition is observed, =: AUC, Cy.y, and/or t;/, are increased 1.25- to 1.5-
fold, +: AUC, Cpay, and/or t,/, are increased 1.5- to 5-fold,  : AUC,
Coax and/or t,, are increased to more than 5-fold, (+): Although no
clinical studies have been conducted, the inhibiton is expected, (—):
Although no clinical studies have been conducted, no inhibiton is expect-
ed.

B OF miconazole 2N & ® 7 < (ICs0: <0.1uMm) ,
fluconazole, micafungin % X voriconazole | Z#1 5
FOFVHEEETH > 72 (ICs - K IO,MM) .
Itraconazole | Table 2 IZ /73 &K D I IKIYIZ
CYP3A4 THH SN D EMZHEL, HEPYoI %
BENITA—F %E%ﬁé’d’é EMHENTNWDS
M, a8 2 DM, BEFITBWTHHED MH
BEZENIEL2ENPHE<HEINTNS. P

—7 micafungin I3 in vitro FEIZH N T CYP3A4

EMEZ 10um 2D ICs XIE K ETHEL

78, 1420 FEREABRIC BV TIE, FEIT CYP3A4 TR
I % cyclosporine U tacrolimus™ & ifi 71 B 12
EEBEZHEZBRNIENHESIN TN S, %D
CYP3A4 LISt @ CYP TG & N2 & DM AL
AzEBHE L EBERHABIIRE SN TWwing, in
vitro i B Tl 10 uM D PEEEIC BT, CYPIA2,
CYP2C9, CYP2C19, CYP2D6 & UF CYP2E1 IZkf L
THEERAZRI RN >REIEXD, BRIZBNWT
CYP3A4 DAL THR# SN D EYITH L THEMMH
HERZEZIIRNZ EAVRBI N,

Fluconazole |3 1 HD#& 5 & A 200mg A LD &
=12, CYP3A4 @© H'E T &H % midazolam & O}
saquinavir? O MHEEZ LRI B 5 2 WG S
NTWNG, 444547 X 517, voriconazole 1Z cyclospo-
rine, sirolimus % Of tacrolimus O Ifil #7 & B 2 B Al &
B 508,202 EE D& 512, micafungin I tacroli-
mus & O cyclosporine O Ifil P& E 1T ZE 2 KT S/t
W ENHE I N TS, 5859 Table 4 12 B A

2B 5 5 HOPIEREF QM ENRE)N T A —% K
FEHEERZED D, 2697380 Micafungin I35 kA
Rtk 53N 5 DI L, fluconazole & UF vorico-
nazole [ZF RN FFfi & S ICMAR OHK G BITDN
THO, BYMHEERIETROKRGRISGEO SN
TWND, 242747612 F /- HEHEESRDEIIEREA
I TRE<ELZ-O>TWS, LEMN>T, fluconazole
J% OX voriconazole 1%, micafungin & 13#% 5 8%,
ERREGRENRLD 2 EICXD, K UHEE
) CTEYMHABERZEITREIGEL /2D & H#
Bans.

CYP2C9 T CYP2C19 & 1T k9 % ICs, fE 1%
miconazole 73 & H K < (0.33—2.0 uM) , voricona-
zole % O fluconazole TIIZ 441 8.4—8.7uM &
W 12.3—30.3uM TH D, itraconazole Tl 10 um
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Table 4.

Pharmacokinetic Parameters of Antifungal Drugs in Healthy Volunteers

. Conx o
Antdlrfﬁggal I()Igggz - "™ Protel(n%b)lndmg References
Fluconazole 100 (po) 1.88 6.1 11—12 Debruyne and Ryckelynck (1993)69
Itraconazole 200 (po) 2.156 3.1 99.8 Grant and Clissold (1989)7»
Oguchi et al. (1991)7
Ketoconazole 400 (po) 6.50 12.2 91—93 Van Tyle (1984)79
Micafungin 150 (1 h-infusion) 14.30 11.3 99.8 Azuma et al. (2002)79
Yamato et al. (2002)77
Miconazole 400 (1 h-infusion) 1.6 3.8 90 Uchida and Yamaguchi (1984)7®
Stevens et al. (1976)7
Voriconazole 200/400 1.89/5.27 5.4/15.1 58 Jeu et al. (2003)2
(po, bid) Pearson et al. (2003)%
DL &EH#HeZLE /= (Table 1). Miconazole T @ MEETHDEEZALNS.

CYP2C9 J% TF CYP2C19 iE T X9 % ICs 1 1T
CYP3A4 IEHEDHZE XV &N o /=28, fluconazole
T TX voriconazole T® CYP2C9 K Of CYP2C19 i
PEIZ KT % ICs fllZ CYP3A4 L FFEETH 5 /=,
L 7= 5% > T, fluconazole & Uf voriconazole I,
CYP3A4 & [Afk, CYP2C9 XiZ CYP2C19 TR #
SNDOFHIEEEMMEEMHZE I rlgetEnd %
EHERIN. FEBIT fluconazole 13 1T CYP2CY
TR # & 1% phenytoin & T8 S-warfarin®—¢772 @
Mg %2 FH X4, 424 voriconazole |Z pheny-
toin Jx N EIZ CYP2C19 & CYP3A4 TR#@I N2
omeprazole’’ D MAEFREEZEMS 2 I E0H
HEINTNWB, 20— in vitro EYHH BAE AR
12 B T, miconazole & CYP2C9, CYP2C19 K TX
CYP3A4 2 B DRF L 29T X TOE Ml CYP 12
HLUTHRbBOHEFEEEZ/RL, Zhang 52 %
miconazole 78 % CYP IZ LIEHiHEZRL, K|
B3 0.01—73uM THo Il LaEL TS,
ER R EBIZB W TH, miconazole |3 warfarin @ Ifil
RhRE RIS B, KIC CYP2CY TR#xIN D
S-warfarin @ 5 7NF D E N K ZF Y, 0 Miconazole
%Z CYP3A4 ODEE EHEH L /o & & O EWHAAEH
Ze et U 72 B R R SR D & 1 7n s, 40 Jifi #5 il i 25
IZHWNWT cyclosporine DIMHEBEZEMIEH I &
MHREINTND, W

DLk, BIEEAOEK TOERYMEENAZ in
vitro TOEYCHBEFE & OHANEH OB R TEHEZR
L7=m, PVIEEAZHERTSEICE, ShEREAO
HEYAHEERICBET 2R EICEEL GERIT S 2 &
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5)
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