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AUC: Area under the concentration-time curve

NADP*: B-nicotinamide adenine dinucleotide phosphate sodium salt hydrate
BSA: Bovine serum albumin

CXP: Collision cell exit potential

CE: Collision energy

CPM: Cyclophosphamide

CYP: Cytochrome P450

DP: Declustering potential

DMSO: Dimethyl sulfoxide

DI: Drug interacition

EP: Entrance potential

ECZ: Epoxiconazole

EDTA: Ethylenediamine-N,N,N',N'-tetraacetic acid
FAERS: FDA Adverse Event Reporting System

FRM: Fenarimol

FCZ: Fluconazole

FVX: Fluvoxamine

Go6P: D-glucose 6-phosphate

G6PDH: D-glucose 6-phosphate dehydrogenase

HPLC: High performance liquid chromatography

HLM: Human liver microsomes

HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
ICs0: 50% Inhibition Concentration

Ki: Inhibition constant

ICZ: Itraconazole

JADER: Japanese Adverse Drug Event Report database
LC-MS/MS: Liquid Chromatograph - Mass Spectrometry
Cmax: Maximum drug concentration

MedDRA: Medical Dictionary for Regulatory Activities
MCZ: Miconazole



MLK: Montelukast

N.L: not inhibited

PBS: Phosphate-buffered saline
PT: Preferred term

PRR: Proportional Reporting Ratio
PCZ: Prothioconazole

TCZ: Tebuconazole

TDI: Time-dependent inhibition

VCZ: voriconazole
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Cytochrome P450 (CYP) T X 2 M Ly ZEMAH o T EARIETH V. FoiF
76 X 7z AN KE TS S T B FF D AL 200 & H OFEED CYP I X - TR
HINTHEZepHEINTL B[], Y, BRI, HRYE L L2 CYP Z Al
W& 72 (IR AGERICBEE L. BHERI 2 WA IC Ak CYP TR A 12 3T o &I
Y3 2R F CEYOIMFRED LA I 2 BYMHEH (DD Sk 254605
%5, EEA DI ZMIET 272010, ilt. BRSSP HARDERESEIH Y JH 1L, Bz ic
BIFEDIDY R HBEYNCFHEi 3T 2720054 V74 v EFHKRL T 5[2-4],

INOLDHA FTAVRHA X AT, CYPIHEZNLZZMHAEMD Y X 27 %5
flid 27-01c, FEMFEOWMEEC, e VI Z7uy —2°KBHRI /vy — 4
H 5T e P Z 72 in vitro FUHIHE R 2 EfiT 2 2 L kDo Tw 5,
. BRRBIZ. 0o D invitro iBEOFERICHE SV CE I nzdboTh L L
CHBEITRETH S, L2 > T, invitro fRHTPHE F2 5 % Y] 72 58 fith 13 81 5 70 e
T, MEYNICTON S L ARRDE R BRRBEA RSN T, BARDI DY 27 % Hike
MO RICER S5, 7. BRMKS PCEBTER 75 3 E O 741 % 53
TllE. TN CYP ZHET 2 & CTEYFREAERERD IV X7 2@, BER
ICHRNEYNT v ZADOAEM R ERZ FTRIREMNEN S 5 720 ICEETH 5[5-8], in
vitro TREAfi 3= % CYP 73 FffiZ. CYP1A2. 2B6. 2C8. 2C9. 2C19, 2D6, I XU 3A
THHZLF3oOHEIXEDFT-HELTHEINTVE, ZRICL20b 6T,
Z DL R AR 72 TRER 2 CYP FHEANZ V5 <L 138 A LD RRKT PTHRY)
BHIZOoWTIHERPIZLA LR,

AWFFETlid, REMW R CYPFHER L 72132 D80 b % CYP FHEAICO VT, in

vitro 71 7 7 Wik % b CHEEL CYP 0 RO R ETE M % [FIRFIC gt L. CYP FHE Y X



7 % RAFNCEHE T 5 L oEBEEERFEIEL 72 B 13), ZoMTofRciE, oh
T CHEEL DI & OBEMESIREINS 2 LG E A E D o7 CYP2B6 % Kiiic [
BT LTV AVRPERERFAET 5L ICEH L, 22T, CYP2B6 IZH L Th
17 EVEA % 7~ $ voriconazole (VCZ) & CYP2B6 DILE I TH % cyclophosphamide
(CPM) L OPFHIC X 2EEADI Y 227 %, BEHR F2%) & HXORIWEMT
—ZAR—=ZD I F AR (FB3E) X VRE L, —EOTORE. h
T CHRBSG TR I N TI k-7 CPM & VCZ 2 & CYP fHESM D DI 0 V)

27 DO T TR o T2,



1T Invitro 7 7 T KR 72 CYP 8 4y TREICK 3 % [ o — 7 3l
R

In vitro IZ B W CRl(L AP 28 CYP ICxt 3 2 HEWE M 2 R0 5 &5 » % Gl 3 2 77
BRI EIELRTERSY, FHTERFICLoTe MFI 7y 2253
D, b ME#lEEH W2 b O, FHINRE T IHEORBRI /ny —LxH0w2 b
DICKHNT B2 LB TE B[9], EFEMFAFOBERICEWTIE, Z D invitro #Hli T4 5
NBWEHRE S LI EEHAREE LT 2 2000, 72 EoEERN & oM A ERHRR
BEETE0ERET S LICRB[2-4]7-0, #Y)&R DIV 227 DFHli%+ 3 5 2T
FEHICHEEARERE 2%, LaL, e MFI 7Yy —LaThhIT L W EFRNTORE
WKEW—FH T, vy MEBKE CHRAEO R WEREELHONIC W L[9], e
FFI7my —LoRERI /vy —22HWEERETIR 1D 1 200 RIS 55
fili % £7 o 721210 &5 R C ORI % 1T 5 BIC BRI S FET 5 2 & 7k
L. ENZENOFRTRAEZEN, FiiAd 5, z0izo, HiiZ{T) LTRREOD
TR EEW LI N TES T, HAFRAATA V74 v, HAXZVRCBEBNTHIND
DEEFREZFIAL B Z1T ) & L F oM 25RicE £ - T 3,

Invitro 77 7 7 Vi, & PFI 27 vy — Aic & TROBIRIN AR E € v b 23500
L CRFFICE &2 2 & T, D CYP o FHE~DOMHE L2 FFHCEHGis 2 2 & 28T
X510, ZOFEEF, HEEZ A vFax—1+F252L T, HTHERED K ®
ICso DHEEMDIE S D& & HR/NRICHI 2. & TREDHEEM% IS 2 D@ L T
VW3, LALARs, HEZEEREST 2 2L 3BRL AviEEo TS 27
b HROREY E —FIREER CERFGT 2 FkB30HEH IRV &, A7 TV
FHFFOMER S B2, INECIChRA Ly THEOMAGDE, SEEEDOHAADYE
TOITEPRIBEI N TV S 23, ATl Spaggiari H[11233E5 L 72 /7E% d &,

WL O DEEZMA TEBRREZFELEL Db, CYP HEXR LAY &L RE 4 LAY
5



DFHli 21T > 72,0

F 7z, CYP X L TARLRY 2 fHE 2R TLaPid. 8% @ in vitro @ ALY 72 fH
RIS 2 EBRCE O N EU EICBRGIIEZRTI LA 5, ThIIEER G
TR L T2 OHE O X 233589 % 72 % Time-dependent inhibition (TDI)
EIEENB[12], Z D7z, AR TIFEKRZEDI VA2 ZRIEL Shn/zDIcHEL

7z in vitro 77 7 7 WRIT ICso shift assay & ' iX4 5 TDI % 3 5 72 & O FEiffiiE % fH 4

BB EDNAFED E ) I DONT HIREEL 72,



EERM KL L Ok

1. Mk

Prothioconazole |3 BLD Pharmatech (Pudong New Area, Shanghai, China) 7> & A
L 7z, 1-Hydroxymidazolam. 6B-hydroxytestosterone. dextrorphan. sulfaphenazole %
Cayman Chemical (Ann Arbor, MI, USA) 75l A L 7z, Acetonitrile for LC-MS
grade. bupropion. dextromethorph. dichrofenac. dimethyl sulfoxide. ethylenediamine-
N,N,N'N'-tetraacetic acid disodium salt dihydrate (EDTA-2Na). fenarimol. fluconazole.
formic acid. itraconazole. methanol, MgCl,, midazolam. phenacetin, tebuconazole.
testosterone | Fujifilm Wako Pure Chemical Corporation (Osaka. Japan) 7> 5 HEA L 7z,
Epoxiconazole, miconazole /%, LKT Laboratories (St. Paul, MI, USA) 2>HHEA L
72 HEPES buffer |% Nacalai Tesque (Kyoto, Japan) 7> HHEA L7z, N-
Desethylamodiaquine (¥ Santa Cruz Biotechnology (Dallas. TX. USA) 225 WEA L 72,
Pooled human liver microsomes (Xtreme 200 Human Liver Microsomes (HLM). 200-
donor pool, mixed gender. catalog # H2610. lot no. 1410230) I3 Sekisui XenoTech

(Kansas City, Kansas, USA) 75 A L 7z, Acetaminophen, D-glucose 6-phosphate
dehydrogenase (G6PDH). D-glucose 6-phosphate disodium salt hydrate (G6P). fatty acid
free BSA. B-nicotinamide adenine dinucleotide phosphate sodium salt hydrate (NADP*) (%
Sigma-Aldrich (St Louis. Missouri. USA) 2> SH§A L 72, 7-Hydroxycoumarin,
amodiaquine, coumarin, fluvoxamine. montelukast, omeprazole. quinidine.
sulfadimethoxine., voriconazole ( Tokyo Chemical Industry (Tokyo. Japan) 7>5 &AL
7zo 4’-Hydroxydichlofenac. 5-hydroxyomeprazole. hydroxybupropion |Z Toronto Research

Chemicals (North York. Ontario. Canada) 72> 5HEA L 72,

2. HLM % w72 CYP & # 7 7 v o H K e
7



AVvFax—vavEBRHAOF2—-7BX0Fy 7k, WEEZBIT 272012, 55
HLOTRTYY arf X N7z D% TR St (Hyogo, Japan) 2> 5 i
AL, EBRICHW, 9EHEOEE DAY (phenacetin 3 pM (AXIREL) . coumarin 2
uM. bupropion 0.5 uM. amodiaquine 0.5 uM. diclofenac 1 uM. omeprazole 1 uM.
dextromethorphan 1 uM, midazolam 1 uM, testosterone 1 uM) ¥ X UNPNFEREE

(sulfadimethoxine 50 ng/mL) % . JAMAEREICIC U CRE 4 DR ICHTE L 72 FHEH

(voriconazole., fluconazole, miconazole, montelukast, sulfaphenazole, fenarimol : 0.01
~100 pM. quinidine. prothioconazole. epoxiconazole. tebuconazole : 0.01-10 uM,
itraconazole : 0.01-1 uM) DFETE T, b L < IFIEFETE FIc BT, NADPH Fi4 %,
pooled HLM 0.2 mg protein/mL. 50 mM HEPES #&fi% (pH7.4). 0.1% w/v fatty acid-free
BSA ZBMLTA vFax—F Lk, ZEEEMHLAMAEYOREL Fig. 55XV 21(C
N7z, IRAWORAARIT 2000l & L7z, TXRCORMERII LY 7V 7 — b ©fF
272, TRTCOMHEAS L CEFEIZDMSO HD X+ vy 7KK E L CIHEL L, methanol
THRML . 200 f5A R CTEAYICTHM L 72, methanol & X UF DMSO DAL X, %
NZ N 0.5% (viv)E LT 0.01% (v/v)PA P Il 2 72, NADPH P4 R 1T mAKIREE DS 1 mM
NADP+, 1U/mL G6PDH, 3 mM G6P, 1 mM EDTA-2Na, ¥ X U* 3 mM MgCl, & 72 % X
IICHEEL 72 b D2 M\7z, 3TCT 33 A v F 2 ~—F L7, NADPH 4R
AL CCYP RICZFME L 7z 15 2084 v F 2 _X— b+ L7z, 50 uL DEEV %
SPHCL . 200 uL DK L 7z acetonitrile LRMI L. #L KT 5 2 & TRIGZIFILZ
i, WL 722 v 78 %m0008E (1590, 12,000g, 4°C) T X > CThREL, =
LDBECRo N EiED 5 B 100 uL % LC-MS/MS 1 X 2 PR HIE ICfEH L

7»
Co



3. ICs shift assay Z#l A& 5 Z & IC X % invitro 57 27 7 A5 TD Time-
dependent inhibition D& H

TDI % F¥ifi 3§~ % 72 D FWii % Tl ICs shift assay[13]% 2. A E DY 7z, pooled
HLM 2.0 mg protein/mL. 50 mM HEPES #Z##% (pH7.4). 0.1% w/v fatty acid-free BSA &
verapamil ® L < % imatinib % 0.1 ~ 1000uM T, #WWEH S0uL L 722 X HRM LD
DEINEA v Fax—vavl, 2226200l 0WML7=bD% 105K ER 2
X212, TRLEEEEAZ TAERNL, 6101594 vFax—vavlid

D % with-preincubation ¥ > 7 v & L CUE L, REMPEE ZHIE L 72,

4. LC-MS/MS i X 2 fREHPIIRE ¢ &

T XCOHIE I, Prominence HPLC ¥ A7 L (Shimadzu) 3 X U8 QTRAP 4500 > A
7 L (AB SCIEX) Zf#F L 7z, HPLC IC X % %3#ff T Kinetex EVO C18 71 7 A

(Phenomenex, 2.6 um, 150 mm x 2.1 mm) 3 X Uf Kinetex EVOCI8 #—FH—F VD v
Y (Phenomenex. 2.6 pm. 2.1 mm) %A L THEEL 72, #IEIZ 03 mL/min & L
Too NAF VRV T 2FEHL. A 0.1% formic acid aq.. B % 0.1% formic acid in
acetonitrile & L, A:B DX # % 0min T95:5, 0.3 min T95:5, 0.4min T 82 :
18, 1 min T 80 : 20, 2min T 74 : 26, 2.5min T 67 : 33, 3 min T 55 : 45, 3.5min T
40 1 60, 4min CT20: 80, 42min T5:95, 6min TS5 :95, 6.1min T95:5, 10 min
TO5:5,h2X 1LV Iy b 2REL. DR T2, H~—h—GHYD
MRM ¥ 5 A — X % Table 1 IC/R L7z, WEERHE & D peak height 2> b & KEVIRE %

HH L7,

5. IC50 fE D HEE

% CYP i TR R 7~ — A — &G & LT CYPIA2 : phenacetin -> acetaminophen.



CYP2A6 : coumarin -> 7-hydroxycoumarin, CYP2B6 : bupropion -> hydroxybupropion.
CYP2C8 : amodiaquine -> N-desethylamodiaquine. CYP2C9 : diclofenac -> 4'-
hydroxydiclofenac. 2C19 : omeprazole -> 5-hydroxyomeprazole. CYP2D6 :
dextromethorphan -> dextrorphan, CYP3A (¥ midazolam -> 1'-hydroxymidazolam.
testosterone -> 6B-hydroxytestosterone @ 9 O D Kt % 72, &It & #EiEZT Fig. 3 1<
L7 BERIT, RO LMEZ yoih, MoK HZ x @i & U TR A 208 2 [lyE
MER/NFERIC L > TRODD, HEEKOFMTO LN L MO PIFIEFRDOMH E D
A o8 L7z, FHERREE R INHEROLE & FHEERRED» S v 7€ A4
N o HEBZ IERER/N IR IC X > THEEB L 2, ZNZNDEHEICIT R software

(ver.4.0.0) & GraphPad Prizm 5 software (GraphPad Software, Inc.) % F > 7z,

10
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Fig. 1 The structure formula of 8 CYP inhibitors
Each 2D structure were drawn using ChemDraw software (ver. 20.1.1.125, PerkinElmer).

A:VCZ,B: FCZ, C: MCZ, D: ICZ, E: MLK, F: FVX, G:QND, H:SFZ. Compounds for which the

stereo configuration was not specified in the structural formula were used as racemic mixtures.
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Fig. 2 The structure formula of 4 pesticides
Each 2D structure were drawn using ChemDraw software (ver. 20.1.1.125, PerkinElmer).
A: FRM, B: ECZ, C: PCZ, D: TCZ. Compounds for which the stereo configuration was not specified

in the structural formula were used as racemic mixtures.
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Fig. 3 The structure formula of 9 marker reactions

Each 2D structure were drawn using ChemDraw software (ver. 20.1.1.125, PerkinElmer).

A: phenacetin -> acetaminophen, B: coumarin -> 7-hydroxycoumarin, C: bupropion ->
hydroxybupropion, D: amodiaquine -> N-desethylamodiaquine, E: diclofenac -> 4'-
hydroxydiclofenac, F: omeprazole -> 5-hydroxyomeprazole, G: dextromethorphan -> dextrorphan,
H: midazolam -> 1'-hydroxymidazolam, I: testosterone -> 6B-hydroxytestosterone. Compounds for
which the stereo configuration was not specified in the structural formula were used as racemic

mixtures.

13
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Fig. 3 The structure formula of 9 marker reactions

Figure legends are as described on the previous page.
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Fig. 3 The structure formula of 9 marker reactions

Figure legends are as described on the previous page.
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Table 1

MRM transitions of marker metabolites, cyclophosphamide and voriconazole

compound Q1 Q3 DP (V) EP(V) CE() CXP(V)
acetaminophen 151.9 109.9 56 10 23 14
7-hydroxycoumarin 163.1 119.3 131 7.03 22.25 5.88
hydroxybupropion 255.9 129.9 66 10 69 12
N-desethylamodiaquine 328 283.1 86 10 30 12
4'-hydroxydiclofenac 312 230 70.88 2,92 36 11.14
5-hydroxyomeprazole 362 214 73.42 10.64 5 7.07
dextrorphan 258 157 101.3 3.47 44 8.81
1'-hydroxymidazolam 3419 2029 156 10 33 14
6B-hydroxytestosterone 304.9 269.1 101 10 21 12
sulfadimethoxine 311.2 155.9 95.7 3.61 27.3 10.16
cyclophosphamide 260.9 139.9 70 10 27 13
voriconazole 350.1 127 77.8 7.29 47.73 6.36

DP: declustering potential. EP: entrance potential. CE: collision energy. CXP: collision cell exit

potential

16



1. CYP PHER 8 LAY F X VI 4 (LAY @ 1C50 i D FFifl

VCZ 1% CYP2B6 10 L TIFF I W IHEFEER 2R L. IC50 fEI 0.12uM TH o 72

(Table 2), Z 41X CYP3A (ICsp3a : 1.85uM) D 154 f5DfHEN %R L 72, FCZ IZ
CYP2C19 %#FH% L. miconazole I3 CYP3A & [FIFREIC CYP2B6 5 X Uf 2C19 % FHE L

o — . BT V= VFRPEREETH B ICZ 1T, CYP3A ITH L T\ E IR 7 fHE

EFR %R L 72 (ICsp3a : 0.04uM) (Table 2), fluvoxamine, montelukast, sulfaphenazole,
quinidine I3, TR D | ZNZ 1 CYPIA2, 2C8. 2C9 ¥ X U 2D6 1T} L i\ fHE
EfZ/ L7z (Table2), vV I3V REID fenarimol. 7 — L L=

epoxiconazole, prothioconazole, tebuconazole (ZH#L{D CYP i L CoivFHEFEA %

AL, DS HEINAED IC50 flHIE 1 pM AN TH > 72 (Table 3),

2. ICso shift assay % #H {54+ 7z Time-dependent inhibition D H}

verapamil 3 X O imatinib IC DWW T, YL vFax—vavofREZNZENICET
% CYP8 73 THEICHAT 3% ICs i & ICso shift ilE%Z Table 4 ICF L D7z, v — A —HEH &K
JGE R BENC 30 /0. FHERE HIM TO 7L v Fax—v a v %{TH LT
verapamil @ IC50 {625 10 {504 EZB§ 2 2 & #HEZR L 72 (IC503a midazotem © 11.8 5.
IC503A testosterone & 18.0 f&F. Table 4), imatinib T [AEEIC CYP3A @ IC50 shift (X F 5 17z

(IC503A midazolam - 8 75 'fIII\ IC:SOZ’A testosterone - 1 61 'flil N Table 4) Zi) D @ 'ﬂﬁ@ %*@0 ﬁj— 5
17



ICso shiftfiiZ 1 ZKE { Tl 72 (0.17~0.62),
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Table 2
ICso values of various inhibitors for each CYP isoenzyme evaluated from the in

vitro HLM cocktail incubation method

CYP ICs0 (UM)
isoenzymes VCZ FCz MCZ ICZ FVX MLK SFZ QND

CYP1A2 >100 N.1. 25.7 N.1. 0.13 N.1. N.1. N.1.
CYP2A6 61.6 N.1. 3.92 N.1. N.1. N.1. N.1. N.1.
CYP2B6 0.12 46.8 0.02 (3.3) 2.85 24.6 N.1. N.1.
CYP2C8 98 N.1. 0.86 N.1. 94.3 0.17 (675) N.1.
CYP2C9 4.7 12.8 0.66 N.1. 34.5 9.8 0.38 N.1.
CYP2C19 3.8 213 0.05 N.1. 3.04 18.6 N.1. N.1.
CYP2D6 >100 N.1. 0.35 N.1. 1.48 16.6 N.1. 0.2
CYP3A
(midazolam) 1.85 2.93 0.06 0.04 N.1. 35.5 N.1. N.1.
CYP3A

2.9 2.18 0.08 0.04 35.5 18.1 <100* N.1.
(testosterone)

CYP species and estimated ICso values of azole antifungals and other CYP inhibitors are shown here.
If the inhibition ratio was lower than 50% at the highest tested concentration of the inhibitor and ICso
estimation was not converged, we marked the ICso value as N.I. (=not inhibited). If the estimated
ICso value was higher than the highest tested concentration, the ICso value was denotated in
parenthesis. * : The inhibition ratio was higher than 50% at the highest tested concentration but ICsg

estimation was not converged.
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Table 3

ICso values of pesticides for each CYP isoenzyme evaluated from the in vitro HLM

cocktail incubation method

CYP ICs0 (M)
isoenzymes FRM ECZ PCZ TCZ
CYP1A2 N.I. 4 N.I. (27.9)
CYP2A6 6.74 N.1. N.1. N.1.
CYP2B6 1.56 0.66 0.55 1.68
CYP2C8 6.62 (15.9) 2.51 N.I.
CYP2C9 6.29 N.1. 1 0.83
CYP2C19 0.58 0.69 1.73 0.25
CYP2D6 12.3 (10.7) N.I. (13.8)
CYP3A
0.1 1.97 N.I. 0.27
(midazolam)
CYP3A
0.11 2.15 13.3 0.17
(testosterone)

CYP specie and estimated ICso values of pesticides are shown here. If the inhibition ratio was lower
than 50% at the highest tested concentration of the inhibitor and could not be used to estimate the
ICs0, we marked the ICso value as N.I. (=not inhibited). If the estimated ICso value was higher than
the highest tested concentration, the ICso value was denotated in parenthesis. FRM; fenarimol, ECZ;

epoxiconazole, PCZ; prothioconazole, TCZ; tebuconazole.

20



Table 4
ICso values and ICso shift values of verapamil and imatinib for each CYP

isoenzyme evaluated from the in vitro HLM cocktail incubation method

ICs0 (UM) .
CYP ICs0 shift
. with pre-incubation without-preincubation

isoenzymes

VPM IMT VPM IMT VPM IMT

CYP1A2 72.5 N.I. 36.7 N.I. 0.51 N.I.

CYP2A6 N.I. N.I. N.I. N.I. N.I. N.I.

CYP2B6 (546) N.I. 115 N.I. 0.21 N.I.

CYP2CS8 45.8 N.I. 13 N.I. 0.28 N.I.

CYP2C9 97.5 N.I. 41.2 N.I. 0.42 N.I.

CYP2C19 (259) N.I. (161) N.I. 0.62 N.I.

CYP2D6 49.8 N.I. 8.4 N.I. 0.17 N.I.

CYP3A 4 31.7 35 373) 875 118
(midazolam)

CYP3A 8.8 53.4 14.2 (960)  1.61 18.0
(testosterone)

CYP specie, estimated ICso values and 1Cs shift values of verapamil and imatinib are shown here. If
the inhibition ratio was lower than 50% at the highest tested concentration of the inhibitor and could
not be used to estimate the 1Cso, we marked the ICso value as N.I. (=not inhibited). If the estimated
ICso value was higher than the highest tested concentration, the ICso value was denotated in

parenthesis. VPM; verapamil, IMT; imatinib.
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L

AWFFECREZE L 7z invitro 1 7 T Vikid, EEREOREZRICT S22, FUH

HEH}

HDFFOHK CYP I FHEICH T 2 HE DR S ZEHEHET 5 2 L3 T% 5, REFR

T incubation mixture {Z SIS 2 R & L C HEPES buffer Z L Tw 3 25, {CH

EERITH W % buffer ICX > T—HD CYP 13 ZF DiEMEREE T2 2 ¢ 8EINTEY

[14,15]. CYP FHFEZ OIEH b [FIFRIC buffer DRgEE%2Z T 2 v[REM R H 5, LA L, K

Bt CEEl & 17z IC50 i & JeATHFZE[19-26] TS & 7= I K ¥ el d R o x

Mmolzl b, REMRBRZHAVE I L TCYPS DFREICHT AHEDRX ZFEE X

(RDBZENRTE, REERRICTEBWTIT buffer DFEE T RKZ L a0nWeEEZ 6N 5,

¥ 7o, RFEEER I Spaggiari © O L2 HE[111& 2720 | RIS > T HLM O fE

Wi R 2> & O X 0 2 EEERR IR D 528 2 ) 2. 5 HAY T fatty acid-free BSA Z A L T >

%, BSA ZiINS % Z & CHERIENEOREZIHIcE 2 2 L 3G INTED,

albumin effect & FEIEN TV 2[16-18], RIGHFRND &2 v 2 HEBINT 6720, HH

HOWEHERLIRIE DMK T 5 720 I B J DfGHEE MK T 375 25, 2 v X7 BT

IES 2 LR DR E A2 2 2 L IC L W RGBT L eI N3 L)

LDTH3B, 7277 L. AREEZTBSA & OBHIMENIEE ICEWEY) % 514 2 54

EBEREVNRIE DS L 7 R I R T L AR 2 0, FHEF M T 2K < A D

STLEIRBELRDLZLICOVTIREELARTNIER S RV, —f%IC in vitro /7 7
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T ETIIEBOEERE 2 R ICRINT 2 720, RICOBIGHER Rz TR 20285

DA E 725 2D B0, AFEBRICOCTIENREDOBAPSEEKIRILE Z 2

fii. B L I3 125 LCRfROFEERZ 1T\, FEEE OB IS FIZHIEMN I H 2

L RMERL TS,

VCZ 7% in vivo T CYP3A %5 { fHEJ % Z & X midazolam 7z & D CYP3A DIERAY

e REF BAEFRFIE 2> B S 22T H 3[27], % L TARETICHE WT VCZ D in

vitro T CYP2B6 I3 2 fHEZS CYP3A I3 3HEL Y H iz 20 ICi@mr o722 &

25, VCZ 2% invivo T CYP2B6 Z i fHE L CWw 2 AR EWwEE X 5, T 7=,

VCZ 1T X % CYP2B6 DFHEICHI 2 T, miconazole ® CYP2B6. 2C8. 2C19. 2D6 IZxf

T 3 [HZE., fluvoxamine @ CYP2B6 1% 3 % [HE X % 12 LD I HBERIRIC 35\~ CRHE

T3 LEEMENINTWS CYP 5 (miconazole : CYP3A. 2C8. fluvoxamine :

CYP1A2. CYP2C9. CYP2C19., CYP2D6. CYP3A4) IZxf§ B [HE & T [RIZELL

FoHELZRLZCO 22O T, ARORMNLEHEPCA v 2 2 —7 4 — L ETIIE

BMGEA 2 INTWiar o, Sk, T OISR A invitro EEREZITS> 2 LT, Th

FCHBIINTWAEDIOY RZBHLNICR R EEZT W5,

T, SEEHIL 72 4 ORI E ) IV VERLT VLB ER L, Wb

HE DD D CYP51 (A7 v —)L C-14 i X FULIEER) 2R E L CEY., BIKTH

WHNTWBET Y —LVRTTEFRIE L FROIERT 2 Fio 2 Lo b, EYRHHICEES
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TL5CYPRHETZ22LICLEDIOY A7 FHEENS, LrL, b hMiET5HE
PN G35 CYP IE T 2[HEOMI I chEFclRE I N T d o7z, SRIFE
fili L 7z 3 D 3EA S E D CYP 3 F-HEicnt L CRREEM 2R L Tk v BEDERIK
BIGCcl b DI 25| SR FEAICILET 2 D ThH o7, HATIE, BEHhORK
HEEOHAEZ 0.01~10ppm TH V. WHOHFENWABNELXEZET L L., ZhbHD
RS e MR 2 M BAE R % 5 & R 2 TRMREIE MKW & E 2 b s, L2
L. REMHEECHE 2 KR ICEIT 2 K& DA & it REEH~ORE 4
b L,

TDI DI DWW Tk, CYP3A X9 % TDI 28A1 53TV % verapamil, imatinib %
FCREfi 2 L 7245 5. CYP3A IS0 972 ICs 23, FHED IR 72 2 T RIA~ZEHI T2
BRI NI, TDT b, KREERFRIT ICs shift assay Z A b 25 Z & T TDI
T AL HEETH D Z LRI Nz, LA L. imatinib DFER TIE CYP3A LA
AT 2HER D LA T LA v FaR—2 a v E{THI T ETRBTIETERLN

77 TR, T A vFax—v g VHICHERRARBINTL v, HESGEE R

i

HEICEELEZ A3 TLCLESCnAEDEEEZ LN S, CYP3A ICHT
LZIHEIMRHECE TR 0 2EM TDI IR T 3 2E 2 b5 05,
TDI DERA % & F Ciml 72 <. 22 2oHEHRA & OB FR WIHEYIC O W TIZ 5

FLE30DE WS LA vFax—va VIEIAREYICH Y, chrifdsce
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TUETLAREELIEZ NS, ZORICEHL TiESE. YofREo TDI £ Tt

TENLEIRICHE T Z2 DI Y R 27 2B CE 200 o Bl d&DTLYEE

HHZIRET S 2 W EED D B,
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Table 5

Reported Ki or ICso values of various inhibitors for each CYP isoenzyme

CYP Ki or ICso (M)
isoenzymes VCZ FCz MCzZ ICZ FVX MLK SFZ QND
2.9 0.02
CYP1A2 N.I. N.I. N.I. 77.3 N.I. N.I.
3.2* ~0.2
CYP2A6 none none 0.22* none N.I. none none none
0.34* (1)
CYP2B6 none 0.5* none none none none none
0.4*(2)
CYP2C8 none none none none 0.10 63 12
CYP2C9 8.4 30.3 2.0 >10 6~13 0.67 0.30 27
0.33
CYP2C19 8.7 12.3 >10 0.5 16 N.I. 6.1
0.01
6.46
CYP2D6 N.I. N.I. 0.7+ N.I. 3.9~16 6.4 N.I. 0.14
13.1 (4)
2.97 (3 10.7* (4 0.07 (4 0.03 (4
CYP3A 3) @) “) “) 1.2 N.I. 39
8.7 (4) 15~18 (5) 0.03* (7) 0.02*(3)
>15 (6)
[19][20] [19][20]
Reference [19][20] [19][20][21] [23] [24] [25] [26]
[21][22] [21]

Reported Ki values were showed with *. (1) : Efavirenz was used as a CYP2B6 substrate. (2) :

Bupropion was used as a CYP2B6 substrate. (3) : Midazolam was used as a CYP3A substrate. (4) :

Nifedipine was used as a CYP3A substrate. (5) : R-warfarin was used as a CYP3A substrate. (6) :

Terfenadine was used as a CYP3A substrate. (7) : Omeprazole was used as a CYP3A substrate.
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# 28 <7 RA%HMHW7% cyclophosphamide & voriconazole D 3EY)E)HE-IH A AFH D
Bl

R 3

FA Y s veR X — V8K —fETchrrrsurszx77 I F (CPM) (3.

T CYP2B6 (T & 2 (UEHE AL 2 52 1 C R iFIfE ] & PUEEIREEH 2 FifH 3 5 7

0 FNZy 7 THBH[28,29], CPM ITAIAERME: MK | M RO T ML 12 iR

FITHRTHZFOEELZITEZ LTI HMONTEY ., BKRICEWTIZEREIGHIC

X 2 HIMERBAIECIREAZ T 2T, ZNOLDMERIFe AT TAL =Y RITBWN

THHL S Z EBMEIN T S[30,31], AETIE, =7 A~ CPM & VCZ %Al iC

BE5T328ick, INSDERBBTET 2085 02BE L7z, VCZIZZhb oD

TER 25 T2 5 X0 RIEHEMITME I N T nied, THIFFEYEIEEWHEA

YEF<H 2 a[gEMED . £ 2 ¢, [RIRFICEEYIMPRE OHIE D 1T\, 3 3EyH)

oy

EEHIMHAENTH 5 2 & DEGEED A7,
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EEM RS X 05k
1. R

Acetonitrile for LC-MS grade. dimethyl sulfoxide. ethylenediamine-N,N,N',N'-tetraacetic
acid dipotassium salt dihydrate (EDTA-2K). formic acid. methanol | Fujifilm Wako Pure
Chemical Corporation (Osaka. Japan) 75 H§A L7z, Cornoil, methyl cellulose i%
Nacalai Tesque (Kyoto. Japan) 72> 5 A L 7z, Dulbecco’s phosphate-buffered saline
(PBS) % Nissui Pharmaceutical (Tokyo. Japan) 72> 5 A L 7z, cyclophosphamide.
sulfadimethoxine, voriconazole (% Tokyo Chemical Industry (Tokyo. Japan) 72> HHEA L

72o 7 v 7 A¥— b lE Nano Co. Ltd. (Fukuoka. Japan) 2> 5HHEAL 72,

2. LY

Y e ERRIE, TRCTEREFVERZECORKR LR T 7 v b a—ric
B> 72 M EYIEEHE B X CBERE O FHIiIC 12 £ 2D C57BL/6 ~ 7 A (10~12
) %, AMERBAMEDFHIIC A ZAD ICR 7 2 (83l 2w, ~7RiF
HASLCtt2 oA L. 77— YN T 25C, HIHRE 30%~70%. 12 I 0 BE 5 A

7, BEKEBHRICEGZZEBRE T CHE L7z,

3. Cyclophosphamide I & % [lii € @ F¥iffi

<~V ZADFENTICERE L CERMZ R &, B2l 25 /771X, PausR
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LIZK o TIMEINTVB[30], TOHEICHK, AV IALT VKT Ty 2D
FDOEENY AV THEHSTAOID  JRY 27 v 7 2y — F & A YRR iE
X7, WEH 9 HHICERS anagen VIHICEL ., CPM OERZWR L ro b &
%G, cornoil I L7 VCZ 2R3 & LT 10 mg/kg £ 72 13 30 mg/kg THEMEHN &S
L7z, HIfEEED 30 43#%1C PBS ICHAf#R L 72 CPM % 150 mg/kg T 5 L 72, 5B E
. VCZ ¥ 2.5mL/kg. CPM (% 5mL/kg & L7z, CPM #5255 30 /3fkic~~< + 27 Y
v b EBHIE % v CRBIERR S 55 10~30 uL DM % BRI L. 5 2 HEBM kB X
D ITHED 4078 L T 53R - Tl o 3EYRE % 57 L 72, Vehicle # X i& CPM
BRI GRECIE, B3pEFED 3 — v F A A X3 PBS TIRAL 72, Y555 9
Htt GRE» LA TI8 HEE) KFEL-E5EEZS LI, Image] Y7 +v =7

(https://imagej.nih.gov/ij)) % T, KEMOFHIEE A BIE L. Z OFIME & i

EBOREZ L 72,
4. G Ifi R LI E

52 EEBMELE X OED 3ACRE L 72 & B D IS L 2 Miiic, PEERE L LT
sulfadimethoxine % & ¢ acetonitrile (PNHERIEEHE D IRALIRAL : 50 ngmL) % 10 f5EM 2 <
BAEL. IKEBLTA2y " 7EZZET S, B2 L7z, 20, 1597,

12,000 g, 4 ‘CTELOBEEL. EiEZBULL 72, 5B % BEITIG LT 90% acetonitrile

THML. LC-MS/MS IC X Y CPM B X U VCZ DEFE#IRE L7, CPM 3 X X VCZ
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D MRM £&ff1% Table 1 1IZ/R8 L 72,

5. Cyclophosphamide (C X % H IMBRIFAME D 5

H M BRIFAE D FHM 1% Yoshida M. H[29] THE I N T W B TjiExR D LIl To 7, =V
AT 5% methyl cellulose I &% L 72 VCZ % Hii#EHE & L T 30 mg/kg THEMENESG L 72,
% @ 30 43 1C PBS ICiAfi# L 72 CPM (100 mg/kg) % &5 L 72, mi&BIEZ, VCZ 11X 2.5
mL/kg. CPM ¥ S5mL/kg & L7z, Vehicle #f % 72 1% CPM Hifiife 5 <3, K3 A F
B D 5% methyl cellulose F 7z 1% PBS TUFH L 7z, FAIHLS 72 REfE 2 cBIIE L. T Kk
IRk & 21 % BRELL 72, PUEEEH & L < EDTA-2Ka Z{HF L 72, IfIEkEE X OV HILER

53 1%, Transgenic INC. (Fukuoka, Japan)!Z &5t L CHIE %17 > 72,
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CPM %520 5 30 /3t%. ~ 7 ZADO2IMAIC CPM ¥ X UF VCZ DRZE{LiR S B &
7= (Fig.3), VCZ O2IMH F¥EEE X, 10mg/kg #ET 10.4 pg/mL. 30 mg/kg #ET 31.5
ug/mL TH 572 (Fig. 3B)s F7-. CPM B TIZ 20.5 pygmL TH o 72D Ixf L, 10
mg/kg X U 30 mg/kg D VCZ HFRFETIE. CPM KA O FHEEA 48.6 ng/mL

(237%) U 46 pg/mL (225%) i L 7= (Fig. 3A),

2. Voriconazole I1Z X % cyclophosphamide #55&it E D 1] %h 5

HHIB 5% o HE (BEK 18 HH) DRELM T, Vehicle FfD~ 7 X TIIKE %t L
EEALIC A R REBRONZDICK L, CPM 25 L7z~ Y A TIRIFE A ETRT
FKIFEDTLE > Tz (Fig. 4A). F7-. 10mgkg d L < 1 30 mgkg D VCZ % HEH
L72GAIid. Shps i icilifil s vz (Fig 4B). BHRIENTY 7 v = 7 & FwvwCik
EEROL OBERE 2 BIE L 724558, VCZ 203 5 2 & THED S0%FEEMIH & 7z,

VCZ DGR EZ 2 2 HORICHEDIFEE wORZRR oD o7 (Fig.5).
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alone (10 mg/kg) (30 mg/ke) 10 mg/kg 30 mg/kg

Fig. 3 Whole-blood concentrations of CPM and VCZ in mice

Whole-blood concentrations of CPM (Panel A) and VCZ (Panel B) are shown. Gray box represents
CPM alone. Striped and dotted boxes represent VCZ at 10 mg/kg and VCZ 30 mg/kg, respectively.

Statistical significance: ***, p < 0.005 by Tukey-Kramer vs CPM alone (Panel A) and by two-sided
Student's t-test (Panel B). n =4 ~ 6.
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CPM

with VCZ

with VCZ
(30 mg/kg)

Fig. 4 Effects of VCZ on CPM induced alopecia in mice

Panel A shows pictures of depilated area at 9 and 18 days post-depilation (p.d.). Panel B (next page)
shows average brightness of depilated area at days p.d. 18. Data are shown as mean =+ standard error.
Statistical significance: ***; p < 0.005 vs vehicle, +; p < 0.05 vs CPM alone, and ++; p < 0.01 vs

CPM alone by Tukey-Kramer method.
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Vehicle CPM alone with VCZ with VCZ
(10 mg/kg) (30 mg/kq)

Fig. 5 Effects of VCZ on CPM induced alopecia in mice

Figure legends are as described on the previous page.
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3. Voriconazole 1€ & % cyclophosphamide #55& FH IUERIF A D 1] 20 5
CPM %512 72 Fifilt2, <~ 7 A DR HEIMEREIIF 3 0D 1 IcE THEICHED L 7-
(Fig. 5A) . Z DA T VCZ OHFFIC X Y AEITHIH] 2 41, Vehicle #f & VCZ 30 mg/kg
AT ORICHERZEITZED LA D > 72, FHIMIKES ICO W T, U v oS EREL
IR EMBREL & Rtk O HE 2 DL L 72 2R L 72 (Fig. 6B) . HEREL WFREEREL.
FFHREREUE VCZ 1T X W I S N B MHINIC S - 7208, % DZEIIFHNICERE Tl d -
7= (Fig. 6C-E) o IFHEEIREUIMN NI, B coZEIIRD bk -7z (Fig

6F),
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A white blood cells B lymphocytes
7500 6000
p T + pe I +
£ 5000 I £ 4000 A I
S~ ~
< 2500 e = 2000 - e
Q = [&] ’—X—‘
0 0
Vehicle CPM alone with VCZ Vehicle CPM alone with VCZ
(30 mg/kg) (30 mg/kg)
C monocytes D neutrophils
90 2100
- o n.s.
E 60 < 1400
~ ~
[%2] *k% [%2]
E 30 4 ?3 700 4
0 0
Vehicle CPM alone with VCZ Vehicle CPM alone with VCZ
(30 mg/kg) (30 mg/kg) 3
E eosinophils F basophils
450 21
E I og n.s.
c 300 l c 14 _|_
> * P 1 T
E 150 ?j 7 - 1
0 0
Vehicle CPM alone with VCZ Vehicle CPM alone with VCZ
(30 mg/kg) (30 mg/kg)

Fig. 6 Effects of VCZ on CPM induced leukopenia in mice

The number of whole white blood cells (A), lymphocytes (B), monocytes (C), neutrophils (D)
eosinophils (E), and basophils (F) are shown. White column shows vehicle group. Gray column
shows CPM alone group. Dotted column shows co-administrated CPM and VCZ group. Data are
shown as mean + standard error. Statistical significance: *; p < 0.05, ***; p <0.005 vs Vehicle, and

+; p <0.05 vs CPM by Tukey-Kramer method.
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EE

<7 RICCPM & VCZ 2 L T#53 2 L. CPM DIMHIREED 2.3 fFicsEmm L
720 VCZ %3 CPM DIMHIREE % FR X #7-5F T Cld. CPM DREHEYIIC X 2 BiE(F
R2MIflE Tz, 2D X 51, VCZ IXEYBEEIIHENER %/ L T CPM D%
el HEMMICEER 5 2 2 REEA D 5, CPM X, EEHD 3 DD (anagen.
catagen. telogen) @ 95 H. MRETALDHE D IR X 415 anagen[31]1D EBRIC D HAER T
%, L7zhoT, BREBIOFEFZ ML T nIEEEERY CIREER 2 B H G
it CHERE S 5 Z LI TE o Tz, AWM TR, 2D R 2 HIED VCZ % IEt
L7225, VCZ 358l LTI iR EE 238N L 7z D L. CPM DI H iR AL 13
BICHHIL CLEA LD o7, ik, ABRENCE T 2 RIMEFHE, $RILEEAA 5>
THoth, Td 10mgkg HEH COHESEAMIL CnwizdThirEILN
%, BMEMFIEHIC ZBRoNADr o722 b, BEOAREESE W EE Z T
%,

<7 ATIE, VCZ (¥ CPM T X % HULEREL DY b I L 72, HIMERET D 5
~ 7 ATIRFFICE WY v oRERICOWT, CPM B GHEL vez St oRIcHEE &
DD NIz, HFHPEREBUL. RIS ERDFL T & o o RS R 08 %
ZFRTVEEZLNT VA3, bEpichlEEmZRL7Zd DD, VCZ BEHEE
THEARZEFRDONAD o72, THE, PR TREA MK D nadir (RAKfE) 2
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R X N7 2 B R & L 727280 SR ERELD nadir & —E(L 72> o 72 ATRENE DS &

52 R, ARETCM L 72 vCZ O & T IR ERIAE O B E 2 IHBI R 235 5

7200 T2 AIRETEDS B 5
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HI3E AERRAFZRSE T — 2 -2z EYHEEER o
F3C

F2EICHWT, VCZ 28 CPM & EY BRI AFR & 2 3 rlRetE 2R L 72,
b b ClE, TEAMEKRHINEE B il Y v o) fEICn$ 5 R-CHOP #HEIC BT, CPM
O ERBEEHLETH 5 CYP2B6 DIFA, CYP2C19, CYP3AS DL 1% B D& % F i
L 7= i PREABR 23 i S T B [33], £ DFERD 9 B wild type & HELL TH A MR
ECHERENRHONIZD D%IEFEL . Table 6 & Table 7 IZ/8 L7z, CYP2B6 ® SNPs
ICDWTIE 785A>G (CYP2B6 DIEMEAMK T 372 CYP2B6*4 %6 72 LI A L%
R) OERED-TWEE~T U, FEOWTNTHRBICEN. BEHRROHRIUE
FERMET 325 2 el e T3, £72, 516G>T (CYP2B6 DiEtEn 3 3
CYP2B6*6 % CYP2B6*9 ICA L LB ZH) 2 HL T 35AICiE~7T v, FEDWT
NTOHERROBIAE N ERICE T L Tz, 7220132, CYP2B6 LAYk T
IZ CYP2C19*2 3IRBICEE L AEFRORBBIE KT 342 2 &, CYP3AS*3 AR
BICEEZEMX ¢ 2 2 L MEINT WS, £7-. CYP2B6 & CYP2B7 O fusion
gene % b > CYP2B6*29 (partial deletion allele) & CYP2B6*30 (duplicated fusion allele)
bEINZTNHAERROBBHE LKL T T2 2 eAmEINTV S,

H1ETHELNEZ VCZ D CYP T REICHTAHETe 7 7 AL b TEZ 2

. EEIRICBWTCPM & VCZ I DI #BEZI LTWARREEREVWEEZ NS, &
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DARE % FAES % 729 1C, KE FDA 238 HE M 9 %5 FDA Adverse Event Reporting
System (FAERS) [34]& AF D PMDA 23 #5&EH 3° % Japanese Adverse Drug Event
Report database (JADER) [35]ICEH L7z, THIRERERERLCEBERAL & H baE
bitle, BHERRLZNICEET 2 EREER LT — X X—ZXATH %, 77 -7
YTV RAD—BE LTINS DEHRD O KA ORIEH ZHaHicii+ 2 200 F
EPEBERINTBY, 2N b %2 I FABETFELIER[36], ST 7 F Atk
HF-3D 1 2 TH % Proportional Reporting Ratio (PRR) [37]% &I LT CPM & VCZ @

A A O WREHEIC D W CHEE L 72,
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Table 6

Association of CYP genotype or allele with treatment response

p value of
Genotype/ Number of non-  Number of Odds ratio
CYP chi-square
Allele responders responders (95% ClI)
test
AA 53 242 Reference
CYP2B0 AG 31 150 o0 0.0001
<0.
785 A>G (0.31-0.88)
0.68
GG 42 49
(0.29-0.89)
*1/*1 51 243 Reference
0.47
CYP2C19*2 *1/*2 48 153 0.001
(0.18-0.62)
0.26
*2/*2 27 45
(0.015-0.58)
*1/1 33 21 Reference
2.84
CYP3A5*3 *1/*3 39 129 <0.0001
(1.86-5.54)
0.26
*3/*3 54 291
(0.015-0.58)

This table is based on data extracted from the clinical trial reported by Shu W et al.[33]
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Table 7

Association of CYP genotype or allele with grade 2—4 toxicity

onct / Number of no Number of Ouds rat p value of
enotype s ratio
CYP P grade 2-4 grade 2-4 chi-square
Allele (95% ClI)
toxicity toxicity test
GG 56 272 Reference
CYP2B6 GT 92 92 o7 0.0001
<0.
516 G>T (0.30-0.81)
0.71
TT 23 32
(0.34-0.82)
AA 53 242 Reference
CYP2B6 AG 71 110 000 0.0001
<0.
785 A>G (0.04-0.73)
0.52
GG 47 44
(0.02-0.75)
*1/*1 72 222 Reference
0.65
CYP2C19*2 *1/*2 66 135 0.001
(0.15-0.84)
0.52
*2/*2 33 39
(0.09-0.78)
0.78
*1/*29 9 9
(0.55-0.82)
CYP2B6
*1/*1 147 372 Reference 0.07
gene copy
0.75
*1/*30 15 15
(0.24-0.87)

This table is based on data extracted from the clinical trial reported by Shu W et al.[33]



FEBM R X Ok
1. HEERARME T — XX — RO
T — X R— ZDFEMNTIE Fig. 7 178 L 7= FNECFT > 72, FAERS[34]% UF JADER[35]%> &
Fig. 7IOR L7207 — 2 2 Q5 L 7z, &ME TGS N7z 1D b L IcEEFHRE

HIBR L. SEhE4 & H

iy

FRT LI m REFREFER L 72, AEFHRIL MedDRA
PT ICHEOWTHHEL 7z, Fig. 7 1CRT X 5 ic, HHEREL (PRR) & % D 95%(EHHIX
M. 74 ZFlEx B L7, v 7 F VEMEIX PRR=2, 74 “ =4, nab=3 & L7
[37]c CPM & 7V — LR PIEEIK (VCZ. FCZ, ICZ) %#BEHAL7=5HA1F. 28% 1o
DWFREIE & H7n L CHEE - FHR L 72, AW Cix. B0 Y 7 Fid, 95% S X
DEELBRVEBECHEELD B E LT, IhboEiHE X OHEFANTIZ. R

software (ver.4.0.0) %M \Tir-o 7,
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number of reports

AE 1 AE 2 AEy total

FAERS : Jan 2015 ~ Sep 2019 drog 1 . . . .
JADER : Apr 2004 ~ Sep 2019 oo i 2 K4 "
l i drug2 Nz1 nz2 Nzy N2+
‘ Remove duplicate data ‘ drug x N1 N2 Ny Nys
total N+1 N+2 ... N+y N++

l

‘ Cross-tabulation | -

number of reports

with suspected n n n
‘ Calculate PRR | drug (2) ac = -
others (b) Npe Nbd Nps
i total Nic Ny N+s

Distinguish signal

Ne.=3,PRR=Z2 =4 o Mo Mas : . - :
Npe + Nps SE(logPRR) = Tt T

95% CI = ElogPRRil.%SE(logFRR)

2
Ny
Nyt (|7’Lacnba — NagNpe| — 2 )

NayMpyNycNyg

XZ_

Fig. 7 Method summary of signal detection from JADER and FAERS
When calculating proportional reporting ratio (PRR) of CPM and azole antifungals combination, we
considered each combination of CPM and VCZ, FCZ, or ICZ to be one suspected drug. The signal

criteria were according to Evans SJW et al. [37].
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1. Cyclophosphamide D gIfEFICEE 3% 7 — % N — X fig#T

FAERS & JADER % b OREB 2 WEEHE L AHEFRRANCE L 72D Table 8 TH
%, PRR & 95%fSHEIX M DfE % Fig. 8 IC/K7, FAERS T X 7z 18,745 fF D
MedDRAPT ® 5 B, 1,579 {28 CPM & DiffiAfrb Ty 7 F b b Ll S s,
ZoHIiE, CPM DEIWEFR L Bbi 2 b 0Digs, FEREICER T 2bD & CPM &
DHFFAD— M e DFEFNICER T2 b DAFEN Tz, £ 2T, CPM OFEHER
LT R SBIEI N HFPERIBAAE (neutropenia) . HAMMEEMESS (hemorrhagic
cystitis) . WEESE (alopecia) ICEH L72, HAMFHZ IR, FHiis27-01c7 V=1
RITERFERED 5 B VCZ, FCZ, ICZ M 2HEFEL L L TGER L 72, Miconazole IE
%1 EICE T VCZ L [AFRIC CYP2B6 %3 /JICFHE L 7225, FAERS & JADER TI3#
BRI 720 FEIT L 722> 5 72, FAERS TiZ, CPM & VCZ O TIE. AFdhEk
WAE (Fig. 8A) & HmEREESR (Fig. 8B) @ PRR B EICIKT L7, /2. MELE
D PRR 75 CPM B DK 1/30 I £ THEICEK T L (Fig. 8C). ¥ 7 FAMHEL -

(Table 8), JADER Tld. FAERS & [FfkiC VCZ Z 0 L 728556, AFhERIEAME & i
PEREEZE © PRR 2ME T L 72 (Fig. 8D, 8E), L 2> L. JADER TIIMiESE H A DHEE
DIEF AR, 7T A E e o 72 (Table 8), HLM FEB&T CYP3A B L U
/¥ 7213 CYP2C19 %3 { [HE L 72 FCZ 3 X N ICZ IZ DT X, FAERS TIEIED
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PRR DA AR T L7223, BEBAE. HFh BRI E S X OHIPERI R D > 77 F v
I L 72> 7= (Fig. 8A. 8B. 8C), JADER T, il & b 4FepERIRAE & i

BEBES © PRR 2K T &2, fFHEREAME Cld > 7 F A28 L7z (Fig. 8D, SE).
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Table 8
The number of adverse event reports of CPM from FAERS and JADER

Number of adverse event reports

suspected . Hemorrhagic .
database All Neutropenia N Alopecia
drugs cystitis
40,050 1,379 100,470
All 21,013,010
(0.19%) (0.01%) (0.48%)
3,931 549 11,352
CPM 260,613
(1.51%) (0.21%) (4.36%)
CPM with 32 3 6
FAERS 3,874
VCZ (0.83%) (0.08%) (0.15%)
CPM with 8.917 165 38 103
FCz ’ 1.85% (0.43%) 1.16%
16 6 16
CPMwith ICZ 1,130
1.42% (0.53%) (1.42%)
9,302 539 421
All 915,677
(1.02%) (0.06%) (0.05%)
508 143 16
CPM 18,325
(2.77%) (0.78%) (0.09%)
CPM with 3 2
JADER 416 0
VCZ (0.72%) (0.48%)
CPM with 23 4
1,349 0
FCZ (1.70%) (0.30%)
9 )
CPM with ICZ 660 0
(1.36%) (0.76%)

The underline indicates that a signal was detected for a suspected drug compared with the others.

The percentages of the events in all events reported for each drug are shown in parentheses.
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A FAERS : Neutropenia D JADER : Neutropenia
16 4
6 6 * *
e 12 £ 3 T
n Is) L *
[ * o
T 8 — ° T2 —
r 4 — — = — rq1 — y —
4 =N o ;
° N\ £ SNl
CPM +VCZ +FCZ +ICZ CPM +VCZ +FCZ +ICZ
B FAERS : Hemorrhagic cystitis E JADER : Hemorrhagic cystitis
200 40
O O
£ 150 < 30
n wn
] [+>]
T 100 T 20 T ”
© . C(E“ 1
x 50 I — 10 — —
4 4
S .- = Y
CPM +VCZ +FCZ +ICZ CPM +VCZ +FCZ +ICZ
C FAERS : Alopecia
12

*

—t—

PRR and 95% CI
o
I

O I
CPM +VCZ +FCZ +ICZ

Fig. 8 PRR of neutropenia, hemorrhagic cystitis and alopecia in FAERS and

JADER

Panels A~C shows the results of FAERS. Panels D and E shows the results of JADER. White
column shows all reports including CPM. Striped column shows combination with VCZ. Dotted
column shows combination with FCZ. Gray column shows combination with ICZ. Data are shown
as calculated PRR and 95% confidence interval. Mark * indicates that there was no overlap in the

95% confidence interval.
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EE
BERICEH T 2 CPM & VCZ DM AFR O FlRetE 2 T 5 720 ic, RKEOHEFEHER

W& T — 2N —R[34]L HEROAERRRE T — 2 X —AB5]DEREZ T L7z, <V
A T3 VCZ THE DL RMFINROE FABE I N2 e b, v F TR
VCZ % 721358 D CYP FHEH & CPM O O EHEIC X > THERROFHIC A4
L3DTIRARWDrEE LTz, 4 ld, CPM O — {72 EIfEFH © & 2 iFhERIAME, H
MmyEREPER . BEICEH L 72[28], % Difi%. FAERS TlX. PRR | CPM 20Tl
WHAICH 228 VCZ E DHFFITIHET L. IEIZ> 771 H ) LHiEhTnzd D
BT FNILicied L w ) CHEEICA( L 72, JADER T3 FAERS & [FAIERIC, 4F
HRERIFMIE 2 HIMPEREBE X D PRR 137 V' — A RITEE KOG K T § 2 #1235
b, FHC VCZ L DHFHICTIERT L7225, BBICOWTIIFHORIRIC b o3 v 7
FNMFRD N D o7z, TDEDFKIL, JADER Tl FAERS & %7 0 BE» L5
FONTHEERBENIZEALTFELR W L EE 2 5, FFEEIC FAERS TEEHE
HEDPODOWET — 2 DB T 2175 &, CPM L HEDHEICR O T
TFNEHK LIz, 2ol lrs, KETOHATH, BERIMEAAREL T

25, EEBGRE LR RIS oD Tid RV L BbiLs, 7245, FEARS DENT
fRA D, VCZ 72T FCZ R ICZ 2 L 725& b o T, BB 3 I7 icHii
TN LITHLDTH 5,
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Wil ~vRIFI oy —Lfnks s okA7 7 LFERY a5V A0
in vitro fH A {F H 55R

R

52 FC/R L7z CPM & VCZ DM AMERFAERIC DT, G HER[1]IC7R L 7253 D
ERRFICL E 27 — XD invito ICEVWTY Y RDFI /vy —L%HnTy 7 uk X
77 I FORBEHEASMH I NE 2 L 2RTRETH D L DIEMEZ T2, v~ 7R
ICHIF B CPM D2 VT J v ZA%BE L 725G ZFEET 2 5 DD, invitro ICH
TZ DX ) FEBRET o Mt 13 UL O BRI £ CTICEE LR o 72720, BN
DEBRELERML 72, KEBRTIIE2Z I CRYIMTEEONEZTo72~ 7 2D
FATH B CSTBLI6 T ADIF I 70y — LnxHWT, CPM ORRE#TEMELIATH 5

4-hydroxy CPM DA KA VCZ DEANIC & o THA T 2 0> %D 72,
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EERM KL L Ok
1. Mk
Acetonitrile for LC-MS grade. dimethyl sulfoxide. formic acid. methanol. MgCl,, (%

Fujifilm Wako Pure Chemical Corporation (Osaka, Japan) 725 A L 7z, HEPES buffer
I¥ Nacalai Tesque (Kyoto, Japan) 7> 5 A L 7z, Pooled mouse liver microsomes

(C57BL/6, male) (% Sekisui XenoTech (Kansas City, Kansas, USA) 2>HHEA L 7z,
D-glucose 6-phosphate dehydrogenase (G6PDH). D-glucose 6-phosphate disodium salt
hydrate (G6P). fatty acid free BSA, p-nicotinamide adenine dinucleotide phosphate sodium
salt hydrate (NADP*) |% Sigma-Aldrich (St Louis, Missouri, USA) 2> HiEA L 72,
Sulfadimethoxine, voriconazole | Tokyo Chemical Industry (Tokyo. Japan) 2> HHEA L
7zo (R,S)-4-Hydroxy cyclophosphamide preparation kit (% Toronto Research Chemicals

(North York., Ontario. Canada) 7> 5EEA L 7=,

2. ~v A1 78 Y — L%\ 7 4-hydroxy cyclophosphamide D 2E X
AvFax—vavERHOF 275X 0F v 7k, WEEBT 27201, B5
HPLOTRTCYY arf ZPHE X N7z D% TR St (Hyogo, Japan) 2> 5 i
AL, EBRICH Wz, FE & L T cyclophosphamide (final concentration: 10 uM) %, P
R HE & L T sulfadimethoxine (final concentration: 50 ng/mL) % F\ 7z, i % fHEK
T» % voriconazole (final concentration: 1 or 10 or 100 uM) DFFZE T, b L L IZIEHHE
TicEHBWT, NADPH 4%, =7 A I 27 v Y — 24 0.5 mgprotein/mL, 50 mM
HEPES #Ef## (pH 7.4). 0.1% w/v fatty acid-free BSA &iBFIL TA v Fax—F L
72+ Cyclophosphamide ¥ & UF 4-hydroxy cyclophosphamide D&% Fig. 9 IC/R L 72, B
BIRDBASBEEIZ 5000l & Lz, $RTOF Y TAE ) TV 77—+ Tffo 7z,

Voriconazole | DMSO H1 D & + v Z7ixiK & L CH%L L . methanol TR L. 200 54 R
51



TRAYNITHML 72, Methanol ¥ X 8 DMSO DAL, TN Z 1 0.5% (viv)E X
0 0.01% (vV)EAT Il 2 72 NADPH FH4E R I RACIRE 2 1 mM NADP+, 1 U/mL
G6PDH, 3 mM G6P, 1 mM EDTA-2Na, X U3 mMMgCh & 723 X5 ICHEL 72 D
7z, 37°CT 3 934 v F 2 _X— } L7z, NADPH F4E 0% % 48N L CTREHHK
JCE B L 720 RIGBEE2 S 0, 10,20 774 v F 2 _—F L72tk, KICHEZ 100 uL 43
HUL . 400 uL DK L 7= acetonitrile &EFAI L. #L KT 2 2 L TRIGZFIES &
Too KL 722 v X7 E %0508 (1597, 12,0002, 4°C) 1T X o ThREL 720 @D

EECE LNz EiFED 5 H 200 uL & LC-MS/MS 12 X 2 RS HIE IR L 72,

3. LC-MS/MS i X 2 REPIREE O & &
T X COHIE X, Prominence HPLC ¥ A7 A (Shimadzu) 3 X U8 QTRAP 4500 > A

7 L (AB SCIEX) %#f#if L 7z, HPLC I X % 43 ClZ Kinetex EVO C18 71 7 A

(Phenomenex, 2.6 um, 150 mm x 2.1 mm) % X Uf Kinetex EVOCI8 7 —FH—F VD v
¥ (Phenomenex., 2.6 um, 2.1 mm) ZfHMH L CoHHEEL 72, #iEIX 0.3 mL/min & L
Too NAF VRV T ZFEHL. A 0.1% formic acid aq.. B % 0.1% formic acid in
acetonitrile & L, A:B DX IH# % 0min T95:5, 5min T5:95, 7min TS5 : 95,
70min T95:5, 9min T95:5&, %3 X5y ITV Ty FEFEL. THEEIT- 7,
4-hydroxy cyclophosphamide ® MRM »¥Z X — X % Table 9 IZ/~ L 72, HNEMFEHEL

peak height 2 & SR 2 B H L 72,

4. Voriconazole I & % 4-hydroxy cyclophosphamide & il FH 22 o FL HY
FENTORNCKIGHTID I Y Z I —2 a v R ERR W L E2HEI® 272010, KIGH
BRH D 0 TIHREMBER I N T WA W L 2ERL 7=, RIGBIED S 104y, 20

DDREALEAL Y FCTERILZT Y IAnbEs T — & 2 itsic e,
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Fg I RO & 75 X 517 e b L. voriconazole DISIIEREE Z & icY) % 0 1C[H
E L 7= AR E R %2 /N I X Y 3R© 72, voriconazole FEFELE T T D [AlIFERRE D
fHZ 23 HE L L T3 % Z & T voriconazole I £ % 4-hydroxy cyclophosphamide 4= /%,

DIEERZHH L 72, 2O DENTIZ T T R software (ver. 4.0.0) % H\WTiro 7=,

A Cl B Cl
‘NP ‘NP
N HO N N
Ff g Ff g
O @)

Fig. 9 The structure formula of CPM and 4-hydroxy cyclophosphamide
Each 2D structure were drawn using ChemDraw software (ver. 20.1.1.125, PerkinElmer).
A: CPM, B: 4-hydroxy cyclophosphamide. Compounds for which the stereo configuration was not

specified in the structural formula were used as racemic mixtures.

Table 9
MRM transitions of 4-hydroxy cyclophosphamide

compound Q1 Q3 DP (V) EP(V) CE() CXP(V)
4-hydroxy

2771 141.8  83.77 6.16 31.37 10.25
cyclophosphamide

DP: declustering potential. EP: entrance potential. CE: collision energy. CXP: collision cell exit

potential
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1. Voriconazole IC & % 4-hydroxy cyclophosphamide @ 4= i) fH &

FHERIC X o TEB I NZHERE Fig. 10 ISR L7z, SRR L 2 RIEKBEETH 3

VCZ R 1 uM T 70%DBHEZS, 10 pM & 100 pM Tl 90% % 48 2 % FHE 23 HERR

I N7z,

120
—~100
O\O x
o 80
"é T
- 60 — —
9
g 40 — -
._g

0
1 uM 10 uM 100 uM

VCZ concentration

Fig. 10 The inhibition ratio of 4-hydroxycyclophosphamide formation by VCZ

The inhibition ratio of 4-hydroxycyclophosphamide formation by VCZ. White column represents
VCZ 1 uM. Gray column represents VCZ 10 upM. Black column represents VCZ 100 uM. Data are

shown as mean + standard deviation (n = 3).
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L

SRR L 2R KIREETH 5 VCZ D 100 M 3B X % 35 ug/mL TH H | 5 2 FEiC

BOTHHIREL LTHELE I bOERER TH 5 VCZ 30 mg/ke fEHBFCBIZ I L

7eaIiREE (Fig.2) MEORETH 2, 2N LD b VCZ O eI iRE MK ik

bR ONAZD, SO in vitro EERTIZZ D 1/10 DIEETH % VCZ 10 uMEET B 90%

LA F- @ 4-hydroxy cyclophosphamide B HE A R SN Tz Z &b, 52 FETDEER

IZEBWT, VCZ 30 mg/kg FrABETIX VCZ DIHEERIZIZITEIANICE L T2 Tl

BN EFEZLND,

L2 L., H2ETO2IMFT CPM RERBERKED LA LR Tnkvn, Th

3. ZEOEERD hCiR MR RYRE O RE RIS & v o3 7 A MERD KT

DHIEZIT o T W7z I 21T 2 2 L 23T % 2 I O MEHE R YRR 53 &

NEFEA L2 HETIEZR VT &, F 7z cyclophosphamide % 4-hydroxy

cyclophosphamide ~DUHTEELDIZ 2>, 7 v v X Fafbic X 2 B EE %2 52

TR H D, B O ~DFE D T L 72 14T in vitro DAEE 2 S in vivo T

MPRZRBERED L S IC2LT 20280l 252 LiTTE v, b, AHE

BRICHEWTIIH < £ TVCZ IT X o TREHEPEIAR TS % 4-hydroxy cyclophosphamide D

ARHFI T N5 2 L PHERTENT T TH 5720, TN LEDOBGFHIIT> Tk

W,
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Tedh
/NG

VCZ D% CYP 5 F 9 % invitro TOHETm 7744 (F13E), 7 22 Hwn

OFHEE GB2®), AEFRWMET —2X—20HEHR (B3 &) 225, CPM

& VCZ FEEARB CHAMER T 2 Al @ e ZE 2 b5, FRic, Wi 2 &

BRAHKDT — XX —XTlI, FCZX ICZ X Y b CYP2B6 Ixt L T\ FHEEH %2R~

TVCZOHB—E L TRWHEFERZRLEZZ 26, ZOMEMERIZFEIC CYP2B6

AL TCWBZERREINS, CYP2B6 I X o TRENEMALZ 21T, 2 oREH

Bollesh R 2 H T % v ) CPM DIEAIF 25 2 5 & C OMAIFRIZEIER 72101

LEEOTHMAEBICECIATEY, Bk R 2 o TaREENH S 2 L %

HETAVLERD B, AFEOFETIZ. VCZ 7213 Th <, FCZ, ICZ T [FAEDZ

k@D o2 b, SO CIRFHMET 2 2 BN TEARro72MCZ 2 ET

58717 CYP FHEANICOWTH, CPM & DM AR DR 2 E R 2 L EHH 5

EDRRB I NI, —T7. RUTRIIEGHE Tl C BRIE 7T — 2 X — 2 OfFRick

SWNWTWE72%, BIVEFOHEEIZRIHTH 5, $72. H) DI OofE %2 & OfREER

S ZFDEICONTH, IOLARIMEABPMETH S, FEMICIZ, LT b T—4%

ERRIMHAEREER %2 D & Ic2flfiEZFE L. CPM & VCZ % D32 d CYP [HE

e OMAIFR Z a2 LE DD 5,
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¥72. CPM & VCZ DHEMERIZ, chEThFT ViEHINTI b -7z CYP2B6
N LY AERCH L 2 L BARBINTHE I L bEETH S, CYP2B6 IC &
> TR & N 2 RFEW R IEY) D —DIC efavirenz 23D 5, Efavirenz & VCZ OHFF 1L
efavirenz ® AUC, Cmax % FH &%, F72 VCZ ® AUC & Cmax Z{K T & ¥ % 7= ff
A Intnd 38, LI T 2B-HORMLE, /1 vEZa—T74+—20
BEWTlEz 7 7Ly Y& VCZOMAEHDO A =X LEFAHTH S L I NTWw 5,
L2 L. SRlofEHR2 S, VCZ 28 CYP3A4 7217 T7% K CYP2B6 2fHET 2 2 &8
efavirenz & VCZ DY AMERICHTFE LT3 2 L ARB I iz, 72, CYP2B6 %
FHE S 2 8AA S HICTHIREI N T 2 W[REMED B Y . S EIDHIIE CYP2B6 % /i L 723
YHEERICOWT, 5. X V#EY) AR S0 ETH L 2 L 2mB LT 5, Kiff
FTHIN L 7z invitro 7 7 T AVERER L GEFERME 7 — 2 X — 2 RWEOMAE DT,
SRYBNREFH) DI % BRI T 2 20 0GR FETH 5 2 LRSI N, BIEWN
7% DI Z R RIICELEES 2 2 & T, X W RenEYREOFEIUCEE T 2 2 & A HARF

ns,
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