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Table II. List of articles for clinical drug interaction studies involving CYP3A4 used as

the data source

index article
Abernethy et al., Psychopharmacology 1983;80:275-8

-

2 Ahonen et al., Br J Clin Pharmacol 1995;40:270-2

3 Allard et al., Drug Metab Dis 1998;26:617-22

4 Amsden et al., J Clin Pharmacol 2002;42:444-9

5 Asberg et al., Eur J Clin Pharmacol 1999;55:383-7

6 Aventis. Ketek (telithromycin) Tablets. 2005.

(www.fda.gov/cder/foillabel/2005/21144s001,003Ibi.pdf)

7 Azie et al., Clin Pharmacol Ther 1998;64:369-77

8 Backman et al., Br J Clin Pharmacol 1994:37:221-5

9 Backman et al., Eur J Clin Pharmacol 1994;46:551-5

10 Backman et al., Eur J Clin Pharmacol 1998;54:53-8

11 Backman et al., Int J Clin Pharmacol Ther 1995:33:356-9

12  Bailey et al., Clin Pharmacol Ther 1996;60:25-33

13 Barbhaiya et al., J Clin Psychopharmacol 1995;15:320-6

14 Bucher et al., Eur J Clin Pharmacol 2002:57:787-91

15 Butman et al., J Heart Lung Transplant 1991;10:351-8

16  Canafax et al., Transplantation 1991;51:1014-8

17 Chung et al., Clin Pharmacol Ther 2006;79:350-61

18  Cox et al., Biopharm Drug Dispos 1986,7:567-75

19  Elliott et al., Eur J Anaesthesiol 1984;1:245-51

20  Elwood et al., BrJ Clin Pharmacol 1983;15:743-5

21 Fee et al., Clin Pharmacol Ther 1987;41:80-4

22 Fleishaker & Hulst, Eur J Clin Pharmacol 1994;46:35-9
23 Foradori et al., Transplant Proc 1998;30:1685-7

24 Freeman et al.,, Br J Clin Pharmacol 1987;23:776-8

25 Friedman et al., J Clin Pharmacol 1988,28:228-33

26 Gomez et al., Clin Pharmacol Ther 1995:58:15-9

27  Gorski et al., Clin Pharmacol Ther 1998;64:133-43

28  Crasela et al., Pharmacotherapy 2000;20:330-5

29  Greenblatt et al., Clin Pharmacol Ther 1992;52:479-86

30  Greenblatt et al., Clin Pharmacol Ther 1998;64:237-47

31 Greenblatt et al., Clin Pharmacol Ther 1998;64:278-85

32 Greenblatt et al., Clin Pharmacol Ther 1998:64:661-71

33 Greene et al., J Clin Psychopharmacol 1995:15:399-408

34  Guptaet al., BrJ Clin Pharmacol 1989;27:475-81

35  Helnig et al., EurJ Clin Pharmacol 1999;55:57-60

36 Hulhoven et al., Int J Clin Pharm Res 1988:8:477-83

37 Jacobson, Am J Cardiol 2004;94:1140-6

38  Jalava et al., Clin Pharmacol Ther 1997;61:410-5

39  Kantola et al., Clin Pharmacol Ther 1998:64:177-82

40  Kantola et al., Clin Pharmacol Ther 1998:64:58-65
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Table II. List of articles for clinical drug interaction studies involving CYP3A4 used as

the data source (continued)

index article
41 Kantola et al., Eur J Clin Pharmacol 1999;54:851-5
42  Khan et al., BrJ Clin Pharmacol 1991;32:519-22
43  Kirch et al., Arch Toxicol Suppl 1984,7:256-
44  Kivisto et al., Br J Clin Pharmacol 1998;46:49-53
45  Kivisto et al., Clin Pharmacol Ther 1997,62:348-54
46 Kivisto et al., Pharmacol Toxicol 1999;84:94-7
47 Kosuge et al., BrJ Clin Pharmacol 1997;43:367-72
48  Lametal., J Clin Pharmacol 2003;43;1274-82
49 Lamberg et al., Clin Pharmacol Ther 1998;63:640-5
50 Lamberg et al., Eur J Clin Pharmacol 1998,;54.761-6
51 Lasher et al., Psychopharmacology (Berl) 1991;104:323-7
52 Luurila et al.,, Eur J Clin Pharmacol 1998;54:163-166
53 Mazzu et al., Clin Pharmacol Ther 2000;68:391-400
54 Mousa et al., Clin Pharmacol Ther 2000;67:267-74
55 Muck et al., Eur J Clin Pharmacol 1998;53:469-73
56 Neuvonen & Jalava, Clin Pharmacol Ther 1996;60:54-61
57  Olkkola et al., Anesth Analg 1996;82:511-6
58 Olkkola et al., Clin Pharmacol Ther 1993;563:298-305
59  Olkkola et al., Clin Pharmacol Ther 1994,55:481-5
60 Palkama et al., Clin Pharmacol Ther 1999,66:33-
61 Phillips et al., J Clin Psychopharmacol 1986;6:297-9
62 Pourbaix et al., Int J Clin Pharmacol Ther Toxicol 1985;23:447-51
63 Romero et al., Clin Pharmacol Ther 2002;71:226-34
64  Saari et al., Clin Pharmacol Ther 2006;79:362-70
65  Shi et al., Pharmacotherapy 2005;25:42-51
66 Siedlik et al., J Clin Pharmacol 1999;39:501-4
67  Tateishi et al., J Clin Pharmacol 1989;29:994-7

68  Tsunoda et al., Clin Pharmacol Ther 1999;66:461-71

69  van Harten et al., Clin Pharmacol Ther 1988;43:332-41
70  Varhe et al., Br J Clin Pharmacol 1996;42:465-70

71 Varhe et al., Clin Pharmacol Ther 1994,56:601-7

72  Varhe et al., Clin Pharmacol Ther 1996;59:369-75

73  von Moltke et al., J Pharmacol Exp Ther 1996;276:370-9
74 Wright et al., Pharmacotherapy 1992;12:103-6

75  Yasui et al., Clin Pharmacol Ther 1996;59:514-9

76  Yasui et al., Psychopharmacology (Berl) 1998;139:269-73
77  Yeates et al, Int J Clin Pharmacol Ther 1896;34:400-5
78 Zimmemmann et al., Arzneimittelforschung 1996;46:213-7
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Table ITI. Calculated ratios of the contribution of CYP3A4 to the oral clearance (CRsa4)

of substrates
Substrate CRapa
Simvastatin 1.00
Lovastatin 1.00
Buspirone 0.99
Nisoldipine 0.96
Triazolam 0.93
Midazolam 0.92
Felodipine 0.89
Cyclosporin 0.80
Nifedipine 0.78
Alprazolam 0.75
Atorvastatin 0.68
Telithromycin 0.49
Zolpidem 0.40
Cerivastatin 0.18

83



Table IV. Calculated ratios of the time-averaged apparent inhibition ratio of CYP3A4

20-60mg -

(ZR3a4) for inhibitors
Inhibitor daily dose IRsna
Ketoconazole 200-400mg 1.00
Voriconazole 400mg 0.98
ltraconazole 100-200mg 0.95
Telithromycin 800mg 0.91
Clarithromycin 500-1000mg 0.88
Saquinavir 3600mg 0.88
Nefazodone 400mg 0.85
Erythromycin 1000-2000mg 0.82
Diltiazem 90-270mg 0.80
Fluconazole 200mg 0.79
Verapamil 240mg-480mg 0.71
Cimetidine 800-1200mg 0.44
Ranitidine 300-600mg 0.37
Roxithromycin 300mg 0.35
Fluvoxamine 100mg-200mg 0.30
Azithromycin 250-500mg 0.1
Gatifloxacin 400mg 0.08
Fluoxetine 0.00
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Figure 1 ----- Relationship between the observed and calculated increase in AUC by
drug interactions. Using the CHzas and /K344 values shown in Table IIT and IV,
respectively, the increase in AUC of substrate drugs by drug interactions reported in 60
clinical studies, indicated by the indexes without underline in Table I, was predicted
with Eq. 11 (Panel B). Panel A was prepared in the same style as Panel B, for the
purpose of demonstrating the deviation of AUC values among 53 clinical studies, the
mean values of which were used to determine the CHzas4 and IRsa4 values. The data
source for Panel A is indicated by the underlined indexes in Table I. In Panels A and B,
each circle and vertical bar represents the mean + S.D. values of subjects reported in
each article. A dashed bar represents the range. If the S.D. values or the ranges were
not reported in articles, the reported mean values were shown by squares. Solid and
dotted lines represent 50-200% and 67-150% ranges, respectively, of the calculated

increase.
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IR3p4(time-averaged apparentinhibition ratio of CYP3A4)
‘Figure 2 ----- Increase in the AUC reorganized for each substrate drug as a function of

IR of inhibitors. Data shown in Fig. 1 were reorganized to show the increase in AUC of
each substrate drug as a function of the /Rsas values of inhibitors. Open and closed
symbols represent the data set shown in Figs. 1A and 1B, respectively. See legends to
Fig. 1 for details.
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Figure 3 ----- Increase in the AUC of substrate drugs reorganized for each inhibitor as a

function of the CR values of substrate drugs.

Data shown in Fig. 1 were reorganized

for each inhibitor to show the increase in AUC of each substrate drug as a function of

the CHsas values of substrate drugs.

parentheses.

1B, respectively. See legends to Fig. 1 for details.
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Daily doses of inhibitors are indicated in

Open and closed symbols represent the data set shown in Figs. 1A and



Predicted AUC increase
(fold)

Predicted increase in the AUC of substrate drugs by various drug

interactions. The increase in AUC of substrate drugs by various drug interactions was

predicted according to the CRsas and IR3as values shown in Table IIT amd 1V,

respectively. Open and closed arrows show the data set shown in Figs. 1A and 1B,

respectively.
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ZE 4.

GENERAL PREDICTION OF DRUG-DRUG INTERACTIONS
FROM INTERACTION WITH SELECTIVE INHIBITOR OR
SUBSTRATE

Akihiro Hisaka, Yoshiyuki Ohno, and Hiroshi Suzuki
Department of Pharmacy, The University of Tokyo Hospital, Tokyo 113-8655, Japan

(AFEYGEFRE2 | FR2EE)

A framework is presented for prediction of oral drug-drug interactions which are
mediated by hepatic drug metabolizing enzymes. Results of 112 in vivo drug-drug
interaction studies which were mediated by primarily by CYP3A4 were collected from
the literature, and we found that AUC increase (AAUC) by pharmacokinetic interaction
between an inhibitor and a substrate is predictable from the apparent time-averaged
inhibition ratio (IR) of the inhibitor and
the contribution ratio for oral clearance
(CR) of the substrate. IR was
calculated from extents of an in wvivo
interaction observed between the
inhibitor and selective substrates for

CYP3A4 such as midazolam, and CR

Observed AUC increase

was calculated from extents of an

interaction between the substrate and Ca‘CU'ate? f"\llé)C increase
(o]

selective inhibitors for CYP3A4 such as  Fig. 1. Prediction of drug interactions mediated by CYP3A4.
Open circles represent drug interactions which were used for

construction of the model (midazolam with inhibitors). Close
circles represent predicted drug interactions by the model.

d . led th IR Dotted and straight lines indicate +50% and +100%
consideration revealed that, once deviations, respectively, from the calculated value.

itraconazole. A phamacokinetic

and CR values were obtained, predictions of AAUC for any combination of inhibitors
and substrates are given by 1/ (1 —IRXCR). In the case of drug interactions mediated
by CYP3A4, the most of predicted AAUC values were 50-200% of the actual increases
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(Fig. 1). Inthe analysis of CYP3A4, 14 substrates (midazolam, alprazolam, buspirone,
cerivastatin, atorvastatin, cyclosporin, felodipine, lovastatin, nifedipine, nisoldipine,
simvastatin, triazolam, zolpidem, and telithromycin) and 18 inhibitors (ketoconazole,
voriconazole, itraconazole, telithromycin, clarithromycin, saquinavir, nefazodone,
erythromycin, diltiazem, fluconazole, verapamil, cimetidine, ranitidine, roxithromycin,
fluvoxamine, azithromycin, gatifloxacin, and fluoxetine) were used.

The same theory was applicable to other CYPs or hepatic drug metabolizing
enzymes. In the case of CYP2D6, 14 substrates (flecainide, atenolol, metoprolol,
propranolol, imipramine, desipramine, levofloxacin, carvedilol, propafenone, ritonavil,
tolterodine, perphenazine, encainide and mexiletine) and 19 inhibitors (amiodarone,
amitriptyline, chlorpromazine, cimetidine, citalopram, diltiazem, verapamil,
diphenhydramine, fluoxetine, sertraline, fluvoxamine, hydoxychloroquine, labetalol,
mexiletine, omeprazole, paroxetine, propafenohe, quinidine, and retonavil) were
selected for an analysis. CR values were primarﬂy obtained from AUC increases
which were observed in poor metabolizers of CYP2D6. IR values were calculated from
interaction studies with typical substrates of CYP2D6 such as desipramine and
metoprolol. For good predictions, an accurate evaluation of CR for each metabolizing
enzyme 1s important. For CYP2C9 and CYP2C19 together with CYP2DS6,
pharmacokinetics in poor metabolizers would be useful information to estimate CR
values. For these enzymes, selectivity of each substrate and inhibitor need to be
considered carefully. In some cases, a drug interaction possibly occurs due to
contributions of more than one metabolizing enzyme. By extending the current theory,
an equation to predict AUC increases by multiple drug interactions was derived. The
theory is also applicable to predict abrupt AUC increase by drug interactions in
genetically poor or intermediate metabolizers. In general, CR values can be predicted
in a relatively straightforward manner from in vitro experiments. Especially for new
drugs, early estimation of CR would be very informative for rationale clinical
development. On the other hand, prediction of IR values is more complicated.

This method would be applicable (1) to prioritize clinical trials to be carried out to
investigate drug interactions in the course of drug development, (2) to help

understanding descriptions of the labeling with regard to drug interactions, (3) and to
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preliminarily estimate clinical significance of unknown drug interactions. We checked
information described in the Japanese labeling, and found that some possible drug
interactions have not been warranted even though apparent AUC increases are
predicted by the current method. Further studies may be required to confirm clinical

significance of such drug interactions.
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&#l 5.

CYP3A4 SFEFEDOBEAIC L B CYP3IA4 HEE D EEREYEREE/LD
HARE R T

EEFIEE, KEFiEz, WRER, B4ATHR, PEEE. HAHESE
(AAEZLHE 126 FEEE)

(F5& - HAY] CYP3A4 OFEIL, BRNICER TERWENOREBZ2ERT2H5801HD
HEENLETHD. FIZEU 77 ES T CYP3A4 ZHE<FEL, TODICHAED
M EED 110 12D T2 2 &b/, LML, CYP3A4 OFE L5 RIKRENE
BAMORETDEL, ZLOETECOBREZA S ONEERRRICH D, £ I TEHEMH
FiX, VIy BT, B Pa— XU —bBLUOHINTEE ED CYP3AL FE
3 - FEAOGAD, R4z CYP3A4 OEBEOMHFBEZ EOBRERD S INEEE
BN FHET 2 HEORBEEEN S L.

[Fik] B4 il CYP3A4 N9 2 REYBHEEIERICK 2 MARBEO L7 28I FRT
5 REEICHRE L TH 0 <E 16 B HAEEESRFSHBIEE EE pp392,2006>, TR
HEEDIAMDOIUT T ANDTFGE (CRyp) SHEEDHER (IRsa) ZHAWEZ. Z
DFEOIIRE LT, IR TIE CYPIAL BERED RNTOMEN (enzyme gain, EGiag) %
FEDIFELE L. CRapq EHAEDLETFENCH W, EGpy 2% 0 THIUTFEITRL. 1
THNTERERL 2 FICBALEEZ 2, FEEARICISEEE 2R OBRGHO M IE
E# TERE (AUC) ORI, BEEOREIMARPEHENER TE2HE5ITIE, 1/01
+ CR3ps X EGiag) TRDHN D, CYPIAL DFEEIC L HHEEDMFEBELILO®RE Z
BREDIEL., BHE W CReu 2T HEEHED AUC BLENSHFEBED EGan EHEHL
7o ROz EGaaa N SMDEEEIED AUC B2 FRIL, BRELLEL TZOFRNEE
ZHRFE L7z

(ER-ZR] U Ty B2 a— XU bBEBANINTEE ZEL T,
B SN2 EGiae & CRema ZAANT, HEERICELZ2EBEY O AUC LR ZTRIL/Z &
A, BHEEERLS KLUz, ZFEIEIL, CYP3A4 OFEXR EEEEY EOMEERDE
EEREENICTRITO2OICERATHD. BROZLWHAEGDLEIZDWT, TORKNE
BEERETTIFRICNS EFEZA 5Nk,
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