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Table II.

clearance (CRcyp3as) for substrates

Calculated ratios of the contribution of CYP3A4 to the oral

e Observed

Substrates CRecypaas {gr::lg:::%r;te CR cypans (Afclj(cj:) increase reference
Simvastatin 1.00 ltraconazole 18.6 [18]
Lovastatin 1.00 ltraconazole 15.4-22.1 [18]
Buspirone 0.99 Itraconazole 14.5-19.2 18]
Nisoldipine 0.96 Ketoconazole 244 [18]
Triazolam 0.93 Ketoconazole 9.16-22.4 [18]
Midazolam 0.92 ltraconazole 5.75-10.8 [18]
Felodipine 0.89 ltraconazole 6.34 18]
Quetiapine 0.85 Ketoconazole 6.49 [33]
Ciclosporin 0.80 Ketoconazole 4.39-5.31 [18]
Nifedipine 0.78 Diltiazem 2.22-3.11 [18]
Alprazolam 0.75 Ketoconazole 3.98 [18]
Atorvastatin 0.68 ltraconazole 2.50-3.20 [18]
Telithromycin ~ 0.49 Ketoconazole 1.95 [18]
Mefloquine 0.44 Ketoconazole 1.79 [64]
Zopiclone 0.44 ltraconazole 1.73 [65]
Zolpidem 0.40 Ketoconazole 1.67 [18]
Gefitinib 0.39 ltraconazole 1.58 [43]
Etizolam 0.36 Itraconazole 1.53 [66]
Imatinib 0.28 Ketoconazole 1.38 [67]
Amitriptyline 0.25 Ketoconazole 1.35 [68]
Ziprasidone 0.25 Ketoconazole 1.33 [35]
Prednisolone 0.18 ltraconazole 1.18-1.24 [69, 70]
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Table IlI. Calculated apparent increase in clearance by induction of CYP3A4

(ICcvp3as) for inducers

Inducers Daily dose ICcvypP3ag AFE"Y MPE2 RMSE?
Rifampicin 450-600mg 7.7 1.17 0.008 0.06
Phenytoin 300-400mg 4.7 0.76 -0.075 0.1
Carbamazepine 200-600mg 3.0 0.99 -0.031 0.09
Efavirenz 600mg 14 1.01 0.001 0.08
St.John’ s Wort 600-900mg 1.2 0.95 -0.029 0.04
Bosentan 500mg 0.49 1.16 0.093 0.13
Pioglitazone 45mg 0.38 0.91 -0.079 0.10
validation set# - - 1.07 -0.009 0.09
All - - 1.05 -0.007 0.08

1) average-fold error

2) mean prediction error

3) root mean square prediction error

4) see Table 1

See Egs. 10~12 for calculations of AFE, MPE, and RMSE, respectively.

No significant difference was detected for any of the inducers between the prediction and the
observation by %2-test (p > 0.1).
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Fig. 1. Relationship between the observed and calculated area under the concentration-time curve (AUC)
changes by drug-drug-interactions. This figure was prepared for the purpose of demonstrating the
deviation of AUC values among 10 clinical studies (the estimation set; table 1), the mean values of which
were used to determine the ICcvp3as values. Each circle and vertical bar represents the mean * SD
values of subjects reported in each article. Where the SD values or the ranges were not reported in the
article, the reported mean value is shown by a square. The solid lines represent £20% of the calculated

AUC changes. Numbers in symbols represent the corresponding reference number.
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Fig. 2. Relationship between the observed and calculated area under the concentration-time curve (AUC)
changes by drug-drug-interactions. This figure was prepared in the same style as figure 1. Using the
ratio of the contribution of cytochrome P450 (CYP) 3A4 to oral clearance (CRcvr3as4) and the apparent
increase in clearance by induction of CYP3A4 (ICcyp3as) values shown in tables Il and lll, respectively, the
alternations in AUC of substrate drugs by drug interactions reported in 32 clinical studies (the validation set;
table 1) were predicted with Eq. 6. Each circle and vertical bar represents the mean + SD values of
subjects reported in each article. A dashed bar represents the range. Where the SD values or the ranges
were not reported in the article, the reported mean value is shown by a square. The solid lines represent £

20% of the calculated AUC changes. Numbers in symbols represent the corresponding reference number.

25



a. Rifampicin {600mg)

b. Phenytoin {300mg)

¢. Carbamazepine (600mg)

d. Efavirenz (600mg)

100 100 100
80 8¢ ‘luhg 80
3030mg
60 60 200mg 1,5‘%!‘“,60
edintric)
40 swomg 40 40
3 20 20 20
- . ¢
3 o 0 0 0
€ 0 02 04 06 08 1 0 020406 08 1 0 0204 0608 1 0 0204 06 08 1
3
A
° .
§ e. St. John"s Wort (900mg) f. Bosentan (500mg) 9. Pioglitazone {(45mg)
S
< 100 100 .,
80 80
60 { 60
40 40
20 20

0
0 02 04 06 08 1

0
0 0204 06 08 1

o
0 0204 06 08 1

CRcvpara

Fig. 3. Area under the concentration-time curve (AUC) changes of the substrate drugs by drug-drug-
interactions for each inducer. The data shown in Figs. 1 and 2 were reorganised for each inducer to show
the AUC changes of each substrate drug as a function of the contribution ratio of CYP3A4 to the oral
clearance (CRcypaas4) values of the substrate drugs. The lines represent the calculated AUC changes by
Eq. 6 from the ICcvr3as and the CRcyraas. The open and closed symbols represent the dataset shown in

Figs. 1 and 2, respectively. See legends to Figs. 1 and 2 for details.
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Fig. 4. Predicted decrease (% of control) in the area under the concentration-time curve (AUC) of substrate
drugs by various drug-drug-interactions. The decrease in AUC of substrate drugs were predicted
according to the ratio of the contribution of CYP3A4 to oral clearance (CRcypaa4) and the apparent increase
in clearance by induction of CYP3A4 (ICcvpias) values shown in tables Il and lll, respectively. Open and
closed arrowheads indicate the dataset shown in Figs. 1 and 2, respectively.

ALP = alprazolam; AMI = amitriptyline; ATO = atorvastatin; BOS = bosentan;

BUS = buspirone, CAR = carbamazepine; CIC = ciclosporin; EFA = efavirenz;

ETI = etizolam; FEL = felodipine; GEF = gefitinib; IMA = imatinib; LOV = lovastatin;

MEF = mefloquine; MID = midazolam; NIF = nifedipine; NIS = nisoldipine; PHE = phenytoin;

PIO = pioglitazone; PRE = prednisolone; QUE = quetiapine; RIF = rifampicin;

SIM = simvastatin; SIW = St. John’ s Wort; TEL = telithromycin; TRI = triazolam;

ZIP = ziprasidone; ZOL = zolpidem; ZOP = zopiclone

21



M3 &#el2

(Manuscript in preparation)

Prediction of Drug-Drug-Interaction in the Presence of Polymorphism in Cytochrome Enzyme

Akihiro Hisaka,! Yoshiyuki Ohno,2 Takehito Yamamoto, 2 and Hiroshi Suzuki 2.3

1. Pharmacology and Pharmacokinetics, The University of Tokyo Hospital, Faculty of Medicine, The
University of Tokyo

2. Department of Pharmacy, The University of Tokyo Hospital, Faculty of Medicine, The University
of Tokyo

3. The Center for Advanced Medical Engineering and Informatics, Osaka University, Osaka, Japan.

Some of SNPs of CYP cause profound changes in PK of substrate drugs and it explains inter-
individual difference of drug response to some extents. CYP2D6, CYP2C9 and CYP2C19 are the
representative polymorphic CYP enzymes and individualized pharmacotherapy is being considered for
drugs as warfarin, tamoxifen and omeprazole. Phenotype of CYP enzymes are categorized in poor
metabolizer (PM), intermediate metabolizer (IM), extensive metabolizer (EM) and ultra rapid
metabolizer (UM) in general. Genotype of PM is combinations of inactive alleles. Genotype of IM
includes heterozygotes of inactive allele or homozygotes of decreasing activity alleles. EM is usually
homozygotes of the wild type allele and UM possesses at least one increasing activity allele. For
example, in the case of CYP2D6, *4 and *5 are inactive alleles, *10 is decreasing activity allele, and
*2xn is increasing activity allele. Genotype of *4/*5 and *5/*5 are categorized in PM, *1/*5 and
*10/*10 are categorized in IM, *1/*1 is EM, and *1/*2xn is UM. Allele frequencies of SNPs are
dependent on ethnics. In the case of CYP2D6, *4 is very rare allele but *10 is abundant in East
Asians which is in good contrast to Caucasians.

Existence of SNP affects on the extent of DDI greatly. When activity of the target enzyme of
inhibitory DDI is also altered by polymorphism, alternations in AUC are estimated theoretically by the

following equations in relative to AUC of EM without coadministration of the inhibitor drug:

without inhibitor _ Eq. 1
l-a-CR

with inhibitor ! Eq. 2

1-CR(a +IR-a - IR)
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where o is decreasing activity ratio determined by the phenotype (1 for PM, 0<a<1 for IM, 0 for EM
and a negative value for UM). Simulated change was demonstrated in a figure in the next page.
AUCs of PM and IM are higher than EM and UM in the absence of the inhibitor but changes caused by
coadministration of the inhibitor is smaller than EM and UM. The actual DDIs of omeprazole and
moclobemide, and omeprazole/lansoprazole and fluvoxamine were reported in EM and PM of CYP2C19.
In these studies, AUC was altered by coadministration of inhibitor in EM but not in PM. Analogous
outcomes were reported for DDIs of diphenhydramine and metoprolol, quinidine and venlafaxine,
diphenhydramine and venlafaxine, and fluoxetine and risperidone in EM and PM/IM of CYP2D6..

In contrast to small magnitude of DDIs in PM and IM in the above, when activity of the target
enzyme of inhibitory DDI is different from the enzyme subject to polymorphism, the situation changes
greatly. The alternations in AUC are estimated by the following equations in relative to AUC of EM

without coadministration of the inhibitor drug:

without inhibitor _ Eq.3

l1-a-CR
with inhibitor ! ' Fq.4
1-a-CR —CR, IR,

where contribution ratio of CYP enzyme subject to polymorphism is CR1 and the contribution and
Inhibition ratios of target CYP énzyme of the inhibitory DDI are CR:z and IRz, respectively. Simulated
change was also demonstrated in the figure in the next page. AUCs of PM and IM are higher before
inhibition and increases furthermore by coadministration of the inhibitor. The actual DDI cases were
reported for combinations of ritonavir and voriconazole.

It is recommended that volunteers enrolled in clinical DDI studies are genotyped for the major
polymorphic metabolizing enzymes and transporters since the magnitude of interaction would be
fundamentally altered as discussed in this session. CR values estimated from in vitro experiments
will be of a critical value to predict SNP-dependent DDIs in clinical setting. In some cases, estimation
of CR for secondary important CYP would be important as well as that for the dominant CYP. If such
a SNP-dependent DDI is anticipated, in vitro evaluation should be performed using microsome

preparations obtained from subjects having the corresponding SNP if possible.
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a: Polymorphic CYP speciesis inhibited
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genetic polymorphism

30



M3  EHE3
(EFEEF2REQ007.71) B2 : BEFRREXE)

ZYRMEERIC L 2 EYBEELOERIEH X T L (PKDIC) OHBE

KEFREZ!. WRER. PETLE. AR
HEKYE BT AN
WRKE K#EbE EFRMAR EHBEF

(BR) EYRIEEERIIEFCERSERAREEZEC 50, BEEMRBRAXEREOFHRIT. TOBRED
LWORHAET, FLUEEOH L ETOHALOEIEEIN TN EWDIZ, BEIEFEHOEBIZITIAR
+isl ENEN, TIT BLARB—HMOBKABROKEENSOPRFEOEEEDI UT T X ANDH

ERIAEEROHER (HA2WIIFEAICL2ANTORBREREMN 2BHTL5ILI2XK0,. 2<0ENF
EMHEEROREZHEREMICTRITA2HEZRRELRE" 2, AHFICBNWTIIINET —FX—Z1LL.
JBa—470rs5L,E0TO, HEERICXA2HEEOMPIEBEAICECREZHEENICTFRIT SR T

s (PKDIC ; Pharmacokinetic Drug Interaction Checker) DHEZBHRE L /z,

(5] CYPABEE T2 EEZ SN TWAHEERAKBROBE Z XKL OIMEL, &P TFREOMRML
FERDHDVIIREHREZHFBALZEZOI )T I ARENS, EOPHTROEEEOIUT 52 AN

DFEEGE ((R) . HOEIVIIHEZOANTORBMEER (IR) 2ZBHL TTF—IN—RITIHEH L7z, 728,
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