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Percentage of drugs with information on GYP in the
summary of application for approval or the package inserts

Fig. 8 AEHRERICEITACYPAFEMFEEZAMNELEZARORERE

78.3%

(%)

- —®— Drugs with the result of study to identify CYP isoenzymes involved in the
metabolism or interaction with other drugs shown in the summary of

application for approval .
r — k= - Drugs with information on CYP in the package inserts

m | ! I
1999 2000 2001 2002

Approval year of durgs

_For drugs with new active ingredients approved from September 1999 to 2002, the summaries of
application for approval were searched for studies to identify CYP isoenzymes involving in the
metabolism and interaction with other drugs. The number of drugs, on which the study was
conducted at application for approval, was counted by the approval year, and the percentage to

all drugs approved each year was calculated.
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Table 3: The extent of increase in AUC and Cmax of drugs in group 1 by combination with

grapefruit juice
Oral
. N AUC Cmax
bioavailability References
Terfenadine <2% 2.5 3.4 Clifford and others 1997
Saquinavir 1-4% 2.2 2.2 Fuhr 1998
Buspirone 4-5% 9.2 4.2 Lilja and others 1998a
Simvastatin <5% 16.1 9.4 Lilja and others 1928b
Lovastatin 5% 15.3 11.8 Kantola and other_s 1998
17B-estradiol 5% 1.2* 1.3* Schubert and others 1994
Takanaga and others
Nisoldipine 5-8% 4.1 4.9 - 2000a
Nimodipine 5-10% 1.5 1.2 Fuhr and others 1998
Fingerova and others
Progesterone 9% 1.3 n.d. 2003
Dextromethorphan 10% [rat] 5.4 [bioavailability] Di Marco and others 2002
Atrovastatin 12% 2.5 1.1 Lilja and others 1999
Felodipine 14% 3.3 2.9 Edgar and others 1992
Propafenone 15-256% 1.3 1.2 Bailey and others 1998a
Nitrendipine 5-30% 2.3 2.1 Soons and others 1991
Midazolam 25-40% 5.9 2.9 Veronese et al., 2003
Scopolamine 3-50% 14 0.94 Ebert and others 2000
Cyclosporine 30% [highly 1.6 1.4 Ducharme and others
variablel 1995
Nicardipine 15-45% 2.0 n.d. Uno and others 2000
Kanazawa and others
Ervthromycin 32% 1.5 1.5 2001
Verapamil 30-40% 1.4 1.6 Fuhr and others 2002
Sildenafil 40% 1.2 1.0 Jetter and others 2002
Cisapride 40-50% 2.6 1.8 Desta and others 2001
Christensen and others
Diltiazem 40-50% 1.2 1.1 2002
Ethinylestradiol 40-50% 1.3** 1.4*%* Weber and others 1996
Nifedipine 50-60% 2.0 1.9 Sigusch and others 1994
Triazolam 60% 2.4 1.4 Lilja and others 2000b
Hollander and others
Prednisone 62% 1.5 14 1995
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Amiodarone 67%
Digoxin 65-75%

Carbamazepine 70-85%

Diazepam 75%
Praziguantel >80%
Amlodipine 81%

Methvlprednisolone 82-92%

Caffeine 100%
Halofantrine n.d. [highly

variable]
Artemether | n.d. [low]
Sertraline n.d.

1.5

1.1

1.4
3.2
1.9
1.2

1.8
1.3
2.8

3.5

concentrations]

1.8

1.2

1.4
1.5
1.62
1.2

1.3

n.d.

3.2

2.6 -
1.47 [trough serum

Libersa and others 2000
Becquemont and others
2001

Garg and others 1998 _
Ozdemir and others 1998
Castro and others 2002

Josefsson and others 1096

Varis and others 2000
Fuhr and others 1993

Charbit and others 2002
van Agtmael and others

1999

Lee and others 1999

Data with the maximum change in AUC is adopted in this Table. The change in AUC and

Cmax are shown as the ratio to the value in control. If the change in either AUC or Cmax was

more than 1.2 fold, the drug is assigned in group 1.

Statistical information given, significant

grapefruit juice effect (p< 0.05) is indicated by boldface.
Drugs with underline are newly reported drugs on the interaction with grapefruit juice since

two reviews were published at 1998.
n.d.: no available data

*: Bevarage not containing flavonoids (probably not contain furanocoumarins, too)

was given as control.

**: Herbal tea was given as control.
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Table 4: Drugs in group 2, the primaly metabolic enzyme and the oral bicavailability

Primaly metabolic enzyme  Oral References
bioavailability
Pravastatin Hydroxylase 20% Lilja and others 1999
CYP2D9, CYP2C19, 33-62% Vandel and others
Amitriptyline CYP1A2 1999
. CYP2C9 >80% van Roolj and others
Acenoucoumarol 1993
Phenytoin CYP2C9 nd. Kumar and others
1999
Desloratadine Not identified n.d. Banfield and others
(unlikely CYP3A4 and 2002
CYP2Cé6)
Clozapine CYP1A2, CYP3A4 27-50 % Vandel and others
2000
Lane and others 2001
Losartan CYP2C9, CYP3A4 33% Zaidenstein and others
2001
Omeprazole CYP2C19, CYP3A4 54% Tassaneeyakul and
others 2000
Clomipramine CYP1A2, CYP3A4 <62% Vandel and others
. 1999
Clarithromycin CYP3A4 55% Cheng and others 1998
Indinavir CYP3A4 65% Penzak and others
2002
Shelton and others
2001
Quinidine CYP3A4 70% Min and others 1996
Quinine* CYP3A4 88% - Ho and others 1999
Alprazolam CYP3A4 80-100% Yasui and others 2000

Drugs with underline are newly reported drugs on the interaction with grapefruit juice since

two reviews were published at 1998. n.d.: no available data

*: Orange juice (common) was given as control. Although decrease by more than 20% in
the AUC was observed in combination with 50 % grapefruit juice, it is considered in range of the
dispersion because of the decrease only by 5% with 100% grapefruit juice.
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Table 5 The extent of decrease in AUC and Cmax of drugs in group 3 by combination

with grapefruit juice

Parent Drug

Oral

bioavailability AUC Cmax References
Itraconazole 30-40% 0.57 0.64 Penzak and others 1999
Fexofenadine 33% 0.33 0.38 Dresser and others 2002
Amprenavir n.d. 090 0.78 Demarles and others 2002
Etoposide 47-76% 0.76 n.d. Reif and others 2002
Celiprolol 30-70% 0.15 0.05 Lilja and others 2003
Theophylline 100% 0.75 0.82 Gupta and others 1999

Data with the maximum change in AUC is adopted in this Table. The change in AUC

and Cmax are shown as the ratio to the value in control. If the change in either AUC or

Cmax was less than 0.8 fold, the drug is assigned in group 3. Statistical information

given, significant grapefruit juice effect (p< 0.05) is indicated by boldface.

Drugs with underline are newly reported drugs on the interaction with grapefruit juice

since two reviews were published at 1998.

n.d.: no available data

Lumen

Grapefruit juice

Absorption

] P-Glycoprotein

Seville orange juice

Orange juice (sweet)

Portal Vein

Fig.9. The target sites in enterocytes of small bowel by various citrus juices
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rhamnog|lucose~

Naringin Naringenin

Fig.10: Chemical structures of naringin and naringenin

O 0

Bergamottin 6',7-Dihydroxybergamottin

Fig.11: Chemical structures of bergamottin and 6',7"-dihydroxybergamottin

65



‘Aep/Bwl Op-0Z S omo__u Buiuejs papuswwiossy q

100z ul Juswpuswe Jaye Aep/Buw oz o) paseasou] ‘leutbiio uy Aep/Bwl gL-G €

panoidde JON

panoidde JoN €002 ) uljejseAe)ld
1661 08-0F 1661 020l uljejseaeld
£661 q 08-0 8661 09-0¢ uljejseAn]
0661 08-0l 0002 0¥-0l uljejseAloly
1661 i ow.% v 1661 Qm ommm v uljejseaulis
ep/bll ep/ouwl
leah |eaoiddy as0Q Jesh jeaoiddy 2s0Q]
YShn uedep

‘Suljels jo |eaoudde jo Jeah pue abesoq ‘g e|qe

66



'SUE}S JO saIMONYS [edlWwsyd Z) *Big

UJEISEAE)H

upejseAn|d

/a\z . -
= 3
HO

eN‘0D on

ufjejseaeld

ujeIseAlS

67




G1Z-661 ‘1Z ‘smalnay BnuQ JeinaseAoipie) 10}iqIyul 8SEjoNDpal YOO-OINH d5uIUAS [2r0u B Jo sajyjoid Klajes pue Aoeoys :uijejseAeld (E00Z) ‘A OHES ‘N 1usoyeyel M nweulley (¢
‘©G/-GF2 ‘76 'Bunyssio4|sRILEaUZIY 'SUBLINY pue s)el Ul swajsAs Buizijogelaw-6rup

uo sPalg esenpal y awkzusoo |Auenb-AyeLU-c-AX0IpAU-E JO JOJIIYUL MaU B '(+01-XN) uneiseaeud jo aje; ollogelsy (Z00Z) ‘W EpaUOA ‘L 0EBEN ‘S BpEWIYS ‘] EpRWEA ‘H oulng (g

1§2-€9Z "0 'SoijsuIjOoBLLBY [EDIMID "UNRISEANY JO Sonsupjodeuueyd |2o1ulD (L00Z) VI Jedald ‘GO eimduss (2

0LE-EVE ‘Lb ‘SONOUMODRULEY [EOINID "SIORQIYUI 8SEJ0NPal WOD-DNH Yiim suoioeisiul Brup oweukpodeuueyd-oneunioseuneyd (Z00Z) r Aieed ‘a swemip (1

(B2ZdAD) {602dAD Ag pozijogelsWw we 6OTAAD ;
panudde joN ponoudde joN pazijoqejew ApubIS AnuBis) poziogerow Aipien | Aq ARibis peziogereyy | UBEISEASH
- ¥VE 0Skd _ « SdAD Aq fjueoyubis
BWOJY20)K2 AQ paZIoqeIRW JON ¥¥E dAD Aq pazijoqelew 10N ' pazijogeiow ION LyEISEABId
{%02) vve '(%8) 80T (% SL) 602 (%02) vve (%5) 8OZ (% G2) 622 60ZdAD - 4 6OTJAD Autepy unejsean|d
PYE 0GFd BWOIO0ILD YVE 0GFd WoIyo0a YVEdAD #YEDAD o PYEDAD UREISEAIONY
YVEdAD (uonoas Bujusem ul oste) PYEdAD - PYEDAD o PVEDAD upeIseAlls
WSHOQEISN/SIIBUD0IBLLEY uoloesau Bnig sojsunjcoBULEY uonaelaju Brmig
alWAzua giqisuodsay
(wsn) ussu abexoed (ueder) uasul abeyoeyg
-spasul abexoed ayj Ul uonduosap oy} pue Sule}s JO WSKHOgeE}dW aU} Ul paA[OAUl SsWAzug 2 9|qel

b8



Table 8. Pharmacokinetic information on simvastatin drug interactions and the description in the
package insert.

| iterature: ~kpan — e LS —
Changes of . Gluantitative Section of Cluantitative
AUC Status Mechanism | data / dose tatement Mechanism data / dose
adjustment : adiustment
Itraconazole 10-19 fold ’? |contre- inhibition of _
Miconazole MNo repart indication CYP 344
. possible
Ervthromycin =~ [6.2 fold ® Precaution  |[CYP3A4 —
inhibition
. possible -
Clarithromycin  [No report Precaution  |[CYP3A4 — Fotent
inhibition inhibitor of
: - - \ CYP 3A4
Ritonawvir + 45 possible Warning
Saquinavie @ [°1 oM Precaution  |CYP3A4 —
Nefinavir 6 fold ® inhibition
. possible Should not
Cyclosporine |y o 3™ |Precaution [OYP3Ad | :mes"d 10 exceed 10
inhibition | &/ mg/day
Should not
Gemflbrozil & 2 foid '@ - - exceed 10
mg/day
Rifampicin 010 fod ' - —
Should not
Verapamil 46 fold ¥ — \Warning — exceed 20
mg/day
Diltiazem 5 fold '? — -
Troglitazane © |06 foid ¥ — —
Pioglitazone No change 13) = -
No change
Irbesartan (acid form) '
Slight
elevation of
o 1.20 fold (AUC . Drug _ digoxin in
Digoxin of digoxin) 1% interactions plasma {less
than 0.3
ng/mL)
Less than 1
guart {0.95D)
_ _ 16 : Potent of grape fruit
——— Tl S;hcearwo _ _ Zﬁiﬂfjdy o|Wamning inhibitor of  [uice, Study 1:
CYP 3A4 16 folds
Study 2: 1.88
fold

: No data.

aoom |

Ritonavir plus saquinavir soft-gel capsules
Not approved in Japan
Withdrawn from Japan and US in 2000
It has been reported that a large amount (>1.14 L daily) of grapefruit juice increases bfood simvastatin level

1) Williams D, Feely J. (2002) Pharmacokinetic-pharmacodynamic drug interactions with HMG-CoA reductase inhibitors. Clinical
Phamacokinetics, 41, 343-370.
2) Neuvonen PJ, Kantola T, Kivisto KT. (1998) Simvastatin but not pravastatin is very susceptible to interaction with the CYF3A4 inhibitor

s
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itraconazole. Clinical Pharmacology and Therapeutics, 63, 332-341
3) Kantola T, Kivisto KT, Neuvonen PJ. (1998) Erythromycin and verapamil considerably increase serum simvastatin and simvastatin acid
concentrations. Clinical Pharmacology and Therapeutics, 64, 177-182.
4) Fichtenbaum CJ, Gerber JG. (2002) Interactions between anti-retroviral drugs and drugs used for the therapy of the metabolic complications
encountered during HIV infection. Clinical Phamacokinetics, 41, 1195-1211
5) Fichtenbaum CJ, Gerber JG, Rosenkranz SL, Segal Y, Aberg JA, Blaschke T, Alston B, Fang F, Kosel B, Aweeka F, (2002) Phammacokinetic
interactions between protease inhibitors and statins in HIV seronegative volunteers: ACTG Study A5047. AIDS {(London, England), 16,
569-577
8) Hsyu PH, Schultz-Smith MD, Lillibridge JH, Lewis RH, Kerr BM, (2001) Pharmacokinetic interactions between neffinavir and .
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors atorvastatin and simvastatin. Antimicrobial Agents and Chemotherapy, 45,
3445-3450
7) Arnadottir M, Eriksson LO, Thysell H, Karkas JD. {1993) Plasma concentration profiles of simvastatin 3-hydroxy-3-methyl-glutaryl-coenzyme
A reductase inhibitory activity in kidney transplant recipients with and without cyclosporin. Nephron, €5, 410-413.
8) Campana C, lacona |, Regazzi MB, Gavazzi A, Perani G, Raddato V, Montemartini C, Vigano M. (1985) Efficacy and pharmacokinetics of
simvastatin in hear transplant recipients. The Annals of Phammacotherapy, 29, 235-238.
8} Ichimaru N, Takahara S, Kokado Y, Wang JD, Hatori M, Kameoka H, Inoue T, Okuyama A. (2001) Changes in lipid metabolism and effect of
simvastatin in renal transplant recipients induced by cyclosporine or tacrolimus. Atherosclerosis, 158, 417423
10) Backman JT, Kyrklund C, Kivisto KT, Wang JS, Neuvonen PJ, (2000} Plasma concentrations of active simvastatin acid are increased by
gemfibrozil. Clinical Phammacclogy and Therapeutics, 68, 122-129
11) Kyrklund C, Backman JT, Kivisto KT, Neuvonen M, Laitila J, Neuvanen PJ. (2000) Rifampin greatly reduces plasma sumvastattn and
simvastatin acid concentrations. Clinical Phammacelogy and Therapeutics, 68, 592-597.
12) Kanathur N, Mathai MG, Byrd RP Jr, Fields CL, Roy TM. (2001) Simvastatin-diltiazem drug interaction resutting in rhabdomyolysis and
hepatitis. Tennessee Medicine: Journal of the Tennessee Medical Association, 94, 338-341
13) Prueksaritanont T, Vega JM, Zhao J, Gagliano K, Kuznetsova O, Musser B, Amin RD, Liu L, Roadcap BA, Dilzer S, Lasseter KC, Rogers JD,
(2001) Interactions between simvastatin and troglitazone or picglitazone in healthy subjects. Journal of Clinical Pharmacology, 41, 573-581.
14) Marino MR, Vachharajani NN, Hadjitambris OW. (2000) Irbesartan does not affect the phamacokinetics of simvastatin in healthy subjects.
Journal of Clinical Phammacology, 40, 875-879.
15) Todd PA, Goa KL. (1990} Simvastatin, A review of its phammacological properties and therapeutic potential in hypercholesterolaemia. Drugs,
40, 583-607
16) Lilja JJ, Neuvonen M, Neuvonen PJ. (2004) Effects of regular consumption of grapefruit juice on the pharmacokinetics of simvastatin. British
Journal of Clinical Phamacology, 58, 56-60
17) Lifja JJ, Kivisto KT, Neuvonen PJ. (2000) Duration of effect of grapefruit juice on the pharmacokinetics of the CYP3A4 substrate simvastatin.
Clinical Pharmacology and Therapeutics, 68, 384-390
18) Lilja JJ, Kivisto KT, Neuvonen PJ. (1998) Grapefruit juice-simvastatin interaction: effect on serum concentrations of simvastatin, simvastatin
acid, and HMG-CoA reductase inhibitors. Clinical Phamacology and Therapeutics, 64, 477-483.
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Table 9. Pharmacokinetic information on atorvastatin drug interactions and the description in the
package insert.

Jepan us
Literature: Quartitative data Section of . Quantitative data
Changes of AUC Status Me chanism / dose Me chanism / dose
, statement R
adjustment adjustme nt
Itraconazole 25-4 fold "? Precaution Inhlblt'o.n of - Warming -0 -
metabolism
1.33 fold 40% increass(as
hikitian of Inhititlon of
in |(Cmax1.38 folds i i — ;
Erythromycin ¢ maix:1.38 folds) [Precaution metabolism Warning CyPIAd plasma ‘
concentration)
Azithromvcin No change bl - -
Clarithromyein 1.8 fold ? Precaution Inhlb:tlo.n Of_ Increase 81.8 % -
metabolism
Rito rawvir + 5 .
S ) 3.5 fold Inhibition of CYP |1.7 fold
Saquinavir Precaution . \ -
- A4 (Nelfinavir)
Neffinavir 1.7 foid ®
o Inhibition of
Cyclosporine ?)fcid Gotivity ) Precaution metabalism and - Warning - e
bile_exclusion
Not altered
Clmetidine Mo changz ® - Drug interactions — {plasrma
concentrationy
Trogltazore » 067 fold ¥ - -
Inhibkition of 20 % increase
L 1.15 fold for . digoxin exclusion |3.6-14.8% \ . (steady—state
Digoxin diguxinm) Precaution via P— (digoxin AUC) Drug interactions olasma digoxin
glycaprotein concentration)
Grapefruit juice |1.4-25 foid ''? - —

—: No data.

a Ritonavir plus saquinavir soft-gel capsules.

b Withdrawn from the market in Japan and USA.

¢ HMG-CoA reductase inhibitory activity {parent drug and metabolites}.
d Risk of rhabdomyolysis.

1) Mazzu AL, Lasseter KC, Shamblen EC, Agarwal V, Lettieri J, Sundaresen P, (2000) traconazole alters the phammacokinetics of atorvastatin to
a greater extent than either cerivastatin or pravastatin. Clinical Pharmacology and Therapeutics, 68, 391-400.
2) Kantola T, Kivisto KT, Neuvonen PJ. (1998) Effect of itraconazole on the pharmacokinetics of atorvastatin. Clinical Pharmacology and
Therapeutics, 64, 58-65.
3) Siedlik PH, Olson SC, Yang BB, Stern RH. (1988) Erythromycin coadministration increases plasma atorvastatin concentrations. Journal of
Clinical Pharmacology, 39, 501-504
4) Amsden GW, Kuye O, Wei GC. (2002) A study of the interaction potential of azithromycin and clarithromycin with atorvastatin in healthy
volunteers. Joumnal of Clinical Pharmacology, 42, 444-449.
5) Fichtenbaum CJ, Gerber JG. (2002) Interactions between anti-retroviral drugs and drugs used for the therapy of the metabolic complications
encountered during HIV infection. Clinical Phamacokinetics, 41, 1195-1211
6) Hsyu PH, Schultz-Smith MD, Lillibridge JH, Lewis RH, Kerr BM. {2001) Pharmacokinetic interactions between nelfinavir and
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors atorvastatin and simvastatin. Antimicrobial Agents and Chemotherapy, 45,
3445-3450
7) Asberg A, Hartmann A, Fieldsa E, Bergan S, Holdaas H. (2001) Bilateral pharmacokinetic interaction between cyclosporine A and atorvastatin
in renal transplant recipients. American Joumnal of Transplantation: Official Journal of the American Society of Transplantation and the
American Society of Transplant Surgeons, 1, 382-386.
8) Stern RH, Gibson DM, Whitfield LR. (1998) Cimetidine does not alter atorvastatin phammacokinetics or LDL-cholesterol reduction. European
Journal of Clinical Phamacology, 53, 475-478.
9) Loi CM, Sedman AJ. (1999) Response to Lin and lto. Effect of troglitazone on atorvastatin pharmacokinetics and phammacodynamics.
Diabetes Care, 22, 2105-2106.
10) Boyd RA, Stern RH, Stewart BH, Wu X, Reyner EL, Zegarac EA, Randinitis EJ, Whitfield L. (2000) Atorvastatin coadministration may increase
digoxin concentrations by
inhibition of | ntestinal P-glycoprotein-medtated secretion. Journal of Clinical Pharmacology, 40, 91-98
11) Fukazawa [, Uchida N, Uchida E, Yasuhara H. (2004) Effects of grapefruit juice on pharmacokinetics of atorvastatin and pravastatin in
Japanese. British Journal of Clinical Pharmacology, 57, 448-455
12) Lifja JJ, Kivists KT, Neuvonen PJ. (1999) Grapefruit juice increases serum concentrations of atorvastatin and has no effect on pravastatin.
Clinical Phamacology and Therapeutics, 66, 118-127
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Table 10. Pharmacokinetic information on fluvastatin drug interactions and the description in the package insert.

Japan Us
Literature:
Changes cf AUC status mechanism quantitative data / dose| section of me chanism guantitative data /
adjustment statement - dose adjustment
CYP 344
does not affect
12
Itraconazole No changs Drug Interactlons Iar:P;ibltnr/substr plasma leveis
Flucpnazole 184 fold @ .
Ketoconazole ¥ |No_changs ¥
CYP 3A4 did not affect
Ervthromygin Nao changs ko Precaution - Warming inhibitor/substr |steady—state plsma
: ate levels
CYP 3A4 . .
Cyclosparine 3-3.3 fold ¥% Pracaution - Warning inhibitor/substr fgcﬁg:dg fold, Cmax:
ate '
possible high
. plasma level via _ , o -
Bezafibrate No report Precaution inhikition of [ver Warning
metabolism
" . ha :
Gamfibrozil ¥ |No changs 8 - Wamning - no change In plasma
levels
induction of liver
Rifampicin 05 fold ¥ Precaution metabolic — Drug Interactions - 049 fold
enzyme
possible high
plasma level via _
Cimetidine Precaution inhikition of lker
metatofism
possible high
Ranitidine 1.24-133 fold ¥ [Precaution :li?br;?oﬁffl |YN‘ZF — Drug interactions - 1.24-1.33 fold
metabolism
massible high
plasma level via _
Omeprazcle Precaution inhibitiar of fver
metatalism
n - . . _— no change for
Pmpranoiol No change Drug interactions hinavailability
1.1-1.54 fold for
. fluvastatin, 1.1-1.3 \ . . 1.3 fold for
Diclofenac fold for clclofenac Drug interactiane diclaferac AUC
2)8)
Tolbutamide No_changa 9) - Drug interactions -— did not affect
Glisenclamide  |Ng change ¥ - Drug interactions — 15 fold
h far no elevation of
Warfarin Na & ,ange G,, Precaution not cleared - Drug interactions warfarin
warfarin level concentration
No change of
digaxin AUC '@V AUC: No changs,
Digoxin . ' |Precaution not cleared — Drug interactions - Cmax: 1.11 fold (for
Cmax of digoxin: digoxin)
12 fold 2
—: No data

. a Only topical form is approved in Japan.
b Not approved in Japan.
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¢ Fibrates alone associated with myopathy.

1) Kivisto KT, Kantola T, Neuvonen PJ. (1998) Different effects of itraconazole en the pharmacokinetics of fluvastatin and lovastatin. British
Journal of Clinical Pharmacology, 46, 49-53.
2) Kantola T, Backman JT, Niemi M, Kivisto KT, Neuvonen PJ. (2000) Effect of fluconazole on plasma fluvastatin and pravastatin concentrations.
European Journal of Clinical Phamacology, 56, 225-229.
3) Scripture CD, Pieper JA. (2001) Clinical phammacokinetics of fluvastatin. Clinical Pharmacokinetics, 40, 263-281
4) Goldberg R, Roth D. (1996) Evaluation of fluvastatin in the treatment of hypercholesterolemia in renal transplant recipients taking cyclosporine.
Transplantation, 62, 1558-1564,
5) Park JW, Siekmeier R, Lattke P, Merz M, Mix C, Schuler S, Jarcss W. (2001) Pharmacokinetics and pharmacodynamics of fluvastatin in heart
transplant recipients taking cyclosporine A. Journal of Cardiovascular Pharmacology and Therapeutics, 8, 351-381
6) Spence JD, Munoz CE, Hendricks L, Latchinian L, Khouri HE. {1985) Pharmacokinetics of the combination of fluvastatin and gemfibrozil. The
American Journal of Cardiology, 76, 80A-83A,
7) Jokubaitis LA. (1996) Development and pharmacology of fluvastatin. British Journal of Clinical Practice. Supplement, 77A, 11-15.
8) Andersson TB, Bredberg E, Ericsson H, Sjoberg H. (2004} An evaluation of the in vitro metabolism data for predicting the clearance and
drug-drug interaction potential of cyp2c9 substrates. Drug Metabolism and Dispesition: the Biological Fate of Chemicals, 32, 715-721.
9) Appe! 5, Rufenacht T, Kalafsky G, Tetzloff W, Kallay Z, Hitzenberger G, Kutz K. (1995) Lack of interaction between fluvastatin and ora!
hypoglycemic agents in healthy subjects and in patients with non-insulin-dependent diabetes mellitus. The American Journal of Cardiology, 76,

29A-32A, .
10) Deslypere JP. (1994) Clinical implications of the biophamaceutical properties of fluvastatin. The American Journal of Cardiology, 73,

12D-17D. .
11) Smith HT, Jokubaitis LA, Troendle AJ, Hwang DS, Robinson WT. (1993) Pharmacokinetics of fluvastatin and specific drug interactions.

American Journal of Hypertension: Journal of the American Society of Hypertension, 6, 3755-3828.
12) Gamett WR, Venitz J, Wilkens RC, Dimenna G. (1994) Phamacokinetic effects of fluvastatin in patients chronically receiving digoxin. The

American Journal of Medicine, 96, B4S-86S.
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Tahle 11. Pharmacokinetic information on pravastatin drug interactions and the description in the package insert.
Japan us
Literature:
Changes of AUC . Quantitative data | Section of . Quantitative data / dose
Status Mechanism . Me chanism .
/ dase adjustment statement adjustment
Inhibition of o
slighthy increase = No effecF on \ glycoprotein ALIC: 1.7 fold, Cmax: 25
Itraconazole 15 folg N2 pravastatin Drug interactions|{also known as fald
~ 10 metabolism CYP 3A4
inhibitar)
Fiuconazole No change ¥ — —
Ritonavir + 05 foid @ _ —
Sacuinavir ¥ =19
Pravastatin kewvel;
increase (ons
Cyclosparine » 86 . . _ study?.cyclosporine level;
5-12 fold Precaution Warning ra elevations, should
begin 10mg/day,maximum
20mg/day
n (synergistic _ @ _
Fenofibrate No change Precaution e roe effact) Warning :
. 8 _ _ Significant increase
Gemfibrozil B |2 fold Warning (metaboitte)
Rifampicin 069 fold ¥ - -
no effect on
Diltiazem Mo effects'® pravastatin Drug Interactions Weak CYP 344 No change
) inhibitor
metabolism
. ] 1) _ . |CYP 3A4 _
Mikefradil No change Drug Interactions inhibitar
Fropranolol 0.77 fold '® — —
Increase for Digoxin bioavailzhility: nat
) pravastatin, na _ _ affected, AUC of
Digoxin change on digoxin Drug Interactions pravastatin: tended to
1 increase
Grapefrult juice |Na change '9'9 - —

-: No data.

a Ritonavir plus saquinavir soft-gel capsules.

b Not approved in Japan. .

¢ Not approved in Japan and withdrawn from the market In USA.
d Risk of rhabdomyolysis.

1) Neuvonen PJ, Kantola T, Kivisto KT. {1998) Simvastatin but not pravastatin is very susceptible to interaction with the CYP3A4 inhibitor
itraconazole. Clinical Pharmacology and Therapeutics, 63, 332-341
2} Mazzu AL, Lasseter KC, Shamblen EC, Agarwal V, Lettieri J, Sundaresen P. (2000) ltraconazole alters the phamacokinetics of atorvastatin to
a greater extent than either cerivastatin or pravastatin. Clinical Pharmacology and Therapeutics, 68, 331-400
3) Kantola T, Backman JT, Niemi M, Kivisto KT, Neuvonen PJ. (2000) Effect of fluconazole on plasma fluvastatin and pravastatin concentrations,
European Journal of Clinical Phamacology, 56, 225-229.
4) Fichtenbaum CJ, Gerber JG, Rosenkranz SL, Segal Y, Aberg JA, Blaschke T, Alston B, Fang F, Kosel B, Aweeka F. (2002) Phamacokinetic
interactions between protease inhibitors and statins in HIV seronegative volunteers; ACTG Study A5047. AIDS (Lendon, England), 16, 569-577
5) Olbricht C, Wanner C, Eisenhauer T, Kliem V, Doll R, Boddaert M, O'Grady P, Krekler M, Mangald B, Christians U. {1997) Accumulation of
lovastatin, but not pravastatin, in the blood of cyclosporine-treated kidney graft patients after multipie deses. Clinical Phamrmacelogy and
Therapeutics, 62, 311-321.
6) Park JW, Siekmeier R, Merz M, Krell B, Harder S, Marz W, Seidel D, Schuler S, Gross W. (2002) Phamacokinetics of pravastatin in
heart-transplant patients taking cyclosporin A. Intemational Journal of Clinicai Pharmacology and Therapeutics, 40, 438-450
7) PanWJ, Gustavson LE, Achari R, Rieser MJ, Ye X, Gutterman C, Wallin BA. (2000) Lack of 2 clinically significant pharmacokinetic interaction
between fenofibrate and pravastatin in healthy volunteers. Journal of Clinical Phammacology, 40, 316-323
8) Kyrklund C, Backman JT, Neuvonen M, Neuvonen PJ. (2003) Gemfibrozil increases plasma pravastatin concentrations and reduces
pravastatin renal clearance. Clinical Phammacology and Therapeutics, 73, 538-544.
9) Kyrklund C, Backman JT, Neuvonen M, Neuvenen PJ, (2004) Effect of rifampicin on pravastatin pharmacokinetics in healthy subjects. British
Journal of Clinical Phamacology, 57, 181-187
10) Azie NE, Brater DC, Becker PA, Jones DR, Hall SD. (1998) The interaction of diltiazem with lovastatin and pravastatin. Clinical Pharmacology
and Therapeutics, 64, 369-377
11) Becguemont L, Funck-Brentano C, Jaillon P. (1999} Mibefradil, a potent CYP3A inhibitor, does not alter pravastatin phamacokinetics.
Fundamental & Clinical Pharmacology, 13, 232-236.
Pan HY, Triscari J, DeVault AR, Smith SA, Wang-lverson D, Swanscn BN, Willard DA. (1991) Phamacokinetic interaction between
propranolol and the HMG-CoA reductase inhibitors pravastatin and lovastatin. British Journal of Clinical Pharmacology, 31, 665-670
13) Garnett WR. (1995) Interactions with hydroxymethylglutaryl-coenzyme A reductase inhibitors. American Journal of Health-system Phamacy,

12}
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52, 1839-1645

14) Fukazawa 1, Uchida N, Uchida E, Yasuhara H. (2004) Effects of grapefruit juice on phamacokinetics of atorvastatin and pravastatin in
Japanese, British Journal of Clinical Pharmacology, 57, 448-455.

185} Lilja JJ, Kivisto KT, Neuvonen PJ. (1999) Grapefruit juice increases serum concentrations of atorvastatin and has no effect on pravastatin.
Clinical Phamacolegy and Therapeutics, 66, 118-127.
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Table 12. Pharmacokinetic information on pitavastatin drug interactions and the description in the package insert.

Literature:
Changes of AUC

Japan

Status

Mechanism

Quantitative data / dose
adjustment

AUC: 4.6 fold, Cmax: 6.6

Cyelasporine |, o5 foig ¥ Contraindication — iy

. 2) Contraindication (as Either drugs are known to
Fenofibrate 1.18 fod fibratas) induce rhahdomyohsis 1.2 fold
Gemfibrozll &) {1.44 fold 2 — 1.4 fold

Grapefruit julce

116 fold @

-: No data.

a Not approved in Japan.

1) Hasunuma T, Nakamura M, Yachi T, Arisawa N, Fukushima K, lijima H, Saito . {2003) The Drug-drug Interactions of
Pitavastatin (NK-104), a Novel HMG-CoA Reductase Inhibitor and cyclosporin. [Article in Japanese] Rinsho lyaku. Joumnal of

Clinical Therapeutics & Medicine, 19, 381-388.
2) Yamazaki H, Fujino H, Kanazawa M, Tamaki T, Sato F, Suzuki M, Kitahara M. (2004) Pharmacological and pharmacokinetic

features and clinical effects of pitavastatin (Livalo Tablet((R))). [Article in Japanese] Nippon Yakurigaku Zasshi. Japanese
Journal of Pharmacology, 123, 349-361.
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Table 13. Basic information of the Ca antagonists available in the three countries.

JAPAN USA UK
Dose Yearof |Responsible |Dose Yearof [Responsible |Dose Yearof :iResponsible
(mg/day) iApproval ;enzymes (mo/day) iApproval ienzymes {mg/day) iApproval |enzymes
Dihydropiyridines
Amlodipine  |25-5mg {1983 P450 510mg {1992 Hepatic |5-10 mg 1995 Extensively
metabolism metabolised
by the liver
Felodipine [5-10mg §1994 Intestinal  [2.5-10 mg {1851 CYP3A4 510 mg 2002 CYP3A4
P450,
. CYP3A4
-|Nicardipine  |40-80 mg {1981 P450 60-120 mg {1966 Extensively (60-90 mg {1998 Extensively
metabolized metabolised
by the liver by the liver
Nifedipine 20-60mg 1976 Hepatic 30-60 mg ;1961 CYP3A4 20-80mg (1977 CYP3A4
P450
Nisoldipine  |5-10mg 1930 CYP3A4 20-40 mg 11995 P450 10-40 mg_ i1990 P450
Isradipine 520 mg {1990 CYP3A4 510mg 1897 P450
Nimodipine £0 mg 1588 P450 B0 mg 1989 CYP3A4 in
every 4 every 4 the intestinal
hours for hours for 21 mucosa and
- 21 days ¥ days the liver
Lacidipine 2-4 my 1993 Hepatis
metabolism
Lercanidipine 10-20mg {1996 CYP3A4
Aranidipine  |5-20mg {19596 CYP3a4
Azelnidipine |B-18 mg ;2003 CYP3A4
Barnidipine  {10-15 mg 11982 CYP3A4
Benidipine |2-8mg 1931 Hepatic
microsomes -
Cilnidipine  [5-10mg 1995 CYP3A4,
partially -
CYP2C19
Efonidipine  |20-40 mg 11994 P450
Manidipine  [10-20mg {1850 Hepatic
CYP3A4
Nilvadipine  {4-8 mg 1589 CYP3A4
Nitrendipine |5-10mg 1930 CYP3A4
Others
Verapamil  [40-B0 mg |1965 CYP3A4 180- 1882 CYP3A4 120480 2002 --
430mg mg
Diltiazem 20-200 mg {1974 P450 120-540 1982 P450 180-400 mg:1993 -
mg
--: Not available

a) subarachnoid hemorrhage

a4




