


r I 

( 
I I 

[ I 

I I 

[ 

l. 

cl 
b'H)~ 

N~"l.leM1:.11~~1'Vla~bSU3Jbb~~Jl11~'V'l'Vl'6'1ruij1tJ"l.leJ~~u CYP3A5 ' .. 
~eJ'a~~'U fl113J b -U3J"UU"l.la~1:.11V11 bfl'a~3J&tb UNth mfo nd11:.11~'1.l111 V11:.1 

' " " 

Effect of diltiazem and CYP3A5 genetic polymorphisms 

on tacrolimus concentrations in Thai kidney transplant recipients 

... 
bfl'a~n1';i11ijl:J'WL~i'U'V1Uel~'VlUUn1';i11ijl:J'<\J1n '<\1~1~~n'aru3J'Vl11'Vll:J1~1:J 

'I q q q 

This research is funded by Chulalongkorn University; Government Budget 





u'Vl~~vei 

1~~'1.J-a~a.:ifi': b ~ell tFforn Vltl'UA1bu~tl'lle:J.:J1t~\Jr11111 b 'V1l'V'U~1~~'lrn.:itJ1 tacrolimus 1 'UL~e:JvWle:J'll'U1~tl1 

bbG'i t b u'.\i tl 'U b vi tl'U i ~6'11'U'1Je),:j ~1 'U1'U~'lh tl'UG'i n ci 1 t.Jhl 1 'Uafl 11 t M~~ii-at vl'U fl1111 b 'V11 'V'U ~1 a ~'l)e),:j 
\J \J ' 

tacrolimus e:i~1 'UL U1'v1111tl 6-8 'U1 fonf~~e:iiJG'i~~m 1 'UL~e:J'U~ 6 mtl'\i1~.:im1u~nci1t11~ 1 'U~tht.Ju~n 

ci1tJ1~'ll111vwffi~f'UbL'1t1~1~fum diltiazem 'll'U1~ 240 iJG'1~nf11~e:i1'U 

~u1mb~~1cr~1dh1m11lijtJ: m1P1n"eJ1ilb'iJ'Um1Pimfl bb 'U'UfJe)'l.J'j,j~.:J ii~f'Uh11'UG'i nci1tJ1~'ll111vw 102 fl'W 
\J \J \J 

~fou1tV11'Ut11vi11r11~~a1'UG'it 2 r1f .:iL ov'1~1111 'Um1Pin"ef1L ov'1~1111 'Um1Pin"ef1 ov'e:i~G'i'lle:i.:i~·1}rn~L 1m 6 

b~e:J'W'v1~.:J'<il1n'UG'1nci1tJ1~tim1'U1111 ~u-rn1~fum1m11ufl11t'W'v1iru\11'U'lle:J.:J~'U CYP3A5 bb~1~~bb'U.:J~thtl 
'U 'U 'U 'I d.!I 'U 

L'D'W 4 n~11fie:i 1) CYP3A5 expressers ~1~f'Utl1 diltiazem 240 iJG'1~nf11~e:J'J'U 2) CYP3A5 expressers 

~1~1~futJ1 diltiazem 3) CYP3A5 non-expressers ~1~fum diltiazem 240 iJG'1~nf11~e:i1'U bbG'it 4) 

CYP3A5 non-expressers ffi111~fum diltiazem 

~.mn11~m~1: f11bQ~tJ'1Je).:J1tvl'Ufl1111 b 'V1l'V'U~1~~'1Je).:Jtl1 tacrolim us 1'Ub~e:J~ne:J'UfU'U1tV11'Utl11 'Ui1m 'U1 

~e)'1J'U1~tl11t'\i111.:J n~11'W'U11 bb~n~1.:i f1'Ue) ci1.:iii'Wt16'11flillV11.:J'1~~ 'W'U11~'\J1 tln~~~b iJ'U CYP3A5 non-
, V '\J 'I 

expressers ~1~fut11 diltiazem 240 iJG'1~nf11 ~e:i1'UiiA1 bu~tl'lle:J.:J1tvl'Ufl11m 'V1l'V'W~1~~'1le:J.:J tl1 

1 .dil I Q.J a I 1 Jt 11 I cJ I I Vall I ,d .J .d,I 

tacrolimus 'WbG'ie:J~ne:i'U<a'Uu1tV11'Utl1 'U11e:Jb'll1~e:J'll'U1~tl1'1.:JV1'1~ bbG'ita.:im1nG'111~u1tlnG'111e:J'W 61 Vlb'v1'1e:J 
'U , 'U , 'U , I 

Bn 3 n~11 e:ici1.:iii'l1tJ?11Aqi (p < 0.001) LL~1~'Wur11111LL~n~1.:ie:ici1.:iii'l1tJ?11Aqiw'v111.:in'U'lle:J.:Jn~11~'U 1 

bbG'it 1~'Wu11~u-rnn~11~1.:i 61 iii~G'f1'U~1'U1'U~thtJ~ii1tvi'utJ1 tacrolimus 1'LIL~e:i~e:itJ'1 'U'll1.:iL u1'\i1mtl'lle:J.:J 
'U , I 'U 'U 

m1fn"ef1bb~n~1.:Jf1'Ue:JV1.:Jii'Wtl6'11flqj (p = 0.503) 

a<a'IJ: 1 'U'attltfl.:J~'v1~.:im<a~1\?1~1.JG'1nci1tJ1~ A1bu~tl'lle:J.:JW~'Ufl1111b 'V11'V'U~1'1~'1leNtl1 tacrolimus 1 'UL~e:J~ 
' \J ' 

~e:J'll'U1~tl1'1le:J.:i~u1t1uG'inci1tJ1~'ll111 Vltl~b'lJ'U CYP3A5 non-expressers bb'1t1~fum diltiazem 1 'U'll'U1~ 
\J \J 

240 iJG'1~nf11~fffoa.:in11~~1~1~fom diltiazem e:ici1.:iii'l1t1?11At11V11.:ia~~ LL~1~'WU~G'i'lle:J.:Jtl1 diltiazem 
\J \J -

1'U'll'U1~b~tl1n'Utl1'U CYP3A5 expressers 

ii 



Abstract 

Objective: To compare tacrolimus trough concentration to dose ratio (CO/Dose) and 

proportions of patients within a target therapeutic range at 6 months after transplantation 

among Thai adult kidney transplant recipients receiving tacrolimus twice-daily between those 

receiving and not receiving diltiazem 240 mg/d. 

Patients and Methods: In this retrospective study, 102 adult Thai kidney transplant 

recipients who received oral twice daily tacrolimus were participated. Trough tacrolimus 

concentrations were determined and relevant laboratory data were collected on month 6 

post-transplantation. All patients were genotyped and classified in to 4 groups: 1) CYP3AS 

expressers receiving diltiazem 240 mg/d, 2) CYP3AS expressers who had not received 

diltiazem, 3) CYP3AS non-expressers receiving diltiazem 240 mg/d, and 4) CYP3AS non­

expressers who had not received diltiazem. 

Results: The means morning tacrolimus CO/Dose were significantly different among groups 

(ANOVA, p<0.001). CYP3AS non-expressers receiving diltiazem 240 mg/d had the highest 

mean of Co/Dose, which was significantly higher than those of the other three groups (p < 

0.001). No significant differences between the means of CO/Dose among the others were 

observed. Proportions of patients whose tacrolimus trough levels were within the therapeutic 

target were comparable among groups (p = 0.503). 

Conclusions: In stable Thai kido_ey transplant recipients. The mean trough tacrolimus 

concentration to dose ratio of CYP3AS non-expressers who received diltiazem 240 mg/d was 

significantly higher than non-expressers who did not receive diltiazem. The effect of the same 

dose of diltiazem was not observed among CYP3AS expressers. 
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1) 'U'Vl'W1 

r111l.l~1~ru u~~~l.l1"1Je1..:itlruV11~vhrn11~cJ ., ., 

hr11~btat-:i (chronic kidney disease) b'U'W'UqJV!1~1~qJ'Vl1-:J'11'B11ru~"IJ b~ewil1rn1-:ie..11;1m~wu 

~e)~-:Jfjt\J.f11'W;1~"1Jel-:J~'lhcJbb1;1~neY~11fl1'ab~cJ;1~ ~1;1e)v11iJ'W~11-U~1cJ1'Wfl11~bbGlfmJ1~'lhcJ~-:Jlnfl bda 

111-wh b 'W'WL 'l.lli!'Wm~vi'-:i 1~ b~mJ1;1-:im fl 1l-l'11m1t1'Yl1-:i1'W b vlamUrJ:l.l'1fl11~"1Ja-:i·h-:i rn cJ1 vf ~11-:i;1~a~11i1 

~'U1cJ''il~~a..:ieJ1PlcJfl11'1.J1Uv1'Vlv1bb'Vl'WL~ (renal replacement therapy) bv1a~v1eJ1~'LJcJ 

fl11tl1;1flci1cJL~b 'U'W15vt~-:i 1 'W rn1-u1uv1V1v1bb 'Vl'WL~ bbGl~b 'U'W'V11-:J b~a fl~ cJa:1.Jfu n'Wa ~.1-:in11-:i"1J11-:i 
'IJ 

b\311~~1311'1~{ bbGl~~'U1 cJ~eJ1cJ ~'WcJ11~'1v1bdm tl~mJ b vlcJunu rn1-u1uv1V1v1bb 'Vl'WL~\911 cJ15~'W ~ a ~1-:ihii 
dA '\J , , I 

m:l.J b{9lcJvl'11 tl~'U1cJmli1furn1tl1;1nci1cJL~~e)-:Jbli1focJ1fl{9lfllJf1:l.Jfl'W 1 tl~1;1av1;i~ b vla'UeJ-:Jfl'Wfl11tlfi b'1'BL~ 
\I '\J '\J , ~ 

Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice guideline for 

the care of kidney transplant recipients Lli1bb'W~'W11vtb~eJflcJ11'Wfl~:l.J calcineurin inhibitors 

(CNls) Lli1bbf1 cyclosporine vt~a tacrolimus 1v1cJ1 vt'Wlil11ru11-u~1:1.Jfl'Wfl'UcJ1flv1iJi1~:l.Jfl'W6lltiv1~'W~fl 1 

'\/t~e) 2 'lltiv1~1vtf'U'UeJ-:Jfl'Wtlnn~cJ1tlnb'1'BeJ1cJ1~'\/t6l-:Jfl11~1~v1tl~flci1cJL~ 
1

1 'WU 'W.131.2557 '1lnrl:!JU~fl 

ci1cJffJcJ1~bb"v1-:Jtl1~b 'Vl\31L 'VlcJ11cJ-:J1'W11 {acJGl~ 82 "IJeJ-:J~'U1cJ'UGl flci1cJL~ Lli1fu cJ1 tacrolimus 1 'W1'W~eJeJfl 
'IJ 'IJ 

lil1fl L'a-:J'WcJ1'U1Gl 
2 

cJ1 tacrolimus b'U'W calcineurin inhibitor ~nn'Vli'1-:i1 'Wfl11flv1flilf1:l.Jll'W ~-:i~tl1~~'Vl6fl1'Wm 'W ul '\J " , 

fl11'UeJ-:Jfl'WbbGl~-r fl~1tlnn~cJ1tlnb'1'BL~ 'Yl11 Vlb'U'W~'Wm.J1-ua~1-:Jfl11-:J"IJ11-:Jvl'1 bGlfl bb~cJ1 tacrolimus n 

., • I ., .. d 1 " 1 I ., • I"' .J1· I~ 0 I .J .! 
1"111:!Je.J'Wbb u1'V11-:J bfl'16llli!Gl'W\311'1\9l1~-:J b:!JeJ 'llcJ1 'W"IJ'W1v1 b 'Vl1fl'Wu1lnt\JcJ1'Vl u tl-:Jmbb '\/t'W-:J'Vl cJ1eJeJfl~'Vl51il~ 

bb~fl~1-:Jfl'WLUL\918~1"llnfl ~-:i 1 'W~'U1cJ11m~cJ1fl'W (intra individual variability) bbGl~1~vt11-:i~'U1 cJbb~Gl~ 
'IJ 'IJ 

11cJ (interindividual variability/· 
4 

rn1nW\i1'UcJ1 tacrolimus ~-:J'\/t~eJ~1bf1'WLU'Yl11vtbf1v1'eJ'W~11cJ 

1'Wbb 1-:J L\91 fl~11~eJ rn1n1~\i1'UcJ1 tacrolim us 1 'Wb~eJv1'1-:Jbf1'WL UeJ11i!f1e) 1 Vlbf1v1'W~lil1flcJ1 b ~l.11"111:!J b~cJ-:i1 'W 
' 'IJ 

fl11bf1v1fl11~bb 'Vl1fl61leJ'W~1-:J 1 b'U'W fl11~v1b~mncJ beJfl1'1 b ~:!Jfl11:l.Jb~cJ-:j~e)fl11bnv1 L'aflbbGl~fl11b~cJ~1~ 

lil1fl b'afli1 h bb1;1~'\/t1;1 eJv1 b~ e)v1 bbl;'l ~:!J~ b ~-:i b 'U'W~'W 1 'W'Vl1-:J fl6l'U fl'W fl11~1~\i1'UcJ11'Wb~eJv11l-l b vi cJ-:J'WeJfleJ11i) 

'U 11 tl ?lfl 11 b n v1tlfi n~ cJ1tl f1 b'1'BeJ1 cJ1~ fl 11'1 rub~ cJ 81 cJ1 ~~tl1;1 fl ci1 cJ bbl;'l~ fl11 b~ cJ;1 ~ L\91 b 'U'W fl'W fl11 
\I ':,..J d-1 '\J Q./ 'ti 

1 



~ii b Vim 1 'Wf11';i'U~ nci1tJ 1~ G'lvl le:Jf11G11 'W f11ibnvi b VI~ f11';iru~1:iJ'Yi-:itli~G1'1fl~1'1 1 zj,:ivh 1 VlbnvJeJ'W~';i1 tJ 

1'Wbb ';j-:J~el~'U1tJ bbG'l~G'l~.fl1';j~fl116U~1tJ 1 'Wmif n'l11l'JtJ1'U1G'lG'1'1 

'Ulil lij tJ~i1~'Vl5l'JG'l ~ el i~\i1'U tJ1 tacrolimus i1vtG'l 1 tJ'Ui~ f11i~'1'LJliJ'<ij tJ'Vl1'1 f1~'W n bbG'l ~'LJliJlij tJ'Vl1'1~'W 5 
' 

fl11G1wi b~el-:Jlil1n vt~-:Jf11ifutli~'Vl1'WtJ1 i1tJ1 tacrolimus lil~trn~vi;m-if1~m~bbG'fb~el~bbG'l~t1n 
'U 'U 'U 'U 

I 

b'U~tJ'Wbb'UG'1'1~1'Wni~'U1'Wn1ibilbb'Vl'Uel~G'lilbvltJeJ1~tJ';i~'U'Ubel'W161ltl cytochrome P450 (CYP) 3AS b'U'W 

6'11~qi m1~l'J'l1~ru311'W (polymorphism) '!Jel-:J~'W CYP3A5 b'U'W'LJliJ'<ijtJ'Vl1'1~'W~fl11f1~1'11~qi~~-:it-m 1 vfi1 

f11ifl11ijvJtJ1 tacrolimus bb~n~1-:in'W 1vitJ1'W~'U1tJ~i1mibbfl~-:Jeleln'!lel-:J~'Wbb'U'U CYP3A51/1 vt~el 
'V 

CYP3A51/3 b~tJn11 CYP3AS expressers lil~IXel-:Jn1itJ11'W'!J'W1vifl-:in11~'\J1tJ~i1mibbfl~-:Jeleln'!lel-:J~'W 
'V 'V 

bb'U'U CYP3A53/3 zj,:ib~tJn11 CYP3AS non-expressers5 'lh~'IJ1m~i1b(el'IJ1&l~1-:i 1 i1~vi~1'W'!Jel'1 

tlw'IJ1 m~i1f11ibbflvi-:ielel n'!lel-:J~'Wb vtl;'l1d1:iJ b vh n'W 6'11vtf'Utli~'IJ1m'!lel-:J'Ui~ b 'Vlfl11 'Wbbtl'U bel b ~itJ11Xi1ii5-:i 

'UW'IJ1m 1 'VltJi1~~~1'W'!Jel'1'<il1'W1'W CYP3AS expressers ~el CYP3AS non-expressers tli~mruvt~-:J~el 

.J 6, 7 ".'I .J ~I ., 1" . 1 I 
vt'W-:J ~u1tJ'Vlbu'W CYP3AS ~xpressers lil~~el-:Jf11i 'lJtJ1 tacrol1mus 'W'!J'W1~~-:im1 CYP3AS non-

expressers 5-:iflmb v\11vitJtli~mru ~-:Jlil~vh 1mlili~\i1'UtJ11 'Wb~el~el~1 'W'tl1'1b 'U1vtmm~ tJ1fl'W Bn~-:i~el-:J 

12' I "" .. QJ 1 .. ~ I ,"f 6 
'lJi~tJ~b1G'11'W1'Wn11 CYP3AS non-expressers lil'11il~m~~'UtJ1 'WbG'lelvlel~ b'W'lJ1'1bu1V!il1tJ 

11ili1n1i';i1tJ'11'W11 l'J'Uel'U&ln1irun1';i'Ufl b6'151~ 1 'W'tl1'1 bb invt~-:J'UG'l nci1tJ1~ 11ilf1'11 'Wniril~~-r'U 
q ':,..J 'U 'U 'U 

.. I .J .., . J 1 I .., 10 .., .., 0 I I 1 11 
CYP3AS expressers ilf11buG'ltJi~vJ'UtJ1 tacrol1mus ~1 'W'IJ1'1 3 1'W bbG'l~ 7 1'WbbinvtG'l-:Ju~nmtJ ~ 

1:wb"LJ1~b'U1V!il1tJ bbG'i~v\'11 Vlbn~n1';i'Uflbf151~11ilb ~1n11nl;'liJ CYP3AS non-expressers lO 1 'W'Ulillil'U'W ~,:iij 
'U ':,..J , , 

CYP3A5 genotype lil~'V111 VltJ1b -if1~b 'U1vtiJ1tJ 1 'W'tl1'1 3 1'Wbb invt~-:itl~ nci1tJ 1~ b ~ii.ff mdm tl~tJ'Ub 'VltJ'Ufl'U 

mi1 vftJ11 'W'!l'W1~b~i!IX'Wtln&1
12 

'Weln1tllil1nlil1nt!mY-:ii1i1tJ-:i1'W11 CYP3A5 polymorphism EY-:iv\'11vf 

r111i11Xel-:Jn1i'!J'W1~tJ1 tacrolimus bb~n~1-:in'W ~-:i1'Wi~tJ~ induction phase (3 b~el'Wbbinvt~-:itl~nci1tJ 

1 ) . "" ._, o I ' 1 13 ~ bbG'l~i~tJ~ maintenance phase (3-12 b~el'WV!G'l-:Ju~nmtJ ~) 

1 'W'Ui~b 'Vlfl11 'VltJ i1'<il'1'W1'W'!lel-:J~'U1tJffililfon1itlG'inci1tJ 1~b ~ii.ff l· 14 
v\'11 vf fl11-u~1tJ1 'W~1'W'!lel-:Jfl1 

'V 'V 

2 



'l" ,J.,. ..,t ~ ,.Jo v.J.I.J .I . .,..,.., ~.I ''l .1.J~, 
fl1'h'l.ll:J1'Vl&J(:..J~c.J'Uc.J-:J b'el'W b61J&-l'Vl'Vl1Vl'W1'Vlb u~ c.J'Wbb u~-:i l:J1fllil.f1&-Jfl&Jfl'W tacrolimus b u'elc.J b 'W1u'Vl b&-1 

'IJ , 'IJ 'IJ 

1-h1i~1c.J\i11'Wc.J1~-:Jb\i1 KDIGO clinical practice guideline for the care of kidney transplant 

recipients bb'W~tl11 iXL~'elfl 1 'Uc.J1~1'Wb(m1 ketoconazole Vl~'elc.J1~\ilfl11&-J~'W fa~\,l diltiazem frnnu 

tl1fl~&J CNls 
1 

~-:ii1m11-Uc.J1 ketoconazole -:u~~lil'IJ~mrun1~1'Uc.J1fllilililf1&-1fl'Wb\i1&-11flfl11 diltiazem 
1 

, 'IJ , 

l\ilc.Jfl1''jt'Uc.J1 ketoconazole 1'W'll'W1\il 100 5-:i 200 il~~flf&J~'el1'W frnnu tacrolimus ':il~~\il'll'W1\ilfl11 

1-u tacrolimus ~-:Jb\i1'U1~mru~'elc.J~~ 60
15

-
17 

'el~1-:Jb1fl\,l1&-JV11flti'U'WVlc.Jlil1'Uc.J1 ketoconazole 'el~1-:J 
'IJ , 

11\il b ~1 'el1':il~-:J(:.,J~ 1 iX1~~'Uc.J1 fllil.fJil~&Jfl'W~\il~-:J'el~1-:J11\il b ~1 ':il'W'el1-:UiJ'IJijn~c.J1'1Jij b~o b\,lbn\ilt'W\,l1&-J&-11 b\i1 

bb\,lL~'Y'l'UUqJVITffi 'Wfl1ru'LJ'el-:Jl:J1 diltiazem 
1 

B'W\,l1n~c.J1'1J'el-:J tacrolimus bb~~ diltiazem Lnlil':il1flfl11~tl1 diltiazem ~1m1t1~'U8-:im1 

Vl1-:J1'W'LJ'el-:Jb'el'Wb61Ji! CYP3A Vlmc.J'l.l'U\il 
18 

(:.,I~ 1 'Wfl11~ut-:in11V11-:J1'W'LJ'el-:Jb'el'Wb61Ji!LV1~1d-:u~61'mrw1nu'LJ'W1\il 

'1l'el-:Jc.J1 diltiazem (concentration-dependend
9
'
20 

'Y'l'U11 diltiazem ~1&-111t1~u8-:i CYP3A4 Lb~~ 

CYP3AS 1 'W microsomes 1 'W~'U'll'el-:J&J'W~c.J119i''IJwmru~eJc.J~~ 41-50 llilc.JiJ(:..J~'Vl1-:Jfl~'Ufl\i11c.J
21

1 'W , 

fl11~fl~1'Vl1-:Jfl~'Uflllilc.J1iXc.J1 tacrolimus 'J1&-Jfl'U diltiazem 1'W'll'W1\il 90 5-:i 180 il~~flf&J~eJ1'W 'V'l'U11 

~'Wm~n11'1"lm1&-1b'V&J'V'W-L1m 12 i11&-1-:JVli;1-:J1iXc.J1 (area under the concentration-time curve 

over 12 hours after drug administration AUCO-12) 'll'el-:J tacrolimus b~&-1t'W'IJ1~mru~'elc.J~~ 50-

17020' 
22

-
23 

'W'elfl':il1fl'i1i111c.J-:J1'W11fl111-u tacrolimus 'J1&-Jfl'U diltiazem 1'W1~c.J~c.J11 (2 ti) llilc.J1'U 

diltiazem 1 'W'll'W11ilbQ~c.J 213. 95 il~~flf&J~'el1'W flb~'V'l'Ufl11&-Jbb\,lfl~1-:J'll'el-:JB\,l11fl11'el~1'el\il'lleJ-:J'el1c.J1~~ 
'IJ 

'U6jflci1c.J (graft survival) 0m1m11'el\il~1\,l'LJ'el-:J~'lhc.J (patient survival) bb~~fl11&-J~'Wfa~\,l dj'el 

b'U~c.J'UbVlc.J'Ufl'Ufl~&J~U1c.Jm~11i1c.J1 diltiazem i1&-1\i11c.J
24 

iJ11c.J-:J1'W(:..J~fl11~fl~1~bb~lil-:J1iXL'M'W11fl111iXc.J1 diltiazem 1'W'll'W1\il 90 il~~flf&J~'el1'W V111,X 

(CO/dose) 'lleJ-:Jtfthc.Jfl~&J CYP3A5 
'IJ , 

expressers 1'W1'W~ 7 Vll;l-:Jfl11'U~flci1c.Jb\,l~-:Jfl11fl~&J CYP3AS expressers m~11i1fo diltiazem 'el~1-:ii1 
'IJ 'IJ , 

.., 0 .., 22 I 'l ., ., 'l ., . • I ., 22 
'Wc.J~1flqJ (p=O.OO1) bb~~~-:J(:..J~ b'Vlfl11&-J\,l'el-:Jfl11b'l.l'll'W1\ill:J1 tacrol1mus ~\il~-:Ju1~mru1eJc.J~~ 20 

Lb~ b~'V'l'U fl11&-J bb\,lfl~1-:ii11 'Wti'U1 cJ fl~&J CYP3A5 non-expressers b~'elb 'U~c.J'Ub V1c.J'U1~V111-:iti'th c.J~119i'fu 
'IJ , 'IJ 
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~tl1v:ih~~'Ufl11lJb 'LJlJ'LJ'U~1~~ 1 'Wb~eJ~'IJeN tacrolimus b oif 1~b 'U1V!lJ1VV!~-:i 1~f'Um 1 'W'IJ'U1~b~lJ\91'U 1~{e:iv 

61~ 10022-23 

1'W-:J1'Ufl~i1mJij'u'~ VJ'U11~f1111-uv1 diltiazem 1'W'IJ'U1~ 120 ii61~flflJ 1'U61~ 2 b1611 b~eJ 

fl1'UfllJfl11lJ~'U fa~~ 1 'W~'U1V'U61 nci1v1~ bb~1'UU~~'U'U5-:J'IJ1~'LJe)lJ61~61'1JeJ-:Jfl1i16UeJ'Umf1~V1fli1b ~e) 
'l '\J '\.I 'l '\.I '\J 

~ cf V ,:;:,I 1" bVJeJ\31fl'et1~61'1JeJ-:J.f111~VJV!?H1J\i1'U'IJeJ-:JV'U CYP3A5 bb61~fl11 'IW1 diltiazem 'IJ'U1~ 240 ' .. 

expressers bb61~ non-expressers 

'IJ'U1~ 240 ii61~flflJ~eJ1'U J-:i~b'U'U CYP3A5 expressers bb61~ non-expressers 

1. ~61'1JeJ-:Jfl111vf diltiazem 240 ii61~flflJ~eJ1'U~eJ CO/dose 'IJeJ-:J tacrolimus 1'Wi~V~fl-:J~V!~-:J 

tl~nci1v1~ 1:ifa~n~1-:Jfl'U i~'\1!11-:J CYP3A5 expressers bb61~ non-expressers 

2. ~61'1JeJ-:Jfl111vf diltiazem 240 ii61~flflJ~eJ1'U~eJ?l~?l11.Jlil1'U1'U~'U1V~~i~~'Ufl11lJb'LJlJ'LJ'U~16'1~ 
'U ' 

expressers bb61~ non-expressers 
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tl<a~1cJ"llu~m~11'1~1~~u'11nn1fj-.5'cJ 

1. e-JG'l'11flfl1<afifl1;1'1~'Vl11 Vtbn~r111lJb -u1 h~b ~lJ~'l.JL~cJ1nue-1'1 m~'Vl'U'lleJ-:J~'U CYP3A5 ~~~ ff'j~~ucJ1 

tacrolimus 1 'Ub~eJ~'lleJ-:J~th cl 1 m~cJ~r1-:i~mcJ'\ll~-:JflTH.l'Gjfld1cJ 1~ 

., 1 1" .J.c< I O.J O 1 .. t, I 1 2. b'll1 '1e-1'1fl'W'Vl'U'lleJ-:Jf11~ 'llcl1 diltiazem 'VllJ~eJ1~~'UcJ1 tacrol1mus 'Ub'1eJ~'lleJ-:Je-J'U1cJ 'U1~cJ~ 
\J 

.,J O.J • I I 1 fl-:J'Vlfl1cl'\ll'1-:Jfl11u'1fltl1cl ~ 
\J 

fu'Vl~B 1~fucJ1 diltiazem i1lJ~'JcJ bb'1~~1m111il11 'l.l1-ifl 'Ufl11~'11~ru11 VlcJ1 diltiazem i1lJ!l'UcJ1fl~ 

fli1fllJ n'U tacrolimus b ~B'U'J cJ'U~~'\ll~~r111 'U~1cJ~1'Ucl11 'U~~'U'U~1611tW6'1'1l1 ~cJ~cJ11 1~ cJf n1;11~~'U 
\J ' ' 

r111lJb 'UlJ'U'U'lleJ-:JcJ11 'Ub~B~b -t'1~b u1'\llmcJ~(i\'e:i-:im11 t1-d1-:i1~cJ~nm~1-:i 61 Vl~-:im1'l.l'1 nd1cJ1~ '1~ famG't 
" I " 

fl11bn~tl ~ff'~ cl1'U~ b6'to1~ bb'1~~1;'11flcl1 e)'U b 'U'U fl11'U'J cl b ~lJ~ t\Jfl1'V'l~1 ~'Ile)-:) ~th cl Bfl'YY-:JG'l~fl11~ fl1~ 

~ bb6'1 ~th cl'lleJ-:Jru1~ bb'1~'Uflrl'11f11'Vl1-:J fl11 bb 'V'l'Vl 6 \I 'U qJ , 

2) 
~Q.ldd 11 

.:i1'U".l'1cl'Vl LncJ".l'lleHl 

eJ'U~1n~cJ1W'\ll11-:J tacrolimus bb'1~ diltiazem bf1~'11flfl11~ diltiazem 6'11m1mJut-:im1 

'Vl1-:J1'U'lleJ-:JbeJ'Ul61j~ CYP3A 'll'U~~1-:i 1 ~1'Ufl'1lfl metabolic intermediate complex (MIC) 'Vl1LV!Ln~ 

fl11~'\Ja-:Jbb'U'U quasi-irreversible inhibition 
18 

Lb6'1~~'VlB1 'Ufl11~u8-:i~'Ufl'U'll'U1~'1le)-:J diltiazem 

( 
, )20 .. V V :,5 .,j O.J """" I concentration-dependent '11 fl fl116't'IJ fl'U'll Bl;) '111 cl-:J1'Ue-l '1 fl11 \"I fl 1;1 L ~e:i-:i eJ'U ~ ~ m cl 11 ~'\1!11-:J 

tacrolim us Lb'1~ diltiazem 1 'U~'U1cl'U'1 nci1cJeJ1cJ1~ 'V'l'U~1cl-:J1'Ufl11fin1;1'V11-:ir1~'Ufl 1 t1e:flvmJ~1~fofl11 
\I \I 'U OJ 

'U'Gjt1ci1cJ1~ '<il1'U1'U 4 fl11fjfl'[;1 ~-:i-d' 

1t1tl 'V'l.1"1.2545 Jone bb'1~flru~
19 

'Vl1fl11fifl1;11'U~'U1cJ'U'1flci1cJ1~Vl~eJ~'U'll11eJBG'tb~1b~cJ 
\J \J 

'11flt!'U~-:i1~fu tacrolimus i1lJn'U diltiazem 1~cJ'Uf'Ub~lJ'll'U1~~'U'1'U~-:J 180 i1G'l~flflJ~eJ1'UL'U'U1-:J 2 

61'l.lm~ (1vf diltiazem 'll'U1~ 0, 10, 20, 30, bb'1~ 60 i1'1~flflJ1t1i1mi1 ne:i'Ub~lJb'U'U'll'U1~ 60 bb'1~ 90 

i11;,~nflJ 1'U'1~ 2 r1?-:i) b'U1VlmcJ1~~u CO 'lleJ-:J tacrolimus ~a 5-20 m1'WnflJ/i11;,~~~1 'V'l'IJ11 AUC0-

12 'lleJ-:J tacrolimus bvilJ~'U bda 1~fu diltiazem 'll'U1~ 20 i1'1ilnflJ~eJ1'U ( '11n{BcJ'1~ -7 btJ'U 26 bb'1~ 

{e:icJG'l~ -8 b'U'U 67 L'U~'U'JcJ11cJ~ 1 bb'1~ 2 mlJ~1~'U) b~m'l.l1cJrnvicJunu diltiazem 'll'U1~ 10 
\J 
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i)i;'l~n-r:w bbi;'l~bdm~:W6/J'W1~l'J1 diltiazem '<il'W'1-:J 180 i)i;'l~n-r:wMei-fo 'V'lU11 AUC0-12 b~:W~'W~Bl'Ji;'l~ 48 

bbi;'l~ 177 mm:hvi'u e)~\) er1~l'J1:w11il?1-:JM1'N.fl11~'V'lVl~ru'51'W61JeJ-:J~'W CYP3A5 
V ' ~ 

fl'W ~11il-rum tacrolimus, mycophenolate mofetil i1:wnu prednisolone :w~tl1l'J11il-rum 

diltiazem 64 fl'W bbi;'1~1:w11il diltiazem 32 fl'W 6U'W1~bu~l'J6/JB-:J diltiazem ffim'Wm1fin"MTl1~e:i 213.95 

i)i;'l~n-r:wMB1'W ~nm 2 tl1:w'V'lUfl11:WbbMnM1-:J6/JB-:J1~$i'ur1~be:i~H1'W1m~e:i~ (serum creatinine) 

(117.7±41 bbi;'!~ 128.4±431:w1r11b:1Ji;'l/~M1), rhm16/J~~fl~beJ&i'U'W (creatinine clerance) (74.8±24 

bbi;'l~ 70.5±26 iii;'l~~M1/'W1'Vl), eJM111B~6/JeJ-:J1M (graft SUNival) ({mm~ 96.9 bbi;'!~ 100), 0m11e:i~~1M 

6/JB-:J~'\J1l'J (patient suNival) ({Bl'Ji;'l~ 98.4 bbi;'l~ 100), r111:w$i''Wbi;'l~M (mean arterial pressure, 

MAP) (97.3±10 bbi;'l~94.1±8 :i'.ii;'lfo:WM1the:i'Vl) bbi;'!~eJ1m1i1-:ibAl'J-:J~bMmb~B-:inu tacrolimus ({e:il'Ji;'l~ 

) 
d O ,.. .. I I .J1 ,,., 1 '1 "., . 0 ., 

23.4 bbi;'l~ 15.6 b:Welbu1l'JUb'Vll'JU1~Vl11-:Jni;'l:lJ'V] ~1Ubbi;'l~ :lJ ~1U dilt1azem M1:Wm~u 
' 

.,, 22 o .,, ,, ., d • i"" "" U 'V'l.1"1.2554 Li bbi;'l~flru~ 'Vl1n111"1n'M1bbUUl'JeJ'WVli;'l-:Jb'V'lelbu1l'JUb'Vll'JU CO/dose 6/Je)-:Jl'J1 

tacrolimus bde:i11ilfUVl~e:i1:u11ilfu diltiazem 1~Vl11-:i CYP3AS expressers nu CYP3AS non­

expressers 1'W~'\J1l'JU~ncl1l'J1M"1l11~'W 144 fl'W ~11ilfu tacrolimus, mycophenolate mofetil bbi;'!~ 

prednisolone :Wb'U1Vl:!J1l'J1~$i'ur111:wb'D:W'D'W~1~~6/JB-:J tacrolimus 1'Wb~B~B~WV!11-:J 5-10 'W1b'Wn-r:w 

MB:i'.ii;'l~~M1 ~'\J1l'J 48 fl'W11ilfu diltiazem 6/J'W1~ 30 iii;'l~nf:w 1'Wi;'l~ 3 r1f-:i (11:w 90 :i'.i6'l~nf:wMB1'W) 

er'\J1l'J~-:JVl:W~11ilfUn11M11Wl11~'V'lV!~ru'51'W61JB-:J~'W bbi;'l~"iJ1bb'WnBBmtliJ 4 nci:w ~B 1) CYP3AS 
~ , ~ , 

expressers ~1:u11ilfum diltiazem (n~:w Ex) :w 46 fl'W 2) CYP3AS expressers ~11ilfol'J1 diltiazem 

(ncl:w Ex+dil) :w 26 fl'W 3) CYP3AS non-expressers ~1:u11ilfUl'J1 diltiazem (ncl:w Nonex) :w SO fl'W 
' ' 

CYP3AS non-expressers ~11ilfum diltiazem (ncl:w Nonex+dil) :w 22 fl'W 'V'lU111'W1'W~ 7 Vl~-:JUi;'ln 
' V 

cl1l'J1M ertl1l'J1'Wncl:w Ex :w CO/dose ~1n11ncl:w Nonex (70.8±33.4 bbi;'!~ 130.1± 75.5 'W1b'Wnf:wMe:i 
V ' ' 

Nonex+dil (105.3±50.9 bbi;'l~ 134.9±43.7 'W1b'Wnf:WMeJ:i'.ii;'l~~M1 MB iii;'l~n-r:wMe:infanf:w M1:wci'1vi'u, 

) 
:; d O ,.. .. 1 I d I 

p=0.012 'WBn'<il1n'W'Wb:Welbu1l'J'Ub'Vll'J'Ubu'V'l1~ 'Wn~:w CYP3AS expressers n'V'lUfl11:!JbbMnM1-:J6/JB-:J 

CO/dose 1 'W1'W~ 7 Vl~-:JUi;'lncl1l'J1M 6/JB-:Jncl:w~1:u11ilf'lJbbi;'l~ncl:w~11ilfUl'J1 diltiazem (70.8±33.4 bbi;'l~ 
V ' ' 
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r ( 

,1/ d O 1"' "' .., 1 I I d1 '1 ".., I d1 ,.,.., . tm.Jelbu'HJ'Ub'YlcJ'Un'l.JbQ'V'l1~ 'U non-expressers 1~V111-rnr;uJ'Yl lJ V11'Ubbl;'l~fll;'ll.J'Yl mrnn d1ltiazem 
' ' 

1 "" "" .., ,1/ • 221 " ,., .., ' 1 "• 'I d1 ,., 'Uf71';jf'lfl~1bVlcJ1fl'U'U LI bbl;'l~flru~ Vl';i1cJ.:J1'U61Je)l.J1;1'Yl1.:Jbil?l'll'<il1;1'Uf'11?1m 'Ue-Ju1cJ 66 fl'U'Yl VI 
~ ~ 

mmu14 1'U LV1mbu.:i~thmtl'U 4 nzjl.lb'li'Un'U ~e:i 1) Ex lil1'U1'U 21 fl'U 2) Ex+dil lil1'U1'U 22 fl'U 3) 

Nonex lil1'U1'U 15 fl'U bbl;'l~ 4) Nonex+dil ~fl 8 fl'U LVlcJ\9111'<il1V11~~um1m~eJVlb~eJ'YlVl?leJ'U'Yl1.:Jbili61l 

'• (' .., .1 d ~L .., '<ill;'l'Uf'11?1m'<il1'U1'U 10 ~VI fleJ'U';i'Uu';i~'Yl1'UcJ1 bbl;'l~'Yl 0.5, 1, 1.5, 2, 3, 4, 6, 9 bbl;'l~ 12 61!1 l.J.:J'Vl1;1.:J 

-rutl1~'Yl1'U tacrolimus) 'V'l'U11 AUC0-12/dose 6UeJ.:J tacrolimus 1 'Uncil.l Ex+dil ?1.:in11ncil.l Ex {e:icJ ' ~ ' 

1;1~ 38.2 (p=0.001) ci1'Unzjl.l Nonex+dil iJ AUC0-12/dose ~.:in11nzjl.l Nonex b'YlcJ.:i{e:icJ1;1~ 18.5 

(p=0.014) 

'Ue:Jfl'<il1nvhn11~ n~1~e:i'UV1~.:i bbl;'l~ n11~n~1V11.:i bili'll'<il1;1'Uf'11?1\911bb~1 Li bb1;1~r1ru~
22 

1~ 

'Vl1f11'a~fl~1bb uu1 tl•ih.:i'Vl'W1b~l.lb~l.l~1cJ b~eJ~~'<il1.Je-Jl;'lf1111 ~ diltiazem ~1l.lf1'U tacrolimus \911l.lil11~ 

'V'lV1iru:01'U6UeJ.:J~'U LVlcJ'Vl1f111~n~11'Ur-rthcJtl1;1nci1cJ1\9llil1'U1'U 32 fl'U bU'U CYP3A5 expressers bbl;'l~ 
'l d.l \I 'U 

non-expressers e)~1.:J1;1~ 16 fl'U bbu.:ir-rthcJLV1cJf11';jcil.JeJe)f1bU'U 4 m'1l.J ncil.l1;1~ 8 fl'U ~e) 1) CYP3A5 
\I " , q 

expressers 1~,r'UcJ1 tacrolimus 1'Ll6U'U1Vlb~l.l\91'U 0.050-0.075 i'.J1;1~n-rl.l~e:inl1;1n,rl.J LV1cJ1~1~focJ1 

diltiazem (Ex+ standard dose) 2) CYP3A5 expressers 1~,r'UcJ1 tacrolimus 1 'Ll6U'U1Vlb~l.l\91'U\911l.J 

CYP3A5 genotype bb1;1~m11~-rum diltiazem 6U'U1Vl 90 i'.J1;1~n-rl.l~eJ1'ULV1cJeJ1~cJ?ll.lfl11~~~'U1.ff'U1'Ll 

ci1'Uf111~fl~1~eJ'U'Vl~.:J1'Uf111~n~1b~cJ1n'U-d' (Ex+ equation) 3) CYP3A5 non-expressers 1~,r'l.lcJ1 

tacrolimus 1'Ll6ll'U1Vlb~l.l\91'U 0.050-0.075 i11;1~n-rl.l~e:infanfl.l LV1cJhl1~fucJ1 diltiazem (Nonex+ 

standard dose) bbl;'l~ 4) CYP3A5 non-expressers 1~-rum tacrolimus 1'Ll6U'U1v"lb~l.l\91'U\911l.J CYP3A5 

genotype bb1;1~n111~-rucJ1 diltiazem 90 i11;1~nfl.l~eJ1'U 1vicJeJ1~cJ?ll.Jf111~~~'U1.ff'U1 'Uci1'Uf111~n~1 

~eJ'U'Vl~.:J (Nonex+ equation) 

e,J1;1f71';j~fl~1bb uu1 U'll1.:J'Vl'W1bb?lv"l.:J1 ~b~'U11fl1bQ~cJ6l)e).:) co 'Vl~.:i1vi'-ru6U'U1VlcJ1b~l.J\91'U 1 'Uflzjl.J 

Ex+ equation ~.:in11nzjl.l Ex+ standard dose (6.85±1.47 bbl;'l~ 4.03±1.58 m1'Lln1'l.l~e:ii11;1~~m 

\911l.J'11~'U, p=0.012) {eJcJ1;1~61JeJ.:J';i~~'Ufl11l.Jb'lll.J'U'U6lleJ.:JcJ1~eJ~'UeJflb1J1'Vll.J1l:J ( <5 'U1 L'Ufl,rl.J~e:Ji'.J1;1~~\911) 

1'Llfl~l.J Ex+ equation ~1n11nzjl.l Ex+ standard dose ({e:icJ1;1~ 0 bbl;'l~ 75 \911l.J'11~'U, p=0.002) 

lil1'U1'Ufl{.:i1 'Uf111Ufo6ll'U1VlcJ1 tacrolimus b~e:i1 ~1~~ucJ11 'Ub~eJv"lb'll1~.:Jb'U1VlmcJ (5-10 'U11'Lln-rl.l~eJ 

i'.]1;1~~\911) 1'Llncil.l Ex+ equation ~1n11ncil.l Ex+ standard dose (0 bbl;'l~ 1.13±0.83 r1{.:i \911l.J'11~'U, 
' ' 

p=0.004) bb1;1~tJ.:J'V'l'U11fl~l.J Ex+ equation i1m1l.l\o1eJ.:Jfl116U'U1VlcJ1 tacrolimus b~e:i1~b'll1~b'U1'VlmcJ 

~1fl11fl~l.J Ex+ standard dose {e:icJ1;1~ 19.7 (0.063±0.004 bbl;'l~ 0.075±0.012 i11;1~n-rl.l~e:infan-rl.l 
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m~cl'1~u, p=0.009) LL~hJ'V'Jum1~LL\91fl~1-:i'IJa-:iri1Lu~cJ'lleM co V1~-:i1~fo'IJ'W1~cJ1Li~~'W <a~V111-:inzj~ 

Nonex+ equation LL6l~ Nonex+ standard dose (7.60±1.63 LL6l~ 7.26±0.79 'W1b'Wflf~~Bii6l~~m 

0 V ) V Qj V ti d I ... 21 V 

m~m~u, p=0.815 <aBcJ6l~'IJB-:J<a~~um1~L'IJ~'IJ'W'IJB-:JcJ1'VlB~'WBflbu1VlmcJ (<aBcJ6l~ 12.5 LL6'1~ o 

\911~cl'1~u, p=0.301) ~1'Ll1'Wfl1<a'Uf'U'll'W1~cJ1 tacrolimus L~a1vf~-:JL'U1VlmcJ (0.13±0.35 LL6l~ O r1#-:i 

\911~1A'1~u, p=0.317) LL6l~r111~~B-:Jfl1'a'IJ'Ll1~cJ1 tacrolimus L~a1vfL'LJ1~L'U1VlmcJ (0.054±0.007 LL6'1~ 

0.060±0.005 :W6l~flf~~anfanr~ \911~1A'1~'U, p=0.093) 

'11flv-J6lfl1'a~fl'lj1~-:Jfl~11L'M'Ll1~11m<a1vf diltiazem 1'Ll'll'Ll1~ 90 :i16l~flf~~B1'Ll LL6l~'lJfu 

'IJ'W1~fl1<a1VlcJ1'1J'W1~Li~~'Ll1t1tJ'thcJfl~~ CYP3A5 expressers 6U1cJ6l~fl11~~a-:im<acJ1 tacrolimus 6'1-:J 
'U ' 

1 :;'1 23 ,_,.,. V I 1 I !'/ I .,j O 4 I ., 1 "' 
'Ll u 'V'J.1"1.2556 Chen bb6l~flill~ (mlilcJ~1'W VIUJe)cJ b'Wfl6l~'Vl'Vl1fl1'al"lfl~1fle)'WVl'W1) m1cJ-:J1'W 

\I Q,/ " 11 

fl'W~11?lru1\91'11fl~'U~li11fl~n~1\91 n CYP3A5 expressers 62 fl'W LL6l~ non-expressers 58 fl'W 'Vjflfl'W 

11?l{'U thymoglobulin, methylprednisolone \911~1?l1cJ tacrolimus ~1~fl'U mycophenolate 

mofetil LL6l~ prednisolone 1~cJ1vfm tacrolimus 1'W'll'W1~Li~~'WLV11fl'U 0.06 :i16l~flf~~an16ln1'~ 'Vjfl 

12 -B'11~-:i 1t1-d1-:i 3 L~B'LlLL'aflVl~-:Jlil1fl'U6lflcl1cJ1\91 fl1Vl'W~L'U1VlmcJ'IJB-:J CO 'IJB-:J tacrolimus LV11fl'U 5-8 
'U 

CYP3A5 expressers no diltiazem (Ex) ~1'Ll1'W 31 fl'Ll 2) CYP3A5 expressers+diltiazem (Ex+dil) 

~1'Ll1'W 31 fl'W 3) CYP3A5 non-expressers no diltiazem (Nonex) ~1'Ll1'Ll 29 fl'W LL6'1~ 4) CYP3A5 

non-expressers+diltiazem (Nonex+dil) ~1'W1'Ll 29 fl'Ll Lf1'U(,]1B~1-:JL~B~'IJB-:J~'\J1cJLL~6l~'a1cJ~1'Ll1'W 

10 lil~nm~a f1B'Llfl1<afutJ<a~'Vl1'LlcJ1 tacrolimus LL6l~~nm 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12 -B'11mV1~-:i 
' 

futJ<a~'Vl1'LlcJ1 \91'a1'11~'a~~'Ufl11~b 'LJ~'LJ'W'IJB-:JcJ11 'Llb~B~l?l1cJ15 LC-MS/MS 1 'Ll1'W~ 14, L~B'Ll~ 6 LL6l~ 

b~el'Ll~ 18 Vl~-:J'U6lflfl1'acl1cJ 1\91 
'U 

1'Ll1'Ll~ 14 Vl~-:Jfl1'a'U6lflcl1cJ1\91 CO 'IJB-:J tacrolimus 'IJB-:Jfl~~ Ex, Ex+dil, Nonex, LL6'1~ 
'U ' 

Nonex+dil LV11fl'U 6.6±0.7, 6.7±0.8, 7.2±1.0 bb6l~ 6.8±0.9 'W1b'Llflf~~Bii6l~~m \911~1A'1~'U (p= 

0.083) r11t11ruri1 CO/dose 1~LV11fl'U 71.8±11.0, 104.9±10.8, 133.3±122.9 LL6l~ 149.3±23.7 'Ll1b'W 

nf~~u:i16l~~\91'a ~a :i16l~flf~~anfanf~ \911~ci'1~'U (p=0.606) bb6l~ AUC0-12/dose 'IJB-:J tacrolimus 

LV11fl'U 1,491.6±302.7, 2,084.4±376.9, 2,535.7±463.8 bb6l~ 2,994.6±579.8 'W1b'Llflf~oB'1b~-:J~e) 
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/ ' 

i 

\91€1-:ifl11'/J'U1\ilc.J1 tacrolimus ?l-:Jfl11fl~ll Ex+dil, Nonex, bb~~ Nonex+dil A8 0.09±0.02 b'Vlc.J'U!l'U 
'IJ ' 

0.06±0.01, 0.06±0.02, bb~~ 0.05±0.01 ij~~fl1ll~8nfan1ll ~nmhl?i''U (p=0.017) Ld0Y11i111ru1 

'<i11bb'Ufl!l'U\911ll.f111~"v'l'\1~f:W~1'U'IJ8-:J~'U "v'l'U11fl~ll ex \918-:Jfl11'/J'U1\ilc.J1 tacrolimus 1'W'IJ'U1vl~-:Jfl11fl~ll 

ex+dil (0.09±0.02 bb~~ 0.06±0.01 ij~~fl1ll~8nb~fl1ll mllci'11?l'U, p=0.001) bb~Ll.1"v'l'Ufl11llbbl})fl~1-:J 

1~V111-:Jfl~ll Nonex bb~~ Nonex+dil (0.06±0.02 bb~~ 0.05±0.01 iJ~~fl1ll~8nb~fl1ll 1})1llci'11?l'U, 
' 

p=0.237) 'U8fl'<il1fl11'U "v'l'U11 Ex lil~ilfl11ll\918-:Jfl11'/J'U1vlc.J1 tacrolimus ~-:Jfl11 Nonex (0.09±0.02 

bb~~ 0.06±0.02 ij~~fl1ll~8n1~fl1ll mllci'11?1'U, p=0.003) bb~hl"v'l'Ufl11llbbl})fl~1-:J1~'Vl11-:Jfl~ll ex+dil 

bb~~ Nonex+dil 

lil1flia~~m~ Chen bb~~flru~
23

1~?1{1-:i?lllfl11 (regression equation) bb~~b?l'U0bb'U~1vflAf 

tl1 tacrolimus ~1tl'll'U1vlb~ll\91'U 0.08 bb~~ 0.1 iJ~~fl1ll~8nfan1lJ '\llfl 12 iJ'11ll-:i ~1'Vl1'U CYP3A5 
' 

expressers ~1~fobb~~1~1~1'U diltiazem ~1ll~1c.J\911llci'1~u ~1V1fofl~ll CYP3A5 non-expressers 

m11vfo11'U'IJ'U1Vlb~ll\91'U 0.05 bb~~ 0.06 ij~~fl1ll~8nfan1ll 'Vlfl 12 iJ'11ll-:i bda1~1'Ubb~~1~1(1lf'U 

diltiazem 1})1l!ci'11?i'u 

23 ~ ., 0 "' I .J 1 ".'I I 
bb~~ Chen bb~~flru~ bvl'Yl1fl111"1fl~1?11'U'Yl?l8-:J 'U~u1c.J CYP3A5 expressers 33 fl'U bb'U-:J 

~'IJ1c.J 11ilc.Jfl1161ll88flb'U'U 3 fl~ll fl~ll~~ 11 fl'UA8 1) CYP3A5 expressers 1~1'\J tacrolimus b~ll\91'U 
'\.I , '\ , 

'IJ'U1vl 0.08 i1~~fl1ll~8nfan1ll ~1ll!l'U diltiazem (Ex+dil) 2) CYP3A5 expressers 1~1u tacrolimus 

b~ll\91'U'IJ'U1\il 0.1 ij~~flfll~8n1~fl1ll hi1~foc.J1 diltiazem (Ex) bb~~ 3) CYP3A5 expressers b(ilf'U 

tacrolimus b~ll\91'U'IJ'U1vl 0.06 i1~~fl1ll~anfan1l! 1~1~c.J1 diltiazem (Ex+ standard dose) 1'U'!'U~ 

3 V1~-:in11tJ~nci1c.Jbl}) "v'l'U11fl~ll Ex+ standard dose ilwl?i'um1llbilli'U~1?1v11'Ub~8\il~1fl11 Ex+dil 
'IJ ' ' 

bb~~ Ex (4.1±1.2 b'Vlc.J'U!l'U 6.9±1.0 bb~~ 6.1±1.1 m1'Ufl1ll~e:Ji1~~~\})'j 1})1m11~'U, p<0.001) bb~~fl~ll 

Ex+ standard dose ~-:in{e:ic.J~~'/JeJ-:J1~1?1'Ufl11llbilli'U'IJ8-:Jc.J1~~1fl11b'U1'Vlll1c.J 5 mfon1ll~eJiJ~~~m 

~-:Jfl11 Ex+dil bb~~ Ex ({e:ic.J~~ 72.7 b'Vlc.J'Ull'U 0 bb~~ 9.1 1})1llci'11?l'U, p<0.001) eJ~1-:Jb1nl})1lJ ~ 3 

b~eJ'UV1~-:itJ~nci1c.Jbl}) 1~"v'l'Ufl11llbbl})fl~1-:J'IJ8-:J biopsy-proven acute rejection (BPAR) 1'Wfl~ll~ 1, 2, 

bb~~ 3 ({ac.J~~ 9.1, 0, bb~~ 18.2 mllci'11?i'u, p=0.756) 

lil1 fl t:-J~ fl11Plfl~1?18-:J611'Ui 1-:J\91'Ubb?l ~-:i 1 ~ b'M'U11 diltiazem 90 ii~~ fl1ll~81'U~ \ilfl11ll 

\91eJ-:Jfl11'/J'U1\ilc.J1 tacrolimus ~vh 1 ~1~1?1'Uc.J11 'Ub~eJ\ilbi161b 'U1'Vlll1c.J1 'U1'U~ 3 V1~-:itJ~nci1c.J11})1 'U'IJ1 tJ 
'IJ 'IJ 

CYP3A5 expressers 
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240 i'J6'l~n{:w\?la1'W bb\?lcJ-:ihl'V'Ju11cJ-:i1'WnTa?im11t:-.16'l'llel·:Jn111'1l' diltiazem 1'W'll'W11?1~-:in~11 \?la1~~'Uc.J1 

tacrolimus 1 'Wb~al?11 'W~'lJ1cJ'U6'lnci1cJ1\?l 
'U 'U 

l'llbb'U'UnT:i1-.&'1:1 

b U'Wm1?ln~1b 'tl-:i1bfl11~'\t1bb 'U'\Jtlel'WVlG'i'-:i (retrospective study) 

'U'a~"ll1n'Jb 'U1Vl:lJ1l:l 

~'lJ1cJ'U6'lnci1cJ1\?lffi~fu tacrolimus ~b-v1fonT~fn~1ffi 1-:i'V'Jc.J1'\J16'1Pfh1'U 
'U 'U 

n~:w~1e1~1-:i 

~'lJ1cJ'U6'lnci1cJ 1\?l~b -v1fom1f n~1~11-:i'V'Jc.J1'U16'lial~11'tl 1~{'1.J c.J1{'1.Jtl1~Vl1'W tacrolimus 1'W6'1~ 
'U 'U 

bnruB11~1?1b~elmj\oli1i1:wn111-.&'1:1 (inclusion criteria) 
" 

~'lJ1cJ~i1r1rum-1u~r11u\?11:Wbnruo/l\?lel 1 tld'<il~tinfl\?'lb~an 1 'Vlb -vTi1:w 1 'Wm1?ln~1 
'U ' 'U 

1) a1~mnn11V1~mV11nu 18 ti 

2) tl6'lnci1c.J1\?lfl#-:ibb1n i16'fn11~r1-:i~ b1?1cJ1~fotl6'lnci1cJ1\?lm1:iJtrac.Jn11 6 b~a'Wfia'Wfi-:i1'W~?in~1 
'U 'U 

Q.I .J O ,tj 

1'WV1Vl1n1'Jfln~1 

4) 1~f'Ut.l1 mycophenolate mofetil Vl~el mycophenolate sodium bU'W antiproliferative 

agent 

5) ~'Wc.Jel:lJb -v1~1:wm1?ln~1 bb6'1~6'1,:j'\.J1:lJ 1 'W 1 'U~'Wc.Jel:lJb'V1~1:lJn1'J?ln~1 

rnruB11~1?1eleJm11nn111-.&'1:1 (exclusion criteria) 

~'lJ1 c.J~i1r1ru6'!:wu~-v'a 11?1-va'Vl~-:i\?la 1 tld'<il~ti nfl1?1aa n'<il1n nT~?i n~1 
'U ' 'U 

2) 'U6'lnci1c.J1\?l'V1:lJVl:Wb~el\?1 (ABO incompatible) 
'U 'U 

3) 1~f'Uc.J1 diltiazem 1'W'll'W11?1~'W 1 'WelnbVltJel'<il1n'll'W11?1 240 i16'l~n{:w\?la1'W 

4) 1~f'Ut.l1 anti-thymocyte globulin bU'W induction therapy 

5) 1~{'1.Jc.J1~:Wt:-.16'1\?lel'J~~'Ul'.11 tacrolimus 1m~a\?1~1'WV11-:in11m~~'WVl~elcJ'UJ-:ib:lJ\?11'\Jel~6'!:lJ'llel-:i 
' 

CYP3A4/5 Vl~el p-glycoprotein a~1-:iih!mh·1~ (c.Jnb'J'Wn111'1l'm methylprednisolone, 

prednisolone, bb6'1~ omeprazole) 
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6) ihh~1~ cirrhosis, il liver enzyme ~-:Jff"J1fl1(971'LJ'U'Un~ (upper limit normal) innn11 3 

wh (AST> 100 cJ'W~/~m bb6'1~ ALT> 120 cJ'W~/~~1) vt~elb'U'W hepatitis C virus infection 
~ ~ 

., 
"U'W~el'Wn1'5~1bil'Wn1'a~n'l~}11'.ijcJ 

1) rl~b~elfl~'U1cJ~1v1·fo fl11'U~nci1c11~1~Vl11-:Jb~el'U~n'a1\-U.J 'V'l. Pl.2550 ~-:Jb~el'Ufi'U11fl~ 'V'l. Pl.2558 

~ilflru?lmJ~~1~bnru6v'lm1fi'~b~Bn(971a~1-:ilil1rnn'Wia~6'lflB~tbb~e:i{"1Je:i-:i-:i1mtJ~c1'We:i1m~ ' "" ~ 

b 1-:J'V'lcJ1'U16'1Pi~11'lllil~ 1v1f'U b~qj 1 Vlb'LJ1~1~ L 'Wfl11~m~n bb6'l~b~~bn'UieJ~6'1Vl~-:Jlil1fl~~'U1cJ6'1-:J'U1~ L 'Wbelfl6'11'a 

~'WcJeJ~bi1~1~1 'Wm1~mn 1~c1m1~6'l~fl1Llil bb~1 

2) 11u11~ia~6'1~1-:i 61 b'U'W mc1, iJ1vttl'n, 'lJ1~bfl'Vl'tle:i-:im1'lJ6'lnci1c11~, fl1ITT~1n6'1D'W, fl1eJ6'l'U:W'W, 
\I I , \J 'U 

fl1fl~bel~'W'Ll, 'U1~l~fl11bn~m1'\Jl)b?151~, e)~11m11el~'1Je)-:J1~ b'U'W~'W lil1mbvl~ieJ~6'l~'U1cJ'U'a~'11-:J1'W 

b u~c1'Wa1m~ b 1'lJ1~b UcJ'Wbb6'lt1~U'UfleJ~fi1b~eJ{"1Je:i-:i 11-:J'V'lcJ1'U16'1 bbiTu'Wvin6'1-:i1 'Llbb 'U'U'U'Wvinie:i~mi'u-rn 
~ ~ 

3) 

ethylenediaminetetraaceitc acid (EDTA) tube H~aruvtfl:W 2-8 eJ-:JP11b61J6'lb~cJG'l ne:i'UtJ1L'U~'WLLcJn ' ~ 

'l .., .. .., d .., , .. < 1 ",d .. 
1,'U1'Wb~cJ1fl'U bb6'l~bfl'U~1elcJ1-:Jb6'leJ~ buffy coat) 1'Vl~ruV!JJ~ -20 

1bfl'a1~,_., fl11~'1"11161ru_;j1'W'tlel-:J~'W CYP3A5 (CYP3A5 genotyping) 

4) 

5) 

1bfl'a1~,_.,ie:i~6'lv11cJb'U1bbn'a~611b~lil1'U'Vl1-:JG'l~~ Statistical Packaoe for the Social Science 
~ ~ ~ 

(SPSS) version 21.0 ll1Vl'Ll~ticJ611flqj'Vl1-:JG'l~~H~ U= 0.05 

6.1 fl111bf\11~,_.,~n~ru~'YY11 'U'tleJ-:Jer'U1cJ 
~ 

v .:::i. 11 f1 d v I v 
6.1.1 '1)e)~6'Jb'lJ-:Jflrum'\"l bb6'l~-:J't)e)~6'Jbu'Ufl11~tl 6'1~6'11'W bb6'1~1elcJ6'1~ 

~ ' ~ 

ti "' • I"' " fl 1 ,d ( ) 1 ,d ( 6.1.2 '1JeJ~6'lb'lJ-:Ju1mru bb?l~-:J'tla~m u'Wfl1bu6'lcJ mean 6'11'Wb'UcJ-:Jb'U'Wmm'51'W standard 
~ ~ "" 

deviation, SD) fl1~5cJ_;j1'W (median) bb6'l~fi61'c1me:i1'Vl~ (interquartile range, IQR) m~ 
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ANOVA bbi;'! ~'Vl~6'f el'U bb 'U'U ~ 'LJ'°1'\AIVlfl ru ·.,; ''U 

(multiple comparison test) 1~c11i Tukey test Vl~el Dunnett test ~1:IJfl11:IJbVlm~6'!:IJ 

6.2.2 f111b'lf1c1'Ubvic1'U-ii'eJ~i;'lb:U-:i~rum'\AI 1 'ti chi-square test 

7) 6'!1'lle-Ji;'!n11Pim.n 
' 

1. bb 'U'U'U'Uvi n-iJ'eJ:IJi;'! ~'U1 cJ 
'U 'U 

d "" • I ~ 
3. bmeJ-:J:IJeJ bbi;'!~~umru 

3.1 Vli;'lel~bn'Ub~el~~:W6'!11f1'Ub~el~bb~-:J'll'W~ EDTA (EDTA tube) 

3.2 MagNA Pure Compact Instrument (Roche Diagnostic,USA) 

3.3 MagNA Pure Compact Nucleic Acid Isolation Kit I 'U1~f1eJ'Ul?l1cJ Reagent cartridge 

(Proteinase K, Lysis Buffer, MGPs, Wash Buffer I II 111, bbi;'I~ Elution Buffer), Tip tray 

bbi;'I~ MagNA Pure tube & cap 

3.4 NanoDrop 2000 Spectrophotometer Instrument (Thermo Fisher Scientific, USA ) 

3.5 Autopipette bbi;'!~ Micropipette Tips 'll'U1~ 10, 100 bbi;'I~ 200 b:IJLfl1~m 

3.6 MicroAmp Fast Optical 96-well Reaction Plates bbi;'I~ Optical adhesive films 

3.7 Eppendorf® tubes 'll'U1~ 2 i)(;'l~~~';i 

3.8 Plate centrifuge instrument (Thermology Co., Ltd.) 

3.9 Spin down instrument (Thermology Co., Ltd.) 

3.10 Storage tube and rack 

4.1 TaqMan® Genotyping Master Mix 1 ml 

4.2 TaqMan® Drug Metabolism Genotyping assay (CYP3A5*3: rs776746 188 ul 20x) 

4.3 TaqMan® Universal PCR 

4.4 Distilled water 

4.5 Tris-EDTA (TE) buffer 
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21 Jf 21.,, 
4.1 "l.lell.J61'V-l'Uij1'U"l.leJ{ll!-Ju"Jl:J 

'U .. 'U 

4.1.1 "Uell-l61~'Uij1'U"l.leNNthmr-:i'Vil.J~ L'U.fl1'V-l'a"Jl.J 
'U .. 'U 

i'.Jm~,r'Un1'fU~ncl1cJ11ii~L'U1'frn1un11fimnJ.:iV1lW1 102 fl'lJ ~t'J-rnJ.:iVl:W~i'.JL(el'll1~1vrn b'U'lJ 
'U 'U 'U 

Vlru-:i 43 fl'lJ ({acJ~~ 42.2) bb~~'ll1l:J 59 fl'\J ({acJ~~ 57.8) lJe)1l:Jel~L'lJ'll'N"5~V111.:J 20 tJ ~,:j 62 tJ 
., , 'U 

I d :;"1 .. 21 JI ~ ~t.l ., 1 d 
(fl1LQ~l:J 42.75±10.38 u) bb~~:W61Jel:W61YlWfi1'lJ'Yl'H ~.:JLLG'l~.:J tJm"51.:J'Yl 1 

'U ... 

.. ... .. 
., JI ' .J ' .J 

~61tl (range) 'llel:l,j'1'V'l'W!1'lJ Fl1 bQ'1 tl±fl1 b U tl.:J b U'Wl.11 m!l'W 

b'V'll"l'U1tl '<il1'WTU ('focJ'1~) 59 (57.8) 

en~ (u) 42.8±10.4 20-62 
,, 

t11V1t!n (n1'1n,rl.J) 62.1±11.9 38.0-95.0 

?f'J'W~.:J (biJ\il"5) 1.64 (1.57, 1.70) 1.40-1.80 

v1'lli'h.n'1 n1 cl (nfan,rii/lil1"51.:J bil\il"5) 23.4±3.8 16.9-36.0 

'll'W1~tl1 tacrolimus (ii'1~f1,rii/n1'1n,rWf'W) 0.07 (0.049, 0.106) 0.02-0.19 

'll'\.J1~tl1 tacrolimus (ii'1~n,rii/1'W) 4.75 (2.50, 6.62) 1.00-13.00 

"5~v1Ufl11i!b'LJi!'U'lJ'lleN tacrolimus ('W1 b'Wf1,rl.J/ii'1~~m) 7.65 ± 2.22 2.3-14.8 

eGFR (CKD-EPI) (ii'1~~\il"5/'W1'Yl/1.73 \il1"51.:Jbl.J\il"5) 56±19 11-109 

"5~v1U Fl1bel~'W'\J 1 'Wb~elV! (iil;'l~ f1,rl.J/bv1'8~1i1"5) 1.42 (1.23, 1.71) 0.67-5.74 

Hemoglobin (f1,rl.J/bvi'8~1i1"5) 12.8±2.0 8.1-17.3 

Hematocrit (~eltlmi) 40.1±6.5 24.90-55.40 

Albumin (n,rl..1/bvi-B~m) 4.4 (4.1, 4.6) 3.3-5.1 

Total bilirubin (ii'1~f1,rl.J/bvi'8~1i11) 0.3 (0.2, 0.5) 0.1-2.4 

direct bilirubin (ii'1~f1,rl.J/bvi'8~1i1"5) 0.12 (0, 0.17) 0-0.5 

AST (~'Wlil/~1i11) 18 (14, 24) 3-123 

ALT (~'Wlil/~m) 19 (14, 30) 5-127 
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., JI "o'I o 1 "v "" 1 '1 "v 4.1.2 6llel:Wfl'VfUij1'lJ~u'JcJ'<\11U'Wml1:WnTl {il'atJ'Vl'ael :I.I {il'atJcJ1 diltiazem 
'IJ ,,., 'IJ 

~el1'U ~1'U1'U 66 rl'U ({mm~ 64.7) bb61~e'.rthcJvthJ11i1f'U diltiazem ~1'U'J'U 36 rl'U (~e:JcJ61~ 35.3) bb61~ 
'IJ 

... " ' 
" Jf 

1v11'U diltiazem hl1v11'U diltiazem 'IJeJ:i.JG'lVru ~nu p-
'\J "' 

(n=66) (n=36) value 

b'V'H'1'!l1!'.J lil1'UTU ({e:JtJG'i~) 39 (59.1) 20 (55.6) 

en~ (u) 41.4±10.4 45.3±10.0 0.073 
., 

tl1t-11!n (n1G'ln1:1.J) 62.7±11.3 60.9±13.0 0.476 

611'U~-:J (b:i.J\911) 1.65 (1.57, 1.70) 1.62±0.07 0.738 

li1'!l'W:l.l1G'in1!'.J (nfan1:1.J/~111-:Jb:l.J~1) 23.6±3.8 23.0±3.8 0.413 

'IJ'lJ1{il!'.J1 tacrolimus (iiG'l~n1:1.J/nfan1:1.J/'J'U) 0.07±0.048 0.09±0.04 0.173 

'IJ'lJ1{il!'.J1 tacrolimus (iiG'l~n1:1.J/1'U) 4.50 (2.50, 6.50) 5.03±2.25 0.448 

1~1i1'Utl1 tacrolimus 1m~e:J{il (mfon1:1.J/iiG'1~~~1) 7.68 ± 2.21 7.58 ± 2.26 0.829 

eGFR (CKD-EPI) (iiG'l~~m/'U1'Yl/1.73 m11-:Jb:l.J\911) 57±20 54±18 0.476 

1~\i1'Url~belvi'U'U 1 'Ub~e){il (iiG'i~n1:i.J/b{il'8~m) 1.42 (1.21, 1.78) 1.43 (1.22, 1.71) 0.743 

Hemoglobin (n1:1.J/b{il'8~~1) 12.8±2.0 12.9±2.1 0.896 

Hematocrit ({e:JtJG'i~) 40.0±6.3 40.2±6.8 0.864 

Albumin (n1:1.J/b{il'8~~1) 4.4 (4.1, 4.6) 4.4±0.4 0.583 

Total bilirubin (iiG'i~n1:1.J/b{il'8~~1) 0.3 (0.2, 0.4) 0.4 (0.3, 0.5) 0.244 

direct bilirubin (iiG'i~n1:1.J/b{il'8~~1) 0.12 (0.06, 0.17) 0.11 (0, 0.17) 0.396 

AST (~u~/~~1) 18 (14, 24) 18 (14, 25) 0.230 

ALT (~'U~/~~1) 22 (15, 30) 17 (11, 30) 0.925 

21 ~, I d I .J I V ~ V 1 .-
'Vl:l-l1m 'VI~ 11t1-:i1'U'IJ0:wm u'Url1Lu61cJ±rl1L 'UcJ-:JL 'U'U:l-l1~1iti1'U LL61~A1:IJ5cJiti1'U ( 'W?lt1r110 vm) 

ci 'V d.3 d.3 
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4.1.3 -ne:i~~~'W~1'W~thm11mJm11:w.n11~vfi,p;foJ~1'W~el.:J~'W CYP3A5 

e-J~fl11\?l11'<il.fl11~'1"lV!iru~TU'lJel-:J~'tJ CYP3A5 'lJe)-:J~thtl~b'V1~1l.11um1?1mni-:ivtl.J\Y'l 102 fl'tJ 
' ... " 

'l"l'\J11i1 CYP3A5 expressers '11'tJ'J'lJ 57 fl'tJ (te:itJ~~ 55.9) bb~~~'\J'Jtl~i1 CYP3A5 non-expressers 

'11'lJ1'\,J 45 fl'tJ (te:im1~ 44.1) 1~bb?l\Y'l-:J'VeJl.JG'l~'tJ~1'tJ'lJe)\)~'\J'Jtl 2 n~l.J~e)tl'11bb'tJn\?l1l.Jfl11bb?l\Y'l-:Je)e)n'lJeJ-:) 
'\J ~ '\J 'I 

~u CYP3A5 lrl'W\?'l111-:i~ 3 

.. ... . ... 
,, ,, 

I I .. 
p-value ·1m:wG1Y-1'tJ~1'tJ n~:w expressers n~:w non-expressers 

" .... 

(n=57) (n=45) 

bt"ll'l'll1c.l ~1'tJ1'tJ ({eJc.161~) 39 (68.4) 20 (44.4) 

m~ (u) 43.3±10.4 42.1±10.4 0.580 
,, 

tl1vt'Ufl (fifan½':w) 64.1±11.7 59.5±11.8 0.048 

~1'tJ~-:J (b:W\?'l'a) 1.65 (1.59, 1.70) 1.61±0.08 0.141 

vl'll'U:l-J'JG'lfl1 cl (nfa fl½':W/\?1111-:J b:W\911) 23.9±3.8 22.8±3.9 0.152 

'lJ'tJ1\Y'lc.11 tacrolimus (fa1~n½'wnfan½':w/1'tJ) 0.10±0.04 0.05 (0.03, 0.07) <0.001 

'lJ'tJ1\Y'lc.11 tacrolimus (ilG1~n½':w/1'tJ) 5.91±2.21 3.00 (2.00, 4.75) <0.001 

i~vl'Uc.11 tacrolimus 1 'Wb~el\Y'l (m fon½':w/ilG1~~\?'l1) 7.45± 1.90 7.90±2.57 0.315 

eGFR (CKD-EPI) (ilG1~~\?l1/'lJ1'Vl/1.73 \91111-:Jb:W\911) 58±17 54±22 0.372 

i~vl'Ufl~belV!'W'tJ 1 'Wb~el\11 (:wG'l~fl½':W/b\Y'l-8~ m) 1.43 ( 1.23, 1.67) 1.43 (1.14, 1.86) 0.325 

Hemoglobin (n½':w/b~-8~\911) 12.9±1.9 12.8±2.2 0.848 

Hematocrit ({eic.161~) 40.5±5.9 40.1±7.2 0.949 

Albumin (n½':w/b~-B~m) 4.4±0.4 4.5 (4.2, 4.7) 0.433 

Total bilirubin (:WG'l~nf:w/b~-B~m) 0.4 (0.3, 0.5) 0.3 (0.2, 0.4) 0.864 

direct bilirubin (:WG'l~fl½':W/b~-B~m) 0.14 (0.09, 0.19) 0.10 (0, 0.16) 0.555 

AST (~'W\91/~m) 20 (16, 27) 16 (13, 24) 0.207 

ALT (~'W\91/~\911) 22 (15, 31) 17 (13, 26) 0.834 

!.I ~\ I .J I _J I CV q V 1 ,{ 
vtm m 'V!~ 11 tl-:J1'tJ'lJeJJ;jG'lb u'tJ fl1 bQG'l tl ±fl1 b '\J tl-:J b 'IJ'tJl.11\91\~1'tJ bb'1~fl1l.Jfil) ~1'tJ ( 'l"l?l tl fl1 eJ '\11'1) 
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diltiazem 

1Ji'bb?f~-:J'lleJ:l-l~~'Wi\:i1'W6/JeJ-:J~'lht.lJ-:i 4 fl~:l-J'<il1bb'Wfl911:l-lfl11~'WV!61rui\:i1'W6/Jel-:J~'W CYP3A5 bb~~ 
\l d.9 \I ii 'I d.9 

., ... " ... 
., Jf I 

(n=57) flzj:W non-expressers (n=45) 'IJe:l:WffV'l'U~1'W flG'j:W expressers 
" ... 

1li1fo diltiazem hl1!i1 diltiazem Mh.J diltiazem 1l-lL!i1 diltiazem 

(n=42) (n=15) (n=24) (n=21) 

b'V'll"l '<il1'W1'W (·fom=i~) 28 (66.7) 11 (73.3) 11 (45.8) 9 (42.9) 

e:i1~ (u) 41.9±10.1 47.2±10. 7 40.6±11.2 43.9±9.5 

ihwwfl (nfad:l-l) 64.6±12.2 62.8±10.4 59.4±8.3 59.6±14.7 

ci'J'W'1-:J (b:W\>lj) 1.65 (1.59, 1.70) 1.63±0.07 1.61±0.08 1.62±0.07 
., "' 23.5 23.5±3.0 22.9±3.5 22.6±4.4 \WlJ'W:!J'"J ~ f11 t.l 

(nfan-r:w/\911j1-:Jb:W\>lj) (21.3, 26.5) 

'IJ'W1t,11:J1 tacrolimus 0.09±0.04 0.10±0.04 0.04±0.19 0.07±0.04 

(i'.l~~n-r:w/n1l;ln-r:w11u) 

'IJ'U1t,1t.l1 tacrolimus 5.80±2.22 6.23±2.23 2.25 4.16±1.87 

{i'.li;l~f1-r:w/1'U) (1.5, 3.5) 

j~1?1Ut.l1 tacrolimus 1m~e:it,1 7.56± 1.86 7.15± 2.05 7.90± 2.76 7.90± 2.39 

('W1L'Uf1-r:w/i'.li;l~~\>lj) 

eGFR (CKD-EPI) 59±19 53±9 53±21 55±23 

(lJi;J~~m/'W1'Vl/1. 73 \911j1-:Jb:W\>lj) 

j~l9)Ufl~be:l'YlU'W1 'Ub~e){,I 1.42 1.47±8.27 1.38 1.43 

(lJi;1~f1,r:W/bt,1'lJ~\>lj) (1.13, 1.68) (1.24, 1.97) (1.09, 1.81) 

Hemoglobin (n-r:w/bt,1'1J~m) 12.8±1.8 13.1±2.1 12.9±2.4 12.7±2.1 

Hematocrit (,re:Jt.li;J~) 39.9±5.7 40.5±6.5 40.2± 7.4 40.1±7.1 

Albumin (n-r:w/Lt,1'1J~\>lj) 4.3±0.4 4.4±0.4 4.6 (4.1, 4.7) 4.4±0.3 

Total bilirubin 0.3 (0.2, 0.5) 0.4 (0.3, 0.5) 0.3 (0.2, 0.4) 0.3 (0.2, 0.5) 

(i'.J~~f1,r:W/bt,1'1J~\>lj) 

direct bilirubin 0.14 (0.10, 0.18) 0.12 ±0.09 0.10 (0, 0.18) 0.10 (0, 0.15) 

(:Wi;1~f1,r:W/bt,1'1J~m) 

AST (~ill>l/~m) 21±7 21 (14, 38) 16 (13, 23) 17 (14, 25) 

ALT (~ill>l/~l>lj) 23 (16, 30) 25±22 20 (14, 27) 15 (12, 26) 
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( 

4.2. -um..1~.n11~Y-1Vliruij'l'U"IJeM CYP3A5 
'U • ... 

do "" 
4.2.1 1°111:U61jn"l.leN allelle 'Vl'Vl1nTJl31rn~1 

e'.i'U1cJ'<il1'U1'U 102 fl'U ~6'1n11(,l1T'i!Jl11~'Y'l'V!61ill'51'U8'U CYP3A5 ~1cJ16 TaqMan zj-:iviu11i'.i 
'U ' .. 

e'.i'U'W~L'LJ1~1:U1'Um1~mni'.im1LL?f~Meleln'lleNJl11~Vl'\/l61ill'51'U8'U CYP3A5 LL'U'U CYP3A5*1/*l '<il1'U1'U 
'U ' .. 

9 fl'U ({e:icJ6'1~ 8.8), CYP3A5*1/*3 '<il1'U1'U 48 fl'U ({e:icJ6'1~ 47.1) LL6'1~ CYP3A5*3/*3 '<il1'U1'U 45 fl'U 

({e:JcJ6'1~ 44.1) ~-:JLL?f~M1'Um"a1-:J~ 5 

.j d O I <>-' "" 

(,1111-:J'Vl 5 m1:u'lln"1Je:i-:i genotype 'Vl(,l11"i!Yi'U LL6'1~n11'<il1LL'Wnn6'1:U(,l1:U.!l11~Yi'\/l?fru'51'U'lleJ-:JcJ'U . ' • .. 
Genotype fl11:U61jn'lle:i-:i genotype Phenotype 1°111:U61jn'lle:i-:i phenotype 

('<il1'U1'U ({e:JcJ6'1~)) 

CYP3A5 *1/*1 9 (8.8) CYP3A5 expressers 

CYP3A5 *1/*3 48 (47.1) 

CYP3A5 *3/*3 45 (44.1) CYP3A5 non-expressers 

r11'U1rur111:u'lln'lle:J-:J allene 1~~-:id 

- CYP3A5*1 

- CYP3A5*3 

' 
= 0.088 + ½(0.471) = 0.324 

= 0.441 + ½(0.471) = 0.676 

f11'\/l'U\il 1vf p LL'Vl'U CYP3A5*1 allene LL6'1~ q LL'Vl'U CYP3A5*3 allene 

('<il1'U1'U ({e:icJ6'1~)) 

57 (55.9) 

45 (44.1) 

~-:ii!'U r11'U1ru~1~fl1\il'\/l1-:J (expexted) "1Je:J-:JLL~6'1~ genotype 1~~-:JLL?f\il-:J1'Wm11-:i~ 6 

d 
m11-:i'Vl 6 m1:u"IJn"IJe:i-:i CYP3A5 allene m:un~ HW 

" ., 

~1'W1'Vlu ~1~61'-:iLn(,lb~'<il~-:i (fl'U) 
I d .., ( 

fl1'Vlfl1\il'\/l1-:J fl'U) 

CYP3A5*1/*1 9 0.1050 X 102 = 10.71 ~ 11 

CYP3A5*1/*3 48 0.4380 X 102 = 44.68 ~ 45 

CYP3A5*3/*3 45 0.4570 X 102 = 46.61 ~ 46 

11:U (fl'U) 102 
d .., 2 2 

'\/l:I.J'lcJL'\/l~ m1:u~n'Vlfl1\il'\/l1-:J"IJ'e)-:j CYP3A5*1/*1 = (p ) "." (0.324) = 0.1050; CYP3A5*1/*3 = 2pq 

= 2(0.324)(0.676) = 0.4380; CYP3A5*3/*3 = (q2
) = (0.676)

2 = 0.4570 
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,, 
'V11n1'a'YWl6'iel'l.Jn1'afl'rn'<il1tl'IJel-:J CYP3A5 allene ~1:Wf1{] HW bb6l~~6'i:W:W~~1'Wl'l-:Jil 

6'1:W:W~:01'WV!~f1 (H0) : 'lh~61J1m~G"1:wm1br111~~ allene elt11'W6'l:W\?16lm:wnn HW 
d.!I 'I '\J 'I ':.,.J 

6'i:W:W~~1'W'a€M (Ha) : 'll1~61J1m~~:wm1bm1~~ allene hlel~1'W6'l:W~6lm:Wn{] HW 

e-J6ln1'af-11'U1ru1~ ~11r1mbm{ (Chi square) = 0.585 , p = 0.746 (tiel:w1\J6'i:W:W~~1'WV!~n) ~-:i 

·'1"' ., ,d O "" !'l ,d 6'ilu \?111 uW61J1m'Vl'W1:IJ1'\ll\?16'iel'l.Jbbel6'16l'U CYP3A5 el~ b 'U6'ifl11~6'i:W~6l~1:Wf){j HW bb6l~'W'Ufl11:Wtl'IJel-:J 

.:::f IQ.Ji.I d .:::f IQ.J!l/ 

bbel6l6l'U CYP3A5*1 b'\ll1f1'U'aeltl6l~ 32.4 bb6l~fl11:Wtl'IJel-:Jbbel6l6l'U CYP3A5*3 b'\ll1f1'U'aeltl6l~ 67.6 

4.3 ~~f11'a~'a'J'iil'J\?l'a~\9l'\JFl'J1:Wb°D:W6n'U'IJel~tl1 tacrolimus 

4.3.1 'a~\9l'Ufl11:wb-U:W-U'W~16'i\?1~el'IJ'W1\?1tl1 tacrolimus ~nm 6 b~el'WV!~-:in11~1~1?1U6lf1ci1t11~ 
' ,i 

1'Wn~:w~'.h'.hti CYP3A5 expressers ile'.fu1t1 42 fl'W (~elt16l~ 73.7) 1~fot11 diltiazem 'IJ'W1\?1 
' ,i ,i 

diltiazem 'IJ'W1\?1 240 :W6l~nf:w~ffJ'W l'l-:Jbb6'11?1-:J1'W~1'a1-:J~ 7 e-J6ln1'a'Vl\?16'iel'U'Vl1-:J6'i~~'W'U'J11•11bu~tl'IJel-:J 

'a~\9l'Ufl11:Wb -U:W'LJ'W~16'i\?1'1Jel-:Jtl1 tacrolimus 1'Ub~el\?1~el'IJ'W11?1t11~e'.fu1t11~-fo~nm 6 b~el'WV!~-:JU6lf1ci1t1 
' ,i ,i 

h1ilr111:Wbb~f)~1-:Jfl'Uel~1-:JiJ'lJtl?l1rlqJ (p <0.001) \9l-:Jbb6'i\?1-:J1 'U~1'a1-:J~ 8 bb6l~ 1~bb6'i\?l-:Je-J6ln1'a'\ll\?16'iel'Ub ~el 

b'U~tl'\Jb'Vltl'U~1bu~tl'a1tl~ (multiple comparison) 11l'U~1'a1-:J~ 9 - 12 

lil1bb'Wn~1:wn11~-w'V!~ru:01'U'1Jel-:JV'W CYP3A51'Ue'.i'U1t1 102 fl'W 
' "" 

CYP3A5 expressers CYP3A5 non-expressers 

lil1'U1'U (~eltl6l~) lil1'U1'U (~eltl6'l~) 

1~-fo diltiazem 42 (73.7) 24 (53.3) 

1:iJ1~fo diltiazem 15 (26.3) 21 (46.7) 
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\,1111-:i~ 8 'l.l'U1vtcJ1bbG'1~1~~'\Jfn1:!Jb'LJ:lJ'LJ'U'l.leNcJ1 tacrolimus 1m~Bvt'I.IB-:t~tl1cJ 102 fl'U"il1bb'Unm:w 
" 

. .., 

CYP3A5 expressers (n=57) CYP3A5 non-expressers (n=45) p-

1Mu diltiazem 1iJ'1vi'fo 1Mu diltiazem hJ1vi'fu value* 

(n=42) diltiazem (n=24) diltiazem 

(n=15) (n=21) 

Dose (i111~t1fl-l/1'U) 5.80±2.22 6.23±2.23 2.25 (1.50:3.50) 4.17±1.87 <0.001 

Dose (i111~t1fl-J/ii111t1fl-l/1'U) 0.092±0.036 0.103±0.042 0.044±0.019 0.073±0.037 <0.001 

co (u1 t unfiJ/il11~~m) 7.56±1.86 7.15±2.05 7.90±2.76 7.90±2.39 0.711 

CO/dose 79.32 74.00 179.63 115.89 <0.001 

(u1 t u111'iJ/i111~~m ~B (69.14, 111.72) (53.54, 85.00) (147.95, 269.64) (82.57, 167.85) 

il"1~ nf l-llii1"1111'iJ/1u) 

Dose/CO 0.013 0.015±0.008 0.006±0.005 0.010±0.004 <0.001 

(iJ"1~flfl-J/nL11flfl-J/1'U ~B (0.009, 0.014) 

u1 t unfl-l!il"1~~~-s) 

I II I ..J I ..J I <V ("' V 1 ') '\lll-J1tJb'\II~ 'S11:J-:!1'Ufl1\1111:Jrl1bQG'ttl±fl1b'lJl:J-:tb'lJ'Ul-J1\)'l'S,PW bbG'l~fl1l-Jfil:Jj11'U 'V-l?ll:Jfl1e) VIG'\ ; 

*b'U~1:J'Ubvi1:J'UA1bQ~l:J'S~'\1111-:tfl~l-J~11:J analysis of variance 

.J .al O 1"' "' I .J I ., fl I 

m11-:ivi 9 t!-IG'ln11VlV16'lB'Ub y.je)b uicJ'\Jb VlcJ'\Jfl1bQG'tcJ'/Je)-:!'IJ'U1VlcJ1\,leJ1'Ub u'Ui1cJI!] 
I I .J I QJ 

~G'\\,11-:!'1JB~fl1bQG'll:J'/Je)~'IJ'U1\111:J1\,le:J1'U 
I ..Jq I .J I V 

~Vll-Jfl1 bQG't l:J bb\,lfl\,11~ fl'U 

2 3 4 (Tukey test, p < 0.05) 

1 0.44 3.15 1.63 (1,3) , (1,4) 

2 3.59 2.07 (2,3) , (2,4) 

3 1.52 

'\lll-J1t!b'\ll\,I fl~l-J~ 1, CYP3A5 expressers m~·fom diltiazem 240 iJG'l~fl1l-J~B1'U; n~l-J~ 2, CYP3A5 
' ' ' 

expressers mll1~1'Ul:.l1 diltiazem; fl~l-J~ 3, CYP3A5 non-expressers m~fum diltiazem 240 ilG'l~nfll 

~B1'U; fl~l-J~ 4, CYP3A5 non-expressers mil1~1'Ul:J1 diltiazem 
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"•i 

e-m~1-:J'1JeNf11bO~tl'1JeN'1J'U1~tl1~€lflfanf:w~€!1'U 
lc:,lc:,I I .J I V r1V1:wr11 bu'1tlbb1>1 n~n-:in'W 
" 

I q 

2 3 4 (Dunnett test, p < 0.05) m'l:W'VI 
' 
1 0.011 0.048 0.018 (1,3) 

2 0.059 0.030 (2,3) 

3 0.029 (3,4) 

Vl:wltlb'Vl\i) ntj:w~ 1, CYP3A5 expressers vfl~fum diltiazem 240 il'1~nf:w~€!1'W; ntj:w~ 2, CYP3A5 

expressers vflil1~fum diltiazem; ntj:w~ 3, CYP3A5 non-expressers ffi~f'Utl1 diltiazem 240 il'1~nf:w 

~€11'\.J; ntj:w~ 4, CYP3A5 non-expressers ffiil1~fotl1 diltiazem 

.J d • 1"' "' I .J V ,, ,, J 1 1>1111-:JVl 11 e-J&1n11Vl\?16'!e:J'Ub'V'le:Jbu1tl'UbVltl'Ufl1bur;'ltl'1JeN1~\?l'UA11:l-lb'1l:l-l'1l'Wl>11~\?1'1leNtl1 tacrolimus 'U 

b~e)\?)~e)'(J'U1\?ltl1~~tht11~fo~e:infanf:l-J~e)1'Ub'U'W11tlfl 
" " 

I I .,j ,dc:,1 I .J I V e-.J'11>11-:J'1l€!-:JA1b0'1tl'1l€l-:J CO/Dose A'Vl:WA1bu'1tlbbl>1nl>11-:Jn'U 
" 

('W11 'Wnf:w/il'1~~1,1';i ~€) i1'1~nf:w1nfanf:w/1'U) (Tukey test, p < 0.05) 
I q 

2 3 4 mU.J'VI 

1 10.63 106.93 35.01 (1,3) 

2 117.58 45.64 (2,3) 

3 71.92 (3,4) 

Vl:w1tlb'Vll>1 nci:w~ 1, CYP3A5 expressers vfl~fum diltiazem 240 il'1~nf:w~€!1'W; nci:w~ 2, CYP3A5 
' ' ' 

expressers vfll-l1~fum diltiazem; ntj:w~ 3, CYP3A5 non-expressers ffi~fum diltiazem 240 il'1~nf:w 

~€11'\.J; ntj:w~ 4, CYP3A5 non-expressers ffiil1~f'Utl1 diltiazem 

'1le:J-:Jtl1 tacrolimus 1'Wb~e:J\?l~mtl'W11tlfl ,, 
I I .,j 

e-.J'11>11-:J'1J€!-:JA1b0'1tl'1l€l-:J Dose/CO 

(il'1~nf:w/nfan~:w/!'U \,)€) 'W11 'Wn~:w/il'1~~1,1';i) (Tukey test, p < 0.05) . 
I q 

m'l:W'VI 2 3 4 
' 
1 0.003 0.006 0.003 (1,3) 

2 0.009 0.006 (2,3) , (2,4) 

3 0.003 

Vl:w1tlb'Vll>1 nci:w~ 1, CYP3A5 expressers vfl~~'Utl1 diltiazem 240 il'1~nf:w~€!1'W; nci:w~ 2, CYP3A5 
' ' ' 

expressers vfll-l1~fotJ1 diltiazem; ntj:w~ 3, CYP3A5 non-expressers vfl~fom diltiazem 240 il'1~nf:w 

~€11'\.J; ntj:w~ 4, CYP3A5 non-expressers ffil-l1~fom diltiazem 
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4.3.2 61\?"l?f1'1.J''il1'U1'U~\}JcJ~";i~~'Ufl11&-lb 'LJ&J'LJ'U~16'1\?"l'1leJ-:J tacrolimus eJcJL 'Ub U1V!&-11tl 
" ' " 

Yl'U11iJ~'IJ1tl~b'LJ1~1&J1 'Un1";i~n'ei1i1'-il1'U1'U 40 f1'U ({eJcJ~~ 39 .2) ~ij";i~~'Uf111&-lb'LJ~'LJ'U~16'1\?"l 
" ' 

'1leJ-:Jtl1 tacrolimus 1'Wb~eJ\?"lf1eJ'U{uuwvn'Um~nm 6 b~eJ'Uvt~-:i'\.J~ncl1cJ1~eJcJL'U6U1-:JbU1V!~1tl~fl1V!'U\?"l 
" " 

H~eJ 6-8 'U1 l'Wnf&-1/~~~~m ~-:Jbb6'1\?"l-:J1'W~1";i1-:J~ 13 bb~~1v1Lb6'1\?"l-:J'<il1'W1'U~'IJ1cJ~ii";j~~um1&-1b 'LJ&J'LJ'U'1leJ-:J 
" 

m tacrolimus eJcJL 'U6ll1-:Jb'U1V!&-11tl'<il1bb 'Wnm&-1m1~Vlvt61'ru~1'U'1JeJ-:J~'U CYP3A5 n1";i 1v1fu bb~~ 1&-11v11'ucJ1 
" ' ... 

diltiazem Hl'Wm";i1-:J~ 14 

d O llll,11 d.::::1 Q..I 21 !J • 1 "" .J "" 1 I I 

m";i1-:JVl 13 lil1'W1'Ue-Ju1cJVlm~\?"l'Ufl11&Jb'1l&J'1l'U'1leJ-:Jtl1 tacrol1mus 'Ub~eJ\?"lVlnm 6 b\?)eJ'U 'U'll1-:im-:i1 
" 

'J~\i1'\JffJ1&-lb 'LJ&J'LJ'W'1leNl:J1 tacrolimus 1 'Wb~eJ\?"l "il1'W1'Wf1'W ( 'SeJl:J'1~) 

~1n-J1 6 'W11'Wnf&-1/ii'1~~m 22 (21.6) 

e:i~1'Wi1-:ibu1V1m1:J (6-8 'W11'WnfiJ/ii'1~~m) 40 (39.2) 

~--:in-J1 >8 'W11'Wnfl-l/ii'1~~m 40 (39 .. 2) 

.J O "•'J .J... V V V ' 1 .. .J "" 1 I 

m";i1-:JVl 14 lil1'U1'U~u1cJVlm~\?"l'Ufl11~b'1l&J'1l'U'1leJ-:Jtl1 tacrol1mus 'Ub~eJ\?"lVlnm 6 b\?"leJ'W 'U'll1-:J 

bU1vtm1:J'<il1bb'Wnm&-1m1~VJV!61ru~1'U'1JeJ-:J~'U CYP3A5 n1";i1v11''Ubb~~hl1v1fu diltiaze~ . ... 
V I CYP3A5 expressers (n=57) CYP3A5 non-expressers (n=45) p-value 'j~\?)'IJl:J1e)l:J 

" 1v1fo diltiazem hl1v1fu 'lMu diltiazem 'l&-1'1v1fo 
1'W'll1s'.I 

bU1Vl&-111:J 
(n=42) diltiazem (n=24) diltiazem 

(n= 15) (n=21) 

I 

19 (45.2) 5 (33.3) 8 (33.3) 8 (38.1) 0.503 e)~ 

bJe:i~ 23 (54.8) 10 (66.7) 16 (66.7) 13 (61.9) 
,, 
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4.4 rr:rnJ$i''l.Jfa'M~'llei-:i~tl1tJ1 'l.Jm1flim~n 

119lbb?Wl-:Jf11 systolic blood pressure (SBP) m,~ diastolic blood pressure (DBP) 11:1-n~-:i 

0~11~VFil1 (pulse rate) '!Jel-:J~'U1l'.l~rnn 6 b~eJ'l.JV!Gl-:Jf111~1(,)i;Jt]~nci1tJ1~Hl'l.Jm11-:i~ 15 u u 

·,, 

CYP3A5 expressers CYP3A5 non-expressers 

1~~u diltiazem hl1~fo diltiazem 1~fo diltiazem hl1~~u diltiazem 

(n=42) (n=15) (n=24) (n=21) 

SBP 120.50 127.87 ± 15.33 129.26 ± 20.48 132 (120, 139) 

(111.75, 136.50) 

DBP 70.38 ± 10.60 74.73 ± 8.48 73.52 ± 12.32 79.10 ± 12.91 

PR 86.22 ± 6.82 95.60 ± 8.02 81.67 ± 14.46 93.14 ± 8.24 

vimmvi~ SBP, systolic blood pressure (il~fa:JJ~1tl1el'Vl); DBP, diastolic blood pressure 

(il~~b:JJ\911U1eJVl); PR, pulse rate (Af-:J/'l.JTVJ) 

All p-value > 0.05 (btl~l'J'Ub'Vll'J'U1~Vl11-:J 4 n~:JJ, ANOVA) 
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s) ~~u11c.1~~n11An~1 

fl11Pl n~1-d' dJ'W fl11Pl n~111u11:w.if e:i~G'l cJeJ'LlvtGl~ L ~e:itb~ LlJ'Llt:-m'lle:i~n111 -u en diltiazem 1 'Ll 

'IJ'Ll1Vl 240 lJG'l~nf:w~e:i1'Ll ~1:wnu.n11~'V-lvtiru~1'Ll'lleJ~~'Ll CYP3A5 ~e:i<J~~ue.n tacrolimus 1'LlL~eJl?l 1'Ll ' ... 

CYP3AS non-expressers '11'Ll1'Ll 45 fl'Ll f'1V1L'U'Ll{mm~ 44.1 'lleJ~~thc.1~~Vl:WV1~L-if1~1:w1'Llf71<JPlmn 

1V1c.1i1~u1c.1 66 fl'Ll f'1V1L'U'Ll{e:ic.1G'l~ 64.71~foc.11 diltiazem 240 lJG'l~nf:w~eJ1'Ll 1'Ll'llru~~~thc.10n 36 
~ ~ 

f'1V1L'U'Ll{e:ic.1G'l~ 35.3 1:w1~1'uc.11 diltiazem 

LdmL'U~fl~:W~1eJ~1~L'U'Ll 4 n~:w~e:i 1) CYP3A5 expressers ~1~1'uc.11 diltiazem 240 
' ' 

i1G'l~nf:w~e:i1'Ll 2) CYP3A5 expressers ~hl1~fuc.11 diltiazem 3) CYP3A5 non-expressers m~fu 

c.11 diltiazem 240 iJG'l~nf:w~eJ1'Ll LLG'l~ 4) CYP3A5 non-expressers m:w1~fuc.11 diltiazem LLG'l~'\111 

f7111 L fl<J1~1'1 Lu~ c.l'U L vi c.l 'U A1 Lu~ cJ'IJeJ~ <J ~~'U fl11:wL 'U:W'U'Ll ~1?1 Vl'IJ eJ ~ cJ 1 tacrolimus 1 'Ll L~ eJ\?l n eJ'Ll 
' 

n~:w~ 3 ~e:i CYP3A5 non-expressers ~1~1'uc.11 diltiazem 240 iJG'l~nf:w~e:i1'Lli1A1Lu~c.l'lleJ~<J~~'U 

m1m 'U:W'U'Ll~1?ll?l'lleJ~ c.11 tacrolimus 1 'LlL~eJl?lfleJ'Llf'Uu<J~Vl1'LlcJ11 'Lln'm -U1~eJ'IJ'Ll1Vlc.11?l~~?ll?l <JeJ~G'l~:lJ1 
' ~ ' 

CYP3AS expressers ~hl1~1'u c.11 diltiazem zj~i1A1 Lu~ cJ'lleJ~<J~~'Ufl11:wL'U:W'U'Ll~1~Vl'IJeJ~ c.11 

tacrolimus 1 m~ eJl?l ne:i'Ll-ruuwV11'Llc.111 'Lln'm -u1~ eJ'IJ'Ll1Vl c.11~~~~V1AeJ'Ll'U1~ 1nii' L~c.i~ n'Llm n e-m f71<J 

Vll?l?leJ'U LL 'U'U~'U A'V-lvtfltu'V-l'U11A1 LQ~ c.l'lleJ~"J~~'U fl11:wL 'U:W'U'Ll~1?ll?l'lleJ~ c.11 tacrolimus 1 m~e:il?l fleJ'Ll 
\I ,'\J q 

fuu1~V11'Llc.111'Lln'm-u1~e:i'IJ'Ll11?lc.i1?l~~?ll?l'lleJ~~tl1c.1n~:w~L'U'Ll CYP3A5 non-expressers ~1~-ruc.11 
\I q \I '\ 

diltiazem 240 iJG'l~nf:w~eJ1'Ll (n~:w~ 3) ~~n11n~:w~tl1c.1n~:w~'Ll 1 ~Lvt~e:i5n 3 n~:w e:i~1~i1tl'c.1?11Ary 

Vl1~?lii~LL~1ii'V-l'Ufl11:WLL~f7~1~e)~1~i1tl'c.1?11Ary<J~Vl11~f1'Ll'IJe)~fl~:W~'Ll 1 ~~ 3 fl~:W 

m1:wLL~n~1~u1~:w1ru 2 L 'Vl1'1JeJ~A1LQ~cJ'lleJ~<J~~um1:wL-if:w-if'Ll~1~Vl'lleJ~c.11 tacrolimus 1 'Ll 

L~eJl?lfleJ'Llfuu<J~Vl1'LlcJ11 'Lln'm -u1~eJ'IJ'Ll1Vlc.11<J~vt11~ CYP3AS expressers nu non-expressers zj~ 

1ii1~fuc.11 diltiazem 1 'Llf711Plfl'N1,d'~'LltJ'Ll~~0Vl5'V-lG'l'llmm1~Y-lvtiru~1'Ll'IJeJ~~'Ll CYP3A5 ~i111 c.1~1'Ll 1 'Ll ' ... 
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f1 ,J I "" • ,J ,., 1 " d 1 " ., 
b u'W CYP3A5 non-expressers 'Vl~~m1'lJ11c-rJ'IJ11mfl 'IJ'W1\91c.J1 tacrol1mus 'Vl\9leJ~fl1'j 'lib 'WeJ Vf'j~\91'\J 

m 1 'Wb~eJ\91eJ~1 mh~m vfe..J6l 1 'Ufl1'jf fl'l11\911~\9]e)~fl1'j~~if fl'-\l~bb\9lfl~1~e) ~1~mfl'-\!1fl~ih1 c.J~1'W 1 'W'lh~'lJ1fl'j 

'lJ11~J1'/J11 

b tJ'W~th6'f'W 1 '-\111 1 'W fl1'j~ n~1d'Wu m1~ bb\91 n ~1~0 ~1~iitJc.J?111-1qi'IJe:i~ ri1 bu~ c.J'/JeJ~'j~\91'\Jfn1~ 

b'ii'~6U'W~1~\91'/JeJ~c.J1 tacrolimus 1 'Wb~eJ\91~eJ'IJ'W1\91c.J11 'W CYP3A5 non-expressers 'j~Vf11~fl~~~1\91f'U 

bb'1~ fl~~~hl1\91f u c.J1 diltiazem 1 'W'IJ ru~~1:W'W'\Jfl11~ bb\91 n~1~e:i ~1~iiirm11~ ru'/JeJ~'j~ \91'\J m1~ b 6U~6U'W ' ., 

~16'f\91'/JeJ~c.J1 tacrolimus 1m~eJ\91~eJ'IJ'W1\91c.J11'W CYP3A5 expressers 'j~Vf11~fl~~~1\91f'Ubb6l~fl~~~ 
' ' ' 

1:u1\91fum diltiazem bb6'f\91~1vfb'~'W11B'Vlfi'W'1'/JeJ~fl1'j1'Uc.J1 diltiazem 1'W'll'W1\91 240 ii'1~flf~~eJ1'W1:w 

~~ ~rn m~'Vlu~iiir m11~ ru~ eJ'j~\91'\Jfn 1~ b 6U~6U'W~16'f \91'/JeJ~ c.J1 tacrolimus 1 m~e:i \91 ~ eJ'IJ'W1\91 c.J1'/JeJ~ ., ' 
' 

CYP3A5 expressers bb~i1~~t-.16lm~'Vl'\JeJ~1~iiirm11~qi~e:iw\?1'\Jfl11m6U~6U'W~1~\91'/JeJ~c.J1 tacrolimus 

1 m~B\91~eJ'IJ'W1\91 c.J1'/JeJ~ CYP3A5 non-expressers B'WeJ1'-\l b tJ'WeJ1'-\l b tJ'Wt-.16lm'-\!1fl fl1'jei''IJ 5~fl1'jVJ1~1'W 

'/JeJ~ 1 'lh~'W'lJ'W\91~'W'WeJflb V!tfo 1 u'-\!1fl CYP3A5 zj~ej'~fl~\9leJ~fl1'jfl1'j~fl~1b ~~b~~~e:i 1 u 

t-.16lfl1'j~fl~11 'W fl1'j~fl~1dbb\91 n~1~'-\!1flt-.16l fl1'j~fl~1'/JeJ~ Li bb6l~flrui
2 zj~ bb6'f \91~'1~B'Vlfi'W'1'/JeJ~ 

fl1'j1-um diltiazem ~eJ CO/dose '/JeJ~c.J1 tacrolimus '/JeJ~e'.i\'.hc.Jfl~~ CYP3A5 expressers 1'W1'W~ 7 
'IJ ' 

V O V ( 22 0 1 ,., '-'. 'I .. ,., 1 " . . I ,., 22 
'Wc.J6'f1flqj p=0.001) 'Vl1 V!~u1c.J~fl11~\9leJ~fl1'j 'lJ'IJ'W1\91c.J1 tacrol1mus '1\91'1~ u'j~~1t1J'jeJc.J'1~ 20 

bb~ 1:w'W'Ufl11~bb\9lfl~1~ffi 'Ue'.J'thc.Jfl~~ CYP3A5 non-expressers bnmu~c.J'Ubvic.J'IJWV!11~e'.J'u1c.J~1\91·fo 
'IJ ' 'IJ 

bbG'l~1:u1\91f'IJ diltiazem i1~J11c.J
22

-
23 

fl11mb\9lfl~1~~'W'Ud~1'WV!~~m'-\lbtJ'Wt-.16lm'-\!1flm1mb\9lfl~1~'/JeJ~ 

fl1'jeJeJflbb'\J'\Jfl1'j~fl~1 b'U'W 'j~c.J~b1'11V!~~fl1'j'U~fl~1c.J1\91 'j1c.Jfl1'jc.J1ffi-Ufrnn'W \916leJ\91~'W'U'-\l~c.J~1~ 1 ~ 

1:u1\91fl1'\Jfl~ 1 'Wfl1'j~fl~1 ~~fl1'jiifl1'j~fl~1b~~b~~b ~e) 1 m\916Ue)6'f'j'U~"li\91b'-\l'W~'W~e) 1 u 
' ' 

tacrolimus 1 'Wb~eJ\91eJ~1 'W'll1~b u1V1mc.J'/JeJ~vi~f fl~1bb\9lfl~1~n'We:i~1~iiirm•h~qi J~dm'-\1 b ~B~m'-\!1fl vi~ 

f fl~11\91~\91\911mb6l~Ufo'IJ'W1\91c.J1b ~eJ 1 vf'j~\91'\Jc.J11 'Wb~eJ\91eJ ~1 'W'll1~~\9leJ~fl1'j bb6l~fl1'jii'<il1'W1'W'/JeJ~\911eJ~1~ 
'IJ 

1 'Wfl1'j~fl~1fleJ'W6U1~1,Je)c.JV111 m:Jii power bYlc.J~'WeJ~'-\l~bbl;'f\91~fl11~bb\9lfl~1~ (l\'1ii) 1\91c.J'W'IJ11ii~u1c.J~i1 

'j~lii'um tacrolimus 1 'Wb~eJ\91eJc.Jb 'W'U1~b u1V1mm Ylc.J~-re:ic.J6l~ 40 '/JeJ~e'.i'thc.J~b6U1i1~ 1 'Wfl1'j~fl~1J~V1~\91 
'IJ 'IJ 
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1 'Ll L~e:i 1?1~ eJ'll'U11?1fJ1'1Je:i-:ir:f u1 fJU~ nci1 fJL~'lJ111 vi fJ~ L U'U CYP3AS 
\J \J 

1 
.,., 

non-expressers bb~~ mi.rn1 

Yl'Ue-.J~nwviu'lle:i-:im11~fom diltiazem 1 'Ll'll'U11?1 240 ~~~nf:w~e:i1'Ue:i~1-:ii1i!m~1flt1J~e:i~1bu~fJ'lleJ-:J 

1~~'Ufl11:Wb'U:W'U'U~1~\?1'1JeJ-:JfJ1 tacrolimus 1 'LIL~eJ\?1~eJ'lJ'U11?1m'lleJ-:J CYP3AS expressers 

7) -lie:i~1n1?1'lle:i-:in11fin~1bb~~ii'en&1'Ue:i bb 'W~ 

m1?in~1-rl'i1.if 01i\'1n1?1'U1-:JU1~m1 L~bbf1 bU'Un11?1n~1bb 'U'U~eJ'UV!~-:J i1r:f u1m .if 1~1:w 1 'Un11?imn 
\J 

~-:i1~1~?in~1b~:Wb~:W~-:JBVl5Yl~'lleJ-:J~1bbU1m'U (confounding factor) ~1-:i 1 ~eJTil6'1-:Je-.J~m~Vl'U~eJ 

bJ161'll'<il~'Ul'3116'1~{'1JeJ-:JfJ1 tacrolimus 1~ ~-:J~bU'U clinical factor bb~~ genetic factor 

m1?1 n~1 bb 'U'U 1 U'U1-:JV!tJ1 b ~ eJU)~ b~'Ue-.J~Vl1-:J fl~'W n bb~ ~?1 n~1 b ~:w b~:W b ~eJV!1U'<il~ fJ~'U 1 
,d,. 
Vl:We-.J~ 

~eJ1~~'UfJ1 tacrolimus 1m~e:il?11'Un~:w CYP3AS expressers zj,:iiJm1:W(91eJ-:Jn11'lJ'U11?1m6'1-:iffi1 non-
, \J 

expressers tl1'<iJ~iltJ1~ bfJ'lJ'UeJ ~1-:i ~,:i 1 'Ll n11~1?1fl11~ ~11 i~1fJ~1'Um bb~~Vl~eJ n11bfl\?1eJ1n111~~-:itJ1~6'1-:Jf1 

'<il1nfJ1 b~eJU1~bfJ'lJ'U'lJeJ-:Jr:i'U'"JfJU~nci1fJeJ1fJ1~~eJ1u1'UeJ'U1fl~ 
\J \J 
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