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MMF$&} TACES H£3t3 . TACH mycophenolic acid (MPA), 18] 1
MPA2] thAkAIQl MPA 7-0O-glucuronide (MPAG)$ MPA acyl
glucuronide (AcMPAG) 8] %5 FAaSIth. CYP3A4, CYP3AS,
SLCOIB1, SLCOIB3, ABCC2 UGTIAY9, 1331 UGTZB7Y
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B 783

T 1,08270¢ o= FE7F £A4EHY. TACS AUCo-uni(Area
Under the time—concentration Curve from time O to infinity)<
MMFe} W&3atls w 221% S7ketlovt  (322.4£174.1904
393.6+121.7 ngh/mL; £<0.05), MPASH oiAkAE  okEgst
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Chapter 1. Introduction
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1.2.1.Glucocorticoids
Glucocorticoidsi= ©]2] % WAAAE H[FAs= QWY 7
=34l <okA|o|t}.  glucocorticoidsy  ZFelA el XA A 2
43t AR Y] AlafAd 2 A A E T

Rifampin®]Y} phenytoin®} #©] glucocorticoidsE tAlsI=

FEAE FEstE okAE HEed A9 glucocorticoids®  ¥HE71 7
7F 2% 31, ketoconazole®} & CYP3A4 AAAZS HEd A vz

glucocorticoids® HEZ7|7F AFHECE (15, 16) UHEH O Z & Hof A

glucocorticoids® ¢FE5% HEUEHE o] Fo]x %] =t}

1.22. ZA 7R AAA

CSAS} TACH & ZHA47d¥ (Calcineurin) A A= 74 2 o A

2

QW ®E gE FFHQd FA o4z AgoA 7)1d3 EFo|tt.
CSA+= cyclophilinel] A3%3stal TACE FK—-ZA3g w9l 12(FKBP12) 2}
Asgtsleo] ZAFHS A (17) ZAwHS 84 T AX9 nuclear

factor (nuclear factor of activated T—cell; NFAT)2] €relAls}of

Fo% 422 Btk PAFAL AASE BAFAY Gelitsl e
NFATE B483Hs 5ol oAse] Weiurge] Fad A8 she

ArOl E 19l dALZE A H T} (18)
CSA®t TACS  AAxelA  CYP3A4, CYP3A54] 23|
AFETE (19, 20) CSAS] A9 CYP3A4el o8 += oAb, (21)

TACE CYP3A5°] & F=2 dAtEL.(22) 3ol CSA+
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1.2.3. 9| ZHEH ol E

MPA A% 9okEe odxHEZ  FHe  HAy FE
mycophenolate mofetil £+ YEHFA2 mycophenolate sodium2]
2714 FHlE o] gdt. MMF+= A+ F°] % carboxylesterase?]
oJ&] w=A MPAZ 439t} (29) MPA+= inosine monophosphate
dehydrogenaseE AgAoZ  AA st HE W guanosine
NAANAA T 2T FAE oAshs WAer Agth(30) &t
ZrellA] UDP glucuronosyl transferase (UGT)ol <23t 24+ tjrbr}
MPA® Fo dir}b HZo|th. MPAS 5 djAkAlel MPA 7-0-
glucuronide (MPAG)Z 9] tiAbs UGT® &8 7, A% 28ar el A
dojdty.  Zrelde] MPAG  thAbAl  AAel= UGTIA%] F=
#ofstt (31) MPAS] T & oiAFAIQl acyl glucuronide MPA
(AcMPAG) = UGTZB7°| ol =™, AcMPAG:= MPASE FAFgH
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ol o Wtk (34-36) MMFO] A 54 ofask EYE|H theh

FS AT RS @AY MPA di&l A s =
AUCo-12  #e xAHLE AlFold = A 671€ s<F 30-60
mg - h/Le|t}.(37) 28y, AUCE F43te] Hzo FHEs+= A
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AR el FAI7F Qo= F | limited sampling strategyell 7]Wksk AUC

golut ofEs mHe] ggo] vjte] H 4 gl

XY

MPA®] st Horekssh mEl sul AFZoA= AH, AT,

AdoleEld FA4E, MPA Fo €%, W& CSA &%, nifedipine W&

549

B

o] B orrul Zo] MPAS &, o4 ¥ 7|7k Ho] MPAS ¥

LA gomsl ywzgow ¥t (38—43)

1.3.1.CSAS} MMFS] A3 2§

CSA%t MMFe] k& 5% SYMPHONY $AAIRe] 319
A4 Aneld  FHEHJT. SYMPHONY  4dAHE Alo]s I

ZATR AAAC g w=Es 9 9WA @ Ao A A

o,

7} Aot} (44) SYMPHONY UAAEE TF L9 CSAES
&

sirolimus& ARE-SE 3708 & EFste], T 4719 LoE FAH

>

7 daclizumab §EQWE 1 AL CSA, TAC =

e

ATk (44) A2 dA HrF W A PR dFTE w4
AFREgol o ALHF TAC ol dxk Fr7pige] A H| o
74 okt (44)

SYMPHONY <ol CSA7F MMF$F ¢ Fo3=9lS w TAC
¥+ sirolimus7t MMFe} 7] Fold 3 Hlwslo] MPAS =&
wasta MPAGE =& S7Febaith.(45) CSAE WEF oA
MPAS] xFo] ¥ Qo2 CSA7F MPAGY #Aztesks #5131 7]
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WEog  AZtErt  CSAE  OATP(organic  anion—transporting
peptide) & MRP2 (multidrug resistance—associated protein 2)%
A3kl MPAG®  canalicular efflux® basolateral uptake®

o} A gkt (46)

1.3.2.TACS MMF2] A3 &8

TACH MMFE 7] o4 F A wsg dba] g4 At
dolol Aot (13) oA ANH Aol w=w TACH MMFE
1 kot feolmlaAl A E QT (47 -

49) 7Y, TACH MMFE: Agojo] Fil obgstdow sjIzk

o

gsrde W, o4 F QA

O

takdel 2 ok=ol7l Wil @AY EAS st AFeet ofE

HRlsk7] weol, WA

MPA?] tixtA & syl 6—0—desmethyl-MPA (DM—-MPA) &
TE CYP3A4, CYP3A5 ¥l o &AL MI&E CYP2C8 <3|
Ad @t (apparent K, = 0.83+10.06 mmol/L, Vi = 5.57%£0.29
pmol/mg/min). Human liver microsomes ©]€3t i vitro 23 oA,
MPA®l &gt TACO Al Asl7F 2= wp vk (33)

European Medical Agency (EMA)2] Cellcept® Summary of
Product Characteristics (SmPC)¢ <FEAts 28 o TACHS]
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of 2] #atelA TACI MMF ®&A TACS AUCZF 20% “&53ohe=
Zol #zE vk h.(53) ZEH, Aol xtelA] TACY MMFE
LS wole daFgo] #FER 29k (63)

A7 A7 Aol dxdg o2 TACH MMF Ato]e] oFE )5 zhg-0]
gtk A7 Ax= AAE o\ ok Eld AFelA e Aol
gxtofl 4] MPAS] AUC W $lell mE TACS oF5et% dehvlg, TACY
HA dF F59 WHgel wE MPAY oHsdtz siEimEe] #9%
Zpol7 §lo] F ofE Atolo ofEAFEAgo] firtal T3tk (54)
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Healthy Volunteer

Figure 1. Schematic diagram of the design of clinical trial
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AA A4 ad
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& - Screening Mofetil

dd O “ (=] * MMF 1,000mg single dose
~n ™ ﬂ m M, * Samples ~72hr postdose
Ahdhad | &b

14

Tacrolimus

* TAC 5mg single dose
* Samples ~72hr postdose

Washout Tacrolimus +
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UG A FAREol A ddAIE 1719 Mycophenolate mofetil
(Cellcept®; Roche Korea, Seoul, Korea) 1,000 mgs ©W5o=
Folsldtt, dFY o]F Tacrolimus (Prograf®; Astellas Pharma
Korea Inc., Seoul, Korea) 5 mgs ©@50=% Fosith AJAIE Y
vpx]uk 37] o= MMF 1,000 mg¥} TAC 5 mgs ¥ T3t} A&

B

FEE FHel 240 mLe B3} BgaHoArh A oFE

gl HAAE = Fol d, Fo &1, 2, 4, 6, 8, 12, 24, 48, 72,
a9 168 AIRE o] Fe AEsgith. ZF Al SRS A ol A
TAC¥} mycophenolic acid (MPA), MPAZ?S] thAFA|el MPA 7-0-
glucuronide (MPAG) 2} MPA acyl glucuronide (AcMPAG)Y HEE
A5kt MPA 2 tiAMA ] w2E A6 gt AAleE AE $
4 C, 3,000 rpm® ZelA 1683 AR sy gk dg e
phosphoric acid (850 g/L; Sigma—Aldrich, St. Louis, MO) & 75 % 5}¢]
pHE 252 IHduh(60) €< 2 dF AAe= 24 A7kA -

70ColA BTt

HAYoA] TACO 5= di I3 ZulE 183 (L.C; Shimadzu HPLC,

Shimadzu , Japan) —&A%HFF247] (MS/MS; QTRAP® 5500, AB SClex
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USAHZ 5 wg BEYEH"E wyor A3, UiIses

rapamycines AFEs3it. TACH UHxEFE<S Capcell PAK MGIII

i

(3.0 x 50 mm, 3 gm; Shiseido, Tokyo, Japan) AY o7 H7 353t}
o] A4S 5 mM ammonium acetate®} methanol® A& lth TACY]
0.5—-100 ng/mLe] & WAZ AFHS 2ZAsddrh. aid ®lLlelA
u]gko] gl et

oAl MPA, MPAG, AcMPAGY +#X+ LC-MS/MSE

TAC® Tk Addgolglal w4 =9 Ws Ase

o
R

o] &3t Tz Hbs RUEH wWHor #43gY. Ui asER 47
MPA—-d3, MPA—d3 B —D-—glucuronide, Z18]31 MPA-d3 acyl— /5 —
D—glucuronides AFg3l%th. Cadenza CD—-C18 (3.0 x 150 mm, 3
pm; Imtakt, Kyoto, Japan) AHCo 2 =425 =¢33lth o542 0.1%
formic acidE& &% 5 mM ammonium acetate®} acetonitrile®
TAEH T MPA, MPAG 13|37 AcMPAGe] st H=4-S 0.1-100,
0.1-100, 18] 0.2-20 pg/mLe] HLlolA Aot &4 sk

W% A% 5% vlwolgleh

24, %A% 24 9 AT 53

oFE FoF H Adst dd HAA QlAamp DNA blood kit
(Qiagen, Valencia, CA)S.Z DNAE F=33t. TACYH MMFO
obwstyl Ay HAow AHA CYP3A4+1G (rs2242480), CYP3A5+3
(rs776746), SLCOIBI*1B (rs2306283), SLCOIBI*5 (rs4149056),
SLCO1B3 334T>G (rs4149117), SLCOIB3 699G>A (rs7311358),

ABCCZ —24C>T (rs717620), ABCCZ 1249G>A  (rs2273697),
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ABCC2 3972C>T (rs3740066), UGTIA91b (rs3832043), 1&]il
UGT2B7 802C>T (rs7439366) ¢ #3145 ABI PRISM SNaPshot
Multiplex kit (Applied Biosystems, Foster City, CA) X+ direct
sequencing®] W o= FAsHv. AT FAAEY dHFAA

sk S el Ea B3PS nEekA gYshanh.

=
Renal Disease) ®W2oz FAH AEA A48 (61), sEIFEAH],
AutEAR, &R, F UEFR, Al 355 5 oOFE FoF A

A AL AnE FAsH,

TAC, MPA, MPAG, 183 AcMPAGel digte] F4d g3t
U B = Cmax, fmax, AUCo-12, AUCo-24, AUCo-48, AUCo-72, 18]
AUCo-i®lth. TAC HE& MMFE @5 Forgls wo ofF

gt e ¢ TACY MMFE ®& Fofdles weo] °oksdt deineE
H) W3}t Paired f—test Fi+= signed rank test® A4 {4
AAQsAT. v +8 BA A WinNonLin® version 6.4 (Pharsight,

Mountain View, CA) S AF&-3} ).
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TAC¥ MMF9

Rkgstel  TACTH
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=
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FElo A FHEFS P AARES Al FHZA S Fho] 6.63 (p < 0.01)

32 F1SHE A9, Y FEFS Fed o g

2
of
o
)
=)

d
10
off
b
B\

"

Jate] %ol wet Laplacian +
Interaction (LAPL+I) XE+= first—order conditional estimation +
Interaction  (FOCE+D  ®Ho=  <okgd xdE ggngHE
FAsHth (64) A=Al winte] Fx27F AA =] 10% mRksl
B, MY = SHEE FAISH FOCE+T ¥¥S &&33itt.(65)

[e)
o
AFsHA v =7t AA s59 10%E 38k 49 LAPL+I

26283 2¢ HdekEst nd st
NEAoz st TACY MMFY Huokxs nds A5 zag

A5 288 F4s7] Y5t A8 (Equation 1), A4 (Equation 2),

Emax (Equation 3) &g nadS AAsc)

Interaction = Slope * Cypa (Equation 1)
. 1 :
Interaction = —z5roe— (Equation 2)
Interaction = Zmax‘Mpa (Equation 3)
ECs0tCmpPa

2.6.3. 2499 B}
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Aeekssr nd 7 fAgox 2do] 7d oJFes HE3Rl
7, F4%8 oksst mepug el #Erd YA, dd 2F A
shrinkage 3} E, goodness—of—fit 2.2 H 7}t th Goodness—of—

fit2 R version 3.2.2 A2XE9o]C] Xpose 45 ©|&3dlo] AlZtH o2

H7skArh (66)  1,000812]  AlEolA N A4E 45
A7 (visual predictive check, VPC) o & 7idtsl wdlo] W& elgdA]s

B7red . (67)
2.6.4. 2T E g0
NONMEM version 7.3.0 (ICON Development Solutions, Hanover,
MD)& sl Au oFEst mals Apwsigla, PRI P 2

2a9o YA etdAd H7EA o PsN version 4.4.87 R software version

3.2.25 &gt}
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Chapter 3. Results

FH A% Sl s, A9

_2’3‘_
T getagh. AT Foldel A¥ FUZS 254 (HS)

FAxeE T
20—42) A}t +4% F4AE Y iy FH4A HlE= Table 294 £t

A% FHAE] HEE sy w23 HE S w5t (Table
3). W wWeo FARIT CYP3A5 expresser (CYP3A5%1/x1 TEx=

CYP3A5%1/%3) A t}.
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Table 1. Baseline characteristics of enrolled healthy volunteers

(n=17)

Characteristics Median Range (min—max)
Age (yr) 25 20—42
Weight (kg) 69.7 57.4—88.3
Height (cm) 173.4 167.7—-192.8
Hemoglobin (g/dL) 15 13.6—16.2
Hematocrit (%) 44.6 41.0-47.4
ANC (/L) 3,022 1,553—5,858
Serum creatinine (mg/dL) 0.86 0.79-1.20
MDRD GFR (mL/min/1.73m?) 104.8 74.1-122.3
Albumin (g/dL) 4.6 4.2—-4.9
Total bilirubin (mg/dL) 0.8 0.5—-1.2
CYP3A5 expresser? 4 23.5%

ACYP3A5 expresser is presented as number and proportion

ANC, absolute neutrophil count; CYP3A5 expresser, CYP3A5 *1/*1 or

CYP3A5 #1/%3; GFR, glomerular filtration rate
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Table 2. Primer sequence and experimental condition for

genotyping
Gene rs number Primer Sequence Tm
CYP3A4  rs2242480 Forward CCAGCAGAAACTGC 60
AGG
Reverse GAGTCAGTGAAAG
AATCAGTGATT
Genotyping TACCCAATAAGGT
GAGTGGATG
CYP3A5 rs776746  Forward TTATGGAGAGTGG 60
CATAGGA
Reverse GCTGATTAAACTT
CACTAGCC
Genotyping CTCTTTAAAGAGM
TCTTTTGTCTTTC
A
SLCO1BI rs2306283 Forward TGTTCTTACAGTT 55
ACAGGTATTC
Reverse TCCAGTTCAGAtgga
caaa
Genotyping  atgttgaaKtttctgatgaat
SLCOIBI rs4149056 Forward tgtcaaagtttgcaaagtg 60
Reverse GGACCAATCATTG
CTATTG
Genotyping TCTGGGTCATACA
TGTGGATATRTG
SLCOIB3 rs4149117 Forward ttgagggaaggtacaatgtc 55
Reverse ggtgaagttgtgaagcectta
23 A 21



Gene rs number Primer Sequence Tm
Genotyping TGGGAAMTGGAAG
TATTTTGACA
SLCO1B3 rs7311358 Forward CTGGATCTACCCTT 55
GAAAT
Reverse GATTATTAATGGA
TTTATTTCCTAC
Genotyping GATCTACATATCC
AATATCCACGTA
ABCCZ rs717620  Forward TGTACTTTGGGAA 55
CTGGTG
Reverse TCTGGTTCTTGTT
GGTGAC
Genotyping  catgattcctggactgcgtct
ggaa¥Y
ABCCZ rs2273697 Forward tggaggaaggtgggaataa 55
Reverse GGTCCCAACTCTCT
CCATA
Genotyping CCAACTTGGCCAGG
AAGGAGTACACC
ABCCZ2 rs3740066 Forward CCCTGGGTGACTGA 55
TAAGA
Reverse TCCCTCTGATACTG
TGTCC
Genotyping TCCTCAGAGGGATC
ACTTGTGACAT
UGTIA9 rs3832043 Forward AGGCGAGCCCCAAT 60

24
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Gene rs number Primer Sequence Tm
Reverse CAAAGCCACAGGTC
AGCA
UGTZB7 rs7439366 Forward TTTCAAAGCACAG 60
ATATTTGCCT
Reverse gtgttttgtgctaatccectttg
t
Genotyping CGAAACTCCTGGA
ATTTTCAGTTTCC
W
25 2 2-1



Table 3. Genotype and allele frequencies of analyzed

polymorphisms

Gene

rs nhumber

Genotype

n

MAF

HWE

value

CYP3A4

CYP3A5

SLCO1BI

SLCO1B1

SLCO1BS3

SLCO1BS3

ABCCZ

ABCCZ

ABCCZ

UGTIA9

UGTZ2B7

rs2242480

rs776746

rs2306283

rs4149056

rs4149117

rs7311358

rs717620

rs2273697

rs3740066

rs3832043

rs7439366

GG
GA
AA
GG
GA
AA
GG
GA
AA
TT
TC
CC
GG
GT
TT
AA
AG
GG
CcC
CT
TT
GG
GA
AA
CC
CT
TT
TT
T/-
— /=
CcC
CT
TT

TR U100 Ul OO

—
;@ O

= O 3~ 00 00N ©ODN

0.147

0.147

0.235

0.176

0.382

0.382

0.176

0.059

0.294

0.294

0.324

0.22

0.22

0.94

0.38

0.12

0.12

0.38

0.80

0.54

0.58

0.39
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3.2. B8 B4

TAC, MPA, MPAG, Z18]3. AcMPAGe®] th3ale] & 1,082709) o+&
S5 SAsT TACS @5 5o S wie} nlwste] TACH
MMFE W€ %% & w AUCe-wnZt oA F7tetadeh (%

+ 121.7 vs. 322.4 = 174.1 ng - h/mL, P
<0.05) (Table 4). W& FF 35 Wl Coa?t S7FFA S 21 XFo]7F
SAA R FoatA= Gt (B8 FoF vs. w5 FoF 350 £ 125
vs. 33.5 * 10.6 ng/mL, P = 0.5825). TAC? ¥A&2 MMF$ &
ForgS wf SAXNCE fou|etA ekt (FE FoF vs. ©E
Fok 14.2 + 5.8 vs. 20.1 £ 10.7 L/h, P < 0.05). MPA, MPAG,
831 AcMPAGY] °Fgd stetn]El= MMF ©5 Fokat TACH
MMF "8 FoF Al7] Alole] FAAOZ #F2lgt xtol7} glATH(Table

5).
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Table 4. Pharmacokinetic parameters of tacrolimus estimated by the

non—compartmental analysis after administration of TAC alone or in

combination with MMF

TAC TAC + MMF
Parameter P value
(mean * SD) (mean * SD)
Cmax (ng/mL) 33.5 = 10.6 35.0 £ 12.5 0.5825
fmax (h) 1 (1_2) 2 (1_4) -
AUCo-12 (ng - h/mL) 139.3 £ 61.7 167.3 £ 54.9 <0.05
AUCo-24 (ng - h/mL) 180.2 £ 85.0 221.8 £ 71.0 < 0.05
AUCp-48 (ng - h/mL) 235.1 = 1174 292.0 £ 91.5 < 0.05
AUCp-72 (ng - h/mL) 267.9 = 137.2 333.0 £ 103.9 <0.05
AUCo-inr (ng - h/mL) 322.4 = 174.1 393.6 £ 121.7 <0.05
CL/F (L/h) 20.1 £ 10.7 14.2 £ 5.8 <0.05

TAC, tacrolimus; MMF, mycophenolate mofetil; SD, standard deviation; Cmax,

maximum concentration; #4max, time of maximum concentration;, AUC, area

under the blood concentration—time curve from time O to infinity or pre—

specified time points; CL/F, apparent clearance

CL/F was calculated from dose and AUCo-in; fmax iS presented as median

(min—max); P value was obtained by paired /—test or signed rank test
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Table 5. Pharmacokinetic parameters of MPA, MPAG, and AcMPAG
estimated by the non—compartmental analysis after administration

of MMF alone or in combination with TAC

MMF TAC + MMF
Parameter Pvalue
(mean = SD)  (mean £ SD)
MPA
Crmax (12g/mL) 245 £ 17.2 23.2 £ 8.3 0.7819
fmax (h) 1 (1-1) 1 (1-2) -
AUCp-12 (g -h/mL)  43.1 * 23.3 43.1 £ 12.1 0.3529
AUCp-24 (£g - h/mL)  56.1 & 25.3 56.4 = 14.2  0.3060
AUCo-48 (1 g - h/mL) 69.7 £25.7 69.8 = 17.8  0.4586
AUCop-72 (g -h/mL)  73.3 £ 25.9 727 £ 18.8  0.5791
AUCo-int (g - h/mL) 74.7 * 26 74.0 = 19.3  0.5791
MPAG
Cmax (¢£g/mL) 40.7 = 9.9 41.5 £ 10.6  0.7743
tmax (h) 2 (1-4) 2 (1-4) -
AUCo-12 (£g - h/mL) 223.7 = 62.5 229 * 56 0.4967
AUCp-24 (£g - h/mL) 315.7 = 85.7 329.5 £ 79.1 0.2085
AUCo-48 (£g - h/mL) 404.3 * 956 417.2 = 95.3 0.3159
AUCo-72 (£g - h/mL) 431.1 = 97.7 438 * 96.8 0.5905
AUCo-inf (g - h/mL) 440.5 = 98.7 445.1 = 95.7 0.7233
AcMPAG
Cmax (¢ g/mL) 0.7 £ 0.3 0.8 £ 0.3 0.8731
fmax (h) 1 (1-1) 1 (1-2) -
AUCo-12 (g - h/mL) 2.7 £ 1.3 28 £ 1.0 0.4301
AUCo-24 (g - h/mL) 3.6 £ 2.0 3.9 £ 1.5 0.2224
AUCo-48 (1 g - h/mL) 45 * 2.8 4.8 * 2.1 0.3654
AUCo-72 (g - h/mL) 49 * 3.3 5.1 = 2.4 0.6606
AUCo-int (g - h/mL) 55 £ 4.0 54 = 2.6 0.8233
29 s T



MMF, mycophenolate mofetil; MPA, mycophenolic acid; MPAG, MPA 7—0—
glucuronide; AcMPAG, MPA acyl glucuronide; TAC, tacrolimus; SD,
standard deviation; Cmax, maximum concentration; fmax, time of maximum
concentration; #max is presented as median (min—max); AUC, area under the
blood concentration—time curve from time O to infinity or pre —specified time

points; P value was obtained by paired f—test or signed rank test
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33. AderEs Bd A

TAC¥ MMF 70 okEol oist FYoeksst =y Adexgs
v#ste] S Huebsdt REl Figure 29 2 7x RIYCR
A=k, Heekgst mdo] okFst wzluly F
S}, oksdl dhebnE 9] theFA S Table 60l A A= Ut

TACE oFFshe 2-7%, A &5+ 9 AdA AL, dx A7

Uz 7P & AyEgit TAC &5 7ok A TACY 48, 2%

Io,

|2 77k 17.8 L/hr, 108 L2 F4 =tk TAC Jeeksst nd
aE Awelr] ¢ste] proportional error model®] AFEE ST
SHHF HIMA CYP3AS A o] fojw|st yuigko = Hr7hE Sch
CYP3A5 expresser®l A% TACS HA8o] 1.26M%E =713ttt
MPAS] oFgehd 2—78, dx & BRd= /Mg 2 AWt
A e W@ 78S AdAstel Aderlth. AAF AR
(MTIMED), @%d0] wEs= AIFMTIMEZ), HEH49 & £5
A (kse), AFEE HlE&ES AASte] @Fde] wWiEHe AAHS
3

sdth. wEelel WMEHE Ae ofd RAS Fzde 1

7.99 h, g5 wE S5 AE 263 hl, A AlE 42.7%%
F3 5. MPA?l AwjAELE AcMPAG FEE o]FojxEs Zow
71459k AcMPAGS AA A9l ¥ £H1S [APL+] A4
2.15 h™'9} 23 L2 717} F4HAa, o] nd A FAoA &

goz wAANUG. FAF B ojw @ FALE wDL FvIsH



NEAES e wdel A TACY
HEAGE ped  wAIAE

sHFoR H7EAY. TACS A4

CL/F (L/h) = 13.6-

T2 CYP3A5 expresserSl 7%

Enax FEO 228 Zds AASNY. A3
0

e0.0Z94'CMPA

CEEIEL R

meo] A

0294=

t}
HAaES 13.8 L/hE 45kl

CYP3A5 HAARL  fFon|sh
gof st 4242 Equation 4%}
! -1.48¢YP345  (Equation 4)

CYP3A5 32 1°]9, nonexpresser¢! 7%

CYP3A5 2 0%, Cura MPAY 555 Julg,
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GI GI [« Bile
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L

AC Kama |
ks h 4 r ks II
TAC TAC / MPA [¢ MPA K|
peripheral 3 »  central Interaction effect central g »  peripheral 4 |
ks ~ kg |
”/ ksp !
Clysc 47 4 ke
EHC
AcMPAG MPAG ,
A4 9

I- B

Figure 2. Schematic presentation of an integrated population
pharmacokinetic model

Compartments: gastrointestinal tract (GI, 1, 4), central compartment
for tacrolimus (2); peripheral compartment for tacrolimus (3),
central compartment for mycophenolic acid (5), peripheral
compartment for mycophenolic acid (6), compartment for
mycophenolic acid 7—0-—glucuronide (7), compartment for gall
bladder (8), compartment for mycophenolic acid acyl glucuronide (9).
TAC, tacrolimus; K, absorption rate constant; ks, k32, ks, and kes,
intercompartment rate constants; CL, clearance; MPA, mycophenolic
acid; MPAG, MPA 7—-0O-—glucuronide; AcMPAG, MPA acyl
glucuronide; k57 and ks9, metabolized rate constants for mycophenolic
acid; EHC, enterohepatic circulation; A7s, biliary recirculation of
MPAG into GI; k70 and koo, eliminated rate constants; kg4, gallbladder
emptying rate constant; Meal times were used to trigger timing of

gall bladder emptying.
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Table 6. Population pharmacokinetic parameter estimates of models

for TAC and MMF

Independent model

Integrated model

Lag time (h)
CYP3A5 on CL rac

O prop TAC

Mycophenolic acid

CL wra (L/h)
Vuea (L)
Kawea (h™)
ks6 (h™h)
kes (h™)
ko (A7)
Vwpac (L)

f mpa

EHC (%)
ksa (h71)

MTIME1

0.627 (26%)
1.26 (7%)

0.131 (13%)

16.1 (7%)
16.8 (12%)
2.06 (14%)
1.33 (6%)
0.109 (9%)
0.256 (10%)
5.13 (7%)
0.85 fix
0.427 (10%)
263 (540%)

7.99 (0%)

25.9% (35%)

40.9% (28%)

69.7% (17%)

30.1% (22%)

34

0.59 (30%)
1.48 (16%)

0.131 (12%)

16.3 (7%)
19.7 (11%)
2.29 (9%)
1.12 (10%)
0.131 (7%)
0.251 (13%)
5.83 (7%)
0.85 fix
0.367 (15%)
18.4 (160%)

7.96 (1%)

Population Population
Parameter IIV CV% IV CV%
mean value mean value
(%RSE) (%RSE)
(%RSE) (%RSE)
Tacrolimus
CL tac (L/h) 17.8 (11%) 50.9% (14%) 13.8 (11%) 26.4% (19%)
Vrac (L) 108 (12%) 44.4% (13%) 93 (9%) 30.8% (13%)
Karac (h™H) 3.75 (60%) 160% (36%) 1.78 (43%) 93% (18%)
kes (h™1) 0.326 (4%) - 0.313 (6%) -
k32 (h™h) 0.069 (5%) - 0.0719 (6%) -

18.7% (32%)
18.2% (27%)

56.6% (28%)

35.5% (18%)



Independent model

Integrated model

Population Population
Parameter IV CV% IV CV%
mean value mean value
(%RSE) (%RSE)
(%RSE) (%RSE)
MTIMEZ2 1 fix - 1 fix
V aempag (L) 23 fix - 23 fix
koo (h™h) 2.15 fix - 2.15 fix
O prop MPA 0516 (9%) - 0524 (7%)
0 add MPAG 0.186 (44%) - 0.104 (31%)
O prop MPAG 0.172 (8%) - 0.237 (12%)

O prop AcMPAG

Interaction

0.654 (31%)

0.651 (22%)

0.0294 (154%)

[IV, interindividual variability; CV, coefficient of variation; RSE,
relative standard error; F, fraction of the dose absorbed; (L,
clearance; TAC, tacrolimus; V, volume of distribution; A, first—order
absorption rate constant; ko3, k3o, kss, and kgs, iIntercompartment rate
constants; MPA, mycophenolic acid; k70 and kgo, eliminated rate
CYP3A5, CYP3A5 expressers (CYP3A5%1/«1 or
CYP3A5%1/%3); fupa, fraction of MPA which metabolized to MPAG;

EHC,

constants;

enterohepatic circulation; kg4, gallbladder emptying rate
MTIME1, meal time; MTIMEZ, Gallbladder emptying
MPAG, MPA 7-0-—glucuronide; AcMPAG, MPA acyl

constant;
duration;
glucuronide; o prop, Proportional residual error; o¢aqq, additive residual

error
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3.4, 249 H7}

AT AES 183 HFE RZdoA TACe] thdh goodness of fit<
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Figure 3. Goodness of fit plot of tacrolimus for the integrated

population pharmacokinetic model

(a) population prediction (PRED) vs. observed concentration (DV);

(b) individual prediction (IPRED) vs. DV; (c¢) conditional weighted
residual (CWRES) vs. TIME; (d) CWRES vs. PRED.
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Figure 4. Goodness of fit plot of mycophenolic acid for the

integrated population pharmacokinetic model

(a) population prediction (PRED) vs. observed concentration (DV);
(b) individual prediction (IPRED) vs. DV; (¢) conditional weighted
residual (CWRES) vs. TIME; (d) CWRES vs. PRED.
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Figure 5. Goodness of fit plot of mycophenolic acid 7—0—

glucuronide for the integrated population pharmacokinetic model

(a) population prediction (PRED) vs. observed concentration (DV);

(b) individual prediction (IPRED) vs. DV; (¢) conditional weighted
residual (CWRES) vs. TIME; (d) CWRES vs. PRED.
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Figure 6. Goodness of fit plot of mycophenolic acid acyl glucuronide

for the integrated population pharmacokinetic model

(a) population prediction (PRED) vs. observed concentration (DV);

(b) individual prediction (IPRED) vs. DV; (c¢) conditional weighted
residual (CWRES) vs. TIME; (d) CWRES vs. PRED.
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Figure 7. Visual predictive check of integrated population
pharmacokinetic models
(a) TAC; (b) MPA; (¢) MPAG; (d) AcMPAG. Closed circles
represent observed concentrations. Solid line represents median of
observed concentration and dotted line represents 5% and 95"
percentile of observed concentration. Light grey area represents 95%
confidence interval of 5™ and 95" percentile of predicted
concentration and dark grey area, 95% confidence interval of median

of predicted concentration. TAC, tacrolimus; MPA, mycophenolic acid;

MPAG, MPA 7—0—glucuronide; AcMPAG, MPA acyl glucuronide
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Section Il. Validation of a
Population Pharmacokinetic Model
Derived from Healthy Volunteers

with Kidney Transplant Recipients
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Chapter 1. Introduction

1.1. 479 A

TAC¥ MMF= Aol & AFRbgs oAsty] flste] 7H
E38] AMEEE W AAl go|th(14) AP A TACH MMF&
ZIREo w2 Sk fA WAl Qo] ARNEE AT oAl Y)F
FA "delA AAAE HolwA, TACI MMFE f# WAdAA
ZFOo R k= HlEo] FES] T (87) YA A o2 -9

olAA Aik= TACY HA 8% Hxu FAMstd A dxto] it

A, o)A F A3, CYP3A4 BT CYP3A5SS 2 FHAH0

vitro A7°lA TACH} MMFO] s4E& 7FsAdE #7834, (33)
Section Ief] 7]&d A7Fst A o] dasa8 Aol TACH
MMF&] A5 242 2213l th Section 19 773 Al thah ol A
kst okgsr mdoa TACS MMFS W8 ul TACO HA&9]
Haste RoR FRHT M4, oA F VIRY, CYP3A4/5

ARG} Fo] ool TACO ofFstel d&F= mAs AR &zl
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Chapter 2. Methods

21, AF 4A L 9RAE IR

Aol 0 FHA 67hde]l ARsila,  FAWEAAAAR
Tacrolimus (Prograf®) 2} Mycophenolate mofetil (Cellcept®) <
gt s ARl FAE AR etk F Hg g AAe] G
FEIA okEehy AeAES Hrksly] flske] @A 55 A HA 25
&% TAC¥ MMFE 8% 9 &4l AR A= g

bEeta 4EAge FAE S sl AT Fol AR kB

Frel 9TL F F AE AW AFS A A WIAAY
FEstel P v GBS Y& A BeREIES} R At

ALakRt.  FrHHo® 1H7]% o] (aspartate  transaminase

(AST)®E+ alanine transaminase (ALT)7} gAF Abgte]l 38) %3}

7] o4 FalA, % AAARAE Aeletsrh

2 Ay @Y7 Ad 9 ICH-GCPE E3te] &4 A2
s Al eARgel mEbd FREHAT G 2 AT

Mzdistud 7]

o
AC)
el
1o
Ho
.
o
ol
rO
o
i
30

o BE gidARA
Al digt AS st A FoE 73 tHIRB No. C—1604 -
014—-753). = A9 XEESS clinicaltrials.govell

270 % 2l th (Identifier NCT02808065).
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Algl okEQl TACH MMF+= o#olA Awre Aol /X
g R Beste2 st AT Folslr] YsiAe AE A HA

25 o9 7IZE ol 589l TACH MMFO &3 3l §¥o]

Atef]  Fofst Aol AxELS TACH MMFE Qe X
H oI A QW 9 dgoR  glucocorticoid (Solondo®,  Calcort®) &
H&36. 1 9o d¢ 24S 98] calcium channel blocker,

FYAHE 2H4E Y3 statin, §F 222 $13] biguanide, dipeptidyl

g AAE FE Fo A, FoJ F 1, 2, 3, 4A 7o AP T)
Zr AN AHe| &r3 HA ol TACY MPA, 1¥]al MPAS tjAbA| Al
MPAG, AcMPAGY sL&E& A6tk MPA % tiApAlY] s&E

A7l 98 HAAlE A" F 4 T, 3,000 rpm? FANAM 1583
A&}, 3t o] phosphoric acid (850 g/L; Sigma—
Aldrich, St. Louis, MO) & ##3ste] pHE 2.5% S5330th.(60) def 9

4 AAE B4 A7t -70CoNA Bttt

AdeA TACY +wE+ AA A=EvwtE 789 (LC; Shimadzu HPLC,

Shimadzu , Japan) —A =24 7] (MS/MS; QTRAP® 5500, AB Sciex,

USAHE vs we EYEE YYo= 48t dFPisa=
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rapamycine AFESFITE. TACH WHEFES Capcell PAK MGIII
(3.0 x 50 mm, 3 g m; Shiseido, Tokyo, Japan) ZH o % EFa|s}3t}.
05742 5 mM ammonium acetate?} methanol® T4 ¥ At}t. TACY]
0.5-100 ng/mLe] s% RLAZ AFAS AAsIATL sz HelelA
TACE %+ AFola #4 w59 ME ATE 6% wRke| it
el MPA, MPAG, AcMPAG? s&%& LC-MS/MSE
o]&ste] thE W EUEE Wow EASNT Wi EFEER 717
MPA—-d3, MPA—-d3 B —D-—glucuronide, 78]3 MPA—-d3 acyl— A —
D—glucuronides AFg3t3th. Cadenza CD—-C18 (3.0 x 150 mm, 3
¢ m; Imtakt, Kyoto, Japan) Z# o2 E24< 239ttt ol 5AMS 0.1%
formic acidE& &% 5 mM ammonium acetate®} acetonitrile®
T3 9tk MPA, MPAG Z28]3L AcMPAGe] ®igh #A#42 0.1-100,
0.1-100, 183 0.2-20 pg/mLe] WA AFolqlth &4 FE

WME A5E 6% wErolgit,
24. Y 4 4 AR 3

okZ fFoF A Adst do HA A QlAamp DNA blood Kkit
(Qiagen, Valencia, CA)°. % DNAE F=33tt. TACH MMF2
obEstyl Aty Aog AHAW CYP3A4+1G (rs2242480), CYP3A5+3
(rs776746), SLCOIBI*1B (rs2306283), SLCOIBI*5 (rs4149056),
SLCOIB3 334T>G (rs4149117), SLCOIB3 699G>A (rs7311358),
ABCCZ2 -24C>T  (rs717620), ABCC2 1249G>A  (rs2273697),

ABCCZ2 3972C>T (rs3740066), UGTIA91b (rs3832043), 12iL
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UGTZ2B7 802C>T (rs7439366) 2] #x#3S ABI PRISM SNaPshot
Multiplex kit (Applied Biosystems, Foster City, CA) X+ direct
sequencing®] WW oz FASAY. FA%E A diY]fdxk
=]

N=7) st whiw =4 BEE vbSeh=A A4 skl

A ol widAe ety ARE 7, AT, Axdd, 4,

o

Ao AEFAFMET,  daw, Ady, dERsSEY,
mtE=Asl, A, s HAHAST, ALT, & WEFR), AVl
HAAHEA AwotEd, MDRD ®WAo® FA® AAl o134) (61),

a9, SelaEE, 47, dad AAE AaE FRlssith

25 Aefsst nd s

25137014 A Heepgsr 2d s

A7 4l dde=w JhEstld TACSH MMFES] Hwdergst

2de @4 oy =9 /R 7z mgoz AIHAL. aA

DA SHT s sEE T2 Edl HHdsol TAC, MPA,

MPAG, 1831 AcMPAGS kw3t selu|gE F48t. 2Fsst

gt e o] Az ke TACY MPAS HA&y EX 874

AAgel gael meHAth P W W fARY

b
Jo

T e H7= PsN version 4.4.8% stepwise covariate modeling

(SCM) WHe &&3iqlth.(62, 63) FWHHFS EAFE ofgs wHll]
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2G5 glol IAFL TFHA Fe mde] wse] 384 2z
%

Has 4 FAF net EE wae fovsA A ow
BAstATh fov PAGS BT LG HES mddd FRge
S AARE A HARE go] 663 2N Frhes A9, AP

AWRES wd A Bl B AN ol BHFS

T
|

A, FA49 oFsst mhebu|gel ek d g, Add 2T A
shrinkage 3} E, goodness of fit plot2.Z H7}E At} Goodness—
of—fit- Rversion 3.2.2 &~XZE ]| Xpose 45 ©] &35t AzA o

H7 skt (66)  1,0008]2]  AlE#olde]  7IHESE A

N

SRS

AHAWPO) o= e welo] & eldAd S F7Fsk o (67)
25.3. 299 AlEH oA

TAC®] Fo &%, MMFe] F9 &%, CYP3AS FAAY, UGTZB7
AR, SLCOIB3S A& Fste] 32719 AME o 9474
Ay 25 7HEEATE 2] A Alvbel eolA e FldekE st
mas Fgate] A 1,00089  AR-dFFER ZEIGUS
AlEFeoldste] TACS HA dFsas FraH

AlEgeld ¥ HA dssiE TACY 19 &
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, TAAYE ] TAC C/Dell whst Y& A3

SES.
RS o = A=

oft
ot
off

We] TAC C/Dell digh &

Rl [e]

rlo
M

h A

¥ TAC C/D9 #&=2 %73}

254 AXEJ)|o]

NONMEM version 7.3.0 (ICON Development Solutions, Hanover,

MD)E #gstel Aw obEsr male sUsdn, e W =g

H 7} Al PsN version 4.4.83} R software version 3.2.25 &-83}% .
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Chapter 3. Results

3.1 ATEH

[

3

T 327 AAeld gAprt AFtel Fojekith(Table 7). A7 9

TAEE 524 o, Aol 20 o®E HAL] 63%UTE Aol A &
AT ol ARAA ] VIR FLAE 5. 7dCR SutEAZ (FUH
43.6%) 2 AbFAl A& (FSF 59.5 mL/min/1.73m*) S W H
Fg Aol AE Fol A H&stn d TACH MMF 1Y 839
A4S 727 2.125 mg ¥ 1,000 mg ©lth oFE v B4S Y%
N2 Tdak 43 FHEHAY. Tl A2} F CYP3A5 expresser?)

Hl &2 40.6% St
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Table 7. Baseline characteristics of included patients (n = 32)

Characteristics Median Range (min—max)
Age (yr) 52 20—-70
Sex (male) * 20 63%
Weight (kg) 62.7 43.9-102.4
Height (cm) 165.8 151-180
Hemoglobin (g/dL) 14.1 10.6—17.5
Hematocrit (%) 43.6 32.3-53.8
Serum creatinine (mg/dL) 1.22 0.69—1.66
GFR (mL/min/1.73m? 59.5 35—85.7
Albumin (g/dL) 4.4 3.8—5.0
Total bilirubin (mg/dL) 0.7 0.5—-2.4
Tacrolimus daily dose (mg) 2.125 1-6
Mycophenolate mofetil daily
dose (mg) 1,000 500—2,000
Postoperative day (yr) 5.7 0.6—-10.4
Collected blood samples 4 1-5
CYP3A5 expresser? 13 40.6%

4Sex and CYP3AS5 expresser are presented as number and proportion

*1/*1 or

CYP3AS5 expresser, CYP3AS5

glomerular filtration rate
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Table 8. Population pharmacokinetic parameter estimates of models

for TAC and MMF

Population mean

Parameter IIV CV% (%RSE)
value (%RSE)

Tacrolimus

CL rtac (L/h) 21.9 (16%) 24.4% (14%)
Vrac (L) 103 (15%) 45.5% (18%)
Karac (A7) 1.78 FIX —

ko3 (h™1) 0.803 (44%) -

ksz (h™) 0.583 (51%) -

Lag time (h) 0.59 FIX -
CYP3A5 on CL rac 1.49 (9%) -

0 add TAC
O prop TAC

Mycophenolic acid

0.585 (48%)
0.211 (14%)

CL wpa (L/h) 3.27 (10%) 25.8% (17%)
Vea (L) 23.2 (33%) 42.9% (19%)
Kawpea (h71) 2.29 FIX —
kse (h™1) 1.75 (23%) -
kes (h™h) 0.0089 (18%) -
ko (h™D 0.103 (18%) -
Vpac (L) 1.76 (15%) -
f mpa 0.85 FIX —
EHC (%) 0.367 FIX -
kss (h71) 18.4 FIX —
MTIME1 7.96 FIX -
MTIME?2 1 FIX -
V acmpac (L) 13.9 FIX —
koo (™1 0.407 FIX —
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Population mean

Parameter IV CV% (%RSE)
value (%RSE)
UGTZB7 on ksg 0.812 (10%)
SLCO1B3 on Vypac (L) 1.2 (10%)
O prop MPA 0.515 (7%) -
O prop MPAG 0.216 (8%) -
O add AcMPAG 0.0647 (23%) -
O prop AcMPAG 0.268 (8%) -
Interaction 0.06 (35%) -

IIV, interindividual variability; CV, coefficient of variation; RSE,
relative standard error; F, fraction of the dose absorbed; CL,
clearance; TAC, tacrolimus; V, volume of distribution; A, first—order
absorption rate constant; ko3, k3o, kss, and kgs, iIntercompartment rate
constants; MPA, mycophenolic acid; k70 and kgo, eliminated rate
constants; CYP3A5, CYP3A5 expressers (CYP3A5%1/#1 or
CYP3A5%1/%3); fwpa, fraction of MPA which metabolized to MPAG;
EHC, enterohepatic circulation; kg4, gallbladder emptying rate
constant; MTIME1, meal time; MTIMEZ, Gallbladder emptying
duration; MPAG, MPA 7-0-—glucuronide; AcMPAG, MPA acyl
glucuronide; SLCOIEB3, SLCOIB3 rs4149117 T carrier; UGTZE?,
UGTZB7rs7439366 T carrier; o prop, Proportional residual error; o

add, additive residual error
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3.3. 2499 H7}
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R oyFA ot (Figures 9—11).
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Figure 8. Goodness of fit plot of tacrolimus for the population

pharmacokinetic model

(a) population prediction (PRED) vs. observed concentration (DV); (b)

individual prediction (IPRED) wvs. DV; (c) conditional weighted residual
(CWRES) vs. TIME; (d) CWRES vs. PRED.
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Figure 9. Goodness of fit plot of mycophenolic acid for the

population pharmacokinetic model

(a) population prediction (PRED) vs. observed concentration (DV); (b)

individual prediction (IPRED) wvs. DV; (c) conditional weighted residual

(CWRES) vs. TIME; (d) CWRES vs. PRED.
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Figure 10. Goodness of fit plot of mycophenolic acid 7—0—
glucuronide for the integrated population pharmacokinetic model

(a) population prediction (PRED) vs. observed concentration (DV); (b)
individual prediction (IPRED) wvs. DV; (c) conditional weighted residual
(CWRES) vs. TIME; (d) CWRES vs. PRED.
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Figure 11. Goodness of fit plot of mycophenolic acid acyl
glucuronide for the integrated population pharmacokinetic model

(a) population prediction (PRED) vs. observed concentration (DV); (b)
individual prediction (IPRED) wvs. DV; (c) conditional weighted residual
(CWRES) vs. TIME; (d) CWRES vs. PRED.
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Figure 12. Visual predictive check of population pharmacokinetic

models

(a) TAC; (b) MPA; (c) MPAG;

(d) AcMPAG. Closed circles

represent observed concentrations. Solid line represents median of

observed concentration and dotted line represents 5% and 95%

percentile of observed concentration. Light grey area represents 95%

confidence interval of 5™ and 95" percentile of predicted

concentration and dark grey area, 95% confidence interval of median

of predicted concentration. TAC, tacrolimus; MPA, mycophenolic acid;

MPAG, MPA 7—0—glucuronide; AcMPAG, MPA acyl glucuronide
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Figure 13. Simulation results of trough tacrolimus level in scenarios

with different dose and genotypes

MMF, mycophenolate mofetil; mut, mutant; wt, wild type
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Table 9. Effect of covariates on concentrations per dose of

tacrolimus
Covariates State Effect (%) 95% CI Pvalue

250 mg bid —
Dose of MMF 52.8 51.1 — 54.6 <.01

500 mg bid

CYP3A5 expresser —
94.9 93.1 — 96.6 <.01

(rs776746) nonexpresser

SLCOIB3 G homozygote
-1.6 -3.3 — 0.1 0.07

(rs4149117) — T carrier

UGTZB7 C homozygote
-0.9 —-26 — 0.8 0.32

(rs7439366) — T carrier

CI, confidence interval; CYP3A5 expresser,

CYP3A5%1/%3; CYP3A5 nonexpresser,

mycophenolate mofetil
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Abstract

Investigation of Drug—Drug
Interactions between Tacrolimus
and Mycophenolate Mofetil with

Pharmacometric Approach

Jae Hyun Kim
College of Pharmacy, Clinical Pharmacy

The Graduate School

Seoul National University

1. Identification of Drug—Drug Interaction between Tacrolimus and

Mycophenolate in Healthy Volunteers

Tacrolimus (TAC) and mycophenolate mofetil (MMF) are the
most frequently administered immunosuppressants to prevent
rejection in solid organ transplant. The objective of the study was to
investigate the pharmacokinetic drug—drug interactions between
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tacrolimus (TAC) and mycophenolate mofetil (MMF) in healthy
Korean male volunteers.

Seventeen volunteers participated in a three—period of single—
dose, and fixed sequence study. They sequentially received MMEF,
TAC, and the combination. Concentrations of TAC, mycophenolic acid
(MPA), and its metabolites MPA 7—0-glucuronide and MPA acyl
glucuronide were measured. The variants of CYP3A4, CYP3A)5,
SLCOIB1, SLCOIB3, ABCCZ, UGTIAY, and UGTZB7 were
genotyped. Drug interaction was evaluated with a non—
compartmental analysis and population pharmacokinetic modelling to
quantify the magnitude of interaction effect. One or multi
compartment models were tested to explain drug pharmacokinetics
with population pharmacokinetic model. Relationship between
parameters and covariates was explored with a stepwise covariate
model procedure. To estimate the effect of interaction between TAC
and MPA, linear, sigmoid, and exponential model was tested.
Determination of model improvement was guided by objective
function value, goodness—of—fit, and visual predictive check.

A total of 1,082 concentrations of those analytes were analysed.
AUCo-int of TAC increased by 22.1% (322.4+174.1 to 393.6+£121.7
ng-h/mL; 7<0.05) when co—administered with MMF, whereas the
pharmacokinetic parameters of MPA and its metabolites were not
changed by TAC. Apparent clearance (CL/) of TAC was 17.8 L/h

[relative standard error (RSE) 11%] or 13.8 L/h (RSE 11%) without
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or with MMF, respectively. Interaction was explained by the
exponential model. The CYP5A5 genotype was the only significant

covariate; the population estimate of CL/* of TAC was 1.48—fold

(RSE 16%) in CYP3Ab5 expressers when compared to nonexpressers.

CL/F of TAC was decreased when co—administered with MMF in
these subjects.

In conclusion, this study identified the interaction between TAC
and MMF with the integrated population pharmacokinetic model.
Concentrations of TAC can be increased with co—administration with
MMF. Considering that recent -clinical trials evaluate various
combinations of TAC and MMF, characterising the pharmacokinetic
interaction between these two drugs is important. A developed
population pharmacokinetic model can be used to predict the
concentration of TAC and MMF in various dosage combinations while
considering the effect of interaction at the same time. However,
further research is necessary to confirm whether the effect of drug—

drug interaction persists in the target patient population.

2. Validation of Population Pharmacokinetic Model Derived from

Healthy Volunteers with Kidney Transplant Recipients

TAC and MMF are the most frequently administered
immunosuppressants to prevent rejection in Kkidney transplant

recipients. Possibility of interaction between TAC and MMF has been
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raised based on previous in vitro studies. In Section I, the magnitude
and the characteristics of interaction were evaluated in healthy
volunteers. The purpose of the research was to confirm the effect of
interaction in kidney transplant recipients with population

pharmacokinetic models developed from healthy volunteers.

Thirty—two kidney transplant recipients participated in the study.

Blood samples were drawn up to maximum of 4 hours after drug
administration. Concentrations of TAC, mycophenolic acid (MPA),
MPA 7-0-glucuronide (MPAG), and MPA acyl glucuronide
(AcMPAG) were analyzed. Genotypes including CYP3A44, CYP3AS5,
SLCO1B1, SLCOIB3, ABCCZ2, UGTIAY9, and UGTZB7 were
determined. Population pharmacokinetic model from healthy
volunteers were served as a base structure model of kidney
transplant recipients. Covariates including clinical variables and
genotypes were tested. With final population pharmacokinetic model,
the trough level of TAC was simulated in various clinical scenarios.
A total of 562 concentrations were analyzed and used for model
development. Effect of interaction was described as inverse
exponential relationship between the concentration of MPA and the
apparent clearance of TAC. CYP3A5, SLCOIBS3, and UGTZB7
genotypes were found to be significant covariates in the final model.
Typical value of CL/F of TAC was 21.9 L/h and increased to 1.49—
fold in CYP3A5 expressers. Volume of distribution of MPAG was

1.2—fold in T carriers of SLCOIBS. Formation rate of AcMPAG was
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decreased in T carriers of UGTZEB7. Simulated concentrations of
tacrolimus were obtained under the combination of administered dose
of immunosuppressants and variants (CYP3A45, SLCOIB3, UGTZB7).
Higher trough levels of tacrolimus were observed in CYP3A5
nonexpressers with high dose of MMF. Levels of TAC were not
affected by genotypes of SLCOIB3 and UGTZEBY7.

This study 1s the first study to confirm the effect of interaction
between TAC and MMF in kidney transplant recipients with
population pharmacokinetic model derived from healthy volunteers.
Major determinants of trough concentration of TAC were drug
interaction with MMF and CYP3A5 genotypes. In clinical situations
which MMF is co—administered or the dose of MMF changes, dose of
TAC can be adjusted with developed population pharmacokinetic

model.

keywords : Drug—Drug Interaction, Tacrolimus, Mycophenolate,

Pharmacometrics, NONMEM
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