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# # 6076115833 : MAJOR CLINICAL PHARMACY

KEYWORD: Population pharmacokinetics, Tacrolimus, Liver transplant patients
Vichapat Tharanon : POPULATION PHARMACOKINETICS OF TACROLIMUS IN LIVER TRANSPLANT
PATIENTS . Advisor: Asst. Prof. Thitima Wattanavijitkul, Ph.D. Co-advisor: Assoc. Prof. Abhasnee
Sobhonslidsuk, M.D.

This study aims to develop a population pharmacokinetic model of tacrolimus, to estimate
the population means pharmacokinetic parameters of tacrolimus and to identify significant clinical
factors that could explain pharmacokinetic variability of tacrolimus along 6 months of transplantation

in Thai adult liver transplant patients.

A total of 1,012 tacrolimus concentrations-time measurements from 50 recipients following
Day 8" to Month 6" post-liver transplantation was modeled by nonlinear mixed effects approach using
NONMEM and PDx-POP software to perform the population pharmacokinetics analysis. Thirteen relevant

covariates were tested to explore their influential effect on pharmacokinetic variability.

Pharmacokinetics of oral immediate-release tacrolimus in Thai liver transplant patients is best
described by one-compartment model with first order absorption and elimination. The final estimates
of apparent clearance (CL/F) and apparent volume of distribution (V/F) of tacrolimus were 26.2 L/h
(Interindividual variability; 11V, 40.1%) and 890 L (IIV, 80.3%), respectively.The population pharmacokinetic
equation that predicted the CL/F of tacrolimus was CL/F = 26.2 x (hemoglobin (HB)/11) ~***x (total
bilirubin (TB)/1.9) ~®%%. Based on the equation, a higher level of HB and elevated TB would result in
decreasing CL/F of tacrolimus during Day 8" to Month 6™ in liver transplant patients. None of the tested

clinical factors influenced V/F of tacrolimus.

The first population pharmacokinetic model of tacrolimus in adult Thai liver transplant
patients was initially developed and validated to assist in dosage individualization. HB and TB were
significant clinical factors influenced the CL/F of tacrolimus from 8" day to 6" month post- liver

transplantation. No clinical factors had influenced on V/F of tacrolimus in this study.

Field of Study: Clinical Pharmacy Student's Signature ........ccccocoeeeerieennene
Academic Year: 2019 Advisor's Signature .......cccceveeenieennee

Co-advisor's Signature .......ccccccoveveueeeee
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lasasia (tacrolimus) WWuelungu calcineulin inhibitors (CNI) 913
Usgdndnngelunistestunmsifinnnmzsufiaseters uwasdunlddududuusnlugiae
Ugnanesiu mukuIniansguaguielgnatefuues European Association for the Study

of the Liver (4) wazawpulgnaieaivizuislszmelng (5) miasddadaduemanlugns
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[ =

ganandl é’u Aunldsaudvean Ej' 1 antiproliferative agents (mycophenolic acid %#3©
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a o
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vasruUgnaned 1 geniinguilasuenlelasalaiu (Death: RR 0.85, 95% Cl 0.73-0.99;

graft loss: RR 0.73, 95% CI 0.61-0.86) wua1zUfiasiuyiiaduunau (RR 0.81, 95% CI
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Y Y LY
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ln szuuvszam wasfinnudeswesnisinie sEugfimnITnsinwotaduamg
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) TngAuiman IPV #2861 coefficient of variation (CV%) 91ndndiuvesatdsauy
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Tnsastasantasiuil 8 Aeiuil 30 ndadulssusmlasita wud guaeugnanesuisian 1PV
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Snmsentinvesiiisugnateduiissasina 1 T dndanduitaedden Py e (8) dady
nsAnudedefidmasionnuiunysvessesuemlasasialugineugnatesy 3se19di0an
ANNIFENYDINTILUININTOUYDIEN UaziiiEnII50nTInle
nsAnwImIsndvaauransusyeing (population pharmacokinetics) {u
Bnsnisildihungamnnimeimundssaumaniusseilulszanngudimeiaula
Anwn masmauanansadnutladonisnddniiaairinadedndvaaumansvasld (9)
Jagtudsliiinenumsfnwiadvaaumaniussansvesemilasadalugieugnatesu
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3. YBULIANIFIY
Meideidumsidedimseilaaiiudeyauuudaunsa (retrospective analytical

= A

study) Turaedud 8 s iwieui 6 MenanisUgnaiesu lnelingUszasAiioainawuudnaes
LaraSUIEANYMEYB LAFYIAUAIEATYRIEINILATAlE SIufsadeneadiiniionatinasie
ndvaaumansvetemlasadialugUisugnaredurnilve lnefnulunquiUlsdgnatesy
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FINBUA FENINAUFBUUNTIAN W.A. 2540 B9 TUINAY W.A. 2561 FIUTEELLIAIEY 21 U lny
naudegelinuauifniuinud n1sivteyadszrinnienailasuend@inisiusesan

AMENISUNITIZUFIIUNNTISIUALLS B UTDELA

4. FUNAFIUNTIIAY

dnwagmandyaaumansvesmilasadaluddievanaedurilng awnsaeiue
16818 one compartment model tnefidadaniandfinfionainasneindvaaumansvesen
#un dwidn adlulnady Bulnsadn sedudayfiu anisvieuvesiy 1éun aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
gamma-glutamyl transferase (GGT), total bilirubin (TB), direct bilirubin (DB) A1A19%11971U
vaaln lawn blood urea nitrogen (BUN) Wag serum creatinine (Scr) ke szgziiavaslgn

a7861U (@ number of post-operative day)
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5. fewdwiinldlunnsade

5.1 mydgnanediu mnefis msdgnanesuainguinaduiiianzauesne
manasidadevesunmeant videmsugnaeduanguianeiidin

5.2 fvnsresfuAnng munefs AmeviesfuRnnsvesitheUgnanedui
tuiinlflunvssdou vioguteyadianvseindvedlsameiasiindud deusznause
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), gamma-glutamyl transferase (GGT), total bilirubin (TB) , total bilirubin (DB)
Albumin, Hemosglobin (HGB), Hematocrit (HCT), Serum creatinine (SCr) TAYAIN
o fuRnsdanangnasiainluiuiiinsnsiassdvemlasasia vsoneluds 7 Ju deu
sevan I dnsyauemlasada

5.5 WﬁUEJ’]VHIﬂiaﬁaﬁ‘];ﬁ?jﬂ (tacrolimus trough concentration) #1894
sefuanudufuressnilasddaluidon (whole blood) Mtan¥a a adeudUae
Sutssmueniledaly viondsiniussmustluududuinm 12 $alu

5.6 91 (Age) Vel szopaILA ARG TuRiaelinansaTased
glasata fvuantaedul (vear)

5.7 i (Bodyweight, BW) manefls dmiindidslutudifiiguasinig
aradnseavemilasada vseniglutie 7 JuneurIenainsiainseiue

5.8 Agevesiae (Height) vianedls Arwgeuesiitieituiinliludseia
PaiftheEuldsuemlasaia

5.9 svggna1nenaslgnaiedu (a number of post-operative day, POD)

== o [y [ 1 Y o o Ay Y 1 Y [ o A &
NRUYA ﬂ?ﬂ?ﬂﬁﬂﬂ’?ﬂ‘lﬂﬁ\‘lﬂ’ﬁﬂ@ﬂﬂ’]ﬂ@U I@ﬂﬂ?ﬂ“@’)‘l«mﬁu\lﬂ'ﬂEJvLﬂiUU@Jﬂﬂ’]‘EJG]ULUU'JUVlf]UU

6. Uszlgninaininazlasuainnisyindangninus

NIIVUUVINADY LagAINISIEResMILndraauaansusesnsvess1nlasadaluy

'
| A

AUreUgnateduyilng uaznsuladeniedidnilinadedA1/ing1d IewmuILLININIg

Uszanamunngnazlnseauemleasasalugiadvune o wsiug8 93u



16

uni 2

awv od 14
LRNANILASITUIUNLNYIVDY

2.1 M3sUgnanedu (Liver Transplantation)
msUgnaneedeaz Wunsidmheioiglnivaeuunuefeizduidenan nuazide
nihinsvinau legedusuasilagenaunsaiunvgnanelulagdu laun il du duseu

Jon tn duriila nsggn waznszanmn aendinsdanaeeiealvniudy afuisnugnaneas

a a A

° Y ) a Y 1 I3 Y v ¢ A ANa
V]’]Wu’]VlLLV]uE]')EJ’J%L@MI@@BWQ@JUiSﬁV}ﬁﬂWW 09LUUANUNNIUUIN NN TUNNELNDYIYTIN

1 v
Aaa a4A =

AUreluszezaning vilviguieddinnguenidy ussmenundanlsadeniszau (3)

YagtunisugnareduiduidsnmsshwimdunasgiudwmsuiUisdunesesissey

v Y

anvineg guassunedeundu gUieueissiussesuaniliaunsosnwlamenisiidn was

54

'
o

NIERAAUNANIUAIUDARUUIITLIR mi‘dqﬂmaﬁuL“‘ﬁJuﬂWi%’ﬂmﬁ%%uﬁé’aﬂﬁwél,a‘wqg

& v a &

MMIMAA1U VFRewnmg nENTUNng unndyadaunssy Idygunmg SEunnd vav v
Pufuduiinnaenszeriain1ssnyensuniIfgn wasndin1siidgn n1sugnaiedugn

sre91unsusnlulan dle U A 1952 (w.a. 2495) Dr Vittorio Staudacher, University of

(%
a1 W 1 o (Y]

Milan Aagunndyidmanisndgnateduasasnlugiy seundanunergtuneassidinuan

Y

(Y

dngdunlngnasn wazlsuAuNfnfuATILIntuNyedidle A.A. 1963 (W.A. 2506) lay
Professor Thomas E Starzl, University of Colorado, Denver Usgineanigatisng W1an
AUaenniilasunisnndiaudily biliary atresia via1eass wigusidedenunuasidedinlurios

H1dn(10) §Utesrefassuasatuideyni hepatocellular carcinoma Wa e

a A

cholangiocarcinoma A1ua16U L#8TINN 22 uay 8 Tuntenaalgnangdiu 31nn17e
pulmonary embolism ndaaniulugig a.a. 1963 - 1964 dnsuanaedusn 4 18 usily
Uszauanudniuiieann fUiedetinnendinisidaianun (11) Anuaumainang1ivi
Tingansidalszasnil Inedadeiidmansenusennudisaluragiu Ao snagliduiu
N30UBNRILITUIANA kavmAllANISHIAR

A a ! o o < &

el a.e. 1967 (w.a. 2510) n1sugnanedulszaunadusaasusniulan oy
Professor Thomas E Starzl ¥inn1sindaliiiuiineny 18 wheu s hepatoblastoma

<

Aenaensvgnaedu gUielidinedsaliluszesiin 400 Ju wagdedinannsnduun

Y
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Dugraewzide (1) seumsiidialgnanedulasunisiauiuniuiess vislusumede

Y Y

NSHIAA NSgUanasivin AN uNiAufuIneUNsUgnagedely Lavenagiauiu

Y 9

o

TIWNUINTNIINEIMERSNTNndNIntunIuainsanedetz N Nde i Inuas gl
Finegiunluugnaelifuduaeld FeteluisnssnuninliUhesendinuaznduunddin
lyidnasa (12)

dmfuuseinalnesunsiidaugnateduasausnaawdt w.a. 2530 Nlsang1ua

Paensal anmvalne (2) IesEuannsugnagduanngiivanesnie deundaimun

v
| aaa [ 6 U

Bnmsugnanelagldfuanneviewlniitiney Faluwinginismamsunndduganiiiulena

Y

ns¥nwungUelviinngeiu

14 e - 1
ﬂ']’ﬂﬂl.l']‘llax‘iﬁlULWE]ﬂ"l'ﬁJQﬂﬂ']ﬂ

'
¥ 1 = aa

1. Jusnnausnie lunenguneuasnianisknvgiodn fnavewmeduiidedin

[

wan wirudaviaulad tnededlasuauBugennngifaiin lagdunisusaalviugudsu

usnredeaz annvninedudiaassitudsesuduegiadusssu

Y

Y a aaa 4 g

2. fU3NAldin nguaneszyIguinaduiendugfniiauduiusnisasden

QU o

]
= =

vialuanfinssenfiuianu vsesgieiuunndt 3 Y eniulynsmeiuilidndudessesy

AsuU 3 U

suguaslsaduiilugnisugnanedulugvg (5)

1. dusniauiFesannhiasusnaud hiiasusniaud AusniauaINg ey ulnsLazgs
WI9LAAIA autoimmune hepatitis

2. Iﬁﬂviaijﬁaq@ﬁuéa%ﬂ WU primary biliary cirrhosis, sclerosing cholangitis,
biliary atresia

3. 15A metabolic liver disorders 1 hemochromatosis, Wilson’s disease,
tyrosinemia, slycogen storage disease

4. fueideunau (Fulminant hepatic failure) annawsengg 1wy enayulng bsa

AUBALEU

5. uzl3awaasu (hepatocellular carcinoma) filalaansanndale
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6. nmzdugiinuliives Wy hepatoblastora, hepatic hemangioendothelioma,

polycystic liver disease, Budd-Chiari syndrome Hudu

Fotsduazinasinsugnanesuluglug uismuussinnvaslsady
1. ﬁ’ULL‘T]Qi:ﬂ:Ejﬂﬁw (decompensated cirrhosis)
fuaesundaszozaninoasldiunsUgnanesu Weillenasendinlu 1 T
Wesninfevaz 90 wseduwlsegluszey Child-Pugh B (Child-Pugh score >7) #se Child-
Pugh C (Child-Pugh score >9) 30R01NTUAYEINITUERIDIN T UNIATaUYRFULTY TALA
Thiluiies (ascites) Lﬁaqedaqﬁaaé’mau (spontaneous bacterial peritonitis) 81N15N19ALDY
91n19AFU (hepatic encephalopathy) #asALaenv0AYBINABADINITLAN (variceal
hemorrhage) hepatorenal syndrome Husu EE‘I'JQEJ(?]JULlfﬁﬂ'izEJ%EjﬂﬁWEJﬁQ%bLﬁ%JUﬂﬁUQﬂd’m

AU AI38A1 MELD score” 1nnnin 15 wazdomgngsifnsdeiuliidosnin 6 eu (5)

*MELD score = (0.957log (Cr-mg/dL) + 0.378log.(Bili-mg/dL) + 1.12log(INR) + (0.643) x 10

2. uzisawaanu (hepatocellular carcinoma)

'
=

elvladnssentinnenaslgnaleduil 5 U gendnfesar 70 n1sUgnene

v
& S v

Fuiilesannlsausiavadiudeidousd aail YuaLdurIAugnaavesiauleosndn 5
R lunsdiiififios 1 Aou wdedfiunnnit 1 AeuwstliiAn 3 Aou YRR AUENANS
yosrouilvgfiansioslsitiu 3 wufins (3 o1 Milan aiteria) Tngliifinsnszaives
uziSeeenuenduvselinszanedvasndend wesiia (portal vein) miﬂgﬂmaé’mﬁﬁﬁiz Y
yoauz3afuLAY Milan criteria Arseglunasfidavesnuzunmdfiguanisugnaiefuyes
Uiy (5)

3. Au1ELdgunau (Fulminant hepatic failure) 14Lnusin1u King’s

College criteria AuandlumIsen 1
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M131991 1 Yaus¥insugnanedumu King’s College criteria (5)

Acetaminophen overdose Non-acetaminophen cause

Arterial pH < 7.3 w3efl 3 fedeluil Prothrombin time > 100 3wt (INR >

6.5) vioil 31 5 7o deluil

1. Prothrombin time > 100 3u1# (38 INR > 1. 918 < 10 59 > 40 U

7.7) 2. mmaﬂum&fmw: non-A, non-B 9159

2. Creatinine > 3.4 §aan3u/nTaNT FUBNLEUIINGT

3. Grade Il #50 IV hepatic encephalopathy 3. Jaundice > 7 Tu nou
encephalopathy

4. Prothrombin time > 50 317
(#1539 INR > 3.5)

5. Bilirubin > 17.5 §8anSu/inoans

s

2.2 g1nng ﬁﬁ:&lﬂu (immunosuppressive agents)

Y @ & a o o o o/

gnaiiAuiududdnludmividievanangeislagianiglugissnvaanisugn

Y Y

gedeny wWenagliAuiunazdasiunisifinnnelfasedeae

Y 1 I

AMenaINTUgnanedy mmimLLU'Qiszzmﬂsi’fmﬂmgﬁﬁuﬁulmL‘LJu 2 939 AB

q

%724 induction k&g %29 maintenance
1. 974 Induction immunosuppression

Jugrnmshienagidudulutisszesnandulutisszninamsiidaugnanedu Tae

Y 9

wlionaniiduiuludsunugeiuilutisiuvesmsugniise oy edesfunisiinaie
ﬂﬁmﬁmm perioperative prophylactic |mmunosuppressmn)ELuSUNL@EJuLL‘JﬂmEmaGUaﬂmEJ
i Fadurasnandifiaandssgs eddlsfian nmsugnanesuaglisunansgmuanszuy
piiauiulunsfinUiasedeny (antibody-mediated rejection) wazAdusussalunIsufias
ofozeiiviesninnsvgnaneeieizdun wu ln 1lesann dudouirmudenisiinniig
Ufiaseieny (liver intolerance) n3dlfiAnA1ag acute cellular rejection 013 luilnaidely

szergrerthsuazAulgnate winuinislasuenagiauiulusuingeeainavilvgiaey

q

Ugndreduiinnisnduanlugiveshidadudnaud wasuziiueadsiu (hepatocellular

carcinoma) U230 n1slrennagiauiulugie induction lun1sugnanesuilidmaneiitean

nsfineInsliisUszasduaznnrnsngouangInagiAuiuuinninisdesiunsuies

&

AU (13, 14) Fadinannisldennagiiauiulugas induction Al (15)

q
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1.1 Calcineulin inhibitor (CNI) minimization for renal dysfunction

finsAnunsesunsBudulionandduiungy O wnftaegnanesuly
szeziaitias saudansanvuingings CNIlagldsamiuen mycophenolic acid Litean
amzunsndeuesnmglfinuniidimdsinde uaslselndediluszeren Sufiaumunain
omslaifisUsvasAesenngy NI GailnaviliAnnaglanadoundu waelsalaFosils Te

NNt 13end1 CNI minimization ae3lsfiny gUaedgnaeduiiilavinaulnfazdions

59ATIN wazdnT1senvasiulgnaeninIEtheUgnaedundlsalasiu (16, 17)

1.2 Calcineulin inhibitor (CNI) avoidance of neurotoxicity

Qjﬂwﬁﬁmw fulminant hepatic failure #139011% decompensated
cirrhosis U371l encephalopathic coma Tusgdu 3 - 4 AeunsinUgnaesiuilenia
a = 6 1 ¥ d‘ [ | -] b4
Anensldiauszasanieseuudseananengy CNI lags esann adedanaiinli
U58An3n1Mv09 blood-brain barrier lun1331inusuiaemilasidaindaveddaanas
fawsidnengu CNI agilauanavwinlvg widslnnuveuludugs waslinuaiunsagalunis

A = a ] ¥ = =3 a = .

nanasadion JsinavilivasadenruindniinaNE@enie (microvascular damage) way
Fahanelasaasnuasninves blood-brain barrier viliveanainigluieniidigiesing
JeNiN9adle (vasogenic damage) ety fUlgNdANESIBNISARNIEUNINTRUNIS
syuvUszam nsisulden CNI 3sprswanideslugng 14 Tunienasdidn lngenanansanl
81 antithymoglobulin (ATG) 521U mycophenolic acid wag prednisolone wnu (15) Lo

ANALLABIFRINET?

1.3 Steriod minimization

o [

n1stienagiauiulugas induction fiusednsainlunisdrvan

9

NITUNTNTDUININNTTENPBSRLATALRYSRERle NStTeaResauntNaldslussezenlaedl

1%
= 2V

Aanudiusiun1siinlsaluImg anusulalings gnseanngu Wmindu denszan
waznisnavudugiveshasudniaud a819l5AnN NSANEYI AENITIATIZRDALIUNUIT

t:l d' ¥ = [ 1 a QA M v
ﬂ']ﬁﬂ/iaﬂl,aﬁlﬂﬂ']ﬂ“tiﬁﬂﬁmﬂi@ﬂﬂ'ﬂ%‘mEJﬁﬂﬂ']'iLﬂﬂIﬁﬂLUWWT]UQUC‘]IWZJI@ (15)
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ﬂﬁﬁi‘i’ﬁuﬂh\‘i induction immunosuppression

U9t mslienlugig induction immunosuppressionagdinslden 3
Uszian laun

- ARsAlAsaLRsaYn (Corticosteroids) Imalsn methylprednisolone
Intravenous Tuwun 500 fadinsu s 1 nsu Tugdranendadaneanedu (5)

- Anti-interkeukin 2 receptor antibody (anti-IL2R) fi® Basiliximab 20
meg Intravenous it lymphocyte non-depleting antibody esanelulgvilisuay
lymphocyte anaq Lﬁaﬁmﬂmﬂfjmﬁdﬁmgmm LATHARNS VRIS ITONTINLALENTITER
vosulgnareluszarellddninguitliléldonnniin Seuusdeuddvesiianeylu
rﬁﬂwﬁ'ﬁmw hepatoreanl syndrome gthelaneideunduneunisn I}Eﬂ?&ﬂiﬂl@é@%ﬁ%&lg
3 Guld wieswee 2 Aflnnglaedeundu viennzdugfiliarudsenisiianngufias
fu visennglminuunnssaniendnlgnatedugindiung (15)

- Antithymocyte globulin (ATG) 1T lymphocyte depleting antibody
les9rneilis1uau lymphocyte anasdsiinanagiifuiuldannnitendy anti-IL2R oily
mjuﬁd 2 4iln A9 equine ATG waz rabbit ATG Iagg1aznan13vina1uves T-cell Wumndn
swdsenailnasie B-cell fae Fufiupnudssienisiinnisinde cytomegalovirus (CMV)
T (15)

- Anti-CD25 %58 Alemtuzumab 1Ju humanized monoclonal antibody
fo CD25 Faduy lymphocyte depleting antibody Tngg1aznan1siisuwes T-cell, B-cell,
monocyte, macrophage, NK cell p81415ARU N15ANWIN15IY alemtuzumab d11SU
induction immunosuppression IUI}:\HJ’JEJ‘lJEjJﬂihSﬁUgﬂiﬂjﬁﬁﬁLLuz‘lj’]ﬁ"ﬁ@Lf\]ULLazfﬂo’]LﬂuG’f@ﬂﬁ
nsAnwiududeUseloniveseludeuddfang (18, 19)

N13An¥151897Un151Y antibody induction ¥aannisiinnigufiasdule
uiiliann Samseavesihenazsulgnaneiiszozinan 1 T lilldgeniinguiilulsly antibody

induction fatiuszuendsainlgengu antibody induction Liteanainislufisussasdises

Hafiusaln veaon1ssueInNgy CNI NaINfnIEenil



22

2. %24 Maintenance immunosuppression

nshienagiiauiulussey maintenance Ul mneoruAuiiAuil

A Y] a X Yo AY o oA a v o Ay
LW@{]@QﬂUﬂqiLﬂ@I E;ljﬂ')f]"ﬂ%l@li'UEﬂﬂﬂ Nﬂmﬂuiuigﬁzﬂ']'lmal,u@ﬂ IWSQSLiﬂJWUﬂWHWﬁQWQJ‘UQS

Y

lng wazlesiumaiinnizunsndouainenagiiduiu lngazidenldenagiinuiurailevile

Y

< 1y

ninalnniseangnsunnaeiy waziauineafge Wiendndesivveeinagifuiuly

YUINFS INUULINGAENITUUTUaReNAYTIANAUAS ueantuszesednIsivies

Y

Y IS

nagilAuiuigarilades (monotherapy immunosuppression) Ingengs CNI lagianizen

a o

niasadagnidentdds 90 wWesudliluenagiifuivlussezenmellosludieuanaie
CY) d‘ a 6 a V1 1 Y d' VY a o a v aa
AU 1Up931n NTIATIERBANIY @U’J&J‘Uqﬂmamuﬂmummimaua%m MIITDATIN WAL
gns15envesRuUgndnef 1 Ugenin (Death: RR 0.85, 95% Cl 0.73-0.99; graft loss: RR
0.73, 95% Cl 0.61-0.86) wumwﬂﬁmﬁﬁwﬁmﬁwwé’u (RR 0.81, 95% Cl 0.75-0.88) wLag
AUfiasfuanneneaiiesosn (RR 0.54, 95% Cl 0.47-0.74) A0 wWaiiguiungy
AUrenlasuelelasalasu (6)
A 1 . 4 .

g4 luda9 Maintenance immunosuppression

- g1lAsadd (Tacrolimus) YU1m 0.05 — 0.1 Jadnsu/Alansu/Au wuski
Juay 2 AsannaUnn wIevwIngn 0.03 — 0.05 HaanSU/Alansu/iu USnsenseLleamnaasn
= o :.’/ o % = U ¥ U a o =} r':
Hendn ntunsiainserueiluden wasusurunenlulassauemilasadaludendign
(trough level) aglugradvnefivangay

MukInINsaRasnwgtheUgnaedu U wa. 2558 lagauaudgnaie
glvzuiilsewalneimuaseRuemilasadanianludiusnndsidauandreduuseunm 5

[ a aa 1 [} = I~ g (9] <

— 15 WluN5U/0aaans AouMadann 4 — 6 Lheudusuluaunsoanseeuetantu 5 - 7 un
Tunsu/adans o

dmsunuImnsauadieUgnateiu anzumemanslsaneIuIasnsun
W.A.2559 Myuasavgmlasadanigaidivung resnendaridaugnatesiu 0 - 3 oy

Uszana 5 — 7 unlunsu/fiadaans seumdsann 3 weudusuliaiuisaanseausiaadu

4 - 6 WUNSU/Nadans
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- gnlulailTudn 188n (Mycophenolic acid) Tuszeziiavfiansanlien
mycophenolate mofetil (MMF) 9u19 1000 daansu Tviuag 2 adsofumauin wieen
mycophenolate sodium aun 720 fiadndu Tiuas 2 admneUn

- pesAlAsalAgsaen (Corticosteroid) Mevdsiwinugnanedudiulnedl
nsldrungeludiausn deundsres anvuingtamINay auneaeniely 3 - 6 Wieu
(#ntIuN15Ugna18fuaINA1IIE autoimmune hepatitis) 8191¥811gIvlaLAe?
(monotherapy) 13e 2 viin (dual therapy) Inefianngu CNI Wuewanuasldsiuduengy

antiproliferative drug %38 mTOR-inhibitor (13)

2.3 s lasada (Tacrolimus; FK506)

nlasdsla (Tacrolimus) v3eiidle index terms fe FK506 Lugnagidudu
nau calcineulin inhibitor (CNI) H¥euslddmsudesiudfiseugiaseiurznsalignane
o022 1wy 1la von WilawarUen fu wasdeudldduy wu eraft-versus-host disease N3
Ugnaewwadsuiiaiaden s1illassairadu macrolide-based calcineurin inhibitor @4

= [

a&aadafuenlelsdsa (siolimus) uddinalnnisesngnimieufueilelasalaiu
(cyclosporine) fithwiinluanawiiiu 804 madu (7) nilasatandntuannsviinvesdon
Streptomyces tsukabaensis %ﬂgﬂﬁuwdma Fujisawa Pharmaceutical Company TutU a.a.
1984 9INN1TIATIERAIDE19AUNYT Tsukuba Tuuszimadiu uazenldSunstunsidou

dwsugtheugnaneduluansgewing Tl a.a. 1994 (20)

5UN 1 Taseadeemlasada
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I3
1. nalnn1seangns

(%
LYY Y @ 1

miasadaeangrsdugsssuugiiauiuniuead (cell-mediated immunity)

[
U ¥

Tnedudansvhauwes T cell w30 T-lymphocyte dawavilrdudanisadns Interleukin-2 (IL-
2) way cytokines 3uq nabnvessazdduiu FK binding protein-12 (FKBP-12) Fuidu
intracellular cytoplasmic protein finulu T cell mduasuszneudsdoufianuisalusu
fu calcineurin 1o ufan13719 e caldneurn Tae calcineurin 18w calcium-
calmodulin dependent serine-threonine protein phosphate Tt phosphate 88N
970 nuclear factor of activated T cell (NF-Atc) Wielit NF-Atc wndaufiann cytoplasm 111
g nucleus Fiflaid1duRU nuclear factor of activated T cell ‘ﬁa@flu nucleus (NF-Atn) 4An
Juansusznauidedou fia NF-Atc-NF-Atn complex @evintinfiidu transcription factor
d1%5U cytokine genes ‘1'71'?1%’1\‘1?11'5(51'%‘13] LU interleukin-2 (IL-2), interleukin-3 (IL-3),
interleukin-4 (IL-4), interferon-gamma, granulocyte macrophage colony- stimulatory

factor (GM-CSF) wag tumor necrotic factor-0l (TNF-QL) #93un15 e n1lasadadeiing

fudan1saing cytokines 7ina1NNINTEAU T cell (21)

2. dausld
Itlasiunnvdiasiu lnaisusulvemilasadantevdinisugnatesu

o oA

Swivenagiiduiunguaus wu lulailludn wdn (mycophenolic acid) kavenesalaa

9 9

Wasesn (22)

3. vwngmlasadadmunisuanaredudmiugivg

1. Oral, immediate-release: 3udu 0.1 — 0.15 fadnsu/Alandu/Su wusli
fuaw 2 ada viedunn 12 Halas Mndulivruneenauldsedusmlasidadmane

2. Oral, extended-release: 3udiu 0.1 - 0.2 fadnsu/Alandu/fu Juas 1
%t ntiuuSurunenauldssuamilasasiaiivang

3. Intravenous (IV): 3u6iu 0.03 — 0.05 fadnsu/Alansu/su nelinamasn

LADAAILUU continuous infusion (22)
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4. indvrauardnsvasemilasada (Tacrolimus pharmacokinetics)

4.1 NM13nATUYase (absorption)

gnlasadadien bioavailability (F) Sevay 4 - 89 (Asferay 25) Weldsu
ghgsranmensunluiheugnaiielauazdu sefuenazgsgeluidonil 15 - 3 dalus lu
fUheugnaedu wuinemnlasadiadl lag time 0 - 2 42lua (21) $n31N139ATuLATAY
bicavailability ¥e1g1a1endan1sSulsenuedanuvainvatsluuseynsgUiengusinge
fin bicavailability vesemlasatanimatiy 1&11919)97N presystemic metabolism U138
nilsal&lme intestinal CYP3Ad waznalnnisvdnenesnme efflux pump o9 P-
glycoprotein (Pgp) Faudu adenosine triphosphate (ATP)-driven efflux pump (7) Ing Pgp
R]zﬁs?’]l,m‘lingu%nm apical membrane 983 mature epithelial cell, hepatocytes, renal
proximal tubular cells, blood-brain barrier Wwaz leucocytes (23) dlesuusznusmnilas

adfaudn enadeuniu Pep wdingwananldidn nszuiunisadnenilasaiassisuiu lng

Usgnaumie nsruaunsiumuedaulaeieuley CYPA50 LagnsyuIuN1s active efflux o

a

UinauBeaudldian Tne Pep fimihiinunudsunamilasidanazgnianelaeioulesd CYP3A

[

oy & ] < I I a o = o A 9 v 1%
a anldlantunsazass aglsinig miasddaszgnaandudnasilag Pep Litalvienlagniumn

vealarisey CYP3A dnaseeailuseansanlualdién

5UN 2 nalnmsimivedaudqeieulay CYPA50 wazn159dnemIlasasis

Tnenaln active efflux transporter U?L'amlﬁaqﬁ’l‘lé'tﬁn

[

nilasddaduenfinuveuludugs dalunisgaduendaduiunisazans
nsgeduemnlasidaivanadls Wewinanegvisads aliinasenisgaduginilasida
(24) 91siinaandnTILazUSuINNIRATue M lATalEa tnsanizomnsniludugs wudn

WalreInlasadansauenms inayinlinis 1w esvesetUdsuslad An A1 tmax by
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[

4971 5 — 7 111 A1 Cmax anad 39 — 77% wag AUC anas 27 — 37% satiutiioanaiuuys

Y

=

fuesnsgadue smlasddadsnsuimsvaesieaing vinsanemsedates 1 dalus
iielvinsgeduendululdedanysal sans Ingundudnseiuengsgauesemilasidans
ogluraa 1.5 - 3 Halus vasSudsemuemsun (1) Tnevhldudrvumemilasadanlss
mahnagilnnaeiganinmunaitlimsasaidendt 3 - 4 wi ilesananuaansalunis

AATUY1IINNINAUBINNTAN (21)

4.2 N135n5218U8981 (distribution)

mnududuvessmlasataluiden (whole blood) axganinlumanauniade
151 (Wde 4 - 114 1) (24) Lﬁaaa’ms’mﬂmﬁﬁa%’uﬁ’mﬁmLﬁamLLmqq ATNISNSTANYVY
g1lasada (volume of distribution, V) 31AANUULTUVBI87 bUINAFUITAIUIANTT 20

Y

Ans/Alansy wandliiuinemlasasaanuisanseateasnuannatauiles lnesmlasasiad
A" blood-to-plasma ratio Uszanas 35 (de 12 - 67) e1saunsansziedngdadenuns
196 wazAn V ananututuvasenluidonialnguseunad 1 ans/Alansy nilasasadu

uayiiu (aloumin) uay alpha-1-acid glycoprotein Uszanafesas 99 Tugftheiiugnaie

97872(7)

4.3 1371908198981 (elimination) N15AN4ALI9DNAINTINNY DIAE 2

NTEUIUNITUEN LN
4.3.1 lWn1UaAHYN (metabolism)

nilpsddagnidalaewnuedaudundnineoulesl CYP3AG uaz CYP3AS
ffunazniiadnldian JelnaviliAn first-pass metabolism mewvdsgniumuslasiazeyly
;:;Umeuaiaﬁﬁﬁwaﬂﬂqﬁﬁuﬁ’usuaﬁ'wmalé’ 19U hydroxylated and demethylated
metabolites usna1ni n1lasadadadu substrate ¥oa CYP3A4, CYP3A5 uay P-
glycoprotein g0y membrane-localized drug transporter WUN15Y191UY849 drug efflux
pump 183 P-glycoprotein US430d luminal face vangadnaa1ldian (enterocytes)
anunsadugoenanwadndug sut lumen 1 viildanmsgaduemilasadiaas Weuimsen

lnesukuuulseniu nsldemlasadanssednseislugUieniinsiauvesiuinung
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aaa |

$rdensldfrufueraiadugiionainlifnu jaTorseninessinunis CYP3A family
enzyme 14 (21)
4.3.2 n3¥ueee (excretion)

ymlasasiagnivasnainitnieriumaidundnussanndenas 92.4-92.6
warduanmislafesninesar 1 lugUleugnanesiu

Systemic clearance vesgmlasadalunatauiiiaigs agluyig 0.6 - 5.4
L/kg/h pgnslsinnu Awansalunisnszaevessmilasadalusudadenuaciuazgae
Pinnsgnudaveensanatnidenls dmsum Systemic clearance vasumnlasadaluden
avaglut 0.04 - 0.083 L/kg/h n13udngnazanasmumsvhavesiufianas fadu fuae
lasunissdaugnanesduliieaunsdiu (partial liver transplant) 813f09n15UIAEINLAT
aitalumuashindUasgnaneduian (whole liver transplant) ilesann Tanuaiunsa
Tunsumuedanenvesduiiivaannii

ARSITIN (half-life; t,,,) Asemilasadatanlagussuia 2 — 36 Flu9

- | Ny )~ ) ]
LLagﬁlgmﬂ’]ﬂiﬁsﬁ'ﬁ(ﬂVIEJ'TJU']UﬂiﬂJE&U’JEJ@J{ijWqWUUﬂW5EN

AN5199 2 LNEYIAUAIENTVBIBIMIIATALE

Absorption

Distribution

Metabolism

Excretion

-Tmax:
Oral: 1.5 to 3 hours
(immediate release)

: 4 to 8 hours
(extended-release)
- Bioavailability (F):
Mean 25% (7 - 32%)
- Effect of food:
clinically significant
decrease in rate and
extent of absorption
- Lagtime: 0-2hin

liver transplanted

-Drug binding:

-In whole blood: 74-80% Tac
bound to erythrocyte

-In plasma: 72-99 % Tac in
plasma bound to albumin
and Q-1 acid glycoprotein
-Volume of distribution
-adult, 0.85 - 1.41 L/kg
-pediatric, 2.6 L/kg

-hepatic impairment, 3.1 - 3.9
L/kg

-renal impairment, 1.07 L/kg

- 98-99% Hepatic
metabolism by CYP3A
isozyme in the liver
and intestinal wall

- substrate of CYP3A4,
CYP3A5, P-
glycoprotein

- drug interaction

concern

-1 - 2 % via renal as
unchanged drug
-Tac Metabolites are
eliminated via bile
-Biliary obstruction
is reported to
increase Tac blood
conc.

_TI/Z: 2-36h

FALUAIINENANTONBIMUNBLEY 21, 22
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5. A5ATITATLAVLMNNNATANE MULE DA

[y

ANSASIDILATIZNTLAULINLASAN AL ULADAAITLNITIATILILAEATIFAIN whole

aal

blood iflasanymilasasaifirmansolunisfuiudadenundlduinnninfesay 80 lned
A1 blood-to-plasma ratio Uszsnau 35 (de 12 - 67) (25) Uadeudugungiilinasionns
nszaemvemlasafaludsdiinavenden lnsgamaimiinasinlinlasadaduduiie
Foaunufintu szvelunanaudsiianas Feilinanisieszsesuenilasadal
warauAnAuwlsUTIuligenitnan1sinseiseaue Tl whole blood esann RIVEFY
Tunszuaunsuenduuszneuieueadenlutsnmslinsziligumadmnitgamaisanie
Jadinasioszavemiasadalunaian (26)
Fhareissiuemlasaialudond 2 maliafid ey Ao
1. High-Performance Liquid Chromatography (HPLC) %ﬂﬁﬂz\‘igmmu Mass
specspectrometry (HPLC-MS) iag Mass specspectrometry/Mass
specspectrometry (HPLC-MS/MS)

2. Immunoassays

wedla HPLC-MS %3a HPLC-MS/MS L8uisfiuugih ilasandimmdimizse
minsadaluguiuy parent drug wazdinaula (sensitivity) 77 Tnese wummimﬁﬁaﬁwqmﬁ
annsansaials fe desnd 0.5 wilunsw/dadans wiisdsdides daFesuusvanuild
Tunsiinsnzvige uagldszoznaiuiy deenaliivanzanlunsdfia  dmsumaia
Immunoassays b4u Microparticle enzyme immunoassay (MEIA) ﬁ%umauiai%’u%amﬁ'a
Weudumaiin HPLC vilrazainlunisasivinseauelunieuiud  luefnisnisnsiain
syfugnlasasTasieds MEIA § 8191fin cross-reactivity 989 metabolites ¥e3gvlasasta
Tunsesaiald Gseravhlinnassduemlasdidludenldgiy  dadsuieutumada
HPLC-MS %30 HPLC-MS/MS wudnanifsegnuuesisnsnnde MEIA ifisiufesas 5.04 usll
nuANANANegelitudAyn1eedin (clinical insignificant) (26, 27) U9y weilaly
n13ns19inszAve i lasadalasunisiaullidaarudinig (specificity) aa1ul7
(sensitivity) anansansiaseusediugmlasasialudoausmadesld ffunulseaniuad
Audt dszezinarlunisnsradiasizifiimunzay d1mfuimaia chemiluminescent

microparticle enzyme immunoassay (CMIA) Fawauilaeusen Abbott Laboratories

s
a Y

Diagnostic Tun15m5133tA5189%8 LOQ v 0.8 wrlunsu/iiadans, duuse@nsnuauuys

(%

(Coefficient of variation, CV) ¥895eaueMlAsasd Uasniyinnusasas 20 119 Within run
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precision 18z Between run precision (28) d1915UN15ATIVIALALIIIITUNAAIIULTLUUUE
nlpsasia a8y parent compound tacrolimus wieliagaansanisiiluldlung
URUR ailfanudn CMIA a11150757931A5129 tacrolimus metabolite 1630 4 vila 3
Usznauaig M-1 (13-O-demethyl tacrolimus), M-2 (31-O-demethyl tacrolimus), M-3 (15-
O-demethyl tacrolimus) wag M-4 (12-hydroxy tacrolimus)

2.4 J299918d9NansenUnaNavauA1an s8I lasaLd

AsAnwINNIUINlAT18UdaTeNNTENURBLNEYIAUAIARSUDIL N LATAITE b
naugUlsUananeeiedy fail

1. 91y

9

a = )~ ' = ) o w
fin1sfnw3nee1u angilinasenisiidsunlasdnsinisnidnen (apparent

oral clearance (CL/F))(29) mawmﬂmﬁﬁaﬂlu;ﬁﬂwLﬁﬂmé’%'umiﬂqﬂmaﬁu Taeasule

Y

waRaillaain metabolic function vassiufdeaglugaa developmental phase v84n13

WsaAulaluin wazogiuniuasiinanamdnsinismdnevesenilasadananas (34%

£
IS a =

deorguiinunn 1 U Turaseny 1.1 §is 13.9 V) (30) dedudtedniildsunisugnaiedivas

9 9

R

Aean1svuIngIlasadangendnduieglnguseanm 2 - 4 wiieazasszivemilasada

LY

agaleglugaein1ssne (31) wenannddmuirdireiinuisedidenisauineiiigenin
Ml nsdindianuunnd1avesnuevesdld nmslvalisuveaieniifu n1suanteanved
CYP3A4 (32) Li D wagmauefnwdady s1eeudn ongdsliiinadorindvaaumansvasem

miasadalugUlsugnaneduglveg (33)

2. Yrniin

Yasuhara wagAug (1995) s1891u31 dndnidy interindividual variability

! o s

a a o v o w =
NinanalndvIauAansUe1INILlATaNd LAgsnIINISANTAYIVDIEN (CL/F) 92anadtde

UNUNFUNNNINTY AUNTN1TANILANLALLAY Sam LazAuy (2000) $1897UAT apparent

Y =

whole blood clearance (CLg/F) 1MuUsHUlAgASIAUUINUNAT FIUoNATNTI89IUATIAY

Y

Y v '
! o v o A

= a i v Aa a X a o )~ o § v i a X
ANTANTINUUINDURUIUNNUIT UTNUAAINLNNIU 1 ﬂiaﬂill"ﬂgllmamrﬂ,ﬁﬁ'] CLB/F LNHUU

(%
LYY o

Uszan 1.7% lugvagdgnaedurniieds (34) dsdunisimuavuingmilasadalay

o w

91adaminmvesUleilasue (body weight-based dosage adjustment) Faiiaaudfisy

<
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LAZITNITANUAVUINYINLATAL AR TUUINRUN AL ILANANUNULUSVDITE AU L ATALE

" Y v
a = v

biszaueeglurisnmssnunlansundugihewnuazgingflasunisugnanesu (35)

3. gunlnsasn wazdlulnadu

gmilasadainnuaansalunisiuiuwaddindenuwns (red blood cell)
Taann Taenuin waddindenunsduwraaiunanvessmilasaialuden Insemilasada
11A1 blood : plasma ratio agluzi 2.9 - 134.8 Tugrsaududuveseiluiten 3 - 28.7
Pun$/Aedans J5199u1 smiasasasuiudadeawaseuuldiludunsduataadas
aunWA Feaenndesfiudoyadi blood : plasma ratio fleglura 4 - 39 uay 4 - 114 Ty
AUeUgnangsiu (36)

dnsnavesrdunlnsmsnidnananonsinsmane ((CL/F) vaenls (37)

TNSANINUINTLAUTUINTASATINARDANUNULUTUDINFVIAUANANSUVDILINILATAN A LU

a

FUaetAnildsunisugnanedu Tnednsinisdidnen (CL/F) vessnazananiosesy
Burlnsedaifindu (38)

Minematsu wazanzymsAnyABITUNInszaevesemlasddalumadiindon
LAY BTl UNaDANAGDY kagInTIErvuIngMIlAsAtaiuatuduveseily whole

blood tevueaNududuressmlasiddlunarauilungugiieugnaredunlasuuina

o o a1 1

[ yaaa = A a I~ [ [ 4
2189ANGHTIn nansfnwasundunsasaluladeddgyidmasendvaauamansuos
griasddalugUisgnanediuiilasuusnneTeigainguianadunidddn wmsie mdulnsa
SnvesUiazanadiafuinauanas nNsAnyIFaLusinlvannuseAungasalung
fAsuvuIneINtAsad Na1aliINANUNIUYBIeINItASATAlUNaEUN AL UABULUAY
dl' 1A a d' dll a U %} a“:ll Ya U [ ]
Wardunsasaasundad WiasannnataundanudunusNinagaiunan1ssnen waskaky
= I3 a o 1 [ d' [~ d‘ 1
faUszasAanemilasadauinninseaueily whole blood asanwataunasiluiogves
miasadalugudasy (free drug) BeaazuanstaUSunaeduiannsaunsliuduvadla daty

2 a1 oA a [y a o a' dﬁf 1 =
mngtheilenduiniasnanas seivemiasadalunaiaunasiudueg195insa (39)
Tul A.@. 2013 Viterbo WAEAME WUINTLAUTUINTASANAAAILAINUAUNUSAUAT

a ¢ ¢ A a X v 2 av vo ' )
indesuaudveseniudulugUlsinilasunisugnanesu (37)

dmsuaalalnatu N1sANWIYee Zhu wazaue (2015) wuinseaudlalnatu
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[ [y

WsAiuA1 apparent volume of distribution (V/F) vasgmilasafalugUieugnatedu

ﬂe

ilvia) (40)

4. AMNSVINTUVDIAU

N15UsEUNTYINIUYeeiU 1aen15nTIAmMaiesUjinnns Liver function
tests (LFTs) @nansaagviounisiauvesivlalunaisaiu (41) wu
- serurn aminotransferase J3Us¥nauday A aspartate aminotransferase (AST,
serumglutamic oxaloacetic transaminase (SGOT)) wag alanine aminotransferase (ALT,
serum glutamic pyruvic transaminase (SGPT) diA1Und 30 U/L Tuwie waz 19 U/L Tuneg)
ANMEAUINLEULREUNSY (acute hepatocellular damage) avinlviszautoulad AST uay
ALT TuiBenfisgeiuoeaiitodndy Inetoulssd ALT fanududugenieludu fauen ALT
F9TAMNTUNIZHONITANNNIZAUDNIAY WIDNANITAIBURNLTAARU (hepatocyte necrosis)
17NNI1AT AST
- serum alkaline phosphatase (ALP) LﬂuLauvL%ﬁﬁagljU%L’Jm hepatic canalicular
membrane AUNAYEY ALP 9g/lute 40 - 150 Hadn3u/inddns n13ns39A1 ALP dlaanula
son13UsTnaevietiAgadu (biliary tract obstruction) Tnsen ALP xgetunsdifinann
G’Tﬂﬂd’nﬁgﬂuma‘jﬁLﬁ@miqfﬂﬁu%aﬂﬁaﬁﬁﬁgﬂﬁnm intrahepatic Wag extrahepatic ducts
Tne ALP 2ziiAmsedinussanas 17 Su fadu fn ALP geenadengalasni 1 dUavinevas
AmggafuaviatFldTUMsinwudn nMafutures ALP Tussdutunansdanulugtedi
AMEAUSALEY LagAuuda
- gamma-glutamyltranspeptidase (GGT) Lﬂmau%ﬁﬁﬂﬁﬂgﬁluwa’mai’mz Wl
ANULULTUGIUSIIN epithelial cells lining biliary ductules A1 GGT finnulasenisuslsa
fiinfuhepatobiliary wildfianusume weswn sedu GGT AnsaLiiNTY n3diinane
e néwidortlaviaden Tsawunmnu Tsameiuseu viemsauueansed oulyl GGT
fifnpSeTinUszana 26 U Iuﬁﬂaammaﬁﬁszﬁu GGT Lﬁugaﬁﬁmﬁmﬁ%ﬁm onaldlain
NAMEBlIARY WAMSAINTANATIAR GGT §1 MendmaniasinsauLeangednsoas
FifnafivsesulussermanedUam
- serum bilirubin S50 (bilirubin) 1Jussaingiidunandnvesnisdosaasdy

(herne) 3918u cofactor 189 heme proteins 139 LA hemoglobin, myoglobin,
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cytochromes Way redox enzymes @4 bilirubin d@uluguiainnisaarsvesduludlulnadu

=

Yaudaidanunsfivuneiglszuia 95% wazuiaindulushuydndugndnnuludunie

v v v

Y & - L aa X ' ) a A
na1ile bilirubin MAnTusrgnianlassainwadludinssuadonuaziuivdayliudag

[y a

Y8058 bilirubin 1UN2519n18 1me unconjugated bilirubin @unsaduiudauiiulanun

Y

YY)

Juiuduaisusenou@sdou (complex) o complex wnfisfiunda 20% ves bilirubin 270
complex Aggniigaadulaenalnianiz complex MnaILRNIMNAVNIUNIMADA

dons luiadduaziiveulsy uridine diphosphate (UDP)-glucuronyl transferase 3@

A .

glucuroninde v bilirubin 3nnduaglalassadrvlnidfiazateullad Ao conjugated

a A

bilirubin Faazgnandedluiiufiguind Weguiifgnnszduaineamisludy conjugated

9 Y

bilirubin zddantddn anntuludaldlng yadnludldlngasany slucuronide on

Y

91N conjugated bilirubin waztdsu bilirubin 1 urobilinogen ng 50% w89 urobilinogen

[ o
o

MAnTuILgNAATUNGUHIU portal vein LUy uazduoannieald uenaintidaiiunsadiun
| a o a A a . a
Wrunszuadenndale sonunlulaany Inedmdesvesdaanizifinin urobilinogen fign
Anndugn oxidized lunszuaiden wana N urobilinogen §agn oxidized Aian1eludnld
Tngglondu urobilin viliganseddndes
Wesanndndiuve bilirubin ﬁagﬂugﬂ conjugated way unconjugated Tu
NITUALINEIN1T0AT19T0 16 LazaIuNTaUTTTAUAINRAUNRYRIe TUE Nt naReltNAg

Waguwladuazdau bilirubin 19 3edin1snsiadinsedu total bilirubin (T8) Tuglvey Fadl

£%
1A

AUTERN 0.2 — 1.2 JadnSu/ndans feriidunasinuessedu unconjugated bilirubin

=

$#58 indirect serum bilirubin (90% v89A1571) FaAUTTUM 0.1 — 0.8 TAdNSU/LATARNS
Wa¥I¥AU conjugated bilirubin(10% v©9A1574) %38 direct serum bilirubin (DB) & 93
AUsEUNd 0.1 — 0.4 JadnSu/aTans

5¥AU serum bilirubin @1u15aLingvula 1099100178 cholestasis

e

[%
o

WeeInAsiun1svesitdnduludgeunfgnannu taudiannnain viral hepatitis,
bacterial abscess %30 gallstones

- av ¢ o oo a a4 A °

\eann mlasddagnumuelanivdnidiuwasuiiantallenvesdldlag
wulwyl cytochrome P450 (CYP450) 3A wazduaaniiun1aia mnguleiinisviauvessy

Mlaifiagrinly dnsnsindnen (CL/F) vesenanadlaiisuiugtieniainisinauresiuund
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lugthednanlasunisugnanedu wulnmsvinuresiviianasiidnsnadenisuinemilas

v Y

o

ada lnaaduniaung 9nsInsianvedel (CL/F) 9vanad 2 Ty 3 LavAIASIInYed819y

WAINUINTU 3 L¥N91NUNR LABRNANTUIAINISYINIIUYBIFU AB AN AST @ediuszlewulunng

a

FARIUAINITNINUTDIAUNANAY (42) N3N Fukudo wazAue 1AS1891UNTANAVDI

[
=

an3IN3TReIeInIlaaTaLUY exponential af AST Winau (35) NMsfnwlugUieuan
S1EAUTIBUINAT AST HavEnasednsn1smInevesemilasada laeAnsvinnuesiu
fidntiaundn 70 U/L agvinlignsnisindngnvesnlasadaiusndulugtedlugnlasunis

]
v a v o 1

Ugndnedu(a3) uenanil SaiBnnarenisinuifissnudinisvhauesiuii duiusius
\ndrRaumansvesemlasaE fall

- Sam wazAMg (2006) $18911UA" serum alkaline phosphatase (ALP) > 200 U/L
JUWUSAUAI apparent whole blood clearance after oral administration (CLg/F) fianas
2.93 L/hr (30)

- Zhu wazamz (2015) 519974 A1 total bilirubin (TB) 7vfinTu Fuwusiued
aeLIUg (CL/F) yospmlasadafianas iesainan TB wansdenisieuves biliary tract
function Tlanas Feiinasenisvinemilasaaesnaingrsnie (40)

-Lu kazAue (2015) 518974731 A1 alanine aminotransferase (ALT) dUWUSILUU

NARUAUAT LAGELSUS CL/F vp98mnlasasa (44) wan1sAnwIved Zahir wazane (2005)

1% (% ' 1%
= v v W a =

wud1 lussegiian 2 dUamindaUgnanesdu A1 ALT Miiu@ududuiusiue CL/F fiuiy
Wiy ag9lsAnny AMENFINAAUGNANBAY AIN1TINUVRIRY WU A1 AST, ALT, GGT il
lomagelatugae 2 U wirnsvihnuresiuiigaluyisiinanenalilaasioun1sinau

vassiulgnanefanadluyisiaifangn (36)

6. AIN1591191UYBs A
nsUszannsvihuvedlaludauiinaluneufiRiivate3s Tngnldun
PN A a 1 .. Al (Y 1 < !
ign Ao N5UTEIIUA1AIN serum creatinine (SCn) 1o naTIadaladte s1agn Wudiu

) 2 & = a ¥ o & a Y
NUIVBINITIATIVABDANUTIU LUBIIN SCr HANMUANNUTYUALUTNANUNUAN gtomerutar

filtration rate (GFR) Fuduaunsgiudmsuuszunanisinauvesladelunanaludnd

Y

guanAuaziUie aeAn GFR fie 8051115058981598n113 glomerulus nuae il
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Usumsvaanaiaunnsassnulneanlulaly 1 wiienal AmusnAvesseeu SCr windu 0.6 —

1.2 18n30/0@8a3 a1ausnsnsluudaziesufuisinig (45)

nsvdneanvaswIlasadarulanuIteenin 1% 84 total body
clearance 1 serum creatinine (SCr) vagUreidunsfiimesiinanaainisvinunedlai

anas laulinansznusanan apparent whole blood clearance after oral administration

[ Y 1

(CLy/F) apslasasia (34) Inuan Scr Vlemu 1 pmol/L agduwusnuai Clg/F fanas

[ 13

0.6 LWasidud (30) satun1sn1sUsTuILInel nilasatasialudndudasmiefemn SCr
261915AmY TU9N1SANINTIBUAMUFURUSUDITEAU SCr AUSNIINITANTAENUDILINN

1Asada 1neA1 SCr AUNNNIN3eLYINAU 2 Jaansu/indansaunusiuonsinisnanen (CL/F)

(%
Y

Yoseilanad 40 WesiwudlugtheUgnaewadsunniindaben fidemsauufgiuliin dd

scr o duunuresmsiUasuntasnsinaioureadeniila Seeraduiusiusuiilesu

vinduiliuante1nis (subclinical hepatic injury) (46)
ansonvdandeflalunisuszanamsvhauesialudsUSua fe Urea lu

anIzANna SEAUYDY Urea aglUSHNRUAUAT GFR uazeunal blood urea nitrogen (BUN)

[

gnintdlunisidadeneedinuazldaunedagiu uwleiivediavareysens lagdnsinis

4374 urea anunsaAsuudaslaluan1izunsedns Ing urea 98NN glomerulus uag

[y

ANTUNEUN tubule lnen15AATY urea NEUFURUSAUNIIAATUUNNGUN proximal wag distal
renal tubule AMUNARYDITLAU BUN 9INAU 7 — 21 HANSU/LATANT 919wAnsNgluLsay

WoaUfuRnIs (45) Zhu wazauz (2015) 1is1891u11 blood urea nitrogen (BUN) d110u

Yadensmdtiniinanednsin1sndne1ean1lasata lnednainliai objective function

Y o q./

value (OFV) 984UUIN80 N d¥9auA1a@nS full model tasundasluageddudna

(AOFV = 11.258) (40)

6. 56 4u (Albumin)

a

Ty Humilsly serum proteins MUTUUEIRS 75 % vBaUTUI serum

¥ 1
a = = ANa

proteins mlﬁanauaaiuwmam maﬂmamuimamu lagdayiiuilra3a¥indsyuin

3 dUnii aranduturessayiuluifentueg futiinmsvemmata waednansduaey
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'
o 1 [ [ a A o

dayliu lnegUnd dns1n1sdansienazedn 12 nfudedu anzdayliuluiiond

Y Y

[
=< [

(hypoalbuminemia) 813LARIINTEAUNAIANITLALGIVY Y308RTIN1TFUATIEYIBAYTY

=b.

anas Fannedananduiusiunigiieannu (asctes) viaiinn1svuenefves extracellular
albumin pool Tuguwes intravascular albumin pool muzé’agﬁﬂmﬁamﬁ%ﬂumwﬁLﬁm
I¢oslugtaelsaiuiFasa (chronic liver disease) Sanmziinulsivegluftaslsnfudsundy
(acute liver disease) Fanzdayfiuluidenmervliiaudunzivienzlsndu udea

¥ = v a a =) 1 ¥
avvioun1sgaydedayiiuannmafiuens visemadlariu gloumerular la (41)

a [ 1 [ [

dnSnavesszaudayiiunednsinisndnervessmilasddadusesiuianla

e mlesddadnaantfidu low clearance drug lnefien extraction ratio Uszana

3% veadnsnishravesdenlugduiu (liver blood flow) fisdu mlasadagadanaudnlunis

vudayliulaas (72 - 99%) uasildn hepaitic extraction ratio (ERy) #i1 e1ilnaaud®

q

[ £
1 Y =2 o o

Aananvrliruiudnsnisivavesdenludewiu uiastuiudndiuvesefeglugudase wag

AMuaNsavaseubrlludulun s vedausnanailunsainliivednnnvesnisiaves

1%
[y

danlugasiu (intrinsic clearance; CLi,) (47) N@13AB NSLARELIUTVEINILATALERLIUAY

[y

szAUBIInTATe wardayiu lnedn1s@nwiuuy cross-sectional TugUagugnanedunuin

[

aduveanlasalaluguBasyinnuduiusideau (negative correlation) fiuszaudunlnsa
30 Uaysyaudayiiu (48) wenannil Zahir uavamy (2005) S18audngtheugnanedulnegi
1n17% hypoalbuminemia (albumin A1 3.5 ¢/dL) AANUFURUSAUSNTINIIATREIUDS

grlasasiaiifiudy 16% (49)

7. Ufn3e152n31een (drug interaction)
a v a aaa ! Y] a A e v oy A
V]’]IﬂﬁallaﬁqlnﬁﬂLﬂﬂﬂaﬂﬁﬂqigﬁ"]’]flﬁnﬂUﬂqsﬂu@@u‘]Vﬂ‘?ﬁ'ﬁiﬂlﬂ:@ LUBDNAAN

a o

glasadagniuniuedaulaeieulesl Cytochrome P-450 wag P-glycoprotein lagvnilas
avanfu substrate v CYP3AG nsldendiidu Cytochrome P450 substrate/inhibitor T
AdreUgnaneduaraliuanmsuenisinseduemilasaiagninsedun1ssnyauenad

anshifieUszasd wivmnnlden?idu Cytochrome PA50 inducer anaviilszduemnlasaia

maueraduamnvensiinufiseufiaseu
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NMsANEILAdTRaUAEnsUTEIINTNUIIN1TIE87 sulfonylurea 2w iinayin
gnsnismdneveseniasidaanadugUlsugnatesiu (50) uazeiiosngy azole Iua
guganisitauveeuled CYP3A4 Tnsen voriconazole WiagUlslasusnaulassduen

Wninguaagdanadudinsiunivedanvesiu dailnavinlviseiuginilasadaiiiuasdu 2

= [

Wi (51) BANSANEISI89IUNATRI81 fluconazole INANARBERIINNSAANYT (CL/F) ¥898

a o L = 4 £% %

mlasadageiidodfny (52) astiu n1slte1vindugsiuiuemmlasaladneeseiinse s

(%
YY) =

n1sinUfisensenineennenaiinaseseauemilasadavesitielgnaenu Ay 39a1s
M539a0UTI8N581BuNEUIelasuSIudveImlasadalane WeanAd1udsslung

AnUNTe15ENINeeN (35)

8. szazmmmwé’aﬂgﬂdwﬁu (Post-operative day; POD)

[

BNFININNAINYIVIINLASANANUINTANTINAINNANY JUNUSLELIANNENAS

msUgnaneeieizneiu uarls Mtuszesnanendivgnaiseiezdandu covariate niladi

o w |

faudAgydonmsdinesuetilasada

Yasuhara wagandg (1995) 59384 Antignac Wagamz (2005) 5189714
ANNAUTUSSEnIeTEEaINenagnaefuiudnTInsidngn (CL/F) vesemnlasada
Tufthednildsunisugnatediu dsmssfunisiinuves Zhu uagans (2015) Anuindle

szeaNendIn1sUgnaneduiiinduduiusiudnsinsidnevesenlasadaasiiuay

TuUaeglvg (40, 53, 54) siaun Chen wavany (2016) Anwrseauemilasadaluyls

o

szevlian 90 JunmasneUgnanedulugivg Tddeyaseaueiluyie 1 weunsnuasUanaiedu

Wudulne (Uszuna 74.2%) wuin dose-adjusted concentration (Co/D) duualtiuanas

va v

Weasruriiain1endelgnangduiiudy Feideesurgininainnisidneiiuduniy

U

SreEIANEnaIUgnNaefu 1o NMYuTeLuMueRaNILiNTY uaznsiaFeuNves

ANV URLTUNENAINISHIRA (55)

a

LAIUNINISANET 51891UBNTINSANTREIvaIIlATAlaTanaLilaeusLIan
AYVRINITUNANLFULRNTU 991 NARANINAINASIANTUYBITEAUTUINTATA UaY

a o, = & av v i )
ayiuswmelagidunsanuiludnilasunisugnaiesiu

Zhu waganiy (2015) Fanuinsseznainievainisugnanedunusiue
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apparent volume of distribution vesa M lasadanisduiu lnedinaiilian Objective

Function Value (OFV) v83uuus1aaanduaaumans (full model) wWasuulasluagnsed

[y

Hod1Agy (AOFV = 266.791) (40)

9. NMITWYHUFIUVBIEU (genetic polymorphisms)

[

amznndugiuvesdudutifeneddnniaidnanslumuduwdssening

<3

yAAa (inter-patient variability) ¥ese1m1lasasia lnelinadevuingmilasadaszdanalit

seavgnmiasadatadmunetvueeiuansnsiuluwsiazynaa Inan1isnydngiu CYP3AS

'
Y

Wueulwdndnlunisiunivelarienilasasda Fanuin 80% 99371987917 (caucacian) i

[

nwaznaiugnssulugia poor metabolizer vasiauluyl CYP3AS Fenanilddnniigny

daugiu CYP3AS5 finasdaluninuduwlsseninayanavetenilasada In15Anwisieau

o v o

ANUAUNUSTENINBNTNAVDINIENUAFIU CYP3AS YBIHUTIAGU wazgSuuIMAduiv

o

WNd¥aumaEnsveeIlasata (56) NNTUATILH E]ﬁllWULLazﬂ’]iVl“UVl’JULE]ﬂﬁ’]i@EJI'NL“ﬂu

Y Y

szuulul 2013 wanaraveInTIENdugIY CYP3AS veausnaduinadednaiunnududy

o

yosgmlasasiadavuinen (C/D ratio) vesfihedilssunisugnanesiu Taeiinaoesdodfny
Tuamgraaieunsnmendinsugnanedu (57) uenanil dawudn CYP3AS fiusinguina
anldlugusaadu n3egTunisuanaredgnanesiuiia living donor 18nSnwasienis
wuedauveenlasasia (58) Feaonadeafiunisinuives Li wazans (2007) fUedil
NSUWARNBBNYBINTINYAUFINVEY CYP3AS5 (CYP3A5 expresspors) 3¥AaeN15IUIAeINILAT
AifagendngUaedlaifinisuandenn (CYP3A5 non-expresspors) Uszanas 1.8 i1 (33) Tu
n3AnwIves Li wagangdssenunadnvasnsiiuluresd total bilirubin ag1snniina
sodnTMsiineesenitanas 47% WelSeuiisuruiiifszdu total bilirubin Und Fawy
Tugftheugnaneduiiniiidu CYP3A5 non-expresspor wagldiunsugnanesiuannguianad
{1 CYP3A5 non-expresspor (33) f3daBurenadiina12i1ina1ne1 total bilirubin g
AnuUnd envavazviouisnnuansalunsvhauveseules CYP3A fianas Feilnasesns,
mstdnevesemiasasiananas

Zhu haganly (2015) ﬁﬂmmaéuaqmwwué’mgmsiaiﬂﬁ CYP3A5, multidrug

resistance 1 (MDR1, ABCB1) C34335T and G2677T/A foLlnduaud1adnsuae1nilasasia
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luktieUgnanefuy1idu nnsAnwInudn CYP3AS d8vEnasedniIn1sindne1vesenn

[

Insadaedelideddny (40) N1sfnwrseulugUlisugnatefuyiduglng 91wt 50 518

wuinUaeAifEu wild type ABCBL 3435CC doinisuuinanilasasiaa ammﬂw gu

Y

v

C3435T agnaiifodfy al dUaifl 1-2 waz 1 1oy anendsgnaiedu (59) sgdlsfin
nanen1sAngInUINIANNFURUGYeIEY ABCB1 genotype flovuing1vilasada (40, 60)
dmiunenydugIu CYP3AG W Guy uagAny $1891U4875naves CYP3A4 genotype ¥89

UInARuiinanednsInismdnen (CL/F) vesemiasadialudvlsdnilasunisgnane

ey

#u (52) Gijsen wasany TeuawInemlasadaludUlsinilasunisugnanemilaniou

ddd

CYP3A4*22 qg mmmiﬁuummwmmmawmu CYP3A4*1/*1 (61)

2.5 Ln§v¥auA1ansusEyIns (Population Pharmacokinetics; PPKs)

WndyaumansUseeins 1Wunis@nuifinn wararuduiusvesniufuuys
(variability) vesnnududuvesevdanidunsazyanalunguuszansiaulauagidslasy
&Jwﬁmﬁ?ua'@j 1AYENINTIINIY WEITATIINE L.Lazmi%’ﬂwwmqﬁ;ﬁﬂwlé’f%fuawﬁma
WaguwUasmuduiusseninssuneildguasfufuaududuvesenlusianie (dose-
concentration relationship) N1sfnwn1sndvaaumansussansaiunsaseydadenig
wen3a35Inen vieladenerdfniidwmadenisiudsuslatannuduiussenintauuineniu
ANududuerlusanegUiagla Fatu surmenenaldsunisusuUasulfivangas wan
auduiussErimuaefuanaduduetlussnmainnsasuwlauagiinadonsnw
SRR IVEREEN

MsfnwndvaaueansUszensivaisds tiun two-stage approach dsdieiliuis
iy waz non-linear mixed effect modeling dmdunsinenil f1989¢1478 Non-linear
mixed effect model Tun1s@nun Fsiidedfe wiudy Yagturmnldiinszideyaindy
JaumansoauNIaty annsaiinszideyaindvaaumanivesisazyanailéainnis
dune vieanmnsainsedugludoaiinluadinUiud Seseduendanani aunsedn
n32a78 (sparse data) laiauna szivslduiainazfiunnaneiu wieangiiessnuiu

naziloiifeyasziueniuiuosnniioiausasaulunguuszvinsiaula Aanunsntimm
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[
IS 1

Anszirnfuld fdumsinudeisitdidefmdeninisiesei doyaundvaaumans
LUUSAAY (62)
nsANwNdYIaUAIERSUTEYINTALTS Non-linear mixed effect model

dzsniiunsieTusunsy Nonlinear-mixed effects modeling (NONMEM®) Tusunsuiiadna
Pulasuninerdoundnledide srumsudaln Tnw FORTRAN 77 ifledsnsinszvidona
fyauszasdiiioliliasziteyanaundveaumanivosnduuszuing Ingldndnnisvos
mixed-effects model Liloainauvudrasamandvaauamaninazadefeadofiaranse
o3ueld (fixed effect) o tadosng q vesfthe 1wy eng twiin o1dldsusamiu an dad
wasoAmimesmunduaaumans waznanszvuaniadenlianansaesurels (random
effect) %ﬂﬂizﬂauéfuEJmmﬁuLLUﬁijqﬂﬂa (interindividual variability effect) Laganu
BTULL‘IJSGMﬂmLWﬁu (residual variability effect) Ingldan objective function value (OFV)
Fafuadndiuldussifiunannumngangasuusiass (9) Ay NONMEM 299N
thinlflumsaauudasmandveaumans Weiifeyadurutiosnnmedsluusiazau
yosnguUszansiauladnudailugnsiinsssidmnaiinesvesnduaaumansaindoya

fogrananusatuiinle (62)

2.6 N15A3UUUINADIMIWNEVIAUAIENTUTZVINSIelUsHATY NONMEM® (62)
A5ASILUUTIARIMILNFvRaUAaRsUSENs A lUSWASY NONMEM® 3
UaTLDYN Mall

1. Base model Li‘]uLmuaj’waaaﬁugmiumimmmé’maumam%ﬂszmﬂs
1n8 base model AxUsEnNaUmMeY 2 @34 A
1.1 Structural model
WUUINADINNN ATV UANEASN LT DT UNIAINUFUNUTVDISLAUL I ULADA haY
A A P ° A ' ' ° % a
nariasunasly nageulagnslonuuinassuidamig 9 Wy Wuudiaswnils @9 Msea
¥ v [ & & v = 1 & v [~3 2 1
P99 LALANYUENINATYIAUAIEASLTULUULEUATI uIoluilutdunss 1Wuau Tagan
LNAVIAUAIANSTAIATIZALA LTU A19RTIN1TANTALT USUIRTNITNTEanesvetel Faduy

ARRgYRIANNdYIaUMAnS ¥3BLTENIN typical value Nignitasizioanuluguves fixed-

effect parameters %38 Theta (O)
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1.2. Statistical model

[
(%)

Hunvudaesildeluieamuisusmiifntuiuuuudiass danam
wUsUsumessedueniiliausaosunsld (random effects) wisoanidu 2 Ussuam deil
1.2.1 A159LA31% Interindividual variability model (IIV)
dldsznumarueaadeuiifntuanaruvanuanglussmityana aunsnesugld
ﬁ?ﬂﬂﬂﬂﬁ@i@lﬂ‘ﬁ Individual value = Average value + Inter-individual variability error
M1 interindividual variability filszgnitaszieenuiluguaes Eta (1) wagilnaudsusiu
uansluzuvas Omega (W) Muvudassilldeduioutadu 3 sz fuioluil
Additive: vi=TV+Ni
Proportional:  Ivi = TV x (1 + Ni)
Exponential:  Ivi = TV x EXP (i) 38 (n(lvi) = n (TV) x N
5o i fie Andvaaumansvesitioaud | (individual value)
TV fi typical value WioAadendsaaumans
Ni fio MANLATENINeAN Ivi way TV Wi interindividual variability ¥e9Uheaui |
1.2.2 N153LA5129 Residual variability model (RV)
HuruusndnsuesranueanRdsuTEinssER U TRl T fusE R Uen e 819
Senindu ANuwUsUTIUMEluyAAa (intraindividual variability) Gerrmmanaadeui
aunsninduIInvaIEavn 1y ATmemaladounmsinseduen dadenglusyena
Hudu annsnesunglddheaunisdeluil
Observed value = Predicted value + Residual variability error

Residual variability azgniiasziieanunluguves Epsilon (€) uaziiauuwlsusiu uansly

5Uv84 Sigma (O) wuusaeafildesuny residual variability model wiadu 4 Uszian

Sastoluil
-Additive model: Y,ij = Fij + €jj
-Proportional: Y,ij = Fijx (1 + E)ij)

-Exponential: Y,ij = F,ij x EXP (€,ij) 38 (n (Y,ij) = n (Fij) x £,jj
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-Additive and Proportional:  Y,ij = F,ij x (1 + €L,ij)) + €2, E0)
Y,ij = F,ij + (Fij x €1,j) + €2,j
o Y,ij A® observed concentration YosAudl | nm‘ﬁj
F,ij A individual predicted concentration YosAudl | nm‘ﬁj Wy E,ij
AD ANANNANIIENIN Y, ij wag Fij w38 residual variability
msUssiiiuden base model wzauaziansanainm OFV (objective function

value) wag AIC (Akaike Information Criterion) ﬁﬁaaﬁqm

2. Covariate model
Dunuusaesiilaannnisun base model 1milade (covariate, COV) 1y
078 thwiin Aneiesfifinig Tsasau vierumannvanemeifugnssy a9 feeiitnae
fnafusudsmandyaaumans lngld stepwise approach lngladeudaziiazgniasey

MEUUUTIABIINY Mudnwurdeyaveslady dall

2.1 wuudnaasdmsuladefidudoyasiaiiios (continuous covariates)

Usenaunie
-Linear Additive: TV.=01+ 02 xcov)
-Linear centered model: TV = 01 + 02 x (COV - COVmedian)

(Centered around population median)
-Power model: TV = 01 x (cov)®?
- Power model with normalized covariate:TV = 01 x (COV / COV..oy) &
(Normalized by population median)
- Exponential model: TV = 01 x EXP (B2 x COV)
- Exponential model with normalized covariate:
TV = 01 x EXP [02 x (COV = COV,eian)]
o B1 fe typical value Wiernadsvasrndyaaumans Welildsudedefifing
ARALNATIAUAIENT

0270 ArUAvuLUaslUvesunazyanalialasudadefiinasean

LNAYRUANERNS LAY



a2

cov fe Yadenludeyasiaiiios 1w ong wmin 1Wusu

2.2. wuudtassduiulademdudoyaiBednume (categorical

covariates) Us¥nousig

- Linear model: TV = 01+ (0, x cov)

- Proportional model: TV=01x1+8,xcov
- Power model: TV = 01xcov®

- Exponential model: TV = 01xEXP (0, x Ccov)

dlo B1 #e typical value WioAndsvesdndyaaurans Welildsuladeifing
soAndvaaueansiy
02 fe Afidsunlaslivesurazyanaloldiutiadeifinasion
LNFvIaUAIERS
COV fio covariates fiflanuwmzdayaldunuungy (categorical data) 1 0 1510

AUaelallasuen wasidu 1 dedudvaeldsuen

A159LAS1ZINI Covariate model

N3R5 covariate model Awisngay agl435ns Stepwise approach tJu3sans

(%

AlalunnsIms1eynn covariate model Usgnauluaig 2 Tumnau fail
1. Funauni1sinludramtin (Forward addition) tudumaunsnlunisul covariate
model Muunzan Wunisiiutadendesnisaneiias 1 Jaseudnlulu base model Jaded

iunauiazgnidunldlusuudiassguuuuia (full model) dwsuinausitunisusziiiu

YY)

adndadeniinatiuazysziiiuainen OFV 984 covariate model NaRaUINAFASUIULIN

AULNUNNINEDATNADINITANYY LYW anasad19toLyinAUu 3.84 (X2 = 3.84, degree of

o
v A LY [y

freedom = 1) TawazfetadstuinaneaindyaauransnszauisdAgnisadamnngy

Y

0.05 nasanuulinihtadeaus) negeudsluaulinutadeniidvdAgyneans
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2. YupauN1sAIIndaunas (backward elimination) Ludunsunainisintdade

o I~ =) o o o % o ¥ o < a
ponNkuLTIaesgULLLANTay 1 Uade winTadelatheenuawihiuuinassguwuuiiud
A1 OFV LU0 NUR8INAUINAIISERATADINITANYI 1TU 6.64 (X2 = 6.64, degree of

freedom = 1, p-value = 0.01) 39 7.88 (X2 = 7.88, degree of freedom = 1) N13&df

WM1fu 0.01 Uag 0.005 Aua1du wazazdinseglukuudiassialy wininUadeturinly

' [
a = L4

wuudaeelAl OFV deniindutosninue Uadetulzgnineanainkuuinges vnis
naaeusiellauasunnladeiieglunuudiassgiuuuiu Weduganisvaaeunniady azle

WuUdnaedanving (full model)

3. N15ARLABNLUUINEABY (model selection)

[

ML UUTIADINEAMLLNZANNINTEA RAITUIAUNIN G35
3.1 A1 objective function value (OFV)

Junsussunaaianudululdaan (maximum likelihood) wieldussidiuainu

q

denndeanenvesyndeyafiuiuudnass lagdideu Ae -2 log x likelihood &4 likelihood

[ |

gegaiiu A1 OFV sam Baviungdld Wuudnaedlamiudenndeswiniian lagd OFV dn1s

N3¥AULUY chi-square Jsamrsauanlglunisilsoufiuiuudnansla lInafansanasia

'
a1 =

Y834A1 OFV Iagein OFV NTAUDENTIIZLaNITAINaRAARBIYDILUUTIABINUYATRYA
= 1
AN
3.2 A1 Akaike information criterion (AIC)
Tod1nSuNIsUSEUAINUADAPABINDATDILUUINGDY taeaiunsalaan AIC Tunns
U3z lUBUUINEDINLIILIUAINISITNDS ANANNULA Taae1 AIC TAWYINAU 2L7N9899711U

parameters UInA1 OFV Ingan AIC IiAUDYNINLLEAIDNAINEDAARDIVDILUUIIABIAU

v Aa
YnUoyanAand
3.3 A2UdaAARBINDA (goodness of fit)
I~ a 4 = ¥ % % I3 1 LY d‘ 4
Wunsussiliumnudenndeamen lagldnsinuansnnuduiusvesaiseaueile

INNTVNUIBVDILUUT1BINAS19TU Auaszauenialaasdasnisndannsin wiseaniduy

2 sULUU fAp
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3.3.1 MInAnssEinssEiuevesAeasildanmsunendlus ey
population & ¢ individual (population predicted concentration & ¢ individual
predicted concentration) W3suiflsufuansesuendiinléass (observed concentration)
deUssiunudenndesduiusiuresaisesueniiialdass uazsedugainnisiiuieg
Mntudefinnsannsnssanedivesteyaiidilng identity line Tnedoyafinszareidilng
identity line wanaiwuuiaasthifiond wazwuudnaeausnesueseauentusyauyAnala

3.3.2 N3N INTERIeAsERUBnTildnnsiunelasuuusiaes fu A
mmﬂmmLﬂﬁauLLUUdaafmﬁﬂ (conditional weighted residuals, CWRES) Lﬁaﬂimﬁumm
gnaeslunisviiung lneiarsanainnsivanudusiussening CWRES fulian wse CWRES
Fuszdvenluidenvesaadaussyinsilédainnisyviiuie (population-predicted
concentration: PRED) @sUsuifiuannnsnseanssnaes CWRES asilulasund fladnlng o

N3¥AAI0E9AUINT UALRYIUYI £3 1T8 +4 MINBYUBNYIININAIIDIIUIIIUUUTIABIT

loldwunzan wedfuyntaya

3.4 ﬂszl,ﬁumnﬁ'ma'mm%‘laummg'm (standard error; SE) uagda9a2MuLd0siy
(confidence intervals; CI)

Junsuszdiuauudugrvasanisfiimesiilaainuszsins nesialua SE 23
Ueuninsouay 30 d15U fixed effects Laglpuninsesay 50 115U random effects dau

A1 Cl finsau 0 813 wanadepnuliudeie

4. MSNAFBULUUINABINIUNTVIAUAENTUTTVINS
MsveaaULUUTIaes luNInAgeuANgNees warAuLivgweILuUTIaed lay
Tddayannngunisnaaeu (validation group) Bsanunsa wuseanliitlu 2 Ussinn Ae
4.1 nsnagaun1gly (Internal validation) vi1ld 3 35 fail
4.1.1 Cross-validation {Junisduuendoyaiiien1snaaed1q lneutadiuau

1 Aa & 1 1 1 [y 1 1 Id 1 v
Poyanil \Uu k nqu navazwingiulee 1 naduszgnuusesnunlunguliveaey
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WUUIIaee IuuAsslummageuaziiiuIunguiude dnldlunsdinddnnudeyaos

4.1.2 Bootstrap resampling technique Li‘]umia%amjmﬁaas}w%ﬂmj 1oy
nsduidenuIaInieg v lagagin1sduluuAuIINYAtayalAy (sampling with
replacement) Ingagyhmsairsyadeyasunsumudunuidesnts lnevhlumsuinniivie
Wiy 1000 gedieya antuigedeyaumasouiukuudans owdsudeudmniives

%
14 v YV

wazdranueiiuniegas 95 (95% confidence interval) fiuyadayaRasi

4.1.3 Split-sample method Humsuusnguieyanldasiwuuitasseenduy

2 ngu waldiiies 1 ngulunsvedauiuuinass

4.2 n1snaaauni1euan (External validation) 1Jun1snaasunuusnasdlasld

'
1 A

Toyanqudunlilideyaiildlunisairauvuiiasmegeuaiuiiewnsawazudugilunis

q

[

FuIETeUUTIa0e MInaaeufieistagliainuiidedeuinniniinsmaaeuniely
o990 1deyanuaznguuszrnsiitesvaaey 33nsmaasuazendendnnisvesainy
aanawasulunisviue (prediction error, PE) Silaunis fail

prediction error = predicted concentration — observed concentration
Tne PE Huanunsouvseantdiiu 2 Ussin sunuandivesnisusiussavsnmluduend
goanvuiaedasldandevesninunainndaulunisyiiuneg (mean prediction error, MPE)
warANLugTeLUUTaes Irndsidaemesnunainndeu (mean squared
error, MSE) #i3e31niidesvatAiaierindiaeuasaiiunainindou (root mean square

error, RMSE) shm']?di%LﬁuLLUUﬁWﬁaﬂﬁﬂLLﬁﬂﬂﬂl']L‘fJu%’E]EJag %qmmeﬁlumw'mﬁu%gﬂ

AMUUA I AULAAZNISANE

2.7 wivaauAansUszynsvasemlasadalugUieugnaiedu

ASANELNEVIAUAIENTUSEINNTA87D Non-linear mixed effect model
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gAndunsiiaseisng TUsunsy NONMEM® waz PDx-POP auszasAliloldiinsed
Toyamandvasumanivesnguusznns nglivannisves mixed-effects model Lieains
WUUSIaBImNLNdvaauaanifivr A dedeadefianunsaesuneld (fixed effect) Aifnae
Ansfimesmnndvrauaans wasnansenuainiadeiiliaiuisaeSuleld (random
effect) %ﬂﬂizﬂauéffa&Jmmﬁmmiiwﬁmﬂﬂa (interindividual variability effect) wagainu
ﬁuLLiJﬁﬁ]’ma’lLWﬁu (residual variability effect) lnglg@m1 Objective Function Value (OFV)
Fadueadafiiuldussdiunanumnzanrewuusiass (62)
INNTNUNIUITIUNTTUNUNTAN LAV UANERTUTZYINTVO)

nlasasialudioglvglneldlusunsy NONMEM wunsdnwiitiiaulaludis? .. 2001
~ 2018  fseazBuslumsnd 3 dmsunnsenwindyaauraniussnsvesennilasaa
TugUasdgnaeduyreide Inelusunsy NONMEM kazUssunauaIn siimesaieis
First-order conditional estimation with interaction (FOCEI) %U731 tN&Y9aUAIEASY B
nlasdtaanuisaeduieléigng one-compartment %38 two-compartment model &3lg
AmnsineivenaduaaumansUsyans sl apparent clearance (CL/F) ae/luY917.6 -
22.1 L/h #1 apparent volume of distribution (V/F) agllugia 225 - 913 L Jadenieaidin
fseeuindinasen CL/F laua body weight, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total bilirubin (TB), hematocrit (HCT), International Normalized
Ratio (INR), blood urea nitrogen (BUN), graft size (A1 graft-recipient weight ratio), post-
operative day (POD), CYP3A5*3 genotype uaztlidufiisnecuindnasien V/F fio post-

operative day (POD) waz hemoglobin (HB)

M13199 3 wan1sAnwndyaauransuszvInsvesemlasadaluduteugnareduluann

Usguns - . Y od NANSANEN

ns NNSAAIIEN Jadeiiunan

. wazemlasg . Tnsdi - .

ANy g seaugmlasadsd  AAsien Base model Covariate model
1. Kiheugnae [szauen 824 6 Uadw: WA | Structural Mean parameters
Fukat su éw“umsﬁﬂu aea , model - CL = (0.737 + 0.0134 « POD) « 0.728"
LYY FUU 35510 fseeuenily 818, post- -One + 0.809™ « HW/600 (IIV = 57.4 %)
(63) (919 18 519) RLAsiedt: seeuen | operative compartment lng HF = 1 if TB > 2.5 mg/dlL,

01y 15 - 61 g, cﬁ;ﬂzjﬂ days (POD), with first order otherwise 0

tflj“t!u Suvdnediuann  Jszdusmilasddal TB, Serum elimination RF = 1 if SCr > 1 mg/dL, otherwise 0
U 2001 éﬂaaﬁ%ﬁm 35 creatinine, Statistical model POD = post-operative day
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Uszrng - . o WNANISANEN
:ms T fﬁamsqz‘j ) {]aﬂawqu
Anwn stadtlasy seiugmlasadd  Aesied Base model Covariate model

8, i 105 lulasn3y/ | grafted IIV: proportional HW = grafted hepatic weight (gram)
1048 53.5 Hladans hepatic model V=152 L/kg (V= 39.7%)
Alansu (éfy 1.5 - 37.4 | weight RUV: additive -F=00677 (V=63 %)
(o 41.8 - 88 [llpsniu/ model -RUV = 2.9 ng/mL
Alansu) Hadans) Parameter Significant covariates
wwenilddy:  [hethilnsi: estimate: 1] Hadeiifnasen CL/F Ao
- IV: infusion hole blood 189U 1AﬁHMﬂhﬁhUQﬂdwa
rate 1088 0.7 [Tacrolimus Aade 615 (Aide 380 — 800 n31)
Tafinsu/iu concentration 3. post-operative
(v 0.4 - 1.6  RIAsIwsisEAU days (POD)
Taaniu/du) e (alseariade)
-Oral dosage: 3 |Microparticle 4.  hepatic and
fiadnsu/iu lenzyme renal
(Wélw 0 - 14 immunoassay dysfunction
fadniu/u) (MEIA) Model validation
audlunsly  fRnsssindy Not mention in literature
g1: 90 12 RauFans
Falus dwidu NONMEM,
oral dosage parameters
sgaumles  festimation by
Adathung: ffirst-order
10 - 15 1l conditional
TAsnsu/fiaddns  |estimation
m: method
L%m IV infusion
Tue3 18 - 60
lusmends
UQﬂdwaﬁULﬁa
AN
NaoARDAR
uday
Waswduen
FlipsulsEnu

2. Hiheugneang Lszeiuen 728 3 Jade: Structural Mean parameters:

Antignac | #u (laisqu,%”a GPRIAN Post- model TCLsy = TV(TCLsg XASAT / ASAT eqion

wazanz | @) dwou 37 fszduendly operative -One wetne) AT

(53) 578 (218 26 RLAsIii: days (POD), | compartment Clmax = TV(CL,,,,.)
98) 81y 21 - [s¥divendian AST, with first order (ALB / ALy egion o) ® ALB

Hiuera 69 U, Suvdann  fszdusmilasdial Albumin absorption and CLope = 36 L/h (IV=19%)

2005 | susndtoell  [i1 lulasndy elimination vd =870L

FIm, Unein

iaaans

Statistical model

(IV=24%)
Ka =fixed 4.48 h!
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Uszrng - . o WNANISANEN
:ms T fﬁamswj ) ‘f]‘iﬁ]ﬂvmﬂjﬂ
Anwn stadtlasy seiugmlasadd  Aesied Base model Covariate model
1y 75 (7dv 0.3- 42 IV: exponential | TCLg, = 6.3 day
Alansu lulasnsu/ model Significant covariates
(Wéfy 50 - 107 [fladdns) RUV: additive -A1 Clmax (plateau) duwusuuunniuiu
Alansu) 29FANLTEAU model 598U albumin (Aade 38+5 (Rde 25-
wwendudy  fo: 56 ¢/L)
0.0137 = 0.043  ReTuil 11 - 66 -1 TCLs, (time to obtain 50% of the
fiadnsu/ Tu nasUgninedu plateau) dusiusiu A1 aspartate amino
Alansu (Wéy Foe19lATIEn: transferase(AST) (Auade 72101 (e
0.0053 - hole blood 11-995 1U/L))
0.0238 [Tacrolimus Model validation
Tadinsu/ concentration Bootstrap validation (n = 1074)
Alansu) f53iasziszau
wendlédu:  for
5.7 §adn3u/3u  Microparticle
(W&o 0.5-20  [enzyme
fladnu/u) immunoassay
audlunsle (MEIA)
819N 12 [RTAnsgingdy
EAAN RaUFNERNS:
spAugmlas  [NONMEM,
Adadmune: parameters
10 - 15 1l estimation by
Tnsnsu/fiaddns  [first-order
929 3 Wfiounas  |conditional
Ugnanediv estimation
Bumadusn: method (FOCE)
Mevdslgnang
§iu
3. giheugnae [szauen 1775 15 Uade: Structural -The full regression model:
Lee JY fuyanma RN LA, 918, model CUF (L/h) = (0.36 + 2.01/POD « L) «
wazAndy | Swaudl s [(dadewuudians| ALP, ALT, -One TR 02 (TBIL = LI TBIL level <1.2 me/dl, othervise
(64) wiadu 1251 feea) TB, INR, compartment TBIL=TBLlevel) - () qg (FPOD<3 cays) , g 75(F
R GERN seaupnfile albumin, with first order INR>1.4) | ggf GRWR 2 1.25%) \\WT \where |
v wuUdIane 35 fwesigii: HCT, elimination was 1 if postoperative day (POD) was
U 2006 318 (V18 25 isﬁ'ﬂﬂ’wﬁ;’lejﬂ grafted Statistical model greater than 35 days, otherwise L was
318) 918 24 N15ARAISEAU hepatic [IV: proportional 0; V/F was 568 L, TBIL was total
66 U, Suusam  fon: weight, model bilirubin, and WT was body weight
fruangae 10.05 + 0.46 graft - RUV: additive Parameters estimate
AuvImY 11 (ée 3 - 14 recipient model -CL/F=21.48 L/h (IV = 35.35%)
510, Ywdn alae) wdaduen | weight ratio | Parameter SV/F=568L (V= 68.12 %)
59.68 = 10.87  |swfugmlasddal (GRWR), estimate -RUV = lidfidaya
Alansu post- Significant covariates #la




a9

Uszrng - . o WNANISANEN
:ms T fﬁamsqx‘j ) {]aﬂawqu
Anwn stadtlasy seiugmlasadd  Aesied Base model Covariate model
-ngumedey  [11.53 +4.09 operative -CLF =158 1. dwin
wuudiaes 16 [lulpsnSu/fiaddns| day (POD), L/h “uaEWUIAn CL/F azanadlunsdid
918 (e 12 1395 A0UTEAU donor type, | (IV =429 %) 2. A small graft (GRWR < 1.25%)
18) 819 39 - fo: cortico- - V/F = 405 L (A1Rdy 1.50 + 0.62 (idy 0.54 -
50 U, futdnnn  fastudiiede 133 | steroid (IV = 67.16 %) 2.97%))
fruangdae (Wdfe 24 - 308 dosage and 3. hyperbilirubinemia (>1.2 mg/dL)
auaee 4 51, [Iundslgnanedu)| fluconazole (Awade 3.61 + 5.13 (idy 0.2 - 44.3
thn 5921+ hathdnssk me/dL)
8.77 Alanu hole blood 4. high INR (>1.4) (FiaBe 1.25 + 0.35
i [Tacrolimus conc. (Wé 0.87 - 4.97%))
laiszy A sziiseiy 5. ldsvgmnuduaniung 35 fu
weeniilaie:  fo A CL/F azsiadulunsdllefueniu 4
277 + 141 Microparticle u usiloanan 35 u
fiadn3u/nsa lenzyme Model validation: Validation group (n =
puilunisl immunoassay 16 578)
g1: 90 12 [5AAs1evindy
il haumans:
syAugmles  [NONMEM,
Astavane: parameters
laisheau estimation by
m: ffirst-order
Fuit 1 7isUgn  Jconditional
a8y lestimation
method
4. Hiheugneang Lsz6iuen 1106 19 Y94 Structural -The final regression model can be
LiD FurI3u PLEgN LA, 918, model expressed as
wavan | Swau 108 9w [dadrewuudaes| i, -One CUF = 15.9- 1.88TBIL + 7.65 CYPD +
(33) (Fuvinaeu 703 F79819) post compartment 7.00 CYPR
nEIEaNes iuendild transplanta with first order CYPD: Donor CYP3A5*3/%3 = 0; others
Ay ane) wuanduy Alasngih: seeu | tion days, absorption and = 1; CYPR: Recipient CYP3A5*3/*3 = 0;
U 2006 | -ngwais e15inan HCT, INR, elimination others = 1
WUUTIRB 72 [nshasnuseau AST, ALT, fixed Ka 4.48 W' | TBIL: toal birilubin
318 (8 60 Bn: TB, total Statistical model Parameters estimate
918) 97y 19 - ]10.05 + 0.46 protein, IV: proportional -CL/F =159 L/h (IV = 31.2 %)
66T, it [hlus vdausuen | albumin, model V/F =620L (I =55 %)
1288 65 sesuanmlasadad  Scr, bile RUV: additive -RUV = additive model 2.81 ng/mL
Alansu (Wde 8.4 (1.2 - 28.4) drainage, model Parameters estimate
41 - 115 lslasnSu/aaans| diltiazem, Parameters -CL/F =159 L/hr (IV = 31.2 %)
Alansy) fheg19iasivss | fluconazole | estimate V/F =620L (IV = 55 %)
-ﬂq'wmaa'u hole blood , CYP3A5*3, -CL/F=2211L/h -RUV = additive model 2.81 ng/mL
LUUIaDY 32 [Tacrolimus MDR1 (IV=40.6 %) Significant covariates
378 (318 30 concentration G26TTT/A, V/F =653 L - Yaduiitinaden CL/F fe
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Uszyng R . o e NaNSANEN
:ms Jastmlng fﬁamsqz‘ij ) ‘f]ﬂ:]ﬂﬂu’]jﬂ
fnen S illasy szAvemlasAdal  Awesizid Base model Covariate model
3) 018 38 - [TlAsigdsedu | C3435Tand | (IV=61.16%) 1. Total bilirubin (TBIL)
66 U, Yt jn: IL-10 G- -RUV = additive (Fiade 43.2 (fido 4.4 - 545.5
\dy 65 Microparticle 182A model 2.83 pmol/L))
Alandu (idy lenzyme 500lymer- ng/mL 2. CYP3A5*3 polymorphism Yo
50 -91 immunoassay phisms donor uae recipient
Alansw) R33iaszvinde Model validation
wienEudy:  [aumans: Validation group (n = 32 518)
0.1-0.2 NONMEM
Tadindw/ (Liszyis
Alansu/iu estimate
weeniildf:  [parameters)
6 Tadnsu/u
(e 1 - 12
Tadn3u)
auilunisls
81 90 12
il
szAusnIlas
adadmane:
10 - 15
lulpsns/
fladdns
Suenadousn:
Suil 2 UENIGH
fnesiu
5. Hiheugneng [szdiuen 370 6 Uade: Structural Parameters estimate
Sam WJ fudIuIu 60 hethe windu | dhain, model -CLg/F = population CLg/F estimate +
BV 519 wiadu 2 hole blood AINE, -One 0.237 x (BW - 55) - 2.93 - 0.0801 x
(34) GH il tacrolimus 213 | Alkaline compartment (SCr - 60)
1. ngu Whole e uae phosphatas with first order Vyg/F = population Vy,e/F estimate -
Aelus blood model  [fPlasma e (ALP), absorption 7.83 x (HCT - 31.1) + 179 x (height -
U 2006 ﬁéﬂwlﬁﬂ/ tacrolimus 157 Serum Statistical model 1.61)
dlvg) = 15/16  [faegna creatinine, v: laisneenu Cle/F =14.1L/h (V=657 %)
578 Szaueniild Hct, RUV: Vg/F =217 L IV = 63.8 %)
mqasﬂmi'm RiAsiest: sesuen | erythrocyte proportional -RUV of whole blood conc. = 34.8 %
141-67.00  |an toplasma | model CLy/F = 537 L/hr (IV = 96 %)
2.ngu Plasma  [msAnanusedy conc. (whole blood) Vp/F = 563 L (IlV = 105.4 %)
model B and additive -RUV of plasma concentration = 49.8
Tthedin/ maadgnatesiu model (plasma) %
EE‘LWLJ' =14/15 LLazQﬂ’;auaﬂ Parameter Significant covariates
9 seausmlasasia; estimate: lai - Jodeiliinason CLy/F fio
3i91891U 18914
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Uszuns - . o WNANISANEN
ms ASAATIZA Jadediimn
. wazemMlAg . dtd 3 .
Anwn stadtlasy seiugmlasadd  Aesied Base model Covariate model
21g0gluy L 19ILATIEN: - vjwiin (Ffuade 55 (ide 6.5 - 127
142 -655U 1. Whole blood Alandw)
ey [Tacrolimus conc. - SCr (Aafe 60 (de 15 - 212
0.1 fiadnsu/ 2. Plasma pmol/L))
Alansu/iu [concentration - Joduiitinasion Vy/F fio
(6in) [Tnsgiisedu - g (Aeds 1.61 (Wde 0.72 -
0.05 fiadn/ o 1.76 Ln3))
Alansu/Ju HPLC-MS/MS - serum creatinine (SCr) (Fady 60
wley) R33laszinde (15 - 212 pmol/L)
wnpenilgsy:  faumans: - Het (Auadle 31.1 (ide 22.8 - 46 %)
lalsneay NONMEM,
aadlunsld  |parameters - Yaduiiuaded CLy/F Ao twin
8190 12 estimation by (Fnwad 55 (fide 6.5 - 127 Alan3w)
Falus ffirst-order
sgauemles  festimation - Jadeiifinasion Ve/F fie erythrocyte-
Adadmane: method to-plasma concentration ratio (Auady
10 - 20 68 (Wd©12.2 - 147.1)
lulasnsa/ Model validation
faddns Tutas Bootstrap analysis (n=150)
3 LADulsn
uag 5-15
lulpsnsw/
finddns AN
Susnadwsn:
Mmevaalgnany
¢y
6. Hiheugneng syéiuen 435 2 Uade: Structural Final covariate model:
Zhu L FugIu ZREEAN YUINYIMN model CL/F = Qcur x Dose 9% x POD §°°°
LazAME $wau 47 s prduenild Insadans “Two
B lasnei sud: o h the typical (ati
(48) (118 27 578) AATIZI FZAVET | Fyy post- compartment where Geue are the typical population
81¢ 57.47 fJ, PEn Wazssnuen operative with first order values of
Fu ladsgyrwtn o Flueil 03, 1, day (POD) absorption CL/F and Gpose and & pop are the
U 2014 \0dy L5 .2’ 46, 8 uaw Statistical model | coefficients of the dose and POD
2w 12 alus wag )
YUIABWIUAU: IIV: exponential Parameter estimate:
Sulsznuen
0.1-0.15 model -ClL/F=112L/h
e seausmlasaa:
fladnau/ . RUV: (Vv = 16.2 %)
- . sis1e9u
Alandu/iu v A B proportional - V,/F =406 L
oo et e:
wandildsu: model (IV = 163 %)
hole blood
5.31 fadn3u/ ) Parameter -Q/F =573 1/h
[Tacrolimus
Ju ) estimate: (IV = 19.7 %)
lconcentration
SVy/F =199 L

[53asesiszauen:

(IV = 145 %)
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Uszuns - . o NANSANEN
s A5IATIEH Jadefivnan
. wazemMlAg . agd 3 )
fAnwn stadtlasy seauemlasada  Aesiei Base model Covariate model
pdlumsly  Microparticle - CL/F = 30.2 -Ka=0723h"
819N 12 enzyme L/hr IV = 74.3 %)
‘?JI"JI@N immunoassay (IV=22.6 %) - RUV = 26.54 %
sgdugmlas  [MEIA) - V,/F =294 L Significant covariates
Affativany:  [LATISULNEY (V=150 %) - Jodeiliinasiorn CLF fie
10 - 15 AU -Q/F =78.1L/h - qunen (Anade 531 = 227 (de
lulasnsw/ NONMEM, (IV=10.6 %) 1 -10.5 un./3w)
o an . t
findans lughe  [PAEMEET - Va/F =327 L - post-operative day (POD)
o lestimation by A s
3 LABULSN (V=145 %) (ALR@e 20.71 + 18.04 (fidy 2 - 85
2 ¥ ffirst-order 1 o
L338IATIIA: -Ka=0473h )
. . conditional
MenasUgnane (IV=52.9 %) Model validation
" estimation
[ -RUV = Bootstrap analysis and visual
method
8.3 1% predictive check
7. A9Ided Lsz6iuen 1100 8 Uad8: A | Structural The final regression model can be
Lu YX Uszw1ns 2 ngu e andlae | 0ng, model expressed as
LazAMY gl ananediu uag Wi, -Two CL/F =
(a4) Alwdgnane 851 dregna Ty | WBC, HB, compartment 0 1x07° P [Exp(ALTX OB Pxeni
Fur1I3u pranasinsaunIme| AST, ALT, with first order Parameter estimate
Fu w112 919 f[szaueamlasanal T8 absorption CL/F =328 L/h (IV = 46.6 %)
2015 (Fuusaadu 1578974 Statistical model | -v2/F = 227L  (IV = 57.3 %)
nEIeaNes tueniild IIV: exponential Q/F =763 1/h (N = 46 %)
e dnsu Ripsiyst and additive V3/F = fix 916 L (IV = 93.5 %)
adauuudiaes  [leugnanesiu: RUV: additive Ka=0419 h'
(918 86 518) ¥AULANER and -RUV = proportional 39.8 %
81¢ 28 - 78 3, fawawaﬂhiqmﬂww proportional Significant covariates
dwiinieds 69 [f: szfuen 12 90 Parameter ALT level duusuuunnduiuan CL/F
+ 118 Alanfu  |@erieu estimate (Auade 146.4 + 290 (Ade 5 - 6300
(Wéw 44 - 97 [Suuszmuen, -CL/F =205 L/h /L)
Alansu) RUEVES (IV=53.8 %) Model validation
WesENAY:  [fuuseniuen o V2/F =218 L Bootstrap analysis (n=1000) and visual
0.05 fadnfw/ [l 05, 1, (IV=57.5 %) predictive check
Alandu/iu 15,2,3,4,6,12, -Q/F =818 L/h
wwendlddu:  [o4, 48 uay 72 (IV=50.3 %)
laisheau e (S1uau 12 V3/F = fix 916 L
muilunsld  Reashed) (IV=100%)
81: 90 12 n1sAnaLsERY Ka = 0.404 h''
Falus 01:
sgdumlas  Uedgnanedu:
aantvane: Uit 3 ndarindn
10-15 -oranasinsgunm
laulasnsw/ 7: Aannuszauen

aaanT

12 90
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Uszvns ; WNANISANEN
mMs AMsAAsIZA Jadeiuan
. wazemMlAg . | . .
Anwn S illasy seiugmlasadd  Aesied Base model Covariate model
Sunefwsn:  heduemilasada;
mevdsgnane  [iseau
fiu FReEn AT IvN:
-naueanadng hole blood
Ej‘umwa 413U [Tacrolimus conc.
40 578 [53Azviszay
wendlesu:  fo
2 findndy ada LseaugnngUag
Clk) Uanaedu:
Monoclonal
antibody-based
microparticle
lenzyme
immunoassay
(MEIA)
Lszauenan
YGAGH RGN
A: HPLC-MS
R5AAT Iz
aueans:
NONMEM,
parameters
lestimation by
ffirst-order
conditional
lestimation with
interaction
(FOCEI)
8. Alwdgnate  |aeduen 2285 8 Uade: Structural Parameter estimate
Zhu L furiu fhegs 3ndtae | Post- model -CL/F=17.6 L/h (IV = 53.9 %)
uarAmy | Fou 95 e [Ugnanedu operative -One SV/F =225 (IV = 68 %)
(40) (Suusnmsiu sedugmlasila: day (POD), compartment -Ka =fix4.48h?
ngUaeae “'m”‘{ BUN, ALP, with first order -RUV = 0.284 %
A #18) (Y8 73 iyl TB, HB, absorption and Significant covariates
U 2015 318) 918 31 - meﬁ s HCT, elimination Hadedifinane CL/F
729, ﬂgmiﬂ ‘T@ - . CYP3A5, Statistical model 1. CYP3A5 genotype
1Ay 72.2 (e — MDR1 IIV: additive, 2. Post-operative day (POD)
42.5 - 164 hole blood genotypes proportional (Fafe 39.5 + 24 (Ridy 1 - 341 )
[Tacrolimus conc. ;
Alansu) and exponential 3. ALT (Aade 122 (Wdy 1 - 2342.9

[53nsesiszauen:

microparticle

model

1U/0)
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Uszuns - . o WNANISANEN
ms ASAATIZA Jadediimn
. wazemMlAg . dtd 3 .
Anwn stadtlasy seiugmlasadd  Aesied Base model Covariate model
WReSuY:  [enzyme RUV: additive, 4. Total bilirubin
0.1-0.15 immunoassay proportional (Aade 97.8 (Aidy 4.7 - 926.6 umol/L)
Tednsu/ (MEIA) and combined 5. HCT (fuade 29.4 (R 2.9- 49.4
Alansu/fu 5anspindy Parameter %))
wnpeniilgsy,  [PaumaEns: estimate 6. BUN (Awafe 11.8 (idy 1.2 -
laisreau NONMEM, laisee1u 295.9 mmol/L))
audlunsly  [Parameters Hadesinasev/F fie 1. POD (Auade
#9012 estimation by 39.5 + 24 (v 1 - 361 $u))
o ffirst-order 4 ao
Tl 2. HB (Awade 99.2 (Wde 13 - 171
o conditional
sgauelas g/L))
e lestimation with
Alantviane: Model validation
interaction
10 - 15 Bootstrap analysis (n=500) and
(FOCEI) Y
laulasnsw/ external validation method (fUaegn
finddns 929 3 a8Au 12 918)
LOULIN
SMU'WI%QLL‘JW
MevasUgnanedu
9. A5INeiE szeiuen 1234 Post- Structural Parameter estimate
Chen B Usvuns 2 ngu  [fReg1s 9ndlae | operative model -CL/F =219 +2.19 L/h
oAy | ol Ugndnesiunay | day (POD), | -ngu TOM data: | (v = 36.3 %)
(55) gy TDM [TOM data uas creatinine One -V,/F=284+516L
data: gﬂwUQH Fuauen 470 clearance compartment (IV = 89.4 %)
Fu dngdiuyndu  [RRYNIINNGY (CLen), with first order -Q/F =621 +183 L/h
2017 | $wou 125 5 [Chtime data ABCBI absorption -Vy/F = 710 + 212 U/hr
seausmlasaa:
(918 103 518) C3435T without lag time (IIV = 56.7 %)
. 728+ 4.19 L )
01919 -76 T, genotype -NQY Rich-time - lag time = 1.96 + 0.48 h
¥ . 4 wlAsnsu/fiadans B
UMUNLRaY Y s data: Two -Ka=055+0.093h
syeruendild
64.2 +9.90 R . compartment -RUV =333 %
i RLA129
(Wefy 45 - 90 with a single Significant covariates

Alansu)

-ngu Rich-time
data: §Uheugn
anefiugu
U 28 50
(18 22 570)
219 19 - 673,
Yonthiade
63.0 + 8.85
(Wéfy 475 - 85

Alansw)

-ndu TOM data:
sedugign

g Rich-time
data: sz6iuen 10
i
Lanznousulseny
1, Aenag
Sulsenuen
il 1, 1.5, 2,
2.5, 3,4, 6,8, uay
12 dalus
NsAnnLSEAUL:
 295uit 2 - 89

nevasugnenediu

first-absorption
process with lag
time

Statistical model
[IV: exponential
model

RUV:
proportional
model
Parameter

estimate

Hadeiidnasio CLF

1. post-operative day (POD)

2. CYP3A5 genotype

3. creatinine clearance (CLcr)

4. ABCB1 C3435T genotype
Uaduiifiuasio V/F Ao ABCBI C3435T
genotype
Model validation
Bootstrap analysis (n=1000) and visual

predictive check
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Uszuns - . o NANSANEN
s A5IATIEH Jadefivnan
. wazemMlAg . dtd 3 .
fAnwn stadtlasy seauemlasada  Aesiei Base model Covariate model
queesudy:  fhethsiiass: CL/F=174 +
0.1 fiadnu/ hole blood 0.81 L/h
Alansu/Au [Tacrolimus conc. (IV = 45.2%)
quemnitlgsy:  pRlanwedue: V2/F = 165 +
laisreau MEIA 441 L
prdlumsly  [RLASENAGY (IV = 96.4%)
& 0 12 aurans: VA/E -
S NONMEM,
Falas 594+87.5 L
o [parameters
S¥AUEINILAS (IV = 48%)
o estimation by
Astavane: -lag time = 1.57
ffirst-order
10-15 +0.34 h
. conditional
laulasnsy/ o Ka =051+
i estimation with
fafdns 991 | ) 0.095 h'
interaction
o v 7o
Lﬂau:l,iﬂ (Foce) RUV=37.7 %
NUU 5 - 10
lulasnsu/
aaans
Suenndiusn:
Mevdslgnang
§iu

Aneialun314: AST = Aspartate aminotransferase, ALT = Alanine aminotransferase, ALP = alkaline phosphatase, BUN = blood urea nitrogen, BW = Body weight, CLcr = creatinine clearance, CL/F = apparent clearance, CLg/F =
apparent clearance from whole blood after oral administration, CLy,/F = apparent clearance from plasma after oral administration, D/C = discharge, F = Bioavailability (systemic availability of the administered dose), GGT =
gamma-glutamyl transferase, HCT = hematocrit, IV = interindividual variability, Ka = absorption rate constant (first-order), LT = Liver Transplant, OPD = Out Patient Department, POD = post-operative day, Q/F =
intercompartmental clearance,RUV = residual unexplained value, SCr = Serum creatinine, Tac = Tacrolimus, TBIL/TB = Total Bilirubin, V/F = apparent volume of distribution, Viyy/F = apparent volume of distribution based on

whole blood concentration, V,y,/F= apparent volume of distribution based on plasma, V,/F = Apparent volume of the peripheral compartment in a two-compartment model
'
un 7 3
"3’5 ANLUUNI5I!

1. SURUUNISAIY

a a 6"

n15338ildun1sidedainssilaeiivdoyauuudounds (Retrospective

analytical study) A1 UIz@IANISITULNOAS1IUUUI100ILALOT U N WML VD

9

| [y s

LNETIAUANANSVDIINTLATANE FIUDIUAVEN AR LNND1ANAF LN FVIAUAIERN VD

gnlasadalugUisgnatesiuynine

2. Yssnsuasnguilegna
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2.1 Uszvns Ae JUredgnatsdurilvenlasveimleasddaunidugaseina
AlAuAuLazIITUNISNY o Lsanenunas g un

q

2.2 nguitegs Ao JUrelgnaiedurilnedlasuemiasadadunisuanseina

[y

ARANAULALITITUNITTNEY ol 15INE1UIaTINTUA SEndnaRauunIIAL WA, 2540

1Y

SunAn w.A. 2561 lnenguegrelinaaudRniuinn Al

naein1sAaaangUaeid1sian1333e (Inclusion criteria)

1. ftheegunnnimizewiniu 18 Yusysal

2. ﬂﬂiﬂﬁlﬁ%’ﬂﬂﬁﬂ@ﬂdﬁ&ﬁﬂ%ﬁm orthotopic liver transplantation

3. Q’ﬂ’gaﬂqﬂmaﬁuﬁlﬁ%’ua’mﬂmaﬁagﬂLLU‘U%"Uinm w1n Immediate-release;
(Prograf; Astellas, Kerry, Ireland) siasiloaduszazinanegnadon 6 Wou niendildsunis

L -

Ugnanesiu unddugsulugnsenagiiquiu
4. gihgUgnanediuninasenuanuduturesemiasadalufenlugiutoyares
lsaneguia msfnwdAnwiaududuvesgmilasidalubiondisiud 8 s 1heudl 6

AevaensUgnangsu

Na9IN1SANEINaNaINNT53E (Exclusion criteria)
1. fthefildumsindndgnaieetenzannnit 1 via
2. sedugmlasaaildunansnuanufizersenineeduiiauau
nszduvtedudanisvinaueulesilelnlasufl 450 (CYPA50 inducer or inhibitor) Bnkuen

methylprednisolone, prednisolone &g omeprazole

2.3 YUINA2DENS

ASANWIAIUINAI889 LN AN LN EvRaUFERSUSENS O 9l

¥ o

Jorinnun wiegnsAuinuunfleg i luninsgiu Maluenainduugdnsinideuds &9

0O = =& o v

Ao3Aleted1uIuAl881980a (blood sample) kazy191a7LAEIRTEAULT (sampling

time) 8nA78
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Tam wagany uuzidnulidninidvedisien 50 meilonanisviiung
mandvaaumaniiundotio (65)  Yagduiimsdnaruiamegisdmiunisesniuy
nsAneIMILAdrIauAIEnsUTEeINIA8TUTUATN PFIM (population Fisher information
matrix) (66, 67) Tefunnuafiogsnndeyariiinednunduaaumaniainnisin
neunti 19U §931113A19AE1871 AIN1TNTEI8Y AIAUNULYTTENINIYAAS
(interindividual variability; 1IV) LLawhm’]mamLﬂﬁauﬁLﬁﬂﬁumﬂﬂaWLwaguﬂ (residual
variability) iflevwan1sinves Lee JY uaganz (2006) Badnwngtheugnanesusainma
35 910 flsgduen  mlasAstamandinan 1251 e kagannsAnwves Li D uavenl
(2007) AnwiEflheugnanesiusdu 72 1o fszdvemlasasiadiigadiuiu 703 egne an

v v 1 o

Anulaglglusknsy PFIM WU31 0089848l 9157039831189U 50 518 Way SEAU8INILAS

Y Y

¥

dandneties 450 9 A lvnadwvesuuudtassfiviiutganisiiinesves
ylasasfadl %Relative standard error (%RSE) Hoendn 20% Tneg %RSE #itesnin 20 fedn
wuuiaenTetie

NN1sANwIL1eN (pilot study) s 1sanenunasunzus wudndigdeugn
fefulsEa 55 518 waziin1sinanuserugmlasalalugie 6 weunevaelgnangsiu
Auazagetios 20 Ass ey Faruuadidrsuideesietion 50 18 way SuuaTEIduTy
Yoy mMlAsadiagneioy 1000 90

3. YUABUNISANTUNISIRY

fumeuii 1 vefunmseyiiainamgnssunavangnsT Buretiesiaunis

30 Anzunemanslsmeuas s Ul uninetdeuiing uazdavivilsderiievesygyn
Audeyannisudeuvesiae

fumeuit 2 dmdonnduitaeildsunisugnaiefuaingiuteyagvae
yol5mMeIaTIBUR numulsziRmsinuiisannnsadeu wedndendinodis
NFITEALNUTINTAMERNIIINTITY

fumaudi 3 dudumsifudeyausstoyameesufoinisiiieatesiu
vosgflhvannnszdeu waznwsudoudidnnsedind mutasnariidivue lasiiusius

[

¥ [ = [ 1 Y dy
VvoyalluTzEziIa 6 NBUNIENAINITUNAIUAY AU
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Y

- A 91y W niin Lsasu

'
av AYi

- gueelasatanduiglasy

Y

N A AIGERIGINTRRN

- gnsenagiduiuiguaglety

- gwieduafifinelddusuasiiuiitensewinentunlasita (§18mw Drug
interaction Fact, 2015)

- wamaﬁawﬁﬁ’ﬁmﬁﬁlﬁmsﬁaa LU AST, ALT, ALP, GGT, TB, DB, albumin,
blood urea nitrogen, serum creatinine, hemoglobin, hematocrit

- PWUTUMENRINTURNANEFU (post-operative day)

- YefuBugfionaiinanendyaauaiansvesaanilasaia 1w nasidudu

[
' [y o

gMlAsanadn (delayed initiation of tacrolimus), N1su1AARYiaUARUa" L&

(cholecystojejunostomy)

£ %

fumaudl 4 Tieswideya
4.1 @a519uuUTnaewLndyaumansuszansmalusunsy NONMEM wag
PDx-POP &aaziidunoulnedaay fall
4.1.1 nMsadrauvusiasaiou (base model) FaUsznaude
4.1.1.1 structural model T4a5U18AMUAUNUSTENINANUTLTU
yasgmlasadaludeniunan
4.1.1.2 statistical model a8 utsaa 1A uLys Useneaunie
interindividual variability model Wwa ¥ residual unexplained variability model %3 ®
intraindividual variability
MInAasaiioAumILUUS 1889 base model fiwsnzay Tngldnnsussanaun
WNEYaUAIERSA8IT first-order conditional estimation method with interaction (FOCEI)

laeTiAs1e9 structural model Liten1A1 typical value 1183310 Yoyalun153deildiulvg

.Uu tacrolimus trough concentrations 33fia15auIMAdeUKUUTIADIYTA 1 B3 d1uN13
ATIENUUUTIA0Y statistical model AgviNsAUMIMABUKUUTIA0Y 12 JUluulagiden

[

AMNNULUTYBY interindividual variability wag residual variability il
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RV Additive Proportional Exponential Combine (additive

1\Y] and proportional)
Additive wuuUsaesd 1 wuusaesd 2 WUUSIaesi 3 wuusaesd 4
Proportional | uwuusiaesdi 5 wuushaesdi 6 wuusaed 7 wuuUsaesd 8
Exponential wuushasdi 9 wuusaesdi 10 wuushaesdi 11 wuushaesdi 12

a 1

n1sAnLGaNLaaNLUUTIa8Y Base model Viquﬁzamﬁqﬂ AENINTUIINAT objective
function value (OFV) sau89@1 Akaike information criterion (AIC) ﬁﬁﬁ’]ﬂ@ﬁlﬁ?j@ Lay
Us21dlU graphical analysis Tnen1sfansanuuusaesiifinanisussidiuanuaenadaaned
(goodness of fit) sEwinamnududueefitnliade (observe concentration) fumaa
Wuduvesefiviuisainuuudiass (population predicted concentration; PRED thag
individual predicted concentration; IPRED) Tnilanwuzlulufirniafeinu waziiarsun
ANMNFUNUSTENINY conditional weighted residual (CWRES) AU PRED kagnsInss1Ig
CWRES Aunanfianginnnuiduduressmilasasiaideyanszaeodsanungsou zero
line

MnuasUssfiumnudniugssninedmsinesuas base model fio AN CL/F uas
V/F dutadenepadnisiazdd Lﬁ@iﬁmwLLuaiﬁmmméf’mﬂ’uémaﬁmﬂaﬁmén Wieuselew]
Tuduneunisindentadonsraindely

4.1.2 mMyasawuusiaesfiitadesiu (covariate model) Siasrzvimniaded
anadinasorndsaumansseselasaia laun tmidn adlalnadu Adunlnsese
N15%1191U%86U (AST, ALT, ALP, GGT, TB, DB) firn15vi1a1uredla (BUN, SCr) Ardayiiu
szpvnamdsgnanedu dunmsinuiasAnuiadensedinuaiilusuuuy continuous
variables dutuneunsanuluduneuiiieed
4.1.2.1 MFI9FOUNIEIINVBINILUSIUA U ULEUR T
(multicollinearity)
Tunsadiauuusiaes covariate wistlostunmsiinnanizsiuvess

o

wUSTUAIUULEUASIU09UT8N9ARLN F9AI5VINNITANTIIANUAUNUSTINTENINT UL DIAU

1
04 ad

09U2N1ARUNNINUA 13 U8 92875806 Pearson’s correlation ¥891U338M19AALIN

o A o A o A [N i o aa ao a e o o 61
8 IUN 8, IUN 30, 3UN 180 °VT’]ﬂHU"DEJWU']']%"O"U‘EJ‘VIWQ?I@L!WVIU']&I']'JLﬂi"l%ﬂﬂﬂ'ﬂqmaNWUﬁiﬂﬁi
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ya o IS

L@ Un 39 (Collinearity) Ao 'aumaqmaqnumwaamims’mLuamu MY BUTUY

Y

pnuduiusadunss lnensadrensdssiuanuduiusvestiadedananntidlagld

% & | o A = A = o a ' o aa
%a;ﬂaw‘mumiumﬂ’mw 8 DALABUN 6 NANYNHINITNAIUINTIN UINNUIN ﬂﬁ]%‘vmﬂauﬂ 2

I
v Y

Uadulanduiusiu {iduavidenladeniediniiiesdademedlun1sinsendu covariate

=

model Tnsfiansanideniladensndinidnatod ey UN9ADG Fwudususuusnnou wazly

fnsantlaseittinnuduitugs antuiasuadhs covariate model luduneusely
4.1.2.2 75 stepwise forward addition Tneuiis covariate adaay 1

281419 base model a1niudadon covariate fuunzau TngUszifiuAraanuunneing

5113191 OFV 984 base model iU covariate model ¥11n@A1 OFV Tu covariate model i

o

ANANAININNTT 3.84 (X2 = 3.84, df = 1) azfiointadeiultudAgnsada (p-

[

value < 0.05) lovnisnaaeutladesuasunaglinuladenfidoddyniadasn wiSen

wuU@esluuneuid full model
4.1.2.3 35 stepwise backward elimination yi1n15A19ntadeaon

910 full model Aiaz 1 w1nA1 OFV Ty full model A1enaIun covariate a8n TAANTY

v o w

NINNINTONINU 6.64 (X% = 6.64, df = 1) agdeinUadetuiidedAgyn19ads (p-value <

LY [ aa

0.01) @ehmmeasudadeaunsu alinudadeifived dynsadasn dedlduuudiaes
qmﬁw (final model)

4.1.3 N139TIVADUAIILANINAUHAVBIRUUTIABY (model validation) A

% bootstrap lngduiiagralmiietanlinaaauluuinaesdnuiu 1000 bootstrap runs

' a cal v W ! a ! ' A O Ay ' a ¢l

AEwesilannguiiegalsiameglurianuietiuniosas 95 YaIANNTINNTH

1a91n bootstrap runs Wagns29@9U visual predictive check Tae a1 observed

concentration hjmsagjuaﬂ 90% prediction interval 41nn31 10%

4.2 AwnszvideyaniluveUig HansameiesU URNshuuLHLNS I e
nlasdda waznisAaniusgivenilasadanielusunsy Microsoft Excel 2016 wae

lUsunsu SPSS version 22.0 (SPSS CO.,Ltd, Bangkok Thailand) lngussetedeoyana

[

ANSANYIPIYADPLTINTTUUT A9

a

1. doyaidanmunin ussenglusuuuu anud Sevax
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2. Yoyargausuna 1Uewuagiansanisnszefiivesleyanen1sagey
n13n3218WUUUN# (Test of normality) A78 Kolmogorov-Smirmov test Ll8131n doya
FUUTENIMIBLIAY 50 fege Tayaniinisnszatgduulnd azussenslusuiuy

ALadey way dulenuunnggiu dmiudeyaiiinisnszatemuuuivasussenglugluuu

ASTSEgIU Uag WdeAdelvd

Yupauil 5 a3UuNansITe aAUTEKa Srutalaueuuy wazlaweIvY

syusadayacUiedgnanusiu
Pa93n3184 2540 - SuAN 2561

L P PR PETTERPRRTTTES: =

v

nguADaE9REIUN UNNISARLEDN

Antaanan Inclusion

and Exclusion criteria

1 U199UN15798

=3 ar e . s 5 4t 2 = oaas
LﬂU‘EJaa‘iﬁwuﬂ'lWUﬁZ’Jﬁﬂ'l‘ﬂﬂﬁUﬂ']/ Nﬁﬂ‘i?%‘i"lﬂ\‘lﬁﬁ]ﬂﬂﬂi.lﬂﬂ"l‘i

TuvasitldFumlasadaiuszezian 6 Wou ndalgndiediu

SAUTSTAUIMMLATANE WiDNIUIRENTIATU
i TUsunsy

NONMEM / PDxPop

A5 UUIIAD I BLNFvIAUANEASUTSUING

WaNATIsRAndYauAanS Jadenteadinninans
WndvIauAIaasvaselasaa

= L3 ar & o= Al
ALATISHLLA 5ﬂ‘§ﬂ Nﬂﬂ"lll'?ﬂ!a]ﬂﬁﬂﬁi ANT3998

5UT 3 Junaun1saniiun1sidelaeagy
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( Tacrolimus concentrations and Time )

Base model (structural model and statistical model)
= Graphical analysis
= Objective function value (OFV)
= Akaike information criterion (AIC)

+ Potential
covariates
Stepwise forward addition
decreased OFV > 3.84 (P <0.05)

Base model
development

Full model (Base model and potential covariates)

Insignificant
covariates

Stepwise backward elimination
increased OFV 2 6.64 (P < 0.01)

Final model (Base model and significant covariates)

[ Covariate model development ][

> Bootstrap validation
> Visual predictive check (VPC)

UM 4 JuURBUNITATIMUUIIERIMNLNFYRAUAIERT (model development)

aelUsunsy NONMEM®

62
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4. NTBULUIAANITAVY

Tacrolimus dose

-Body Weight A 4
-Hepatic function

-Renal function h ki . Population
-Hematocrit S Pharmacokinetics

-Hemoglobin (ADME) Pharmacokinetics
-Albumin

- Post operative day

v
Tacrolimus concentration

a

5. YaNA15UIA1U58555Y (Ethical Consideration)

TaN1150 I AINZINTDNA TN ITUNNYITDINUNA NI B FITU

[y

WY

&

998 lunywd Al
1. nanAMLAISWIUYAAE (Respect for Person)

Toyadusuazdeyanisinuiiedesiunsidevesdidisiideazgniiu

¥

Hupnudunslunssuiumsiiudeya nstuiindeya nsiwszideyawaznissenudoya

U

v
I 1 Y Y 1 a v (Y

navfe Lidnsseyde Medvasiiinsinidelunuutuiindeyansdu Jeliauisaszyss

Y U

a v

Wwrsu33e1d n1sAAsIEvkaLarIIeeIuNaniIsITeazitauslunwsmduduluiive

ey

N

)

naUsTatAanIINIsinty waraglinsenusieidnsidy msgliunngleyadiudives

[y

WNSIUIVLLADENGLA

ey

2. vianwsispadselev (Beneficence)

(%
[ a o

M7deassil fidsnndvalilafulsslenilagnsdaganmadniiums

(%
[

Fvelumsedl Lwimaﬂﬁﬁifaa3ﬁaiﬁLﬁmaqﬁﬂa’1m§Lu3J%qLﬂuﬂiﬂwﬂ@iadfmsm
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3. NaNWYINANLRTIIU (Justice)

[
[

Tunsafiunsideassil oaudunguidmineszilomalunislasuden
Wrndsewiniy lufinauselesddnnulun1saiiuniside kasdinuein1sendandngiuive

v Ao

LAZLNAINNISAALADNDDNAINAITIVUNTALIUY

6. WUszanalun1sIdY

Anlgane nwazden MUIURY
1. vunnian ANNSEANY LATDNVYU MFUSTNBUNISIVY 3,500 U
lUsunsy NONMEM wag PDx-POP aruayulagn1AIN

WndUNTINUJUR 91

2. VIIRANGANE | ANaneLenans 3,000 UM
AdnvIgUidIne g 1,500 U™
ANgUNIUEBIN ULy AT IeiToYa 12,000 U™

59 20,000 U
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unil 4

NaN157¢

nsfnwundyaauransuszainsveseimiasddaludUisUgnateduaseili Junis
Wordaiaszit lngAudoyauuudounds o ANTWNNEAIEASISINgIUIaTINITUA
UM AU LIDATINULUUTINEY UATBSUIEANYUENIUAFYIAUAIANT VD
ganlasddaludrenlasunisugnateduynilne Tneiudeyadeundaninnvssidou way
v a a s 1 I = I Y
udeyadiannyefindveddsang1una YIusou UnsIAL WA, 2540 f9 LhpusuI1AY

WA, 2561 Lot Uayafina1IiaTIEd AU UUTIRIMNANTVIAUAIEATTU

1%
Va o =

Tuundl {Aseasnonunanisfine 4 da wavedusenan1side il
a1 Foyadiugruvesivandgndiedy wuuununisldeinilasdifa
warnsinnuszRugmlasadalugen
42 MTIATIERKUUTIABY base model
43 MTNATIEIRUUTIABN covariate model

4.4 AFIATIZALUUINEDY final model LLazmimaaummgﬂéfm

4.1 dayaugruvasgileugnaiedu wuuuaunisldemlasadauaznisinaiuseauen

MlAsadaluLaon

o v

a r-:’ljd 1 ! o A L3 v A v Y 1 Qv o
MyReifegnargduinunusinisAndongUietnTinnsIedmI 50 918
Tnennsedudileilasunisiidaugnaiedulszam orthotropic liver transplant 1uass

= Y a v Y a A a aa . L7 1 [
wsn alasunisusaaduanguinaidedin (cadarveric donor) gUhedulugiduine

(%
o Y

g Heeiady 57 U laeildUlgenytiesan Ae 23 U uazerguiniian Ae 65 U W midnen
WAgNauUMSHIARUgNaNediu 66.04 + 11.47 Alandu ihwinditesiaauwazuiniian Ae 45

v A

wag 92.8 Alansu A1ua1AU waziA1Asiulaniy (Body Mass Index, BMI) t2de

24.71 + 3.66 Alan3u/ums? laee BMI tesflanuazannilan Ao 17.51 uaz 31.80 Alan3u/

(%
v [T 1

wns? auaau JeustlunisugnaneduvesgUivdiulg (Segas 56) fie decompensated

cirrhosis dmiutayaiugiuduvesilsugnanedulunuided wanaduislunsed 4
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ms1efl 4 dayaitugruvesiaeugnanedu
Foyaiugruduasugnaredu (Sumw 50 119) HANSANYN

wAYe, 91U (Feaz) 34 (68)
dsegueny @ (duadelvd) 57 (52, 60)
Anadetmin + daudsavuaasgu Flani) 66.04 £ 11.47
Anadedviiulanie + drudsavusnasg Flandiu/umns?) 24.71 £ 3.66
Fotsdlunsugndnesu S (Gosay)
-Decompensated cirrhosis 28 (56)
-Hepatocellular carcinoma with decompensated cirrhosis 19 (38)
-Hepatocellular carcinoma 3(6)
auuglsaruvasguaeugnaneiu J1ua, (Geay)
Fushiausesimnhisasusniaud 17 (34)
FusiauiFesanngs 9 (18)
Sushiausesmnhisasusneud 8 (16)
FusniauFessnlafarusniud UAEEsD 7(14)
Susniautesmnh¥arusnaud uazd 2(4)
Fudhiauiiesiarn autoimmune 1(2)
TsavtethigaduFess 1(2)
Tsasuaiindu ¢ 5 (10)
TsasauvasdUaesugnenedu 91ua, (Gevay)
UMY 6 (12)
-AnuAulafings 2 (a)
Tsalaideds 2 (4)
AUWY 33U ANuRUlaings 9 (18)
L Sauifu Tsaladeds 6 (12)
-Anuaulafings suiv Tsrlnidess 1(2)
-Auiulaings 33U hepatorenal syndrome 1(2)

[y

wuukunslidennagiiauiu uazemlasadaludiieugnanedu (1151991 6) wudn

Y 9

T

AUreUgnaeRusesar 78 aglasuyn methylprednisolone intravenous 1000 3ia

a v

Tunvihmsihdiaugnaneduiienagiiauiilugag Induction phase sieungUieugnanesudiu

[

ey (Fogay 28) asulasuemilasadaviindulsemuiionagiAuiulugis maintenance

phase a4 Tunenaen1sugnangdiuTuil 2 (post-operative day 2) 31nM1sAn¥INUIN {Uae
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ns1elasuenilasad

g@5Juuy immediate-release (

67

Prograf®) wuslviSudseniunn 12

Falas fouawnseg ey 1 43lue lngvuinemilasadamienguielasuiuusn Ae 0.05

(Wefy 0.03 - 0.07 FadnTw/Alansw/iu) YeyanisiesuuRnisvesfiislgnaedu a Tu

SUAUYIMLASANE U 939987 0 — 3 LABU AT UINNIT 3 — 6 LHBU AILAAIIUAISIIN 5

M13199 5 AmeviseufjuRnisvesuneugnanediu

AMmeResUunis NanNSANE o
(Urevandrafiuinuay 50 518) FuBuduen 0 - 3 fiau >3 - 6 Loy T
Hemoglobin; Hb 10.5 (9.6, 12.1)+ 10.9 (9.8, 12.2) t 11.1(10.2, 12.3) t 12-16 g/dL
Hematocrit; Hct 30.9 (28.7, 34.4)t 32.4 (29, 36) t 33.7 (30, 36.5) t 36— 48 %
Aspartate aminotransferase; AST 476 (160, 1235)t+ 44 (26, 84) t 33 (25, 60) t 5-34 U/L
Alanine aminotransferase; ALT 388 (249, 796)t 106 (50, 182) 52(33,99) t 30 - 65 U/L
Alkaline phosphatase; ALP 87 (58, 118)t+ 107 (81, 157) 123 (78, 204) + 40 - 150 U/L
Gamma-glutamyl transferase; GGT 127 (74, 215)t 162 (84, 302) + 158 (48, 386) t 9 -36 U/L
Total birilubi; TB 4.7 (2.6, 24.2)t 211,82t 1.2(0.7,3.9) t 0 - 1.0 mg/dL
Direct birilubin; DB 29 (1.6, 24.2)t 1.2(0.5,5.9) t 0.6 (0.3, 2.6) t 0 - 0.3 mg/dL
Albumin 30.4 + 5.2¢ 32.3(29, 35.4) + 33.6 (30.7, 38.3) t 34 - 50 ¢/L
Blood urea nitrogen; BUN 24 (19, 30)t+ 22 (16, 31) + 20 (15.7, 27) + 7 - 18 mg/dL
Serum creatinine; SCr 1.1 (0.9, 1.8)t 0.9(0.8,1.3) + 1.08 (0.9, 1.4) + 0.51-1 mg/dL

b + drndosuuinasgy; Alsegiu (ideadelng)

Y [y

nnsAnwluszeziian 6 Wweu nuigUleUgnanedunnielasueinagiauiu
Tu93 maintenance immunosuppression 1Jug1nagfiduiudiuiu 3 vlinsiudu fe

tacrolimus (Prograf®) $2uAU mycophenolic acid Wag prednisolone
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Y o

M13199 6 wuuuaunsldennagiduiu wazemnlasadalugUeugnaiedu

q

wuuununsldenagiduiy uasemilasads (1w 50 518)

9

g1 RduAUY9 Induction phase fifieUgnaneduldsu s1uuass, (See
ay) 39 (78)
-Methylprednisolone 11 (22)

-Methylprednisolone and Basiliximab

g
v

TunEudue M lasaiavliafuussniu (Funendinisugnanedu) 2(1,3) t

Junsuduliennlasasasiasuuseniuasasn Ass, (Savay)

-post operative day 0 - 2 31 (62)
-post operative day 3 - 5 18 (36)
-post operative day 9 1(2)
unemilasadarinsulsznuisudy @adnsu/Alansy/fu) 0.05 (0.03, 0.07) t

Ay o . v ' v WYy o %
#1nAAANAUYI maintenance phase NfUaugnaeauldsu 31wy, (Foe
ay) 50 (100)

~Tacrolimus (Prograf®) + Mycophenolic acid + Prednisolone

Asisagu (Wdeadelvd))

nsAamuszAvemlasadalugUlsugnadrediulugas 3 weuusnaendinisugnedie

%

fu pudlumsasiafamuseiugnilasadamanavgeiignlugiiousazsne (mnuieds
0.6 afyidteu) danandlumsnedl 7 99nn1sfnen wud wwdauadiaeugnaefuasasie
Anuszdusilasasialudonadousn m 24 Falusaevdamaduldemlasaiiaouiunsn
FewunaduUseansuosanuiunys (coefficient of variation, CV9%) ¥895¢aug M LASALE
#nan (trough tacrolimus concentration) lutd 0 - 3 Liiew uag 3 - 6 LHeun1endsnis
Ugnanediuilenuseanns 44.95 Wesiwud uay 43.0 Wedlwud aud1du lussesiial 6 oy

LinuseanueinishdisUssasdlugtieUanaiedu sensilasunlasennlasasadusina

nnsanwdoundamudn guredgnaneduiiuiu 2 siednlusemenemnlasdida

a v a 1

4In317 1189310 sEAveMlasAlagaiuden1sinw nnsiiaujisenseningen (drug

[y '

interaction) 5¥¥IN9EINNLASANE AU 81913851 Fluconazole wag Clotrimazole troche @4

[
a v = 1

WU nevaanssuliendios seAuenIlasalan1gnasglueg19TIn R TN

lngsyivgmlasidaszasduninseavuniussana 3 w1 lumaus windazisulvem,
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(%
C [

Tnsafadnasanondmgnomlasdtadinsm uazasaeinsefuemlasafaludenile
fuduirseiugnanasaudigriinisinwinazannsaduenls lnsunwndagiuduruinei
anaeninrunefilduiiy udnmatnsedueiandnadslutuiedu arninasinisdneen
wdnseiugmmlasataludeiiinufAsersenineeneenainnsdne dmsugiae 2 51
ffohszsuemlasataludieilésuenidoneoninmsing uiftheiaesnedineg
Tunsfine wagas@nwszdusmlesadialuiiisnedinandnadanisndsnangagsi

Wwasluwadunan 7 5u

M13199 7 wan1shanuszauemlasaialugiasugnanenu

WNAN1SAN®I

NAN1SAAAINTEAULINLATALE srzlIamasUgnanedu

0 -3 oy’ 3 - 6 Liiou®

anudlunshanmsziusmlasadangn (ade) 919 262
anudiedslumsinnussduemilasadadiign (afyaeiiou) 4.6 1.3
seugmlasasianign? (uilunfiy/dadans) 7.285 &+ 327+ | 6587 t 2.83+
Sovazvasindulszansanuiuudsvasseiusmilasadiadgn

44.95 43.0
(coefficient of variation; %CV)
g UaeldTusm wasliufisenseunineenfuemlasida® (afe)
-Clotrimazole troche (Ufjisenseningen seautuddny 2) 1 0
-Fluconazole (Unsensenineen seeutlvdnfny 2) 2 0

a aa

*syauglasadaidviung 5 - 7 unlunsu/fiadans !
#sgsuemmlasadaidivang 4 - 6 wlunsu/dadans

+Anady T dmdeauuinasgiu

R - — -
gredamuuumainisguadUaslgnatedu AazunmeranslsamenunaIuIBUuR w.e.2559
Sgsivgmnlasddasan nunetls savemilasadaluden lnensieinneusulsenuemilasddagaud 30 wii

*$1989m1u Drug interaction fact, 2015
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4.2 N15ATILHUVINABY base model
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Time after tacrolimus dose (hours)

JUN 5 Anuduiussendnsanududuvasemnlasadaluiben

AULIATLANZINTLAUYINAIUIHITYN

N15ATIEEnILUUT1a0e base model iilead1suuudiassiugiulunisvien
WNFvaUAIAnsUTEINNT a'lmimﬁﬂéﬂmaﬁﬂﬁz’faagaizﬁumwﬂmaﬁaiwﬁamﬁwﬁau“aLamﬁ
feldsueudiesed anmsinmi arwduduresemlasaiaianwdnlngidunin
Auduvesemlasadaluden & naidoufuuseniueiiow (u 1ad 11.5 $aluands
fuUsemueniien) uwaslruididuvesemilasasialudon o nand 23.5 FalusUszann 6
e Liesan Wusziuerillanyinnendanismgan Wesan mnududuvemilas
AfagaAusefunssnvndmung (fa3uf 5) msliseiagldlusunsy NONMEM version
7.3.1 (Icon Development Solutions, Ellicott City, MD) saufiulusunss PDx-Pop version
5.2.1 (ICON Development Solutions, Ellicott City, MD, USA) 1aal935 The first-order
conditional estimation method with interaction (FOCE INTERACTION) fWonuuusians
Manduaaumans (structural model) ¥msvaaeusswuus aoundsaauaanssdani

#84 (one compartment model) kazlLuUUIIaBILAFTIAUAIANTTUAADINOY (two

compartment model) Na@dUAMUEUKUITENINIYAAR (interindividual variability, IV
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model) AMELUUT1883 3 WUU A additive model, proportional model lag exponential
model mmaaummﬁmmsmamwna?ﬁu (residual unexplained variability, RUV model)
AIBLUUTIa84 4 WUU A additive model, proportional model, exponential model wag
combined (additive-proportional) model
NnHaMTIATERszFug M lasalias iy 1012 9amogs Tuteiui 8

fafoudl 6 mendanisugnatediu anngUasdiuau 50 318 WUt wuudna esfianansald
UsziluAndvaauaans i 19N1gal Ao WUUI1ae9wiia one compartment model
with first order absorption and elimination (ADVAN 2, TRANS 2) ﬁﬁLLUUﬁ?ﬂaaﬂmaﬂﬂaﬁm
LLUﬁﬁuizmﬂﬂqﬂﬂa (Interindividual variability model, IV model) tJu exponential model
LLﬁ%‘ﬁLL‘U‘U‘\T’lﬁ@ﬂﬂ?’]ﬂLLUiﬁumﬂﬂ’lL‘Vi(i}?]lu 9 (Residual unexplained variability model, RUV
model) t{u additive model 183910 A1 OFV (objective function value), A1 AIC (Akaike
Information Criterion) Yasuuudiaesmiian eifisufuuuudiassduy Wefiansanaiiy
A0AAADINDAVDILUUTIADY base model WUINNTINAMNFUNUTTENIN tacrolimus
observed concentration AU population prediction wag individual prediction sﬁa;ﬂa%
ns¥a1weglnaiAga identity line karn319 conditional weighted residual (CWRES) fiu
individual prediction wag time Toyavznszatgagluiulaninnsiu zero line oglud +4
wazA1 %RSE (relative standard error) 98999%31N13A19A8T LAZUIUINTNITNILAEAIVDY
griszdiuldanuuudassianannuididiosiian devimneamin uuudiassfananndl
ANNADAARDINBAT UTDYA

NIIVNAABULUUINADINIULATUIAUAIEASAIY two compartment model wuinly

ausaUsziliuAmisidmesmundylaumansle enalianvauiaindeyaseauen

4
av o a [

lun1s3detiduseivemilasddadgaingainlunddnUjuf Judussdveiniendinis

(%
Y

Sudsemuemnlasadaleanvingluudy 12 aluadudiulvg (UN 5) Fwuedeyaseauen

Tugaen13nnTneuaznszaeen (absorption and distribution phase) FaldanunsaveAasd

9n31N1359ATUE1 (absorption rate constant, Ka) liandeyainiledlegisusiugn Jevinlv

Y Y

NTIATIZYLUVTI8099TA two compartment model fdadnin nsdliilidauisauszidiuen

CY va v

Ka loa1nteyatagdu §39839871989A1 Ka 31nn1sfinwindyaaumansussvinsvessim

q
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Tasasialugftheugnanedugluafinessnulusind 1o 2 A waglugtheugnanelngluag)
g17lne 1 A fail 0.51, 4.48 uaz 7.06 AoTAlUT AUEINU (55, 68, 69) NUNSINTNAFOU
WUIIAT Ka 91 4.48 sadalus $198991nn15ANB1ve9 Jusko wazamz(68) Tinadnsaes
WUUS1aed base model Awsiugh srudefulsmandvraumansivsaduldiived iy
add laefldn OFV wWinfiu 3109.769 38mns1n13/1dmen (CL/F) windu 25.60 Anseadalus
(95% Cl: 21.6, 29.6) LA1UIUINTNITATEANAVBI87 (V/F) 111U 944 ans (95% Cl: 389,
1500) fiA1A11LUSHUIENINUARAYBINTINITAITRET (Vo) WinuTesas 41.2 uagan
AMULUIRUTENINIUARAURIUSIININNTNTEEMYRe (IIVy,) WiriuSesay 86.7 wavilen

drudeauuNINIFIUYRIRNNLUIHUIINGRDY 9 (RUV, SD) wirfiu 2.57 (An519 8)

A157199 8 ANLRAYWISIUNBIAINLUUDIAD9 base model

Base model
Parameters

Estimate %RSE
CL/F (L/h) 25.60 7.89
Ve (CV%) 41.20 21.50
V/F (L) 944 30
IIVye (CV%) 86.70 38
Ka (h™) 4.48, fixed -
Residual variability, additive error, (SD) (ng/mL) 6.61 (2.57) 11.7

- relative standard error (RSE) is calculated as 100 x (SD/mean value);

- 95% nonparametric confidential interval (95% Cl) is displayed as the 2.5" , 97.5 th percientile of bootstrap
estimate

- interindividual variability (IIV) is calculated as SORT(mean value) x 100%

- CL/F, apparent oral clearance (L/h); V/F, apparent volume of distribution (L); Ka, absorption rate constant (/h);

nsUszdunnuaenademeivesseiusmilasasadivinungldain base model lag
N1SNABANIINTENI19 population predicted concentration (PRED) U observed
concentration (DV) (gﬂﬁ 6(A)) wag individual predicted concentration (IPRED) AU

observed concentration (DV) (U1 6(B)) wuinanuduiusiiululuiiamasieaiu
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=

JUN 6 NM5UsEAUANADAARDINBAYDY base model LAAIAMNTUNUSTIENTI9AY

14

W UTUNINLASe (Observations) AuA2 N TNTUYRI81 TuLAANINU1ela (PRED way

IPRED)
wudan (—) fa line of identity

yonanimnuduiusues conditional weighted residual (CWRES) fiu population
predicted concentration (PRED) (3U1 7(A)) wagamduiudsswing CWRES funaiiany

Taaudutuvesnilasada (anmenasnisidinuananedu) (U7 7(8))

0 1000 3000 5000

Conditional weighted residuals

Individual predictions Time

JUN 7 MIUTZlIUAUNEDAATRINDRAYDY base model WAAIAMUTUNUSTENINAT
CWRES fUA1 PRED WagAMUaunusse1I19A1 CWRES AULaMaNEInseauAutudu

v mlasadd (1Ia1nendnIsHIdaUgnanedu)
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4.3 MSAATIZNUUUINABY covariate model

Anwinavesladeoniepdiindiuiu 13 Jadeaedniin1snidnen (CL/F) wazUsunng
AsnsEaefvesemilasasfaly/F) taun tnen, Hemoglobin (HB), Hematocrit (HCT),
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), gamma-glutamyl transferase (GGT), total bilirubin (TB), direct bilirubin (DB), blood
urea nitrogen (BUN), serum creatinine (SCr), albumin lag Sygziiamvaslgnanesiu (post-
operative day) Imaimswzﬁﬂu%’aga&imﬁm (continuous covariates)

AMNFNRUSTEIaTen1eadiin 91uaU 13 fMreANITIHNeTYNUNEYIaUAENS
(CL/F uag V/F) uanslagisgy

o o
40 o, o &2 40 § -
o o @
§30-°0"1’0°oo y V §30- ’ -
G W S
® R ° ®
D 4 %R o L@ 4 \: -
) oo © @] ] °
o
o & & § ®
10 o - 10 -
T T T T T T T T T T T
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NANISE1SI9AINUAUNUSURIUITEAANNLUDIAULAENITNARBUAITUAUNUS
Pearson’s correlation ¥aladen19aain 13 U998 & Tu? 8, Juil 30 waziu 180 A8uaq

n5UgNANEsU (Ham3737 9 — 11) Wudn AST — ALT, TB - DB uaz HB - HCT flndmdusius

(%
Y a

fu o 3 9aLa1 fellu IdeTafiansanadiansivauduiusvestadenasuiodudu

ANUFNTUSYRITRYARINAINGR 6 LD



A15199 9 Pearson’s correlation ¥29U238N19AANNIIUIU 13 ALUS U TUN 8
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%4 1 s
AnaINITUgNaNENU
Correlations of 13 covariates at Day 8" (n -50)
BW | PoD | AasT | acT | Aatp [ Ger | 78 | bB | aB | HGB | HeT | BUN | scr
BW Pearson 1
Correlation
Sig. (2-tailed)
POD Pearson. .051 1
Correlation
Sig. (2-tailed) 728
AST Pearsonv 195 | -139 1
Correlation
Sig. (2-tailed) 179 | 342
ALT  Pearson .291°| -207| 480" 1
Correlation
Sig. (2-tailed) 043 | 153 .000
ALP  Pearson .013| 265| 022] -046 1
Correlation
Sig. (2-tailed) 932| o066 881| .752
GGT  Pearson 1s3| o76| o0s0| o083 772¢ 1
Correlation
Sig.2-tailed) | 203| 60s| 783| s571| 000
T8 Pearson 121 -052| -024| o00s| o012| 238 1
Correlation
Sig.2-tailed) | 407| 721 871 975 932| 099
DB Pearson 133 -0s8| -035| o00a| o024 262]| 996" 1
Correlation
Sig.2-tailed) | 362| 743| 813| 979| s870| 070| 000
ALB  Pearson 109 | 138| -043| o015| -184| -039| o022| o011 1
Correlation
Sig.2-tailed) | 456 344| 771| o919| 207| 791| 879 941
HGB  Pearson .075| 135| -181| -005| -100| o0so| o11| oos| 231 1
Correlation
Sig.2-tailed) | 610 354 212| 974 493| 732| 941| 967 112
HCT  Pearson 21| 05| -190| o031] -107| 031 -015| -022| 218| 988" 1
Correlation
Sig.2tailed) | 408| 471 192 831| 4es| 835| 920 883| 133| 000
BUN  Pearson 023| -170| 028 -004| -157 -155| -102| -092| -202| -182| -178 1
Correlation
Sig.2tailed) | 876| 242 847| 976| 281 289| 48| s28| 165 211 221
SCR Pearson - -1 =
) 130 073| -172| -216| -087| 034 4927| 496 | -079| -106| -128]| 469 1
Correlation
Sig.2tailed) | 374| 620| 238| 137| ss1| 815| o0oo| ooo| s91| 4es| 382 001

* Correlation is significant at the 0.05 level (2-tailed).
= Correlation is significant at the 0.01 level (2-tailed).
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%4 1 s
AnaINITUgNaNENU
Correlations of 13 covariates at Day 30* (n - 50)
BwW | poD | AsT | AT | Ate [ GaT | 18 | DB | ALB | HB | HeT | BUN | scr
BW  Pearson 1
Correlation
Sig. (2-tailed)
POD Pearson. 014 1
Correlation
Sig. (2-tailed) 922
AST Pearsonv 00a| 213 1
Correlation
Sig.2-tailed) | 517| 128
ALT  Pearson 114 | 216 845" 1
Correlation
Sig.2-tailed) | 430| 132 .000
ALP Pearson .044| -058| 067| 064 1
Correlation
Sig.2-tailed) | 761| 687 645 659
GGT  Pearson .117] -002| 163| 202| 657" 1
Correlation
Sig.2-tailed) | 417| 986| 258| .159| .000
T8 Pearson .092| 028 o075| o061| .105| 388" 1
Correlation
Sig.2-tailed) | 527| s848| 604| 672 467| 005
DB Pearson .092| 026]| 079| o064| 120 395 999" 1
Correlation
Sig.2-tailed) | 524| 8s56| 588| 656 407| 005| 000
ALB  Pearson 050 -127| -098| 038 -217| -227| -127| -132 1
Correlation
Sig.2-tailed) | 732| 379| so00| 792| 130| 113| 381| 363
HB  Pearson 112| 3257 243| 212| o048| 146 -261| -264| 077 1
Correlation
Sig.2-tailed) | 437| o021| o089| 139| 742| 312| o067| o064| 594
HCT  Pearson 122 353 215| 201| -007| 131 -231| -235| o079 974 1
Correlation
Sig.2-tailed) | 399| o012| 135| 162| 960| 366| 107| 101| 584 000
BUN  Pearson .167| 070| -098| -221| a1s0| -0s0| -030| -028| -192| -3647| -363"
Correlation
Sig.2-tailed) | 247| 629| so0| 122| 298| 730| 835| 847| 181| 009| o010
SCR Pearson B = . .
) 081 -013| -045| -020| -031| 112 538°| 531°| 197| -356°| -330°| 207 1
Correlation
Sig.2-tailed) | 574| 927| 757| s8s88| 830| 439| ooo| ooo| 171| o011| o019| .149

* Correlation is significant at the 0.05 level (2-tailed).
= Correlation is significant at the 0.01 level (2-tailed).
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M15199 11 Pearson’s correlation 224U338N19AaUNUIU 13 ALUS a1 JUN 180

AMENAINISUGNENEAY

Correlations of 13 covariates at Day 180*" (n -43)

BW POD | AST ALT ALP GGT TB DB ALB HB HCT | BUN | SCR

BW Pearson

1
Correlation
Sig. (2-tailed)
POD Pearson 044 1

Correlation
Sig. (2-tailed) 804

AST Pearson

) -352'| -110 1
Correlation
Sig.2-tailed) | 041 534
ALT  Pearson -312| -296| 920" 1

Correlation
Sig. (2-tailed) 072 .089 000

ALP  Pearson
Correlation
Sig. (2-tailed) 447 | 890 084 .097

-1351 .025| 301} .289 1

GGT Pearson

) 259 | -321| 804" | 8127 284 1
Correlation
sig.2-tailed) | .139| o064| o000| ooo| 104
T8 Pearson 062 -097| -258| -251| -042] -151 1

Correlation
Sig. (2-tailed) 729 | 586 .141| .153| .813| 395

DB  Pearson
Correlation
Sig. (2-tailed) 762 | 636 264| 332| 948| 573| .000

054 | -084| -197| -172| .012| -100| .960" 1

ALB Pearson
Correlation
Sig. (2-tailed) 999| o000| .140| 359| .023| 657| 271| .320

000| -574"| -258| -162| -388' | -079| .194| .176 1

HB  Pearson

) 024 -381| a115| 236| o027 183 -279| -321| 372 1
Correlation
Sig.2tailed) | 894| o026 s516| 179| 878 301| 109| o064| 030
HCT  Pearson 084 -435| o096| 224| 021 225 -157| -204| 383| 970" 1

Correlation
Sig. (2-tailed) 636| 010 587| 203| 905| 201| 377| .248| .025| .000

BUN Pearson
Correlation
Sig. (2-tailed) 588| 007| 885| 323| .707| .151| 379| .260| .283| .010| .023

096 | 452" | -026| -175| -067| -252| .156| .199| -188| -437"| -390 1

SCR Pearson
Correlation

Sig. (2-tailed) 039| 618 432| 409| 276| 530 .044)| .035| .249| 276| .537| .000

355"| 089 -139| -146| -192| -112| 348 | 364 | .203| -192| -110| .704" 1

* Correlation is significant at the 0.05 level (2-tailed).
=« Correlation is significant at the 0.01 level (2-tailed).
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AURFINAADUANUFURUSIINLEUATIvRITaden19AaTn (multicollinearity) ¥o3
Jadusauviavian 13 Jadelaeni1sa519ns n wuin AST — ALT, TB — DB way HB — HCT Tuaiag

Ju 8, Jufl 30 uaviuil 180 Mendinsugnanesu Wuladeniemddnileuduiudiy

dunswiaiu daandlugun 8 - 10 uaglinuanuduiusiudunsaiudadunieniindug
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Aav da v [ o o oA
n1snszatevase i lasadanfadnluilusuaun 1
Covariate model development step1 OFV Aorv Remark

Base model CL = 91

3109.769 - -

V= ez

Added covariate on CL - Body weight (BW)
Linear centered: CL = 0, + O,x (BW-61) 3095.570 -14.199* -
Power with normalized covariate: CL = 0, x (BW/61)%* 3096.238 -13.531* -
Exponential with normalized covariate: CL = 91 X exp(ea -

3095.811 -13.958*
x(BW/61))
Added covariate on CL - Post operative day (POD)
Linear centered: CL = 0, + 0,x (POD-29) 3101.979 -7.790% -
Power with normalized covariate: CL = 8; x (POD/29)%* NA - -
Exponential with normalized covariate: CL = 8, x exp(0,4

3102.842 -6.927* -
x(POD/29))
Added covariate on CL - aspartate aminotransferase (AST)
Linear centered: CL = 0, + O, x (AST-39) 3109.085 -0.684 -
Power with normalized covariate: CL = 0, x (AST/39)%* 3103.909 -5.860* -
Exponential with normalized covariate: CL= 8; x exp(8,

3109.020 -0.749 -
x(AST/39))
Added covariate on CL - alanine aminotransferase (ALT)
Linear centered: CL = 0, + 0, x (ALT-91) 3109.085 -0.684 -
Power with normalized covariate: CL = 8, x (ALT/91)%* 3093.336 -16.433% -
Exponential with normalized covariate: CL=0; x exp(B, x

3096.333 -13.436* -
(ALT/91))
Added covariate on CL - alkaline phosphatase (ALP)
Linear centered: CL = 0, + 0, x (ALP-107) 3096.460 -13.309* -
Power with normalized covariate: CL = 0, x (ALP/107)%* 3093.447 -16.322% -
Exponential with normalized covariate: CL=91 X exp(@a

3096.356 -13.413* -
x(ALP/107))
Added covariate on CL - gamma-glutamyl transferase (GGT)
Linear centered: CL = 0, + 0, x (GGT-166) 3108.953 -0.816 -
Power with normalized covariate: CL = 0, x (GGT/166)%* 3106.736 -3.033 -
Exponential with normalized covariate:CL=0, x exp(B,

3108.822 -0.947 -
x(GGT/166))
Added covariate on CL - total birilubin (TB)
Linear centered: CL = 0, + O, x (TB-1.9) 3088.012 -21.757* -
Power with normalized covariate: CL = 0, x (TB/1.9)%* 3084.582 -25.187* -
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Covariate model development step1 OFV Aorv Remark

Base model CL = 91

3109.769 - -

V= ez

Exponential with normalized covariate:CL = 8, x exp(8,

3087.063 -22.706* -
x(TB/1.9))
Added covariate on CL - direct birilubin (DB)
Linear centered: CL = 0, + 0,x (DB-1.1) NA - -
Power with normalized covariate: CL = 0, x (DB/1.1)%* 3071.514 -38.255 -
Exponential with normalized covariate:CL=0, x exp(B,

3103.598 -6.171* -
x(DB/1.1))
Added covariate on CL - albumin (ALB)
Linear centered: CL = 0, + 0, x (ALB-32.5) NA - -
Power with normalized covariate: CL= 0, x(ALB/32.5)%* 3065.637 -44.132* -
Exponential with normalized covariate:CL=0xexp(0,

3103.468 -6.301* -
x(ALB/32.5))
Added covariate on CL - hemoglobin (HB)
Linear centered: CL = 0, + O,x (HB -11) 3105.163 -4.606* -
Power with normalized covariate: CL=0, x (HB/11)%* 3053.825 -55.944* Include
Exponential with normalized covariate:

3103.976 -5.7693 -
CL=0xexp(B, x(HB/11))
Added covariate on CL - hematocrit (HCT)
Linear centered: CL = 0, + 0,x (HCT-33) 3108.928 -
Power with normalized covariate: CL= 0; x(HCT/33)%* 3059.611 -50.158% -
Exponential with normalized covariate:

3108.877 -0.892 -
CL = 0, x exp(B, x(HCT/33))
Added covariate on CL - blood urea nitrogen (BUN)
Linear centered: CL = 0, + 0, x (BUN-20) 3067.737 -42.032* -
Power with normalized covariate: CL=0, x (BUN/20)8* 3059.611 -50.158% -
Exponential with normalized covariate:CL=0, x exp(B,

3063.864 -45.905* -
x(BUN/20))
Added covariate on CL- serum creatinine (Scr)
Linear centered: CL = 0, + 0,x (5cr-0.99) 3070.412 -39.357* -
Power with normalized covariate: CL = 0, x (Scr/0.99)%4 3062.410 -47.359% -
Exponential with normalized covariate:CL=0, x exp(8,

3066.545 -43.224* -
x(5cr/0.99))
Added covariate on V - Body weight (BW)
Linear centered: V = 0, + 0, x (BW-61) 3106.052 3,717 -
Power with normalized covariate: V = 8,x (BW/61)%* 3105.831 -3.938* -
Exponential with normalized covariate: V = 92>< exp(94

3106.001 -3.768 -

x(BW/61))
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Covariate model development step1 OFV Aorv Remark

Base model CL = 91

3109.769 - -

V= ez

Added covariate on V - Post operative day (POD)
Linear centered: V = 0, + 0,x (POD-29) 3107.392 -2.377 -
Power with normalized covariate: V = 8, x (POD/29)8* NA - -
Exponential with normalized covariate: V = 8, x exp(0,4

3106.761 -3.008 -
x(POD/29))
Added covariate on V- aspartate aminotransferase (AST)
Linear centered: V = 0, + 0, x (AST-39) 3108.237 -1.532 -
Power with normalized covariate: V = 0, x (AST/39)% 3107.078 -2.691 -
Exponential with normalized covariate: V = 8, x exp(0,

3108.338 -1.431 -
X(AST/39))
Added covariate on V - alanine aminotransferase (ALT)
Linear centered: V = 0, + 0,x (ALT-91) 3108.338 -1.431 -
Power with normalized covariate: V = 0,x (ALT/91)%* NA - -
Exponential with normalized covariate:V = 0, x exp(0, x

3108.470 -1.299 -
(ALT/91))
Added covariate on V - alkaline phosphatase (ALP)
Linear centered: V = 0, + 0, x (ALP-87) 3109.106 -0.663 -
Power with normalized covariate: V = 8, x (ALP/107)%* 3107.584 -2.185 -
Exponential with normalized covariate:V = 0, x exp(0,

3109.191 -0.578 -
x(ALP/107))
Added covariate on V - gamma-glutamyl transferase (GGT)
Linear centered: V = 0, + 0,x (GGT-166) 3109.755 -0.014 -
Power with normalized covariate: V= 0,x (GGT/166)%* 3109.759 -0.01 -
Exponential with normalized covariate: V = 6, x exp(8,

3109.751 -0.018 -
x(GGT/166))
Added covariate on V - total birilubin (TB)
Linear centered: V = 0, + 0, x (TB-1.9) 3093.995 -15.774* -
Power with normalized covariate: V = 8,x (TB/1.9)%4 3100.307 -9.462*% -
Exponential with normalized covariate:V = 0, x exp(6,

3095.882 -13.887* -
x(TB/1.9))
Added covariate on V - direct birilubin (DB)
Linear centered: V = 0, + 0,x (DB-1.1) 3106.388 -3.381 -
Power with normalized covariate: V = 6,x (DB/1.1)%4 3107.543 -2.226 -
Exponential with normalized covariate: V = 6,x exp(B,

3105.705 -4.064* -
x(DB/1.1))
Added covariate on V - albumin (ALB)
Linear centered: V = 0, + 0, x (ALB-32.5) 3107.007 -2.762 -
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Covariate model development step1 OFV Aorv Remark
Base model CL = 91
3109.769 - -
V= ez
Power with normalized covariate: V= 0,x(ALB/32.5)% 3107.598 -2.171 -
Exponential with normalized covariate: V=0, x exp(0,
3105.780 -3.989* -
X(ALB/32.5))
Added covariate on V - hemoglobin (HB)
Linear centered: V = 0, + 0,x (HB -11) 3107.548 -2.221 -
Power with normalized covariate: V =8, x (HB/11)% 3105.577 -4.192* -
Exponential with normalized covariate:V=0, x exp(B, x(HB/11)) 3106.540 -3.229 -
Added covariate on V - hematocrit (HCT)
Linear centered: V = 0, + 0,x (HCT-33) 3107.621 -2.148 -
Power with normalized covariate: V = 0,x(HCT/33)%* 3108.571 -1.198 -
Exponential with normalized covariate:V=0, x exp(0, x(HCT/33)) | ~ 3107.954 -1.815 -
Added covariate on V - blood urea nitrogen (BUN)
Linear: V = 0, + 0, x (BUN-20.44) 3104.418 -5.351* -
Power with normalized covariate: V. = 8,x (BUN/20.44)%* 3104.431 -5.338* -
Exponential with normalized covariate: V= 0,x exp(6,
3104.326 -5.443* -
x(BUN/20.44))
Added covariate on V - serum creatinine (Scr)
Linear centered: V = 0, + 0, x (Scr-0.99) 3106.705 -3.064 -
Power with normalized covariate: V = 68, x (Scr/0.99)%4 3106.626 -3.143 -
Exponential with normalized covariate:V = 8, x exp(8,
3106.801 -2.968 -
x(Scr/0.99)
NG
- AOFV Ao nar19waeA1 OFV 5313N9kUUs1a84 covariate model uaz base model,
*AOFV >3.8 (X 20.05; degree of freedom =1); statistically significance (p<0.05),
- Not Available (NA) ldanansauseifiuanndvaaumansainwuuiiasals,
- Unstable vanefy wuudaedlsiiafios ndaduiladensnain ilasann 95% CI of Theta include ZERO
- Include s wuuaesignidenitelianzitiadeiiinarerunduaaumanslududaly
1 1 / o
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STEP 2 Covariate model OFV AoFv Remark
Base model from STEP1; CL/F = 6, x (HB/11)%*
3053.825 - -
V/F =0,
Added covariate on CL - Bodyweight (BW)
Linear centered:
3048.220 -5.605 unstable
CL = 0, x (HB/11)®*+ O, x (BW-66)
Power with normalized covariate: 3049.293 -4.532 unstable
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STEP 2 Covariate model OFV AoFv Remark
Base model from STEP1; CL/F = 6, x (HB/11)%*
3053.825 - -
V/F=0,
CL = 0, x (HB/11)%* x (BW/66)9°
Exponential with normalized covariate:
3050.940 -2.885 -
CL = 0, x (HB/11)%* x exp(B; x(BW/66))
Added covariate on CL - Post operative day (POD)
Linear centered:
3052.822 -1.003 -
CL = 0, x (HB/11)%*+ O, x (POD-29)
Power with normalized covariate:
NA - -
CL = 0, x (HB/11)%x (POD/29)%>
Exponential with normalized covariate:
3052.485 -1.34 unstable
CL = 0, x (HB/11)%*x exp(B5 x(POD/29))
Added covariate on CL - aspartate aminotransferase (AST)
Linear centered:
3053.109 -0.716 -
CL = 0,x (HB/11)%*+ B, x (AST-39)
Power with normalized covariate:
3066.319 +12.494 unstable
CL = 0,x (HB/11)%x (AST/39)%°
Exponential with normalized covariate:
3088.835 +35.01 unstable
CL = 0, x (HB/11)®%*x exp(B5 x(AST/39))
Added covariate on CL - alanine aminotransferase (ALT)
Linear centered:
3084.642 +30.817 unstable
CL = 0,x (HB/11)%* + B, x (ALT-91))
Power with normalized covariate:
3055.526 +1.701 unstable
CL = 0,x (HB/11)%* x (B, x (ALT/91))
Exponential with normalized covariate:
3064.606 +10.781 unstable
CL = 0, x (HB/11)®%*x (ALT/91))
Added covariate on CL - alkaline phosphatase (ALP)
Linear centered: CL = 0, x (HB/11)%* + B x (ALP-107) 3051.144 -2.681 -
Power with normalized covariate: CL = 8, x (HB/11)%*x 3047947 _5 878" )
(ALP/107)%5
Exponential with normalized covariate:
3060.454 +6.629 unstable
CL= 0, x (HB/11)%*x exp(B5x (ALP/107))
Added covariate on CL - gamma-glutamyl transferase (GGT)
Linear centered:
3052.996 -0.829 -
CL = 0,x (HB/11)%*+ O; x (GGT-166)
Power with normalized covariate:
3044.808 -9.017* -
CL = 0;x (HB/11)%*x (GGT/166)%°
Exponential with normalized covariate:
NA - -

CL= 0, x (HB/11)8* x exp(D; x(GGT/166))
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STEP 2 Covariate model OFV AoFv Remark
Base model from STEP1; CL/F = 6, x (HB/11)%*
3053.825 - -
V/F=0,
Added covariate on CL - total birilubin (TB)
Linear centered:
3050.762 -3.063 -
CL =0,x (HB/11)%* + O; x (TB-1.9)
Power with normalized covariate:
3022.904 -30.921* include
CL = 0, x (HB/11)%x (TB/1.9)%°
Exponential with normalized covariate:
3058.367 -4.542* -
CL = 0, x (HB/11)%*x exp(O5x (TB/1.9))
Added covariate on CL - direct birilubin (DB)
Linear centered:
3050.977 -2.848 -
CL =0,x (HB/11)%*+ O; x (DB-1.1)
Power with normalized covariate:
3046.638 -7.187* -
CL = 0, x (HB/11)%x (DB/1.1)%5
Exponential with normalized covariate:
NA - -
CL = 0, x (HB/11)®* x exp(B5 x (DB/1.1))
Added covariate on CL - albumin (ALB)
Linear centered:
3051.056 -2.769 -
CL = 0,x (HB/11)%*+ O; x (ALB-32.5)
Power with normalized covariate:
3043.874 -9.951* -
CL = 0, x (HB/11)%x (ALB/32.5)%°
Exponential with normalized covariate:
3050.541 -3.284 -
CL = 0, x (HB/11)®*x exp(B; x (ALB/32.5))
Added covariate on CL - blood urea nitrogen (BUN)
Linear centered:
2993.550 -60.275 unstable
CL = 0, x (HB/11)%*+ O x (BUN - 20.44)
Power with normalized covariate:
3041.144 -12.681 unstable
CL = 0, x (HB/11)%*x (BUN/20.44)05
Exponential with normalized covariate:
3047.024 -6.801 unstable
CL = 0, x (HB/11)%*x exp(0sx (BUN/20.44))
Added covariate on CL - serum creatinine (Scr)
Linear centered:
3037.267 -16.558 unstable
CL = 0, x (HB/11)%*+ B; x (Scr-0.99)
Power with normalized covariate:
3013.518 -40.307 unstable
CL = 0, x (HB/11)%*x (Scr/0.99)%°
Exponential with normalized covariate:
3004.631 -49.194 unstable
CL = 0, x (HB/11)®*x exp(D; x (5cr/0.99))
Added covariate on V - Body weight (BW)
Linear centered: V = 0, + 0,x (BW-61) 3049.725 -4.100 unstable
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STEP 2 Covariate model OFV AoFv Remark

Base model from STEP1; CL/F = 6, x (HB/11)%*

3053.825 = =

V/F=0,

Power with normalized covariate: V= 0,x (BW/61)%* 3049.395 -0.541 unstable
Exponential with normalized covariate: V = 92>< exp(eq

3053.284 -0.541 -
x(BW/61))
Added covariate on V - Post operative day (POD)
Linear centered: V = 0, + B5x (POD-29) 3049.488 -4.337 unstable
Power with normalized covariate: V = 8, x (POD/29)°5 NA - -
Exponential with normalized covariate: V = sz exp(e5

3053.098 -0.727 -
x(POD/29))
Added covariate on V - aspartate aminotransferase (AST)
Linear centered: V = 0, + O5x (AST-39) 3049.344 -4.481 unstable
Power with normalized covariate: V = 0, x (AST/39)%° 3049.160 -0.727 unstable
Exponential with normalized covariate: V = 0, x exp(05

3053.691 -0.134 -
X(AST/39))
Added covariate on V- alanine aminotransferase (ALT)
Linear centered: V = 0, + O5x (ALT-91) 3053.406 -0.419 -
Power with normalized covariate: V = 8,x (ALT/91)%5 3051.914 -1.911 -
Exponential with normalized covariate: V = 0, x exp(@s

3048.953 -4.872* -
x(ALT/91))
Added covariate on V - alkaline phosphatase (ALP)
Linear centered: V = 0, + B5x (ALP-107) 3053.393 -0.432 -
Power with normalized covariate: V = 0, x (ALP/107)%° 3047.993 -5.832* -
Exponential with normalized covariate: V = 0, x exp(0;

3053.362 -0.463 -
(ALP/107))
Added covariate on V - gamma-glutamyl transferase (GGT)
Linear centered: V = 0,+ Osx (GGT-166) NA - -
Power with normalized covariate: V= 0,x (GGT/166)°5 3053.195 -0.630 -
Exponential with normalized covariate: V=" 0, x exp(B;

3049.320 -4.505% -
x(GGT/166))
Added covariate on V - total birilubin (TB)
Linear centered: V = 0, + O5x (TB-1.9) 3049.931 -3.894 unstable
Power with normalized covariate: V = 8, x (TB/1.9)°5 3053.744 -0.081 -
Exponential with normalized covariate: V = 0,x exp(0, x(TB/1.9)) 3053.148 -0.677 -
Added covariate on V - direct birilubin (DB)
Linear centered: V = 0, + B5x (DB-1.1) 3049.483 -4.342 unstable
Power with normalized covariate: V = 8,x (DB/1.1)%° 3051.668 -2.157 -
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STEP 2 Covariate model OFV AoFv Remark

Base model from STEP1; CL/F = 6, x (HB/11)%*

3053.825 - -

V/F=0,

Exponential with normalized covariate: V = 0, x exp(@s

3049.303 -4.522 -
x(DB/1.1))
Added covariate on V - albumin (ALB)
Linear centered: CL = 0, + O x (ALB-32.5) 3049.467 -4.358 unstable
Power with normalized covariate: V= 0,x (ALB/32.5)%5 3048.448 -5.377 unstable
Exponential with normalized covariate:V= sz exp(95

3049.279 -4.546 unstable
x(ALB/32.5))
Added covariate on V - blood urea nitrogen (BUN)
Linear centered: V = 0, + O5x (BUN-20.44) 3049.510 4315 unstable
Power with normalized covariate: V = 0, x (BUN/20.44)°5 3049.667 -4.158 unstable
Exponential with normalized covariate: V = 92>< exp(e5

3053.034 -0.791 -
x(BUN/20.44))
Added covariate on V - serum creatinine (Scr)
Linear centered: V = 0, + B5x (Sc-0.99) 3049.556 -4.269 unstable
Power with normalized covariate: V. = 0, x (Scr/0.99)°5 3053.655 -0.170 -
Exponential with normalized covariate: V = ezx exp(e5

3050.338 -3.487 unstable
x(Scr/0.99))

NGO

- AOFV fi masn9wesA1 OFV sewinauudiaes covariate model wag base model,

~AOFV >3.8 (X 20.05; degree of freedom =1); statistically significance (p<0.05),

- Not Available (NA) lignunsaussifiuandvaaumiansainuuusiandla,

- Unstable mnefie uvusraeslsiietios vdafuiadenisaadn flesnn 95% CI of Theta include ZERO

- Include mneds wuuaesignidenifiodnseiladeniinaseandvaaumanslududnly

WHoNTUMASN5VDY stepwise forward addition 9uil 2 WUl total bilirubin (TB)

TusUWuuLUUIIABY (TB/1.9)-00% Wudadenrendiinfifinanen apparent clearance ¥0981

=

miasadla 1o n Weriudady total bilirubin 1WgwUUTIEY A1 OFV anasuNTign Ll

v

{figufuA" OFV w94 base model (AOFV = -30.921) fatiu total bilirubin sgniiaudn

e _

6 1 -

LWUUT1a94 full model waziluilaszisiolutunouved stepwise forward addition dumU
713 sold duandlunisnen 14 vsil e total bilirubin ugniinsundudadenisedinidl

HedAgynsaiasuaud 2 Tutunsunmaiaszvmtadenisadinlusududsly aglufiansan

nageu bilirubin 1owwn Jadevaesdnnudunussiuidunss (Collinearity)
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CL = 0, x (HB/11)%*x (TB/1.7)%5x (ALP/87)%

STEP 3 Covariate model OFV AoFv Remark
Model from STEP2;
CL/F = 0, x (HB/11)%*x (TB/1.9)%° 3022.904 - -
V/F =0,
Added covariate on CL - Bodyweight (BW)
Linear centered:
3035.602 +12.698 unstable
CL = CL = 0, x (HB/11)%x (TB/1.9)%5+ O, (BW-61)
Power with normalized covariate:
04 o5 3035.712 +12.808 -
cL=CL = 01 x @#HB/11)*X (TB/1.9)"x (BW — 61)°6
Exponential with normalized covariate:
3036.915 +14.011 Unstable
CL = CL = 0, x (HB/11)%*x (TB/1.9)®5x exp(0,x (BW/61))
Added covariate on CL - Post operative day (POD)
Linear centered:
3034.988 +12.084 unstable
CL = CL = 0, x (HB/11)%x (TB/1.7)%5+ O, (POD-29)
Power with normalized covariate:
NA - -
CL = 0,x (HB/11)%*X (TB/1.7)%5x (POD/29)%¢
Exponential with normalized covariate:
3037.940 +15.036 -
CL = 0, x (HB/11)%*x (TB/1.9)%%x exp(B; x (POD/29))
Added covariate on CL - aspartate aminotransferase (AST)
Linear centered:
3037.851 +14.947 -
CL = 0,x (HB/11)®%*+ B, x (AST-39)
Power with normalized covariate:
3038.224 +15.320 -
CL = 0, x (HB/11)%4x (AST/39)®°
Exponential with normalized covariate:
3037.250 +14.346 -
CL = 0, x (HB/11)%*x exp(B; x(AST/39))
Added covariate on CL - alanine aminotransferase (ALT)
Linear centered:
3038.992 +16.088 -
CL = 0, x (HB/11)%*x (TB/1.7)95+0; x (ALT-476)
Power with normalized covariate:
06 3039.170 +16.266 -
CL = 0, x (HB/11)%x (TB/1.7)®%x (ALT/476)
Exponential with normalized covariate:
NA - -
CL = 0, x (HB/11)%*x (TB/1.7)%5+ O x (ALT/476)
Added covariate on CL - alkaline phosphatase (ALP)
Linear centered:
04 05 3039.192 +16.288 -
CL = 01 x @#HB/11)*X (TB/1.7)*°+ O, x (ALP-87)
Power with normalized covariate:
3039.144 +16.240 -
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STEP 3 Covariate model OFV AOFv Remark
Model from STEP2;
CL/F = 0, x (HB/11)%*x (TB/1.9)%° 3022.904 - -
V/F =6,
Exponential with normalized covariate:
3039.732 +16.828 -
CL = 0, x (HB/11)%*x (TB/1.7)%5x exp(B, x(ALP/87))
Added covariate on CL - gamma-glutamyl transferase (GGT)
Linear centered:
3028.218 +5.314 -
CL = 0, x (HB/11)%4x (TB/1.7)85+ O, x (GGT-127)
Power with normalized covariate:
04 05 3035.201 +12.297 -
CL = 01 x #HB/11)*X (TB/1.7)*°x (GGT/127)°¢
Exponential with normalized covariate:
3030.887 +7.983 -
CL = 0, x (HB/11)%*x (TB/1.7)% x exp(B¢x (GGT/127))
Added covariate on CL - albumin (ALB)
Linear centered:
3033.245 +10.341 unstable
CL = 0, x (HB/11)%x (TB/1.7)%% + O, x (ALB-30.41)
Power with normalized covariate:
3035.491 +12.587 unstable
CL = 0,x (HB/11)%x (TB/1.7)%5 x (ALB/30.41)%°
Exponential with normalized covariate:
3032.980 +10.076 unstable
CL = 0, x (HB/11)%x (TB/1.7)%5x exp(0, x (ALB/30.41))
Added covariate on CL- blood urea nitrogen (BUN)
Linear centered:
3029.975 +7.071 -
CL = 0, x (HB/11)%*x (TB/1.7)%%+ B x (BUN-24)
Power with normalized covariate:
2988.606 -34.298 -
CL = 0, x (HB/11)%*x (TB/1.7)%5x (BUN/24)%
Exponential with normalized covariate:
2986.602 -36.302 -
CL = 0, x (HB/11)%*x (TB/1.7)%%x exp(0, x(BUN/24))
Added covariate on CL- serum creatinine (Scr)
Linear centered:
2993.732 -29.172 -
CL = 0, x (HB/11)%*x (TB/1.7)%5+ O x (Scr-1.12)
Power with normalized covariate:
2990.407 -32.497 -
CL = 0, x (HB/11)%*x (TB/1.7)%%x (Scr/1.12)%¢
Exponential with normalized covariate:
2992.112 -30.792 -
CL = 0, x (HB/11)%*x (TB/1.7)%5x exp(B; x (Scr/1.12)
Added covariate on V - Body weight (BW)
Linear centered: V = 8, + B, x (BW-66) 3036.129 +13.225 unstable
Power with normalized covariate: V= 0, x (BW/66)%¢ 3036.018 +13.114 unstable
Exponential with normalized covariate: V = 0,x e><p(96
3038.906 +16.002 -

x(BW/66))

Added covariate on V - Post operative day (POD)




94

STEP 3 Covariate model OFV AoFv Remark

Model from STEP2;
CL/F = 0, x (HB/11)%*x (TB/1.9)%° 3022.904 - -
V/F =6,
Linear centered: V = 0, + B¢ x (POD-29) 3049.488 +26.584 NS
Power with normalized covariate: V= 0, x (POD/29)%¢ NA - -
Exponential with normalized covariate: V = 92>< exp(66
(POD/29) 3053.098 +30.194 -
Added covariate on V - aspartate aminotransferase (AST)
Linear centered: V = 0, + B x (AST-39) 3039.869 +16.965 -
Power with normalized covariate: V= 0, x (AST/39)96 3039.848 +16.944 unstable
Exponential with normalized covariate: V = 92>< exp(e6

3036.103 +13.199 unstable
X(AST/39))
Added covariate on V- alanine aminotransferase (ALT)
Linear centered: V = 0, + B4x (AST-476) 3038.927 +16.023 -
Power with normalized covariate: V = 0,x (AST/476)%° 3033.995 +11.091 unstable
Exponential with normalized covariate: V = 62 X e><p(e6

3034.692 +11.788 unstable
X(AST/476))
Added covariate on V - alkaline phosphatase (ALP)
Linear centered: V = 0, + O¢x (ALP-87) 3051.126 +28.222 -
Power with normalized covariate: V = 8, x (ALP/87)%6 3032.994 +10.090 unstable
Exponential with normalized covariate: V. = 0, x exp(Q4x
(ALP/ET) 3034.721 +11.817 unstable
Added covariate on V - gamma-glutamyl transferase (GGT)
Linear centered: V = 0, + B¢x (GGT-127) 3039.291 +16.387 -
Power with normalized covariate: V= 0, x (GGT/127)%¢ 3036.214 +13.310 -
Exponential with normalized covariate: V=" 0, x exp(B¢ NA ] ]
x(GGT/127))
Added covariate on V - albumin (ALB)
Linear centered: V = 0, + B, x (ALB-30.41) 3036.120 +13.216 unstable
Power with normalized covariate: V = 8, x(ALB/30.41)%¢ 3035.953 +13.049 -
Exponential with normalized covariate: V = 0, x e><p(96 NA ) )
x(ALB/30.41))
Added covariate on V - blood urea nitrogen (BUN)
Linear centered: V = 8, + B, x (BUN-24) 3036.130 +13.226 unstable
Power with normalized covariate: V = 8, x (BUN/24)%6 3036.279 +13.375 -
Exponential with normalized cov: V = 0, x exp(B; x(BUN/24)) 3039.241 +16.337 unstable
Added covariate on V - serum creatinine (Scr)
Linear centered: V = 62 + 96>< (Scr-1.12) 3036.412 +13.508 unstable
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x(Scr/1.12))

STEP 3 Covariate model OFV AOFv Remark
Model from STEP2;
CL/F = 0, x (HB/11)%*x (TB/1.9)%° 3022.904 - -
V/F =6,
Power with normalized covariate: V = 0, x (Scr/1.12)%¢ 3039.745 +16.841 -
Exponential with normalized covariate:V = 0, x e><p(e6
3039.743 +16.839 -

VUIWLNA-

- NOFV fe wasnawasA1 OFV Se®3INWUUIIa0e covariate model Wag base model,

+*AOFV >3.8 (X20.05; degree of freedom =1); Statistically significance (p<0.05),

- Not Available (NA) lalgnansauszifiuandvaaumansannuuusiasdls,

- Unstable vungda wuudiasdiiianios ndadutiadenismdiin 1{ieean 95% Cl of Theta include ZERO

- Include vanefis uuuiraesignideniiodinsendadeninadedindvaumanslutudaly

AENAIN15NAFUTT8NARTNTNAIN I LNaND UL NIUNARDANDNSINISANINET

wazUSNINTNITNTE8V0I8ILATANE AT stepwise forward addition SUAUN 3 La7

Linudadvdugiarursoannn OFV laeg1edidudifg dedu wuudiass full model &

1 a 6 [ s a v a a 2 lej .
ANNISITLR DTN INFVIAUFAIEN SV LASANE tnelisneaztden fatl CL/F of tacrolimus

= 26.2 x (hemoglobin (HB)/11) ~*8%x (total bilirubin (TB)/1.9) ~%0% (Ans/92Tu9)

wag V/F of tacrolimus = 890 an3 ANUUUILUUTNAIAINE1IUNNNTLATIZIAY stepwise

backward elimination #4815199 15

i a ¢ o v Ao 1 1w o w
f1519% 15 NaN15IATIZRLUUING09V89U8NNaRDAINTINITNIINYT wasUSuIns

A1SNS2AN8VDIYIMNILIATANENU188NAIN Full model fiaz 1 Uade

Model
OFV AOFV Remark
(Stepwise backward elimination)
Full model; CL/F = 0,x (HB/11)%*x (TB/1.9)%°
1 (HB/11)™x (TB/1.9) 3022.904 ; ;
V/F =0,

Eliminated HB:
CL =0,x(TB/1.9)%

3074.392 +51.488* Include
V/F =0,
Eliminated TB:
CL = 0,x (HB/11)%*

3059.611 +36.707* Include
V/F = ez

WJ']?JL‘MGJ*

- NOFV fe waf1903A1 OFV S¥winauwuusaad covariate model Lag base model,

FAOFV > 6.6 (X001} degree of frecdom ~1); Statistically significance (p<0.01), - Include wsnefia LLUUﬁi’Waadﬁgmﬁanl’ﬂu final model
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I 1

AMenaInTieszitadenisediniinininazinase JadeNlluaneadnsinisnidn
81 LarUSUININITNILIBVOILINILATANE A1875 stepwise backward elimination Wui1

Wothtadedlulnaty way total bilirubin #8NANNLUUINEBY FINALAAT OFV UBIUUIABY

[

diuTuegefifedfey (OFV > 10.83) fatu wuusiaes final model Feflsrwasidon &ail
CL/F of tacrolimus = 26.2 x (hemoglobin (HB)/11) %% x (total bilirubin (TB)/1.9) ~%-0%

(Bns/Fla) uay V/F of tacrolimus fiAwiniu 890 ans

4.4 N1FAATIVUUUINGDY final model UaTNIMATIUAINUGNADY

4.4.1 N15A51293100519 (graphical analysis) lnga15aIANUABAARDINDR
(goodness of fit) ¥4 final model Tngi3euttuanuduiusseninsmnududuiisnlsass
29481 (observed concentration) fuaududuvasenludendiviuield Jausznaudae
population predicted concentration (PRED) k&g individual predicted concentration
(IPRED) Tnedoyafisinuaenndeanefnisnszaissou line of identity uazidunuiliuves
Joya

dleussifiuauaenndaanad (goodness of fit) ¥aa final model WupLEUTUS
serinamnududuiinlaa3aeseinilasdia (observed tacrolimus concentration) fu
aududuveseluidoaiiiiuneld (population predicted concentration, PRED

(E‘Uﬁ 13(A) Way individual predicted concentration, IPRED vt vnlasasia (E‘U‘ﬁ' 13(B))

FuurldulUTunanamedny
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25 25

Observed tacrolimus eoncentration (ng/mL)
v
Observed tacrolimus concentration (ng/mL)

B)
5 10 15 20 25

" 0 T
] 5 10 15 20 25 0

Population predicted tacrolimus concentration (ng/miL) Individual predicted tacrolimus concentration (ng/mL})

JUN 13 n1sUsBiuANaanAaIwaRvas final model wandrudNNLSTENI9AY
Y Yy dov vy a i . v Yy v a a
Wuduininl@as (observed tacrolimus concentration) fiuadnuiduduvaseluidanil

yiunele (PRED wag IPRED)

Welduduas (— ) Ae line of identity

F2UDINAITUIAINUFTUNUSVOL conditional weighted residual (CWRES) AU
population predicted concentration (PRED) (gﬂﬁ 14(0)) wagANUFUNUTILNIN CWRES

funafiginanududuvesemlasada (anevdinsidaugnaiediv) (5Ui 14(D))

6 7.00
5 6.00
s 5.00
s =
=
3 g 4.00
7
& £ 300
a =
= 2 2.00
: £
z E
.§ E 1.00
=]
.% 1k £ 0.00
= =
a £ 100
<
o] o
2.00
3 -3.00
©
4 400 .
Population predicted tacrolimus concentation (ng/mL) Time

sUN 14 n15Us2HEIUAMUEADAAADINDAYDY Final model WEAIAMUAUNUSIZTNIN9AN

u

CWRES f1UA1 PRED basA Udunuss£1I19A1 CWRES AULIa1aNEIASEAUANULI U T

vaeglATadd (LIaInIenaINITHIAaUanaNe6iv)
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4.4.2 M5ASIZH bootstrap

nnsine et final model vasemlasasiauinsziiaieds bootstrap lng
duiegndlvsiiiievnunlinaasunuudiassdiuau 1,000 iterations A iwesildainnis
Ielungusegise final model aglutisamidesiuiifesas 95 vasdmnsiinesile
910 bootstrap (fadoyalun1ssil 16) uansi1 wuuaswnandvsaumanssananal

AUYNABILALIMINZANAINNTIYIIUIEAT CL/F vasemilasadalugiieugnanedudieiu

PAINITHNIPARILAIUN 8 DUADUN 6

A151991 16 Parameter estimates for the final model and bootstrap results

Final model Bootstrap®
Parameters
Estimate® %RSE Median 95% ClI
CL/F (L/h) 26.20 7.33 26.46 22.60 - 30.70
IV e (CV%) 40.10 22.60 40.08 29.94 - 48.20
e HB -0.802 20.90 -0.773 -1.17 to -0.35
eTB -0.096 37.10 -0.11 -0.24 to -0.04
V/F (L) 890 21.50 1034.45 552 - 1830
IIVye (CV%) 80.30 37.80 80.52 28.03 - 110.07
Ka (h™) 4.48, fixed - 4.48, fixed -
Residual variability,
6.05 11.6 5.97 4.7 - 7.46

additive error, (ng/mL)

- *Population mean values of the final model from NONMEM analysis

- PAssessed by nonparametric bootstrap method (n=1000 iterations) of the final model

- RSE, Relative Standard Error, is calculated as 100 x (SD/mean value);

- 95% nonparametric confidential interval (95% Cl) is displayed as the 2.5™ , 97.5" percentile of the bootstrap estimates
- IV, Interindividual variability.

- CL/F, apparent oral clearance (L/h); V/F, apparent volume of distribution (L); Ka, absorption rate constant (/h); HB,

hemoglobin (g/dL); TB, total bilirubin; 6 HB influential factor for hemoglobin on CL/F; eTB’ influential factor for total
bilirubin on CL/F
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4.4.3 n13Us2LU visual predictive check (VPC)

n15UseLdiy VPC 984 final model ﬁwlé‘lmmﬁﬂaaﬁagaﬁﬁmu 1,000 fi19819
Mniulsziiudesasas outside observed concentrations dmSukuuTIaesiidaI1Y
wsnzauaziinadnsves observed concentrations sgusntradoyalefidulndd 10 - 90
Liiusaway 10

21nn13ANw1E 37897 tacrolimus observed concentration aguand1940ya
Weddulndd 10 - 90 M¥evag 3.19 uansin uuudassiananimiuindete fuandusy
7l 15 aanng9l 1FuALAT BT observed concentrations eanagneldidudsi dady

model simulated average trend lines ﬁa@ﬂu‘m\‘imalwa’ﬁ 5-95

= — 5t _95% quantiles
o

_______ 10t 90" quantiles

= .
c /> ———- 50 quantiles
£
2
= o Observed concentrations
5 9
™
E
[
ik}
(]
=
(=]
L]
L))
- Lom I
e i
©
_
L]
L}
|_
D —]

0 1000 2000 3000 4000 2000

Time (h)

5UN 15 n15Useiliu visual predictive check ¥84 final model
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unil 5

anUsiena

Y o o A

miasadiaduenagiaudundnildniendinisiidaugnalesu n1smvuavuing
nilasddalieglutiadmneenavilden Wesneiduidnssnwueay farmduuusms
Lﬂé{’maumam%ﬁy’ﬁw’hmﬂﬂaLLazmsﬂuuﬂﬂaqﬂ waze19lasunansenuIIndadenieniu
Wugnssu (70, 71)

<

flunaiduldingilaefiutoyawuudounas (retrospective analytical

[y

n1539¢

study) TuUreugnangdunilng s pusinngmanslsng1uIasusul anine deuding

'
a0

Tnedifidnsiifentiunasdaiienididinin 50 $18 ngUlsvgndtedudiuiu 90 51

Tug9 w..2540 - 2561 sagivgNanisAaiongUigeenannsany desil e1gaindi 18

a A

= v Ao = a av & a A N Y]
U (4 518) Wenagiiuviindu viewasusmilasadadusiviindunau 6 weunedenis

Y = v

Ugnanedu (13 519) lasumsidiadgnatesuuarle (3 519) uwaslianunsaidnfadeyals (20

Y

'
av a o =

18) Inemuisedusmilasasfaiituinlilugudoyavesismenuiadsiuuisu 1884 0
9819910 gUsduIL 50 SefiRIunueinisAnEentdl Taesefusinlasasiauisga
MeE19NARLEDNEBNAINNTANYINIBLANG feil sedveludietudi 0 - 7 NEURINTUgN
fedu (163 9a) seAugmlasasiaiani1 lower of qualtification (2 39) uazsEAUEMILAT

adanldszyunananeda (7 90) lnun1sasiawuudnaemiundyaaumaninsell a1dudaya

Y

[
a o a =

ANULLUY U MLATANAT WY 1,012 agmmﬂst’fagaizé’umwﬂﬂiﬁﬁaﬁiﬂumiﬁﬂmu Fadu
sedugmnlasadadiigaiouiuuszniueimilasdiasuuuy oral immediate-release
(Porgraf®) fladaly 30 urid1uru 1,012 gaeg1s Mnfinsdgndrefusiuiu 50 s
Tugnetuil 8 fis 1Woudl 6 mevdamsugnanesu Mendsmsaiisuuuirasmuiuuudiass
mandvaaumaniiiesursdnvuzvesteyadinanld Ae uuudrassmandvaausans
wuuwilsvies Insgedunazasidaeuusiunseiuaadudureen (One compartment

with first order absorption and elimination) lagn1enaIn1IMAADULUUTI80ITTN 2 D9

PUIN SNYUEUTLUANAN Y1 1D BEIUIADNITIHATIZNABLUUI1AITIR 2 1109

Y
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\Weean MedeyaszauemilasadaniendaiieSulseniuen fAninvensgady

g1 (absorption rate constant, Ka) l4luswideilgnimuasigaini 4.48 sedalus lay

¥

14BRINNTANIVDY Jusko UarAuw(68) Lilan Jeyanduidutuemlasadanldlunis

[

&
gU

)

[ [y awv o 1 L% Y v A 1= o 1
Wlngdusyivemlasidamanneulieledal 1ndeyaniiegIavililiaiuise

[y [

UszanuAn absorption rate constant (Ka) lapg19dnng 1esan ntayaseAueInemna

Y

ANS5UUTENIULT AYNEINISASILUUIIE09 base model WU ATNISITLADSN1LN Y

a o

FAUAANTVDILINIATANE TR CL/F hag V/F iU 25.60 ansAaTilue way 944 ans

AUaIRU taedan IV 999 CL/F wag VW/F windu 41.20% hay 86.70% HuUaNeaU

Tun1sad1auuiInany covariate iBAUNIYAENIIARTNTADITDNTNARDAINUNU

(% (%
¥ 1 £% 1

wU5U891MbATaNE tnenisanwIdAnwItavenierdtnanuiu 13 Jade lewn dinidn an
glulnadu A18UNTASH ANITYINIUUBSAU (AST, ALT, ALP, GGT, TB, DB) A1n15¥iN91ua84
1 (BUN, SCr) Adayiiu seeziavaslanaiedu lngdanvauzdoyavestadenndinmani

aglugUluy continuous variables Agnasn1sAUIYITeN19AGTneIe stepwise approach

N o A LY

NUIMUITYNIARRNNLHNARBONTINITNIINSIDE LU LAAUN9EDH Ao seaudlulnaldu

o

(hemoglobin, HB) wa total bilirubin (TB) @1u19088U18AMUFURUSlAR88uN1S CL/F
(L/h) = 26.2 x (HB/11)°%%2 x (TB/1.9) %% wag V/F = 840 L 91NaUNTIIAINAIT WU eSS
linuitedeneeain 13 Jasefidnuiinase V/F

v aAa 1 a

NENNTTIUNeAT CL/F vesgmilasadaty wuii gieugnanedunimalulnadu

=

Wihiu 11 nSusiewn@ans wagilan total bilirubin Wity 1.9 dafinFuseindang avien CL/F
Yogmlasadauinduaiam 26.2 L/h wingUieugnaneduiiszdiu HB Nianas w38 sediu
TB fiviugeduinavinlyian CL/F vasemlasddaiiudu geonvlinasreseauemlasadaluy
A
\Hon

yndeyaseivemlasadainldlunisfnwil wudnszau HB Wuladeneediniiing

[y

#in CL/F wesemlasatasseiidodfgannuntsn laeenaa1u1in0esuiednsnauedszau HB
aeA1 CL/F laainnisnsganedassemlasadalumaaidaidontaadudiulnglaneian

whole blood-to-plasma ratio wirifu 35 (& 12-67) (25) fatiu ilesedu HB anaszasHa



102

hlvidnadruvesemilasadalugudasy (unbound fraction) gy dwwasiesyivemilasasia

luidenanasannisvdneimlasadalusudassiiudu anuanisfinwifndiiinaiy

a

aonndesfunsdnufinesilugihsugnanglasnlnefiseauin HB Wuladennanddn
lnadoindyaaumanivesenilasada69) :ann1sinaiuAmaviesliinsvestheusn
defunasnte 6 leunendsgnanedu sziu HB Ledsvesihseglutiunnnivie
WU 10 NSUABLATANT 1NNITILATIENANNITVOIUUTIA0INUINAT CL/F Y0381
mlasddfansifintu 20 - 25% Wosedu HB anastionndt 9 nfudelndans (Kagud 14)

ToyaninantonaldiluwwinidlunisinmudUaenlasuemilasadals Insunmdasiinniy

a v

seavgmlasadaiiedesiusedvemlasidaniniigisnissnulugungieiiniieladin

a A

919 NI9ALAULADR  LATRAITUINGITATLAVIINLASATADNASIN1BNSIANTUNITHALY

afal
amgaananiugae

Anuilstadenerdiniiinasear CL/F fs s2aU TB NsAnwlusfnsgausysu T8

£
= L

11 5e6U TB inguduiusiuan CL/F vesenmiasadananas (33, 40, 64) FaoSureimnna

o LY

FINA1IINTITUBIRVI M ATATENDNATRaaNINT 19N eI AT undn wazsyeu TB

Y

JuAmsiesufuiRnisiianinisviauvesieniafuiid (biliary tract) (40) Fsfinanonis

[%
%

vingnlasadananiaingenie Asusyau TB MiuasdueIaiianvnainaizieulfgasiu

(%
o a Y a [y

Fafimenuitheilizuemlasitauazinneviedgasuasiissivemlasataludeniys
nd1Und (72) v3eunensal ndszaunisaivedsegsunndiguadUiguanaiediu wudn @l
total bilirubin ﬁqﬂLﬁuﬂ'ﬂﬂﬂaawﬁmm@mmﬂmaz graft dysfunction 1§ Ingainn1sAnaa
sedfu TB vesdftheugnanedulunisinuil wui flheUgnaesuiissdu TB gandndasund
uwazAoy anasgYItuninievdaUgnaredulundiuseana 3 Wy 3Naun15veLUUIIRes
wuin idledn TB Wiugstuninndt 0.3 fadnfusiewndang dswaviliien CL/F vesnnlasdsa
anas 10 - 20 % (fagUil 17) 9ndeyasianan wmdorafinnsandanmszivemlasataly

Hen WegUleugnaieiuiin1ieg hyperbilirubinemia tiedasiunisiinenislafiaussasd

N MLATATAND19g9n3199n1 55w viseiiseiansiinniie graft dysfunction 71819

£ 1 [

1%
Y o Y J

Andula netitaden1emdaindn 11 Jade laun dintn ANISYinaIuvesu (AST, ALT, ALP,

GGT, TB, DB) An1svinauweals (BUN, SCr) APAYIY STevIamnelgnangdu 21LdNENA
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<

soruiuwUsvasmilasadandululd wilissndedrinvestoyalunis@inuil Fsliens

[

A11150U978nSnavestadeniendtnainaiilatunisaned uenaini delaunutladenig

patnAnulupSIINNENSNanea1 V/F vt mlasasa fee1asndudeeiinisdnwisaluly
AsAnEmely 1nge1aRATUINISANBITLAUEINILASAL AL LTI 8UFINITSUUTENIULN

ialimsunwilduvesszauglugiainisgadueidiginanie
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nsAnedaulafnudnsnavesaoulwlfus oA N N AVIAUAIANS VD

Ao

gmlasada wlinudvsnavesrteuluidudutadenenddniivedAyrennuduwds

% wva

Yo MlAsadd o19flannnain emnlasddaiinuautfidu low hepatic extraction drug
%amﬁﬁ@mamaﬂf dfuazdiauanansalunisvinewiaiulusedui Tnensmdaeuien
281311319018 AERITUERdIuveteluguBase wazaruausavessivlunisiidnen
(intrinsic clearance) laglaiddafsdnannislnavondenludadu fadu n1sidaeiiid

AaaulR low hepatic extraction ratio 93fiansandseviindugfildsrundauautmdy

(% '
[ [

wuleinszdu wazouleddudinismnaues cytochrome P4503A 189310 0193iNARONTT

NN UBNINUAITNAITUIAMUAILITOLUNSIUAUIUSAUTBIvRaNY (7, 73)

£ =

nAuaNtRlaniziivetemlasadannaniun avsnaveveulsdduisenaluiunuing

[ [y 1Y

uiusiunisidaenlasadalaense egrslsiny Aneuledduiiiaegniesuindinase

= 1

WNEvIAUAIANSURILIMIASATEININNISANYINEUNLN A LUyl Alanine aminotransferase

v 1 1

(ALT) g ALT gniesuinfinnuduiusidsavsen CL/F vesgmlasasfa laswuindle
sy ALT sty @1 CL/F veamlasdsfaszanasiudrsiunievdsgndiedy dannsfnun
Aana1vinsAnelugag 3 Iheuusnatenainisugnaiesiu (40, 74) dm¥unis@nuni
szovnalumsinuiademanainiiidvsnadenuiuulsmandvaaumansvosemilas
AsfansouAquNITUgnneRuRILAT N sasinendinsUgndiedu (Feudl 6) T

a o

Padanrdiiniinuifidninadermniiwesmundyaaumansegadituddy azamuso
dnerfademeadindananuivszendiduamaiesy juinisldlunisfinnuguagiagld
lua95821381 6 oun1evaINITUgNaedu sadarnisfimesmandvaauanidile
nmsanwansath Ul ifieUssanavuinenfininiiasliseduen nlasada

Wvisne.
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uni 6

A7UNANTTIY LAz UaLauauuY

#3UNan15Y

msfnwLndveaumansUssrnsvesemilasataludtheugndreduiidunsdne
adasnludszinalng Taguwuudnaseamaundyaudrans vesenilasddasluuy oral
immediate-release TuUaeUgnaneduglngvnilneddnvaznsndvaaumansidunuy
wilaries 1n139ATuLaEn1INTAgILUIRUATIAUAMTNIUYDI8 (one compartment

model with first-order absorption and elimination)

NANTITIVENUI 9RTIN19A19A87 (apparent oral clearance, CL/F) AWy 26.2
dnsdetalus (AnnufunUsseninayanaveddninsminewindy 40.1 %) UTunsnis
n3¥31881 (apparent volume of distribution, V/F) W11iU 890 d#15 (A1AINUAULUTTENINY
UAPATDIUTUINTNIINTEINBEWINAY 80.3 %) LLazmmﬁéuaqmi@@%um (absorption rate

constant, Ka) 81949931nn15AN®1984 Jusko kagany Wnadlavindu 4.48 fatilud

- [

Yadennpdiinnieninasesnsinisindnen Ae seaudlulnadu (hemoglobin, HB)

[

way total bilirubin (TB) laea u1snaSulgAITuduRNuUsSlanlI8@uns

CL/F = 26.2 x (HB/11) 82 (TB/1.9) “*% qnaunnsnuin Wilesedu HB vi3e Syeru TB i

[
%

ALNEITY danaden CL/F vasemilasaliananasludieiun 8 fa iioun 6 a1endanis

'
a a L °

Ugneanediu uazdilinutadensediniinadeddrysdousinnsnisnszatveilunisfinuwdl

nsAnwtiazaInIaiRuILLIMINSITUaIRg e lsyau1eg lutalmang
MwdugrvuluedinUqus lneansuntadeniaaiiniiendiinadeindyaauaansvesen
duasuliszavemilasadaegludrndimuielaegiasinga ienadnininissnwing

AAATILAENIINAITUNINYBUAINET LANNInvew e Ugnareiuyiingssely
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1. MaUUIaemuNdvIaumansUTEynTunTIdel Anwanteyaseauen

CY a va = oY 1Y

mlasadanfnauussaturdinUfuR Fevedingeen1stuiiniiansuyseniuen wastial
(Y [ P d' ! L7 ! Ya v £ o < ¥ o Y Y

ATvinseaventudenfiuiueuveUlsusazsy {Ii3eedndunesimualvgUlisyn g

Suusznuevn 12 9109 wazanlunisiangasiainszavendunaineusuuseniueiile

fald 30 w9

2. M3fnweall enafisanfnuseaveimiasadaniendin1ssuusemuen w9

| = o v 1 a = . v
19816199 BevilvianusaniA1AINTeenNIsRnduen (absorption rate constant, Ka) el lng
Toyadnngananausadnaswuuitaaslifianudnieionndlu uavdeyasedy
gnlasadaluynisgaduefiiisme aninagaasalaseidadeninainiiddnsna
AaAUsNInINIsNsEANBvetIMlasAlEl santeravilvnuladenisadinausniidvsna

AaAIN15VIReT wanmiloannnisAnyidagiudl

3. MIfsUAdBUANLYNABYBIANNSINGYRaUAan ST Tl LRIALs e
75 external validation lagvinungseaueimilasadalunguuseyinsival (validation data)
TngordnisiugainAmsdinesnandveaumansuszansiiiaseildaindeya
#29u (index data) 9ty Ussliuarwdenademefasseduemilasasiafivhuels uas
sefuglasasiaiiinldads Binandazannsolsduanugndesasanuanunsolunis

wgveIaNn1snleannnsive neunsuiaun1snina1lulgasslunsujon



107

UTIUIUNTY

1. Starzl TE, Groth CG, Brettschneider L, Penn |, Fulginiti VA, Moon JB, et al.
Orthotopic homotransplantation of the human liver. Annals of surgery. 1968;168(3):392-
415.

2. Nivatvongs S, Sirichindakul B, Nontasuti B, Kongkam P, Rerknimitr R, Kullavanijaya
P. Result of orthotopic liver transplantation at King Chulalongkorn Memorial Hospital: the
first series from Thailand. Journal of the Medical Association of Thailand. 2003;86 Suppl
2:5445-50.

3. Audugnaneeiuwaninimalng. Teyaadifinisugnatsetens [Buwesidel. nganne, 2560
2017 [¥ihiadle 12 fusneu 25611, Whdeldann:

http://www.organdonate.in.th/Download/pdf/odc-news.pdf.

4. EASL Clinical Practice Guidelines: Liver transplantation. Journal of hepatology.
2016;64(2):433-85.

5. awanUgnanseowisUsemalne. uuamensauasnwdUaeUandiedu [Buwesidal. nganwe,
2560 [hdaile 12 Augieu 2561]. Wdslaann:

http://www.transplantthai.org/upload/170815114538293 MNB.pdf.

6. McAlister VC, Haddad E, Renouf E, Malthaner RA, Kjaer MS, Gluud LL. Cyclosporin
versus tacrolimus as primary immunosuppressant after liver transplantation: a meta-
analysis. American journal of transplantation : official journal of the American Society of
Transplantation and the American Society of Transplant Surgeons. 2006;6(7):1578-85.

7. Beringer P. Winter's Basic Clinical Pharmacokinetics. 6th ed. Philadelphia: Wolters
Kluwer; 2018.

8. Rayar M, Tron C, Jezequel C, Beaurepaire JM, Petitcollin A, Houssel-Debry P, et al.
High Intrapatient Variability of Tacrolimus Exposure in the Early Period After Liver
Transplantation Is Associated With Poorer Outcomes. Transplantation. 2018;102(3):e108-
eld.


http://www.organdonate.in.th/Download/pdf/odc-news.pdf
http://www.transplantthai.org/upload/170815114538293_MNB.pdf

108

9. Food and Drug Administration. Guidance for industry population
pharmacokinetics [online]. 1999 Available from:

https://www.fda.gov/downloads/drugs/guidances/UCM072137.pdf.

10. Starz\ TE, Marchioro TL, Vonkaulla KN, Hermann G, Brittain RS, Waddell WR.
Homotransplantataion of the liver in humans. Surgery, gynecology & obstetrics.
1963;117:659-76.

11. Magsi U, Azoulay D. Further details from the first human liver transplantation in
Europe. Transplantation. 2013;96(6):e47-8.

12. AudUgnangedetzaninivialne. @J’ﬁami@LLaQ‘U%mﬂa"‘a’msﬁﬁmazauaqmaLLazUizmumums
Ugnaneedizdeyaadinisugnaneetoay Bumadidal. ngawine, 2560 [Wndade 12 fusneu 2561,

Wieleiann: http//www.organdonate.in.th/Download/pdf/guideline.pdf.

13. Sirivatanauksorn. Y. Liver Transplantation. Bangkok: Duantula press; 2018.

14. Rostaing L, Saliba F, Calmus Y, Dharancy S, Boillot O. Review article: Use of
induction therapy in liver transplantation. Transplantation Reviews. 2012;26(4):246-60.
15. McKenna GJ KG. Chapter 91- Induction and maintenance of
immunosuppression. Transplantation of the liver (third edition). Philadelphia: W.B.
Saunders; 2015.

16. Farkas SA, Schnitzbauer AA, Kirchner G, Obed A, Banas B, Schlitt HJ. Calcineurin
inhibitor minimization protocols in liver transplantation. Transplant international : official
journal of the European Society for Organ Transplantation. 2009;22(1):49-60.

17. Kong Y, Wang D, Shang Y, Liang W, Ling X, Guo Z, et al. Calcineurin-Inhibitor
Minimization in Liver Transplant Patients with Calcineurin- Inhibitor- Related Renal
Dysfunction: A Meta-Analysis. PLOS ONE. 2011;6(9):e24387.

18. Levitsky J, Thudi K, Ison MG, Wang E, Abecassis M. Alemtuzumab induction in non-
hepatitis C positive liver transplant recipients. Liver transplantation : official publication
of the American Association for the Study of Liver Diseases and the International Liver
Transplantation Society. 2011;17(1):32-7.

19. Dhesi S, Boland B, Colquhoun S. Alemtuzumab and liver transplantation: a review.
Current opinion in organ transplantation. 2009;14(3):245-9.

20. Mukherjee S, Mukherjee U. A comprehensive review of immunosuppression used

for liver transplantation. Journal of transplantation. 2009;2009:701464.


https://www.fda.gov/downloads/drugs/guidances/UCM072137.pdf
http://www.organdonate.in.th/Download/pdf/guideline.pdf

109

21. Venkataramanan R, Swaminathan A, Prasad T, Jain A, Zuckerman S, Warty V, et al.
Clinical Pharmacokinetics of Tacrolimus. Clinical pharmacokinetics. 1995;29(6):404-30.
22. Tacrolimus [Internet]. Micromedex® Healthcare Series [cited 17/11/17]. Available

from: http://www.micromedexsolutions.com.

23. Sikmna MA, van Maarseveen EM, van de Graaf EA, Kirkels JH, Verhaar MC, Donker
DW, et al. Pharmacokinetics and Toxicity of Tacrolimus Early After Heart and Lung
Transplantation. American journal of transplantation : official journal of the American
Society of Transplantation and the American Society of Transplant Surgeons.
2015;15(9):2301-13.

24, Staatz CE, Tett SE. Clinical pharmacokinetics and pharmacodynamics of
tacrolimus in solid organ transplantation. Clinical pharmacokinetics. 2004;43(10):623-53.

25. Beringer PM. Winter's basic clinical pharmacokinetics. 6 ed. Philadelphia: Wolters
Kluwer Health; 2018.

26. Alak AM. Measurement of tacrolimus (FK506) and its metabolites: a review of
assay development and application in therapeutic drug monitoring and pharmacokinetic
studies. Therapeutic drug monitoring. 1997;19(3):338-51.

27. Chan Y-H, Ho C-S, Shek C-C, Wong K-M, Chak W-L, Choi K-S, et al. Measurement
of Whole Blood Tacrolimus Level by High Performance Liquid Chromatography Tandem
Mass Spectrometry in Renal Transplant Recipients — A Single Center Perspective. Hong
Kong Journal of Nephrology. 2005;7(2):65-9.

28. Wallemacq P, Goffinet JS, O'Morchoe S, Rosiere T, Maine GT, Labalette M, et al.
Multi- site analytical evaluation of the Abbott ARCHITECT tacrolimus assay. Therapeutic
drug monitoring. 2009;31(2):198-204.

29. Staatz CE, Taylor PJ, Lynch SV, Willis C, Charles BG, Tett SE. Population
pharmacokinetics of tacrolimus in children who receive cut-down or full liver transplants.
Transplantation. 2001;72(6):1056-61.

30. Sam WJ, Aw M, Quak SH, Lim SM, Charles BG, Chan SY, et al. Population
pharmacokinetics of tacrolimus in Asian paediatric liver transplant patients. British Journal

of Clinical Pharmacology. 2000;50(6):531-41.


http://www.micromedexsolutions.com/

110

31. MacFarlane GD, Venkataramanan R, McDiarmid SV, Pirsch JD, Scheller DG, Ersfeld
DL, et al. Therapeutic drug monitoring of tacrolimus in pediatric liver transplant patients.
Pediatric transplantation. 2001;5(2):119-24.

32. Mittal N, Thompson JF, Kato T, Tzakis AG. Tacrolimus and diarrhea: pathogenesis
of altered metabolism. Pediatric transplantation. 2001;5(2):75-9.

33. Li D, Lu W, Zhu J-Y, Gao J, Lou Y-Q, Zhang G-L. Population pharmacokinetics of
tacrolimus and CYP3A5, MDR1 and IL-10 polymorphisms in adult liver transplant patients.
Journal of Clinical Pharmacy and Therapeutics. 2007;32(5):505-15.

34. Sam WJ, Tham LS, Holmes MJ, Aw M, Quak SH, Lee KH, et al. Population
Pharmacokinetics of Tacrolimus in Whole Blood and Plasma in Asian Liver Transplant
Patients. Clinical pharmacokinetics. 2006;45(1):59-75.

35. Zhang Y YJ, Zhu LQ and Wang N. Effects on pharmacokinetics of tacrolimus in
liver transplant patients. SM J Pharmac Ther. 2016;2(1):1012.

36. Zahir H, McCaughan G, Gleeson M, Nand RA, MclLachlan AJ. Factors affecting
variability in distribution of tacrolimus in liver transplant recipients. British Journal of
Clinical Pharmacology. 2004;57(3):298-309.

37. Guy-Viterbo V, Scohy A, Verbeeck RK, Reding R, Wallemacq P, Musuamba FT.
Population pharmacokinetic analysis of tacrolimus in the first year after pediatric liver
transplantation. European journal of clinical pharmacology. 2013;69(8):1533-42.

38. Musuamba FT, Guy-Viterbo V, Reding R, Verbeeck RK, Wallemacq P. Population
pharmacokinetic analysis of tacrolimus early after pediatric liver transplantation.
Therapeutic drug monitoring. 2014;36(1):54-61.

39. Minematsu T, Sugiyama E, Kusama M, Hori S, Yamada Y, Ohtani H, et al. Effect of
hematocrit on pharmacokinetics of tacrolimus in adult living donor liver transplant
recipients. Transplantation Proceedings. 2004;36(5):1506-11.

40. Zhu L, Yang J, Zhang Y, Jing Y, Zhang Y, Li G. Effects of CYP3A5 genotypes, ABCB1
C3435T and G2677T/A polymorphism on pharmacokinetics of Tacrolimus in Chinese
adult liver transplant patients. Xenobiotica. 2015;45(9):840-6.

a1. P. FLaM. Handbook of liver disease. 4 th ed. Philadelphia: Elsevier; 2018.



111

42. Abu-Elmagd K, Fung JJ, Alessiani M, Jain A, Venkataramanan R, Warty VS, et al.
The effect of graft function on FK506 plasma levels, dosages, and renal function, with
particular reference to the liver. Transplantation. 1991;52(1):71-7.

43. Staatz CE, Willis C, Taylor PJ, Lynch SV, Tett SE. Toward better outcomes with
tacrolimus therapy: population pharmacokinetics and individualized dosage prediction in
adult liver transplantation. Liver transplantation : official publication of the American
Association for the Study of Liver Diseases and the International Liver Transplantation
Society. 2003;9(2):130-7.

44. Lu Y-%, Su Q-h, Wu K-h, Ren Y-p, Li L, Zhou T-vy, et al. A population
pharmacokinetic study of tacrolimus in healthy Chinese volunteers and liver transplant
patients. Acta Pharmacologica Sinica. 2015;36(2):281-8.

45, augite Svsidad wndedidalulsalades. ngammamiues: Ui Wind wous wedda Wudiadu
1A,

46. Jacobson P, Ng J, Ratanatharathorn V, Uberti J, Brundage RC. Factors affecting the
pharmacokinetics of tacrolimus (FK506) in hematopoietic cell transplant (HCT) patients.
Bone marrow transplantation. 2001;28(8):753-8.

47. U Ygygyrysls. ndnnisuazn1sUssendndvaaumansaidn. nsuvnuniuas: 1o.1ea nIung

Y &

5AGH

48. Zhu L, Wang H, Sun X, Rao W, Qu W, Zhang Y, et al. The Population
Pharmacokinetic Models of Tacrolimus in Chinese Adult Liver Transplantation Patients.
Journal of pharmaceutics. 2014;2014:713650.

49. Zahir H, McLachlan AJ, Nelson A, McCaughan G, Gleeson M, Akhlaghi F. Population
pharmacokinetic estimation of tacrolimus apparent clearance in adult liver transplant
recipients. Therapeutic drug monitoring. 2005;27(4):422-30.

50. Zhang XQ, Wang ZW, Fan JW, Li YP, Jiao Z, Gao JW, et al. The impact of
sulfonylureas on tacrolimus apparent clearance revealed by a population
pharmacokinetics analysis in Chinese adult liver-transplant patients. Therapeutic drug
monitoring. 2012;34(2):126-33.

51. Zhang S, Pillai VC, Mada SR, Strom S, Venkataramanan R. Effect of voriconazole
and other azole antifungal agents on CYP3A activity and metabolism of tacrolimus in

human liver microsomes. Xenobiotica. 2012;42(5):409-16.



112

52. Guy-Viterbo V, Baudet H, Elens L, Haufroid V, Lacaille F, Girard M, et al. Influence
of donor- recipient CYP3A4/ 5 genotypes, age and fluconazole on tacrolimus
pharmacokinetics in  pediatric liver transplantation:  a population approach.
Pharmacogenomics. 2014;15(9):1207-21.

53. Antignac M, Hulot JS, Boleslawski E, Hannoun L, Touitou Y, Farinotti R, et al.
Population pharmacokinetics of tacrolimus in full liver transplant patients: modelling of
the post-operative clearance. Eur J Clin Pharmacol. 2005;61(5-6):409-16.

54. Yasuhara M, Hashida T, Toraguchi M, Hashimoto Y, Kimura M, Inui K, et al.
Pharmacokinetics and pharmacodynamics of FK 506 in pediatric patients receiving living-
related donor liver transplantations. Transplantation proceedings. 1995;27(1):1108-10.
55. Chen B, Shi H-Q, Liu X-X, Zhang W-X, Lu J-Q, Xu B-M, et al. Population
pharmacokinetics and Bayesian estimation of tacrolimus exposure in Chinese liver
transplant patients. Journal of clinical pharmacy and therapeutics. 2017;42(6):679-88.
56. Chen D, Guo F, Shi J, Zhang C, Wang Z, Fan J, et al. Association of hemoglobin
levels, CYP3A5, and NR1I3 gene polymorphisms with tacrolimus pharmacokinetics in liver
transplant patients. Drug metabolism and pharmacokinetics. 2014;29(3):249-53.

57. Rojas LE, Herrero MJ, Boso V, Garcia-Eliz M, Poveda JL, Librero J, et al. Meta-
analysis and systematic review of the effect of the donor and recipient CYP3A5 6986A>G
genotype on tacrolimus dose requirements in liver transplantation. Pharmacogenetics
and genomics. 2013;23(10):509-17.

58. Uesugi M, Masuda S, Katsura T, Oike F, Takada Y, Inui K. Effect of intestinal CYP3A5
on postoperative tacrolimus trough levels in living-donor liver transplant recipients.
Pharmacogenetics and genomics. 2006;16(2):119-27.

59. Wei-lin W, Jing J, Shu-sen Z, Li-hua W, Ting-bo L, Song-feng Y, et al. Tacrolimus
dose requirement in relation to donor and recipient ABCB1 and CYP3A5 gene
polymorphisms in Chinese liver transplant patients. Liver transplantation : official
publication of the American Association for the Study of Liver Diseases and the
International Liver Transplantation Society. 2006;12(5):775-80.

60. ShiY, Li'Y, Tang J, Zhang J, Zou Y, Cai B, et al. Influence of CYP3A4, CYP3A5 and
MDR-1 polymorphisms on tacrolimus pharmacokinetics and early renal dysfunction in

liver transplant recipients. Gene. 2013;512(2):226-31.



113

61. Gijsen V, Mital S, Van Schaik RH, Soldin OP, Soldin SJ, van der Heiden IP, et al. Age
and CYP3A5 genotype affect tacrolimus dosing requirements after transplant in pediatric
heart recipients. The Journal of heart and lung transplantation : the official publication
of the International Society for Heart Transplantation. 2011;30(12):1352-9.

62. Boeckmann AJ, Sheiner LB, Beal SL. NONMEM users guide - part V. 2nd ed. San
Francisco: NONMEM Project Group, University of California at San Francisco; 2011.

63. Fukatsu S, Yano |, lgarashi T, Hashida T, Takayanagi K, Saito H, et al. Population
pharmacokinetics of tacrolimus in adult recipients receiving living- donor liver
transplantation. European journal of clinical pharmacology. 2001;57(6-7):479-84.

64. Lee JY, Hahn HJ, Son IJ, Suh KS, Yi NJ, Oh JM, et al. Factors affecting the apparent
clearance of tacrolimus in Korean adult liver transplant recipients. Pharmacotherapy.
2006;26(8):1069-77.

65. Tam VH, Kabbara S, Yeh RF, Leary RH. Impact of sample size on the performance
of multiple- model pharmacokinetic simulations.  Antimicrob Agents Chemother.
2006;50(11):3950-2.

66. Roy A, Ette El. A pragmatic approach to the design of population pharmacokinetic
studies. Aaps j. 2005;7(2):E408-20.

67. Giulia Lestini CDaTTN. PFIM Interface 4.0 user guide 2015. Available from:
http://www.pfim.biostat.fr/download/PEIMInterfaced.0_UserGuide.pdf.

68. Jusko WJ, Piekoszewski W, Klintmalm GB, Shaefer MS, Hebert MF, Piergies AA, et
al. Pharmacokinetics of tacrolimus in liver transplant patients. Clinical pharmacology and
therapeutics. 1995;57(3):281-90.

69. Vadcharavivad S, Praisuwan S, Techawathanawanna N, Treyaprasert W,
Avihingsanon Y. Population pharmacokinetics of tacrolimus in Thai kidney transplant
patients: comparison with similar data from other populations. Journal of clinical
pharmacy and therapeutics. 2016;41(3):310-28.

70. Wallemacq P, Armstrong VW, Brunet M, Haufroid V, Holt DW, Johnston A, et al.
Opportunities to optimize tacrolimus therapy in solid organ transplantation: report of the
European consensus conference. Therapeutic drug monitoring. 2009;31(2):139-52.

T1. Ringe B, Braun F, Schitz E, Ramadori G, Oellerich M. Therapeutic window of

tacrolimus in liver transplantation. Therapeutic drug monitoring. 1999;21(4):438.


http://www.pfim.biostat.fr/download/PFIMInterface4.0_UserGuide.pdf

114

72. Chan S, Burke MT, Johnson DW, Francis RS, Mudge DW. Tacrolimus Toxicity due
to Biliary Obstruction in a Combined Kidney and Liver Transplant Recipient. Case Report
in Transplantation. 2017;2017:9096435-.

73. Zhu L, Wang H, Sun X, Rao W, Qu W, Zhang Y, et al. The Population
Pharmacokinetic Models of Tacrolimus in Chinese Adult Liver Transplantation Patients. J
Pharm (Cairo). 2014;2014:713650-.

74. Lu YX, Su QH, Wu KH, Ren YP, Li L, Zhou TY, et al. A population pharmacokinetic
study of tacrolimus in healthy Chinese volunteers and liver transplant patients. Acta

pharmacologica Sinica. 2015;36(2):281-8.



AMANUIN

L= v Y
AMARNUIN N LLUUU%VIﬂ‘UE]QaIZdU’JEJ

wuuiiuindayagilie (Case Record Form)

Population Pharmacokinetics of Tacrolimus in Liver Transplant Patients

1. a8 (dnvIdaia-ana — a16) -

2. WNa 1Haw ..
3. e O (0) 7 O (1) wdis
4. qonwnw [ 0) Tam O (1) swsa
5.3am@ [ (0) Tne O (1) Bug
a £ o o o o o a
6. &nsmasnw O (0) Frowms O (1) dszrudsan O (2) deziuguamw O (3) Suaa
7. Wwhdgnansay Whan ..
8. 3zazIaWawlSINEILNE 121N aanIni ERLV W %74,

9. snquasmslgnarsauilszialsacy (cause of liver disease)

O (o) susnisuiFassanhiasusnisud [ (8) metabolic liver disorders(hemochromatosis)
O (1) m”ua”mauL‘%fuaﬁmnvlﬁamyué'ﬂl,auﬁ O (9) metabolic liver disorders (Wilson’s disease)
O (2) @Iﬁﬂ”ﬂtﬁﬂéﬂﬁﬂ’]ﬂgﬁ’] O (10) metabolic liver disorders (tyrosinemia)

O 3) m”ua”mauﬁ?a%’amnmaguvlws O (11) glycogen storage disease

O (4) ﬂwuélnmm%va%'d autoimmune hepatitis O (12) fulminant hepatic failure

O (5 Ismiaf:’]ﬁqaﬁwga%'a L% primary biliary cirrhosis, sclerosing cholangitis, biliary atresia
O 6) wzi5aimadau (hepatocellular carcinoma)

[ 6.1) Milan criteria [ (6.2) Outside-Milan criteria

O @) dunoilsuwsuannaungasg O (13) 8uq

&
10. S1gazBgaaNNI Uil

11. T3m323 (concomitant medical disease)

O toom O Hypertension O cko stage O Hepatorenal O op

12, dsedaunen O ©) Widseiduion O () fuseiGunen (321)
13. ﬂ%’?ﬂﬁlé’%’umsﬂgndwﬁu O (1) ass7i 1 O ) ais1i 2 O 3) aug
14. Donor type O ) Living [ (1) Brain dead O ) others
15. 35msanane6u O (0) orthotropic liver [ (1) Partial liver
16. Operation Time nH. _%’1171

Cold Ischemic Time aN. Wi

Warm Ischemic Time Ba. _‘Wlﬁ

Blood loss NaaanT
17. MELD score (fawnsilananaciu) Watud

Watud

[0.957 x In(creatinine mg/dl) + 0.378 x In(bilirubin (mg/dl)) + 1.120 x In (INR) + 0.643 x 10]




18. Child-pugh Score (Awimnanilanaiuey)  Class Waiud
Class Lﬁa’i’%ﬁ
19. fl‘aga@’ﬁu Serology & Pre-operative Laboratory Date
Serology / LAB test Donor Recipient
wea O e O ws oy O | waOweOwdge oy i
smiin nn. dngs s, | dwsin nn. g Y.
u/D u/D
Blood group
HBsAg/ AntiHBs/
AntiHBC
AntiHIV/ AntiHCV
CMV IgG/igM
VDRL
AST/ ALT/ ALP/ GGT
TB/ DB/ TP/ Albumin
HGB/ HCT
BUN/ Scr
PT/INR
20. Fufil@3uen tacrolimus A39UIA Whaw W. 6.
21. Induction regimen
Medication Route Dose Medication Route Dose
O ate \% O Basiliximab \Y
O Tacrolimus IV/ Oral O Cyclosporine IV/ Oral
DMycophenoIate mofetil (250) Oral O Azathioprine Oral
O sirolimus Oral O Methylprednisolone \Y
22. Maintenance regimen
Medication Route Dose Medication Route Dose
[ Tacrolimus/ Advagraf Oral O Cyclosporine IV/ Oral
DMycophenoIate mofetil (250) Oral O Azathioprine Oral
O sirolimus Oral [ prednisolone (5) Oral




DRUG - STRENGTH — DOSAGE - DATE

Tacrolimus dosing AM (...... .)

Tacrolimus dosing PM (...... W.)

TacrolimusLevel

Time

CO Tacrolimus

Patient’'s PARAMETERs DATE

Height Bodyweight

BUN

Scr

AST/ALT

ALP/GGT

TB/DB

Albumin

Hb

Hct

WBC
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1. Base model control file

Model Desc: Base model Fixed Ka 4.48 (JUSKO)
;Project Name: Tacrolimus
;Project ID: NO PROJECT DESCRIPTION
$SPROB RUN# Base001
SINPUT C ID TIME NTIM AMT ADDL Il TAD DV MDV EVID POD BW AST ALT ALP GGT TB DB
ALB HGB HCT BUN SCR
SDATA MASTER1.CSV IGNORE=C
SSUBROUTINES ADVAN2 TRANS2
SPK
TVCL=THETA(1)
CL=TVCL*EXP(ETA(1))
TVV=THETA(2)
V=TVV*EXP(ETA(2))
TVKA=THETA(3)
KA=TVKA*EXP(ETA(3))
S2=V/1000

SERROR

W=1

IPRE=F

IWRE= (DV-IPRE)/W
Y = F+ERR(1)

SEST METHOD=1 INTERACTION PRINT=5 MAX=9999 SIG=3 MSFO=Base001.msf
STHETA

(0,20) ;[CL]

(0,500) ;[V1

(fixed,4.48) ;[KA]

SOMEGA
0.04 ;[P] omega(1,1)
0.04;[P] omega(2,2)
(fixed,0);[P] omega(3,3)

SSIGMA
0.04; [A] sigma(1,1)



SCoV

STABLE ID NTIM CL V KA ETA1 ETA2 ETA3 PRED RES WRES IPRE IWRE CPRED CWRES TIME AMT ADDL Il TAD DV POD
BW AST ALT ALP GGT TB DB ALB HGB HCT BUN SCR TIME ONEHEADER NOPRINT FILE=Base001.tab

STABLE ID TIME CL V KA ETA1 ETA2 ETA3 ONEHEADER NOPRINT FILE=PATABBase001

STABLE ID BW POD AST ALT ALP GGT TB DB HGB HCT BUN SCR ONEHEADER NOPRINT FILE=COTABBase001

STABLE ID ONEHEADER NOPRINT FILE=CATABBase001

STABLE ID TIME PRED RES WRES IPRE IWRE CPRED CWRES ONEHEADER NOPRINT FILE=SDTABBase001

STABLE ID CL V KA NOAPPEND NOPRINT FILE=Base001.par

STABLE ID ETA1 ETA2 ETA3 NOAPPEND NOPRINT FILE=Base001.eta

2. Full model control file

Model Desc: Full model
;Project Name: Tacrolimus

;Project ID: NO PROJECT DESCRIPTION

$PROB RUN# FullHBTB
$INPUT C ID TIME NTIM AMT ADDL Il TAD DV MDV. EVID POD BW AST ALT ALP GGT TB DB
ALB HGB HCT BUN SCR
$DATA MASTER1.CSV IGNORE=C
$SUBROUTINES ADVAN2 TRANS2
SPK
TVCL=THETA(1)*(HGB/11.5**THETA(4)*(TB/1.9)** THETA(5))
CL=TVCL*EXP(ETA(1))
TW=THETA(2)
V=TVW*EXP(ETA(2))
TVKA=THETA(3)
KA=TVKA*EXP(ETA(3))
$2=V/1000

SERROR

W=1

IPRE=F

IWRE= (DV-IPRE)/W
Y = F+ERR(1)



SEST METHOD=1 INTERACTION PRINT=5 MAX=9999 SIG=3 MSFO=FullHBTB.msf
STHETA

(0,20) ;[CL]

(0,500) ;[V]

(fixed,d.48) ;[KA]

0.001;

0.001;

SOMEGA
0.04 ;[P] omega(1,1)
0.04;[P] omega(2,2)
(fixed,0) ;[P] omega(3,3)

SSIGMA
0.04; [A] sigma(1,1)

$COV

STABLE ID NTIM CL V KA ETA1 ETA2 ETA3 PRED RES WRES IPRE IWRE CPRED CWRES TIME AMT
ADDL Il TAD DV POD BW AST ALT ALP GGT TB DB ALB HGB HCT BUN SCR TIME ONEHEADER
NOPRINT FILE=FullHBTB.tab

STABLE ID TIME CL V KA ETAL1 ETA2 ETA3 ONEHEADER NOPRINT FILE=PATABFullHBTB
STABLE ID BW POD AST ALT ALP GGT TB DB HGB HCT BUN SCR ONEHEADER NOPRINT
FILE=COTABFuUllHBTB

STABLE ID ONEHEADER NOPRINT FILE=CATABFullHBTB

$TABLE ID TIME PRED RES WRES IPRE IWRE CPRED CWRES ONEHEADER NOPRINT
FILE=SDTABFuUllHBTB

STABLE ID CL V KA NOAPPEND NOPRINT FILE=FullHBTB.par

STABLE ID ETA1 ETA2 ETA3 NOAPPEND NOPRINT FILE=FullHBTB.eta
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