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# # 5987153020 : MAJOR PHARMACOLOGY

KEYWORD: Enteric-coated mycophenolate, pharmacokinetics, single-time point concentration
Napatsanan Tanathitiphuwarat
THE CORRELATION OF AREA UNDER THE CURVE WITH SINGLE TIME POINT CONCENTRATION
OF MYCOPHENOLIC ACID AND ITS METABOLITE IN THAI KIDNEY ~ TRANSPLANT RECIPIENTS RE
CEIVING ENTERIC-COATED  MYCOPHENOLATE SODIUM. Advisor: Assoc. Prof. SUPEECHA
WITTAYALERTPANYA Co-advisor: Asst. Prof. Pajaree Chariyavilaskul, M.D.,Asst. Prof. Natavudh

Townamchai, M.D.

Enteric-coated mycophenolate sodium (EC-MPS) is immunosuppressive drug prescribed to
prevent organ rejection. The therapy requires the monitoring of active drug; mycophenolic acid (MPA)
and its metabolites plasma concentration, due to a wide inter-individual variability of
pharmacokinetics of them. The previous studies of the relationship between single time point
concentration and area under the curve of mycophenolate sodium is not well satisfied. There was no
cut-off level of MPA for indicating MPA exposure meaning AUC > 30 pgeh/ml in kidney transplant
patient receiving EC-MPS. The purposes of this study were to determine the correlation between area
under the curve with a single time point concentration of the total and free form of MPA and its
metabolite, and to investigate a cut-off level of MPA indicating MPA exposure more than 30
pgeh/ml. Twenty kidney transplant patients who treated with EC-MPS (1,080 mg/day) in combination
with tacrolimus and prednisolone enrolled in this study. Serial blood samples were collected pre-
dose and at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 10, and 12 hours after dose day 3" of EC-MPS. Total and
free MPA and its metabolites concentrations were evaluated by LC-MS/MS. The best correlation
between single time point concentration and AUC showed C, of total MPA (r* = 0.50), C4 of free MPA
(" = 0.41), C, of total MPAG (r* = 0.97), Cg of free MPAG (* = 0.95), C, of total ACMPAG (r* = 0.59) and
Cos Of free ACMPAG (r = 0.81). The cut-off level of MPA 2.05 ug/ml at 4 h was a good predictor of
indicating MPA exposure more than 30 ugeh/ml (sensitivity of 73%, specificity of 100%, Area ROC =
0.87). In clinical setting, the appropriate time at 2 hr may be a good choice with specificity 100%
indicating no patient presenting MPA total form AUC less than 30 pgeh/ml. Therefore, the cut-off level
was 3.9 pg/ml.

Field of Study: Pharmacology Student's Signature .......cccccoevevcereienaes
Academic Year: 2019 Advisor's Signature .......coeveeveeennee.
Co-advisor's Signature .......cccccveeueee.

Co-advisor's Signature .......cccccveeueee.
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EC-MPS Enteric-coated mycophenolate sodium

MPA Mycophenolic acid

MPAG Mycophenolic acid glucuronide

AcCMPAG Acyl-mycophenolic acid glucuronide

tMPA Mycophenolic acid total form

tMPAG Mycophenolic acid slucuronide total form

tACMPAG Acyl-mycophenolic acid glucuronide total form

fMPA Mycophenolic acid free form

fMPAG Mycophenolic acid glucuronide free form

fACMPAG Acyl-mycophenolic acid glucuronide free form

UGt Uridine diphosphate glucuronosyltransferase

IMPDH Inosine monophosphate dehydrogenase

MRP-2 Multidrug resistance-associated protein 2

SLO1B3 Solute carrier organic anion transporter family member 1B3
MPA AUC 4, Area under the concentration time curve of Mycophenolic acid from time 0 to

12 h
MPAG AUC,;,  Area under the concentration time curve of Mycophenolic acid glucuronide from
time 0 to 12 h
AcMPAG AUC, 1, Area under the concentration time curve of Acyl-mycophenolic acid glucuronide

from time 0 to 12 h

Cinin Minimum plasma concentration

Crnax Maximum plasma concentration

Trnax Time to reach C,,

LC-MS/MS Liquid chromatography-tandem mass spectrometry
ESI Electrospray ionization

MRM Multiple Reaction Monitoring

eGFR Estimated glomerular filtration rate
MDRD Modification of Diet in Renal Disease
AST Aspartate aminotransferase

ALT Alanine aminotransferase

ROC Curve Receiver operating characteristic curve
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Snwuduldenagiiduiunedesiusaneliasls dsenagiduiunldiiseiu 2 wuy

)
A mﬂmgﬁﬁuﬁum%izazgu (induction therapy) 8nf198191% 1 thymoglobulin way
basiliximab LLazsnfmgﬁﬁmﬁ’um%izazmmaa@%% (maintenance therapy) l#uwn
tacrolimus, mycophenolic acid, sirolimus @ prednisolone™®

sULUU81 mycophenolic acid (MPA) f@ss3Uuuu As &ulln Mycophenolate
mofetil (MMF) Wwag8 Enteric-coated mycophenolate sodium (EC-MPS) EC-MPS 1Ju
prodrug gﬂmaa“uaﬂ mycophenolic acid (MPA) ﬁagﬂugﬂ delayed-release tablets® " MPA
noglungy antimetabolite wagdmsAnwnuinyTunavesnidigsisnie (@1 AUC, MPA
exposure) wadlvinan1sinulugUrsuanatelanazegluyae 30-60 mgeh/L® 167 MPA
exposure Woun11 30 mgh/L Aglallvinanissnurlunisnagiduiuldlviianisufiaste
Waza1A1 MPA exposure 41nA11 60 mgeh/L 81aRaNwa1nen ™

81 EC-MPS 1ieUanUaasdien mycophenolate sodium g gn hydrolysis L¢
mycophenolic acid (MPA) fgvdnng uANAY annsaldeuduumiveladivgn 2 wiinde
mycophenolic acid glucuronide (MPAG) LﬂﬂJLMWU@lﬁﬁﬁlﬁﬁﬂ%é kae acyl-mycophenolic
acid glucuronide (ACMPAG) Wumvuelavififgniiuiieatu MPA® fsraauderdesiu
ANNANNITAIUAY human serum albumin (HSA) Tunaeanaaosves MPA wag MPAG 1a

97-98% uar 82% mua1au' ™ udanuInile MPAG geluagluugandulusiuves MPA

[
=

vili MPA sUBasgeiu’ Safimnonumsnulidinnidnifeadu MPA uazumuslavlusgy

total uag free form Tugtheflasueni*
Mnfinsusuaniaeluihdvanetadefidwaneandsaaumansvesenniag il

fnasianNsnouaNewaNITsNwIuara1NsiLAgaInMsidelugiieUgnatels lagiang

81 MPA TuguUuuu enteric-coated (EC-MPS) @eiidadeninliiduadyaauaranivesn



WasuuUadly ldun nsviauveslefiugadlugaonduil nsugsdufunataunlusiu
531919 MPA ffU MPAG 5aufeguuuueniides quanuaeyen
n1sAnYIAFYIAUAIEARTYBIET MMF wag EC-MPS wudndadusuwysnieluda
UARAKAYIENI19UAAAABUY19EY (high intra- and inter-individual variation) lagian1gan
Y89 Crngey T W8T AUC 01> Tugflhagdgnanglaifuen EC-MPS azfinnuuususausnnndy
Fuandtlésuen MMF® 2% Fafunislden EC-MPS TuftheugndnelaTsaasinisfinnusesu
puilonInnisainavessuazliieliindunsioainet dawalsinsusuvuinveseili

v A =

winnvanlugUisUgnatelausazuana Tudagduinis@nwann single time point
concentration Md1zauluNITATIAAMIUTEAVEINATANAUAIIY 19U 81 tacrolimus,
. . . > IS v ! . . .
cyclosporine, sirolimus, everolimus ke MMF LUUMUY WHANIIK single time point
concentration MnHzanlun1IATITANAINTEAVET MPA uaziun1ualaiviegy total uag
free form Y981 EC-MPS dsiinasAnwlduinidnuaznavesnisfinedaldiduninels
suvadelaifinisfnwinigadalunisvinuieanududuvuisau udan MPA exposure

'
[ Y

winnImsewiiu 30 lulasnsustaluydadansludiieugnaelaiilasuen Enteric-coated
. va v a = dgl/ d' Y v v v
mycophenolate sodium  §Idefiauauladnwnuildidunsvivesserualunaiauiiu
181 0 89 12 Frluansseiwaziunivelanlugy total way free form vo81 EC-MPS
dunusiumnunduressIwasuniuelaninigaiiad (single time point concentration)
Tugthedanaegls wagmeanasnlunsviuieaudutun Usdisr MPA exposure 11An7
wiawiriu 30 lulpsnsuedaluy/diadans wWeldiuuuimalunisnsiafinniuer EC-MPS 4
winngad wndssansamuazanudasadelunislder EC-MPS vasiUsuanaglagiine

folu

1.2 IngUseaeAvan1sivY

1.2.1. Lﬁaﬁﬂmﬂamﬁmﬁuéiwdwﬁuﬁiﬁﬂmv\l%'eNsnLLasmmualaﬁIugU total ey
free form @981 Enteric-coated mycophenolate sodium U single time point
concentration lugUaeugnanels
1.2.2. Lﬁammqﬂé’ﬂiumiﬁﬂmammﬁwﬁuﬁﬂﬁﬁqm MPA exposure 11nNT1UIDLNNAY
30 lulasniu-dnluy/Aadansluguiougnaneladildduen Enteric-coated mycophenolate

sodium



1.3 aUNAFIUVRINUIY

nunldnsmveseuazmmualanlugy total uaz free form Y481 Enteric-coated

mycophenolate sodium dANuduiusiuaududunganailaganils wagnugadalunis

MUIEANUDNTUTIUIRIAT MPA exposure 1nnnuseiniu 30 lulasnsus-ialuy/daaans

Tugtheugnanele

1.4 navselavinaininazlasuainauivg

[V 4

n1sfnwaselagldgaainmunzauiduiusiunuildnsvuaser EC-MPS e

wanldlunsesafinnussauentudiie uwasdslagadaviuneaiududu (cut-off point) 9

A ) S 1 1 -dyd a a [
WLNgaNaLU L TUA1 U R aUSEANS MWA1SS

1.5 NSBUKUIANIIUIY

Fix dose 1080

me/day/person

Age

Renal function

Liver function

\

/ m”m

Dose 1

Co-medication

12-hour area under
Total and free form of ) . Single time point
* S the concentration-time
MPA and AcMPAG i
and Ac curve (AUC o.1) concentration

Drug interaction

Tacrolimus 0.1

mg/kg



uni2

awv ad v
L@NENILLASITUIIENINYIUDY

1.1 msugnangla

nsUgnaneln A nswnunlaveUieivinaudumaimelaaunma Fnisuan

v

angladunddludsnldsnwgUislanesesissergaeniinisviiauvess (eGFR) taanin

[y 1 o =

15 ml/min./1.73 m* nmsUgnanelaiidymnddyfenislieeusuniedjiaslaiigndne

(% '
LYY [ Y v =

Mnumsinwsenisugnanglasludedisuivennagifuiu Fanendinisdgnaigena

AosimsuszliunshnuvedlaiiegUssansameedlanugnaiesiueig

1.2 nMsufiaslat 2.2

n1sugnanaladiulugilunisugnaisuuu allograft Maziieeazainguiainun

wnunedelzvesyuie n1sUgnatgadelzuuy allograft ddewalvisnanigvesgUieiing

Y YV a

navauewiaszuuniauiu vinlisuiinnisuiaste nsufiasts auisauddlagende

9 Y
| v [ I~ a A

sggnatuNIsAefuetelzeanlu 3 INnAD

1.2.1. Hyperacute graft rejection Ao Ujjisennisdesuaisiziugnaiewuuiiud
amelunandudundinyinisugnanele gsludagtunuliseiives

1.2.2. Acute graft rejection A Ufjisenissemuedeisnugnateuuuideunauluy

< v =2 &

svggnanduiudLfou

1.2.3. Chronic allograft rejection Ais UfAse1n1sdeiueielzivgnaieinayinl
wihfiveseteziugnaedely dnaviauuuresiduresluldszaziiaruiuiunii 3 Weou
Tuluneunlaazagydevtnaunun

1.3 nmsuszfiunsyinanuvesla

nsvieuvestnaglszdiulaanld estimated glomerular filtration rate (eGFR) 7
zuanIfIUsEANSANIUNIINTRIVBNAsIN  SIUNINTIATEAUVDY  serum  creatinine
(SrCr) azuansisnsvinuvedtnlunisiiavendeesnainianiey Feinsedu SrCr geazuen

fan1syiauaslasuunnged



1.4 snaniiAuny

(%

snagiiduiuildluftasugnaelnannsautsesndu 2 oia dedl
1.4.1 sanagfiduiuiilészasdu (induction therapy)?®  Aannsliionagiiduiu
yungslutimdsnsindnszezusn Werfiuanuduiaslunisugnaiele uazdisannisiin
nsufaslauuuideundu (acute rejection) Fahlidnsinissenveslnfiugnansuazdng
nssandinvesitasfiugnaslaiunintu T4ud polyclonal antibody uag monoclonal

antibody

o

1.4.2 ganagiiquiunldszese1inaanddn (maintenance therapy)”** fanislvien
nagfiduiulurrmdanisitdaszezenn Weann1sufiasle leun calcineurin inhibitors
(CNI), mycophenolic acid, mTOR inhibitors &g corticosteroids mm@jﬁamm Kidney
Disease: Improving Global Outcomes (KDIGO) tauuginlildangy antimetabolite fie
EC-MPS W@ ¥ calcineurin inhibitors (CNIs) 7148 u first-line A @ tacrolimus §7 3 iU
corticosteroids® lugtheugnaiele

Immunosuppressant regimen ‘Lumsﬁﬂwm%ﬂﬁ%uﬁaﬂ EC-MPS uwag tacrolimus

521U prednisolone

1.5 Enteric-coated mycophenolate sodium (EC-MPS)

COONa+

sUn i 1 uanalaseasnaves mycophenolate sodium

81 EC-MPS (Cy7H1oNa0,) flanaluana 342.32 nfu/lua® WJu prodrug guindeves
mycophenolic acid ﬁa&ﬂugﬂ delayed-release tablets® Wing1gnindourieunuilal® e
Uosiunsalunszinizeanns n1sAne) Costa havamuy™ NaaauN15azaIuv0981 EC-MPS
Tu Phosphate-buffered saline (PBS) pH = 5.5, 6 uag 6.8 Wui1 81 EC-MPS @1u1908zansg
Tu PBS pH = 6.8 l¥unndian (95%) 1ileifisuiu PBS pH = 6 (47%) Wwag PBS pH = 5.5

(11.93%) Mua1au Lazin15AnyIANENIUSTZ1I9 low MPA exposure, intermediate



MPA exposure @z high MPA exposure fiun1sufjiastadeundugirevgnanelanlasuen

'
a o o

MPA 59uAU cyclosporine A U131 low MPA exposure (< 30 Hadnsuet1lus/ans) i
ANUFNRUSAUNISuANUEsIsU s talsunduilaifisuiudnasngy (P = 0.043)

'
(% LY a

waznay hish MPA exposure (> 60 fadinsus47luy/ans) Innuduiusiunisiiugianisal

1

a v a 9 & = 3 ! = va o .
NRDINTTVINABY” UBNANNUNITANYT Granger LayAUL WU’J’]EJ’]ZLIQQJEI&JUG]LUN linear

pharmacokinetic

s
a

1.5.1 nalnn1seangns

191 EC-MPS 11ds19n183zUanudas mycophenolate sodium aani1ua3ggn

Y

'
=

hydrolyze #i98 esterases Nwueglualdian, nszinizeinis, du waziden® *? uds
Wasudu mycophenolic acid (MPA) fiaruaansalunstudinisuussves T uaz B
lymphocyte Faunfvzdod purine nucleotides 1%u guanosine #38 deoxyguanosine
Wigawals lymphocyte wusiala wadvhluanusaas purine nucleotides ¢ de novo
uag salvage pathway uslu lymphocyte @1u15083519 purine nucleotides 114 de novo
pathway Lyt

NN5a379 purine nucleotides 19 de novo pathway agefuleulesl inosine
monophosphate dehydrogenase (IMPDH) Fiduouled dehydrogenase \WasY inosine
monophosphate (IMP) 11 xanthine monophosphate (XMP) ~ MPA ﬁq%é%&%mut%ﬁ

inosine monophosphate dehydrogenase (IMPDH) vhlsinisuussiveadindonynanas®

AILAAILUNINIA235



Mycophenolate

Nucleic Acid

Synthesis
©
Inosine t
monophosphate
Inosine dehydrogenase Xanthine Guanosine
monophosphate " monophosphate monophosphate

sUANT 2 uananalnniseengnaves mycophenolate sodium

1.5.2 ndyaaurIansvasen EC-MPS
1.5.2.1 M3QAZuvaE)
g1 EC-MPS 1Jueniignatmunlfiduguuuy delayed-release tablets® azda 9
Uantaosseinisluald viliannisszaioifesfinszsinizenis 39ann15ine1nis
Frafssesen 1wy rauldoniey, omnslildes, Uinvis wagsanliauieviadla™ suuuuves
awﬁﬁﬂﬁé’mWﬂﬂi@m%maﬂ (Toa = 2.5 $2%019) 49791 MMFT wazilaadsvesdiusuiaoen
qv15 (bicavailability) Foway 71° FnsAnwimuiinsiionsiifluiugemiven EC-MPS
a1U130anANTLTUEIEATes MPA 18 33% wagyiliens1n13aadudias ( ., = 5 Falug

) ualsifinasaa MPA exposure’

1.5.2.2 NINTZAUAIVDIE
> d‘ a0 > |dl a al % ’Oj > o
AMEILAUEIVEY MPA AINEAINNINIEANEMTet10g7 4 dns/Alansudmidng
Lazdls189UAYITIAUAINEINITATUAYU human serum albumin (HSA) Turasnnnass
289 MPA uag MPAG 7iidluumuelavindnilaniniuievay 97-98 uag Seeay 82 mudsu
T Tyanngniidayivlufeaivselasuesiunianuaunsaduiulusiugeasdmalidl
MPA sUBaszgedu’" wenvniinuindefug1isiuiu cyclosporine (CsA) Azfuds
multidrug resistance-associated protein 2 (MRP-2) dsualit MPAG lug1usadueaning

wrdiinntsazauluiienie wazugeadulusauiu MPA vinlv MPA gUBasegedu’®



1.5.2.3 NSIUNIUDATUVDIEN

MPA W 1unszUlIunIsiuniIveddulaegiouleyd uridine diphosphate
glucuronosyltransferase (UGT) 2 wilafe toulwil UGT1A9 \Wasw MPA 18 mycophenolic
acid glucuronide (MPAG) 1¥uanslaifigndniandaine (inactive metabolite) fiuguaunn
faaluamivalavianaanuls 20-100 Wihwes MPA® uazieulusl UGT287 aziudeu MPA
U acyl-mycophenolic acid glucuronide (ACMPAG) Li‘]umsﬁqw%‘mqmé’%iwm (active

metabolite) nulauseuszunasosas 10 ¥4 MPA > 8% gananalunind 3%
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EC-MPS

mycophenolate sodium

Lk o MMF

o {The ester prodrug)
Ha
Ester Hydrolyis

OH CH;

(by csterases)

OH
I o ) Bound MPA
{1 ¢
OCH, A
(97-99%)
6% excreted CHa: (Mainly to albumin)

unchanged in feces
Glucuronide

(Accounts for 10-60% of MPA Ic\cl) Conjugation

3 : (Liver, Kidney, GIT)
Emcruhcmllc i (‘:|ug'uron.|dc \ o
recire ul'mon Conjugation HO. COOH
(Liver, Kidney, GIT) \
8]
OH
HO COOH
(9] W
HO OCH,
CHs
OH AcMPAG (Minor)

’ Pharmacologically active

Excried in the urine

CHy

MPAG (Major)

| Pharmacologically inactive

87 % excreted in the urine
13 %% sccrted into bile

UM 3 NIEUIUMSIINNULATUYBIET EC-MPS

finsfinwmuiinalnnisesngnsuas ACMPAG 95Ad18ARIAU MPA  ACMPAG la
nnswnvslainieludléla dwavinliiAn villous atrophy veawadideyald uanmn
iavesds’  wonnilulanared ACMPAG arunsamnilendnluinisngs cytokine (IL-6

way TNF-Q) danalimiinantd@oniau™®
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1.5.2.4 N1SYINVDIY

MPAG waz AcMPAG duaanmiadaanizidundn'® waz MPAG au150duaanniaing
t11 MRP-2%3 MPA way MPAG il half-life 12 4719 way 16 92119 a1uaidu Aade

clearance 8¢l 8.6 An/TIlua war 0.45 Gns/Aluenuaiu®

1.5.2.5 n13LAAYUIUNTT enterohepatic recirculation

MPAG @11150LANTUIUNTT enterohepatic recirculation W14 MRP-2 waalUdsu

(%
0y ¥

MPAG 11 MPA ’runuaiiSeluald fovay 40 Andulutie 6-12 §2lue® wasfus

SUUTEMIULNANATUNIUABNTEUIUNITY 48U CsA az8UTa MRP-2 19 MPAG lalanunsa

Fuoanmand seaudrgauludon warluugdulusiuiu MPA vl MPA sUBassunnu

Y

oaAnanuuivla®

1.5.2.6 nsiNAUA38152131981 (drug interaction)

nsinUfAsensenIneen EC-MPS saudugnaus” 1 anunsaazulaninnsnafiuana

g1 e

Ananon C, ., War AUC, U89 MPA anad 25% Lag 37%
¥18anTA (antacids) . .
AIUAIAU

ciprofloxacin, amoxicillin 1NATUNIUNISLAA enterohepatic recirculation (MPA Way

cyclosporine (CsA) MPAG)

danalsl AUC MPA gy 19%
tacrolimus (TAC)
AUC uaz C,.,, MPAG anad 30%

cholestyramine an AUC MPA

acyclovir WNAUTUTVUYDY MPA Lag MPAG

AT 1 uananaAnUiAe1sEninee EC-MPS fugdu
Regimen fvinnsAnwiadsiiilen tacrolimus S0 91AR5199 1 zfiuindinasiie
DDI ¢ 91nn"5@NW Hibner wazAnz* wuinen tacrolimus finanereulssifldiuasu MPA
i MPAG vilsiszau MPA qa%uuaz MPAG M@ 39d111508AUIN81989 MMF adle

WUI1n1519 low dose 999 MMF 1A U8 tacrolimus v11# renal function, allograft
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. a . . dl' = [ 4 ] [
survival A Ay acute rejection rates anadiloeununisliensiIunu CsA uag

sirolimus® *® Tutlaguuasly tacrolimus W first line U8481NEH calcineurin inhibitors

1.5.2.7 Msina1n1slinauseaen

N19ARINSLURIUTE AR Y a10150WU990NL U 91N1ST1LAIRNUUDELALYDINTS

% a A o =
GU'NLF’]EJQETUG]@I\TLLa@I\ﬂum'ﬁrm‘Vl 2

M990 2 LARIBINISUIABaUBI8T EC-MPS

2NV NALINNUU DY

v a A
BMNIIVNLAYIDUC)

1. auld

—_

2. 98U

3. Nodas

a IS
AALYD

4. WinLAannv1Ien

AMENAALEDAAN

Tainang

ANMTDDULII

1nsusulindy

ANUAULATINg

Wlo|Njo ol plelN

§URRY

1.6 NISANWILNFYIAUANENS VD81 EC-MPS

FIUTWNENUNSAnvndvIaUmanslanizel EC-MPS aun131eit 3 lagasuaall

v
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AINANSNUNIUITTUNTSUNLINULNATIAUANEATVDI81 EC-MPS WUINANSAN®IEIU
Ingjazvdn wnig MPA diutieeiawniuelalt MPAG w3a ACMPAG ¢e Tudiieugnaiy

[ a

Inagddgymuieriunisinuveddatazseiudayivluben suasdmasesudassrese®

Y

1 MPA JUBasziiniuandayfiusmaziinanudesainen laun Wadeswnaviliinnis

[%
= v a 1 [y

%% Jagn1svinnuvedbeNids dulinanaseau MPAG wag ACMPAG fng”> %657

a d" v
Anvioledne

£%
=3

nsAnyNeaulaTanagy total uag free form 289 MPA uaziuvuslan

1.7 A15AT2AANIUTTAVLN

mMsnTafanuseiueludeniinagamatuenfiivisnisinumiivausazeniifain
WUsUsIngs InnsAnerneuntind wudien ECMPS fauuandianisluiyaeagalas
@NIEAT AUCo_15n, Crnaxs Crmin 88 Triae 2

n15ns79Rnnusedue1fdeuld Wy w393 trough level , limited sampling
strategies (LSS) uag single time point concentration

limited sampling strategies %Megls N15ATIRAMULABYINNITIRAZIEDA 2-3 ALIAN
udganuduiusiuA MPA exposure (30-60 lalasnsusdalas/dns ) danuduiudunnvide
WeenNA1 coefficient of determination (%)

@1u single time point concentration RERE mimmaﬂmmzﬁumﬁﬂm’mmﬁﬂ
LAIAANUFNNUSAUAT MPA exposure 1WuRgdtu walun1aufuianisnsiafnniuseive
drunnazld trough level uag single time point vlesand1euazaraIn d9u limited
sampling strategies (LSS) ﬁmmsquﬂmmdﬂLﬁmmaé’aqLmzu’mmh 1 3a3a1°°
Ms@neiEuLImUIn trough level (Cy) Snnuduiusiiosiuan full MPA AUC, 1, (=
0.4-0.5) Fagfpahmsnymaanarduiiauduiudiniiged trough level MsAnwf

HIUNINANUDUIUNIANAMTLNENITNTIARAMIN ARSI 4 Gadl
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Y

NSANBITNIUIINUTITEFU MPA 381 6 way 8 4alua Saruduiusiu MPA
exposure (MPA AUCy 151,) 2% %% @ r” aglugae 0.5 - 0.7 Wi dulugfnwmasann
feldFusumiu 2 dUamiduly fmdngrunuindn MPA exposure Tutisusnudsgnane
(Fuit 3) Wudmennsaimsufiasianuuideunduinitindr MPA exposure ndadgnangly
UIULA27Y? 115N Ding agAmuEWuIN81 EC-MPS u1a 1080 Hadnsu/ Ju tilgane
dmsuguasdgnaielalu 3 uaz 5 Juwsnuasnisugnaie lawiian MPA exposure 38.2
findnsu-d2lue/Ans uag 44.8 Dadnduedaluy/ans auddu® Faaonndasiunisfine Yin
wazANy WUI1e1 EC-MPS vuin 1080 fadndu/du a1u15als MPA exposure Mlifigane
dnsudtheUgnaelarnaiunielu 4 Yuusavdanisugndie? afsdiTsAnuen ECMPS Tu
YU 1080 adn3u/fu Jnsedu MPA Tu 3 Fuusamdsnsugnaneiiiegaudusiusiu MPA
exposure (MPA AUC .1, ) imﬁmﬂmwﬂaﬁﬁ'ﬂgﬂ total way free form

2.8 N13%1 cut-off point Y84 MPA

msmanududuves MPA My cutoff point FiUsds MPA exposure 1INNIINTD
wiitu 30lulasn3usdluy/daddng Juanidalseaninavainissnw eraft rejection &Ll
ASANYINADY ASIRATlFTINN1IM cut-off point ¥Bs MPA AILTINITMNIAAAIIN receiver
operating characteristic curve (ROC Curve)

N159AN9AARAIN ROC curve MlAaInnsInALduiusseninemull (sensitivity)
VULNU y LAz 1-AUTWIE (1-specificity) VUL x 1n15Useiiulszansnimnisvinung

FeAfuAlEns M ROC (area under the ROC curve : AUROC) sauanslusnsa

Aituilénsan ROC (AUROC) Uszansnn
0.9-1.0 fan
0.8-0.9 7
0.7-0.8 wold
0.6-0.7 gou
0.5-0.6 an

N15Us2uYsEANTAMNNNTYIIUIENA A1 AUROC AIsagagludie 0.8 Auld n1siden

AALEINATILAT sensitivity AuazliiuFuudas specificity
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UNN3

A5andun1sIY

3.1 gUuuunsIvY

Observational clinical study

3.2 Useuns
3.2.1 Yszunsstdnung

AtreUgnatelagilneidasunisinululsmetuiagnansaiuaglasunisine

meeglulasiludnyfinilasadou

3.2.2. Usansnlganen
U505 e A U a1 IUNISANYINTIINTUNSIUSI8a DAV

TASINITHA?

3.3 InaudinsAALEaN
(4 o/ =~ 5 £ 1 a o
3.3.1 nausin1sAnaanaanadnasiinsInlasINTIdY
Hensunsugnaneln
-7y 18 Yuuly
Yo Ao = a a a A | % .
HUrsnSuusenuelulailuedn wedavinndiousiudu tacrolimus wag

prednisolone

3.3.2 NAUNNISAAEINBIENFUATEBNAINIATINIGIVY
v Ao | ) | a
HUeninsugnareeieizannndt 1 vila
HUrenillsasiuuddldennagiiauiulala

Hhelguenfiinase mycophenolic acid 19U probenecid, rifampin, phenytoin

e theophylline
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3.4 NISATUIUVUINAIDE

[y

nsAnwIALduRUSTEnIsaesR U ldAduUseAndanduius (coefficient of
correlation) lagld&yanwal r TunisAnviAudusius win1snageuauFuuSITuUNNS

Uszuraanindy lauisauigasnisadfunldle dsduiadesudandu Fisher

[

transformation (Z,) vilanunsaldadflunisiaseila lnenamien Z, mlaaingnseiail

1 1+4r
Zy-—n (_)
2 1-r

[

AItUNSAWIMYIUIRAIBE1Han seall

gnsAuI
ZarZp\°
n = +
Z(r)
AUA
n = YUNAFIDYY
Zap = A Z N58AUANNTBNU 95 % Ap O = 0.05, Zgy, = 1.96
7R = A1 Z Ainmualii power of test Wiy 80 %, B = 0.8, Zp= 0.84
r = AduUsEANTanduRus (coefficient of correlation)

NNSATUINYUINFIBEINLARINAITNUNIUITTUNTIN LAID198991NNSANEIVBY Jia

wazAuz® imualy A1 confidence Interval agluyianuedy 95% uazAmunseu

Y [

HodAn19ada (alpha) Windu 0.05 aglRAlaR Ze, WAy 1.96 wazA1mualial power

(%
14 =

w3e B TAuiiiv 0.8 agldan Zg TAviiiu 0.84 uenainiideyavinnisdnyinuindian r

I W [

Wiy 0.76 Tuns@nwdaula dstiuviinism Z, neuanniumauiniieg RnAnenfadl

1 1+0.76
Zy_—In ( ) =0.996
2 \1-076

AU VUINFIBEIUNSANENTVUNIAINAU

1.96+0.84 2
n= \—"""]) +3=8+3=11+ 10% drop out =13 AU
0.996

AsAnEIATItazlgILInRI9819 WA 20 $7¢
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3.5 N1598ANNTULBUYITINIATING

v o a =

g1anadasiinslasansIdelasuteyadiasulesuasidenven1sfinynideann

Y

9,

fifeifiolimuisinguszasd 381391388 anuidsanazuszlevifiaininagldsuain
AT (wazdenglu a1rnuan 5) leeaadinsnsussasiBealasinisudiagliinan
oanasinslunmsdndulatrsulasimavielsl lnsoranasinsiduseudilasanisazasuisly
TudBuseudifmnisfinu (MeazBenglu aawuan 5) nadhsanlulasinsideadsi
Juldlneenuadasliesetatadas lusswinnsidenindidnsaulasinisldadasladnsy
udanansaneusoonidnasainat Tasinsildiumsfinnsananamuznssunstiessaly
AU ANZUNNEMEnS PNANTAINNTING1AY (IRB No. 463/61) (MAHWIN 5) Uay aumzidey
NTenendtinveslneg (Thai Clinical Trials Registry, TCTR) %unatay TCTR20190326003

3.6 9UnInluazisn1Inaans

3.6.1 d134A3l
1) mycophenolic acid (Sigma-Aldrich, St. Louis)
2) mycophenolic acid beta-d-glucuronide (Santa Cruz, U.S.A)
3) mycophenolic acid acyl-beta-d-glucuronide (Santa Cruz, U.S.A)
4) mycophenolic acid-d3 (Santa Cruz, U.S.A)
5) acetic acid (HPLC grade) (Merck, Germany)
6) formic acid (HPLC grade) (Merck, Germany)
7) ammonium acetate (Merck, Germany)
8) methanol (LCMS grade) (Duksan, Korea)

3.6.2 gunsal
1) Centrifuge (Eppendorf, Germany)
2) Autopipette 9119 20-1000 lulasdns (Falcon, U.S.A)
3) Vortex mixer (scientific industries, U.S.A)
4) Luna® 3 um Cyig column 100 x 2 mm (Phenomenex, U.S.A)
5) Liquid chromatography mass spectrometry (LCMS-8 0 60 ) (Shimadzu,

Japan)

6) Vacuette EDTA tube 3 {a8ans (Greiner Bio-One, Thailand)

7) Microtubes 1.5 1aaans (Axygen, U.S.A)
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8) Amicon Ultra Centrifugal Filters (Merck, Germany)
9) Nipro Syringes 1 {iadans (Nipro, Thailand)

10) 13 mm 0.22 um Nylon Syringe filter (CNW, Japan)
11) Vial HPLC (Phenomenex, U.S.A)

3.6.3 NNSNUAIDE1LADN

Enroll

Kidne
Y » EC-MPS 1080 me/day » Day 3 » Collection blood

transplant
Day 0 Day 3

sUnnd 4 waARITUMBUNISAUFBEERlaeLAUNET 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6,

8, 10 uay 12 4l

Aureugnanglaiuuseniuegn ECMPS ulaan 3 Ju Tnelasusrvuinasil 1080
fiadnu/ Yu Buduuiiduussnduiuil 0 vhnisinzdeniidudonmlutud 3 @
steady-state 98981 EC-MPS) UShaioawan Usyana 3 Jadns ldluvasaiiusiegiadon
751 EDTA wazaagaaieanaaintd lngianzneudthelasuen 1 A%y wazinzndaldTuen
30 wifl, $2lasdl 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 10 wardalusdl 12 mudidu

3.6.4 N13M592IAN9WRIUGURNT "

tidensndunendeiniestiumismnagnouiianiinis 5,000 ¢ iunan 10 uifiuda
wonwanautivaslunasanatainiulranauin 1.5 ml Usuinsdevaeavindu 1 ml uag
Ay 10% acetic acid U3u195 20 pl (acidified sample plasma)’ iiiesnweunssave sy
vuslan ACMPAG 1101910 ACMPAG #111509n hydrolysis Igineluanizidunans nie
anmgiidusa” iusegsiigumadl -80°C shlumsiainseiiu MPA waziumvelasilngly

A3 Liquid chromatography mass spectrometry (LC-MS/MS)
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F®/N13AT9I0° 2
anududuvesansinasgulunsminasgu™ ¢ fail
#1519 ALY (pg/mL)
Total form w84 MPA (tMPA) 0.05-4
Total form ¥89 MPAG (tMPAG) 0.5-60
Total form 984 ACMPAG (tAcMPAG) 0.025-3
Free form 484 MPA (fMPA) 0.01-0.5
Free form 489 MPAG (fMPAG) 0.125-10
Free form 483 AcMPAG (fACMPAG) 0.005-0.3

A131991 5 LARIYRAITNTUNIINUINIFIUVDIATHAASH?

nsnTeuasazatENInsFIuNaai1ensIniInsg1uluzy total form ¥ay MPA uas

wualan

11 acidified blank plasma Usu1ns 90 pl Nty 10 ul ¥9sansazaty MPA, MPAG
uaz ACMPAG Asdudusinammdieuianitolildaududugaiineddaly (g
wazldgansmssuasazanglunIARuan 1)

WY 5 pg/ml MPA-d, 7y internal standard U3u1ms 10 ul hagtiy methanol
U3u1m5 890 pl ennmzneulusiu

FaELdNTURY Vortex mixer kaatily Centrifuge 12,000 rpm 4°C (Jurian 10 undl
Wdnladiinuns Centrifuge 1nsasnaudadnaIas LC-MS/MS-8060

Nsn3EuIsazaeINeasNIIMN1nsFIulugy free form vas MPA uasamualan

11 acidified blank plasma USu1a5 500 ul Tdaslu Amicon Ultra Centrifugal Filters
W&7 Centrifuge 14,000 rpm 4°C 1Jutaan 30 u¥l

wen filter sonannasaduwies lidulanioden unbound plasma U3u1ns 350-
400 pl

11 unbound plasma Y3u1615 90 pl TRy 10 ul ¥99a158Ea18 MPA, MPAG Lay
ACMPAG amadiudiusingg aufidiunaidtelildaundudugarediaily (nmawuan 1)
LA 0.5 pg/ml MPA-d, iy internal standard Y3uas 10 ul Lagtdid methanol

U31195 590 pl tlennazneulusiu
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5) waudnusae Vortex mixer uai1lu Centrifuge 12,000 rpm 4°C tHuraan 10 ufl

6) hawlafinuns Centrifuge 1ndndna3as LC-MS/MS-8060

am'swaem‘%m Liquid chromatography mass spectrometry (LC-MS/MS 8060)

nlglun153As1en

wanaaun A
wdnfoud B

AoANY

ansnsiva
radildlunsdnsei
\A3D9RTI2A
Usuaun1san

LIV HHGLEI
gauunil Autosampler

TUsunsuNtEIAsIZI

. 2 §adluars ammonium acetate Tu 95% deionized water
iU 5% methanol Wag 0.1% formic acid

- 2 fadluars ammonium acetate Tu 100% methanol uag
0.1% formic acid

- Luna® Cyg column (100 mm x 2 mm, 3 pm)

£ 0.3 HananIsaun

- 10 Ul

: Mass Spectrometry

. 2 lalpans (1 total uas free form)

. 40 pIpNaLTYE

© 4 DIFLALTYE

: LYY Gradient

A15199 6 LARILUSWNSULUU Gradient ¥8935MAdaU

a ¢ a I = PN I = PN
L’Ja'ﬂUﬂqifJLﬂﬁqgﬁ (W) ANUVUVUVDY IWELAGDUN B ANUYUVUVDY INELAGDUN A

0-2.5 30% 70%
2.5-7.0 90% 10%
7.5-10.0 30% 70%

nanfianseananAsdutl : MPA fU MPA-d, 4.2 u
MPAG 3.5 W9l

ACMPAG 2.9 U
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AN172VDILATDY Mass spectrometry AlAlun153As129

Interface : ESI positive
Probe voltage - 4.0 Alalad
qmﬁgﬁﬂlaﬁ Interface : 300 DA LYALT e
gaunniivae DL : 250 3FLTALTYA
9aunnilvag Heat Block £ 400 M LTALTE

9 u

[

9n31N151%aves Nebulizing gas : 3 ansraundl

9m31N151%ave4 Drying gas - 10 Ansraundl
ansIN15lnaves Heating gas 10 ansmauil
MS/MS acquisition mode : MRM mode

M1519% 7 b@n9 MRM transition 199815408 #7

Q1 pre Q3 pre
GRE] CE

bias bias
Target 321.25 > 207.10 -11.8 -24.7 -18.5

MPA
Reference 321.25 > 159.05 -15.0 -394 -34.4
Target 514.00 > 321.15 -20.5 -151 -18.0

MPAG
Reference 514.00 > 303.10 -8.5 -30.5 -6.5
Target 514.45 > 321.20 -18.5 -12.4 -15.2

AcMPAG
Reference 514.45 > 303.20 -18.5 -18.2 -10.6
Target 324.20 > 198.10 -11.8 -22.8 -38.5
MPA-d; (IS)

Reference  324.20 > 161.00 -21.9 -34.0 -31.0
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a ' % U
- MIAasziszaven lunanaunguag

n3inseiuelugy total form vad MPA uagwniualan

11 acidified blank plasma Y3u105 100 pl 1Ay 5 pg/ml MPA-d, 7ivdu internal
standard U33195 10 ul waziis methanol U3unas 890 ul wiennazneulusiu
HaLdNUsY Vortex mixer kaathly Centrifuge 12,000 rpm 4°C Jutian 10 undl
Wdnlafiinunis Centrifuge 1nnsasnaudaduaias LC-MS/MS-8060
Fanududures MPA uazumuelavilusegrmanamnainnsvlnsgiuiaield

nMyinseauelugy free form vad MPA uaginiualan

11 acidified blank plasma Usu1as 500 ul Tdaslu Amicon Ultra Centrifugal Filters
W&7 Centrifuge 14,000 rpm 4°C 1@ 30 Ul

wen fitter sonanunaeatumisslddiula uieSen unbound unknown sample
U3u1ms 350-400 pl

11 unbound plasma Usu%s 100 pl 183 0.5 pg/ml MPA-d, L84 internal standard
J7u195 10 pl tagtiy methanol Usuas 590 pl Wennazneulusiu

HaELiUAI8 Vortex mixer udii1lu Centrifuge 12,000 rpm 4°C 1utian 10 Wil
Wrenladiinuns Centrifuge 18AATEY LC-MS/MS-8060

TAMUTNTUYDY MPA waziuniualanludiognanalaniainnsmuinsgiunasaly
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3.7 N1IATIVHDUANNYNABIVDITIAUATIEN

N13MIIIFBUAINYNABIYDITTIATIEN (Method validation) UUFn 14 USFDA
Guidance for Industry-Bioanalytical Method Validation” Tteuavisnaaouswelul

1.N1SNAFUAMUINNIZLANZAIVBII0ILATIZH (specificity/selectivity)

naaoulnglinataun 6 unds eiitnarlsifarsmaauindfinduiisuniuaimaaey
visoll iileganuduinzvesitnsinses

2.n153msedaranduduaigaiisdaiunsadald (lower limit of
quantification, LLOQ)

naaumAnIdutusan it tansadinsedld naaeusinetuiu 3 Yu wasusioy
nanuitutulutudiodtusih 5 fogs geraugndes (%accuracy) waganmiiiBanss (%
RSD) AI39xRgbuYI + 20%

N1 %accuracy NGRS %accuracy = Arpaduduiiiaszaild/manududy
939 x 100%

A1 %RSD 91NgAs %RSD = daudeauumnsgruvesanududuiiinlé/Aiade
yosmdutuifale x 100%

3.m’mLﬁuLﬁuﬁsﬂ%aﬂni'}Wumig'lu (linearity of standard calibration curve)

naaeulagld 7 9anuiduiu iegauduiudidadussninennududuvesans
U area ratio 1A158lA1 coefficient of determination (RY) > 0.99 Iagld 1/x° weighted
linear regression analysis Tun153As1E9 negeulluan 3 Tu vinnsawiadoundu (back
calculation) Tngldaumsannslissguiiovnaranududuainnsm dwnisuiuanu
uduasstslimaideaumiu = 15% dunanduduigalimsiiu = 20%

4.A1ANugnHaILazAALTBInTIYBsIs AR (accuracy and precision)

naaeulngimsunududum (LQO) amududunans (MQO) uazaududugs
(HQQO) TugransnuImsgIu vineineTuiy 3 Tu uazusazyaaududuluiunediuii 5

M0g19A1ANYNABY (%accuracy) karAINUNEINTI (%RSD) AITAzRgluI £ 15%
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5.Uszansawlunisana (Yorecovery)

naaeulneiieuaiiinszdldvesansiisfourudunaunisaianaiaun (pre-
extraction) fulfiundaadanatasn (post-extraction) Ingldqaamidudus (LQCO) A
udunans (MQO) uazamdadugs (HQC) udazqavi 5 feens udhAnadeves area
1111 %recovery 31N@AT % recovery = (mean area of pre-extraction/mean area of
post-extraction) x 100% %recovery A153AAILINATT 80% Fuly

6. matrix effect

\enaasuitesdusznevlunatauninasunivansiidesnsimssviniold naaay
asfiedudusii (LQO) wazanudadiugs (HQO) mnudiudua 3 fedisanwanaun 6
unas wazdl internal standard nA8€19 YINa area lde (N=3) vosansfiAundsarin
Na1@U (post extraction) WUy pure solution mﬂﬁ?uﬁﬁﬂnwﬂm matrix factor U84
NAANLARTUNAS 1NEAT matrix factor = post extraction / pure solution WA matrix
factor UDINAENLAATILNEINITAE matrix factor ¥4 internal standard agldr internal
standard normalized matrix factor (IS normalized matrix factor) W ARaeYa
foeniuliogszming 0.80 - 1.20 Fawansiv3sliinansznuananslumanas

7. dilution integrity

seavenlugUiglgnanglaeadaiunnnitanududugegaueinsiinigiu 3ewes
nagou dilution integrity dﬂmiéhashﬂuwmamﬁagm’%amaLLé”JﬁWIUaﬁmé’aﬁ%msUﬂa
minsesildilefuindounduiingnionindeti Tnowssumogmataunauidudy
2 Wihaeaudutugedn (2HQQ) WndenmegnataiUan (blank plasma) Tudnsidiu
1:2uay 1:5 dmiu total MPA ez MPAG Wagdmsnddau 1: 5 wag 1: 10 d1miu free
MPAG wiiazdansi 5 #1oes 91ntutismAInIugneies (%accuracy) waganuiilesmnss

(%RSD) Aitldmsazeglugis +15%
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3.8 N1357UTMTaYa

v o= Y a

Guitndeyanemdtinvestielagld case report form (CRF)

Y
¥ Vv

1. dayanuguvaedule Wy e, 81g, dduas, Ymtdn, lsausednd nsinwily

A 4

an (N5NBNLEDANTONITANNYBWIBY) UAZIUINYINANTAIUNIY

2. foyafostunauléFuslulasiTudneiafiannafou wu arwdladin, Red
blood cell count (RBC), Hemoglobin, Hematocrit, Platelet, White blood cell count,
Absolute lymphocyte count, Blood urea Nitrogen (BUN), creatinine (Cr), eGFR MDRD
thai, bilirubin, AST, ALT lag albumin

3. doyaibosdundsldsualulasiludninfiannadou 1wu arwduladin, Red
blood cell count (RBC), Hemoglobin, Hematocrit, Platelet, White blood cell count,
Absolute lymphocyte count, Blood urea Nitrogen (BUN), creatinine (Cr), eGFR MDRD
thai, bilirubin, AST, ALT ez albumin
3.9 M3AAszidaya

Youaiugruvosiae (demographic data) Az uansdeyaiduaade (mean) uas
drudeaunannsgiu (SD)

Toyan 1N d¥9auAIans (Crpn Croo Tma B8E AUCo15) dzuansdoyatlu
Geometric mean (95%Cl) n151IAT AUCq.10, IEAA1NID Trapezoidal rule Ci, ®AR0
sefuAuuuneuldusasedaly C MIIAINTEAUANUTUTUEIER WAL T 0 MILARIN
naszduanadiiugeae

%free fraction ¥oan13FUAUTUTAUlUNAELY Mldan Adududuvesanslugy
free form/mnududuresanstusy total form x 100% azuanstoyailu Geometric mean
(95%Cl)

AsinsziauduiussEnieiuiilinsn (AUO) fuaududuriosediu MPA
uaziumuelailunaiasiusazaninaivesusazauld linear regression Tng AUC 1Hudn
wUsAu (dependent variable : Y) uagsediuguseans (C,) ) \Wuiulsdase (independent
variable : %) wandluguaunisidunss (Y = ax + b) Arfiuansanuduiudiduduuszans
anduiiug (coefficient of determination : r’) 9¥ilA10g5eM319 0 e 1 sautladdny P <

0.05 A1 r* 1lnd 1 wansdsinuusnsaelinnuduiuss lnedoyadzneininszated

wuuUnd Yeyaniinsnszneimuuuliuniagyinisudasteyaluguaenisnusssuia

Y
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Wisuifsuauuansresaundyaaumaniuazdeyaiiugiumandinszwinngy
fifiFin MPA AUC < 30 pgeh/ml U MPA AUC > 30 pgeh/ml 214 Independent Samples
test Wieteyaiinsuanuasuuuini (wanstoyadudade + dudonuuinnsgiu) irdeya
finsuanuasuuliunfaznaaeudie Mann-Whitney U test (wanadayaidunsisagiu
(Wdszminemelnd) uddudIsuifisuiussninadeyaiidunduieduaznaasulnely
Pearson Chi-Square test (Wanstoyaitu 91w (Foeaz))

MIMAgafa (cut-off point) ALty MPA total Tneidengananitduiusaiu
A1 AUC uaglden AUC = 30 pgh/ml Tuniswusnguethe Jwnseilagld receiver
operating characteristic curve’® (ROC curve) aglansiianudunussywineniula
(sensitivity) (wwlé’mﬂé’mdaumaaﬂﬂwﬁﬁm AUC > 30 pgeh/ml ) vuwAu y dag 1-
ANUAUNIE (1-specificity) (Mﬂﬁmﬂé’ﬂmumaqﬁﬂwﬁﬁm AUC < 30 pgeh/ml) UuLNU X
warldngui] Youden index’” M1lAa1nans Youden index (J) = (sensitivity + specificity)-
1) Tumsmgedinmnududu msuanmwaldiaawhneduswouduie 0 vie 5 Wiomude
Tunshlld msdssduvssansamnsvimeseamiuilingm ROC (area under the
ROC curve : AUROC) masianannnin 0.8 Fuly sisvuaill#lusunsu STATA version 15.0 Tu

MATIEveya
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uniia
NANTSANE

4.1 nanadauanuLLdedovadiiinen
1. AMUINNITLANZAIVBEI5IATIZH (specificity/selectivity)

wansldaniasunlaunsuvesasuiasiiilidfindusuniy nuinlasulaunsuves
mmwiaz@hﬁu’qgﬂ total uae free form LENAINAUAILA retention time Va3 MPA, MPAG,
ACMPAG 1ay MPA-d; fiA1WiNAU 4.275 + 0.015 , 3.534 + 0.012 , 3.955 + 0.013 Way
4.267 + 0.015 UIFinmadu w31 MPA uay MPA-d; azeanilnailnaldssiuuin us

a1U130u8NN1395399ULAME Mass Spectrometry wazansvia 4 ldgnsuniumeansauqly

PANEUT AILAAILUNINA 5-7

x1,000,000) (x10,000,000)
0 A Blank plasma 2.0 B Blank ultrafitrate
4.0 1.5
3.0
1.0
2.0
0.5
1.0
0.0 0.0
2.5 3.0 3.5 4.0 4.5 2.5 3.0 3.5 4.0 4.5

'
= 1 a

U 5 uansarsazateldiifieg1aiifeani1siasient (blank plasma kag blank

ultrafiltrate)



37

(x10,000) (x10,000)
A B 35
5.0 4.2 1.00
4.0
0.75 I
ad Total MPA | %0 Total MPAG
2.0
1.0 J\ 0.25
0.0 S 0.00
25 3.0 35 4.0 45 min 25 3.0 35 4.0 4.5 min
(x10,000) x100,000)
3.9
05 C sof P 4.2
0.4 4.0 (
0.3 Total Ac(MPAG 3.0 Total MPA-d3
0.2 2.0
0.1 1.0
0.0}- 0.0 — — P
2.5 3.0 3.5 4.0 4.5 min

gﬂmwﬁ 6 UEAIANTaYAIYNINITFTIUYDN total MPA (A), total MPAG (B), total ACMPAG (C)

uay total MPA-d3 (D) Tudegnswanaun (blank plasma)

x10,000) (x100,000)
400 A 42 B 35
1.00
3.0
0.75
2.0 Free MPA 0.50 Free MPAG
1.0 0.25
0.0 = 0.00 A
25 3.0 35 4.0 45 min 2.5 3.0 35 4.0 45 min
x1,000) x100,000)
C 3.9 D
5.0 2.0 42
4.0
1.5
3.0
Free ACMPAG e 1.0 Free MPA-d3
0.5
: : 0.0 —— -
2.5 3.0 3.5 4.0 4.5 min 2.5 3.0 35 4.0 4.5 min

gﬂm‘wﬁ 7 UAMIEITREA18UINTTIUVDN free MPA (A), free MPAG (B), free ACMPAG (C)

wag free MPA-d3 (D) Tusheenenanaunfinsessny Amicon fitter (blank ultrafiltrate)
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2. m'ml,%'u%'us‘i’"nqmae MPA, MPAG uaz AcMPAG fisilanunsadald (lower limit of
quantification, LLOQ)
Aadudusigares MPA, MPAG uay ACMPAG total form ianansaiiasngsile

Ao 0.05, 0.5 war 0.025 lulasnudeliadansnua1au lngA1AINgNABILALAINTIEINT

Aeludufeiny (Intra-day) (n = 5) wagA1viuny (Inter-day) (n = 15) LAY +20 wanen

' £%
a

AP TUAARAINAIIIE TR TIElalANgnARkasiNewmsengeusuld wanwmaly

AN5197 8

A15147 8 ﬂ'ﬂmwmsﬁwﬁuﬁﬁqmaa MPA, MPAG wag ACMPAG total form

Concentration Total MPA Total MPAG Total ACMPAG
(ug/mU) 0.05 0.5 0.025
Intra-day
104.80%/ 95.04%/ 92.80%/
accuracy (%)/
2.89% 2.77% 7.08%
precision (%RSD)
Inter-day
103.60%/ 97.52%/ 100.80%/
accuracy (%)/
1.16% 2.23% 7.94%

precision (%RSD)

A1AUTUTUAAATDY MPA, MPAG Uag ACMPAG free form Mianansaiiasiesila
A 0.01, 0.125 uag 0.005 lulasnSuseiiadans lnutrimugnassuazauiigmseniely
TUREIU (Intra-day) (n = 5) waza1eiuniu (Inter-day) (n = 15) LAy +20 uansiA1AL

WNtuigaRenan s ilesevlalnnugndetasinewmsaneausule wanawalunisan 9
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15197 9 AAdudufngnves MPA, MPAG way ACMPAG free form

Concentration Free MPA Free MPAG Free AcMPAG
(ug/ml) 0.01 0.125 0.005
Intra-day
102.01%/ 101.38%/ 95.42%/
accuracy (%)/
2.26% 1.32% 13.18%
precision (%RSD)
Inter-day
103.77%/ 101.36%/ 104.33%/
accuracy (%)/
3.29% 2.97% 2.81%

precision (%RSD)

3. ﬂiW\Immg’m MPA, MPAG wag AcMPAG (standard calibration curve)
NIMUINTFINVBI MPA, MPAG ez ACMPAG total form Tuaiaeaanuitudu 0.05-4,
0.5-60 wag 0.025-3 lulasnSudefiaaans dadruduidunss laan coefficient of
determination (R) Winfiu 0,993, 0.995, 0.996 audsuiiandlng 1 wazaAraadudud
Isnnsminmsgnlunsiazseduaadudu (back calculation) Weawuannaradidiuass

T9lAu +15% (Fauanslunind 8)

NIINNINTFIUVES MPA, MPAG uaz AcMPAG free form Tutasanuidudu 0.01-0.5,
0.125-10 uaz 0.005-0.3 lulasniusefiadans fanuduidunss 1dan coefficient of
determination (R?) iU 0.993, 0.998, 0.999 audsuiiandnlng 1 wazAaududud
Iennsmnasglunsazseiunsndudu (back calculation) iWesuuannmanduduads

TslAu +15% (Sauanslun1nd 9)



standard curve of total form of MPA

12.000
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10.000 R*=0.9934915 »
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standard curve of total form of MPAG
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8.000 R*=0.9957891
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et
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standard curve of total form of AcMPAG

y =0.405409%-0.000723994 o
1.200 R?=0.9963780 .-

Area ratio

0.400
0.200 e

o
0.000 @
0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500

Conc. ratio

sUn il 8 uansnsMaNATFILTES MPA wazimuelasiy total form (ug/ml)
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standard curve of free form of MPA
14
12
10

8 ey 20.0250751x - 0.0305269
R? =0.9935368

Area Ratio

0 100 200 300 400 500 600

Conc. Ratio

standard curve of free form of MPAG

40
..
35 :

30

25

20 Ty =0.00367749x - 0.0754180
R2=0.9981714
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15 .
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Conc. Ratio

standard curve of free form of AcMPAG
0.6

05 -
0.4

03 ~y=0.00165177x- 0.00116092

R* = 09992666

Area Ratio

02

0.1

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Conc. Ratio

FUAMNT 9 wanINTMLINsEINTEY MPA wavtumualasisy free form (ug/ml)

a1



a2

q. mwgnén’amazmmLﬁmmwaﬁ%"“smﬁzﬁ (accuracy and precision)

ANLYNABIYBIITIATIEY MPA, MPAG Uaz ACMPAG uanasean %accuracy 71 3
sefuAIduty Ao 6 (low), nans (medium) wazga (high) Turasamiduduvesnsam
1INTFIU WUIAN

“accuracy 48 MPA total from 73 3 szduauudunelutuReaty (ntra-
day) (n = 5) warm193uiu (Inter-day) (n = 15) TAWMAU 85.73 wag 86.09, 93.73 uay
97.21, 88.18 waz 95.84 Mua1nu MPAG AU 90.76 wag 90.72, 89.33 way 91.00,
94.22 uay 96.85 MUAIRU ACMPAG JANUITU 90.93 wag 98.49, 92.35 way 99.65,
102.01 waz 101.40 MuaI9U

_ %accuracy Y83 MPA free form s 3 szaunnududunieluiudeatu (ntra-
day) (n = 5) wara1eiuiu (Inter-day) (n = 15) AUVAU 96.36 way 97.78, 108.99 uay
111.89, 108.79 wag 108.76 aaua19uU MPAG UAYIIAU 97.55 way 98.49, 90.53 wag
93.37,91.96 wag 93.33 A1UE1AU ACMPAG HAIMIAY 87.23 way 95.02, 98.38 Lay
104.26, 89.35 Way 93.53 AuaIsu

PNNaRINAINUIAIAUNYNRRLABElUYIN 85-115% (£15% 370 100) kaneinTs

Besiiauuiienugndedtunsin MPA wazlumvalas e total uag free form
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AU B9 5IV09IRIATIES MPA, MPAG wag ACMPAG LAASIR28AT %RSD 71 3
sefumLLdudy Ao /1 (low), nans (medium) wazga (high) Turasarmiduduresnsal
1IHTFIU NUIIAN

- 9%RSD 383 MPA total form a1 3 sesupnududumelusuideniu (Intra-day) (n
= 5) Uaza9Iunu (Inter-day) (n = 15) ZAUNIAU 2.31 wag 1.29, 3.61 waz 3.13, 0.99 uag
7.06 91UAU MPAG Janiu 5.86 way 4.11, 4.86 way 5.35, 4.05 way 5.71 Auaifu
ACMPAG SiAwwinfiu 4.45 uaz 6.71, 5.78 waz 7.80, 2.91 waz 2.90 Aua1fu

“%RSD wos MPA free form 11 3 sesuamuidudunielusuiientiu (Intra-day) (n =
5) karm193unu (Inter-day) (n = 15) fAWNAY 1.75 uay 1.74, 2.68 uay 2.62, 2.23 uay
0.45 @UANU MPAG UAwiNAU 2.02 kay 2.24, 4.00 way 4.17, 1.84 1way 1.64 f1ua1eu
ACMPAG $iAvinfu 7.09 wag 7.17, 4.75 waz 5.14, 3.79 way 4.45 auaInU

INNARINEIINUIIAIANITIEIRSTLE %RSD LiiAu +15% waniinddimsizid
Wannauiiiaufismsdunsin MPA wazumuslay 1 total was free form snazden

ﬁwmuamﬂumiwﬁ 10
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A151991 10 AUYNABILATAUNEINTIVOIITIUATIYY MPA, MPAG Uaz ACMPAG 4

total tay free form

Intra-day accuracy (%) / Inter-day accuracy (%) /
Concentration
precision (%RSD) precision (%RSD)

MPA  MPAG AcMPAG MPA  MPAG AcMPAG  MPA MPAG  AcMPAG

Total pg/ml N=5 N =15

85.73/  90.76/ 90.93/ 86.09/  90.72/ 98.49/
LQC 0.15 1.5 0.075

2.31 5.86 4.45 1.29 4.11 6.71

93.73/  89.33/ 92.34/ 97.21/  91.00/ 99.65/

MQC 1.5 30 1

3.61 4.86 5.78 3.13 5.35 7.80

88.18/  94.22/ 102.01/ 95.84/ 96.85/ 101.40/
HQC 3 50 2

0.99 4.05 291 7.06 5.71 2.90
Free pg/ml N=5 N =15

96.36/  97.55/ 87.23/ 97.78/  98.49/ 95.02/
LQC 0.03 0.35 0.015

1.75 2.02 7.09 1.74 2.24 7.17

108.99  90.53/ 98.38/ 111.89/  93.37/ 104.26/
MQC 0.2 4 0.1

/2.68 4.00 4.75 2.62 4.17 5.14

108.79  91.96/ 89.35/ 108.76/  93.33/ 93.53/
HQC 0.4 8 0.2

/2.23 1.84 3.79 0.45 1.64 4.45
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5. Uszansnlunisana (waninaa%recovery)

dlevhnnsafnans MPA, MPAG way ACMPAG Tumanaudaenisanazneulusiulag
THamea 1 3 seduamdudu fie s (low), nats (medium) wazgs (high) Tutisaay
LUTUVBINTINLINTFIW WUTIAN

- %recovery U84 MPA total form wag MPA free form 171’53 3 SEAUAMILUNTY LA
WU 92.15 wag 90.85, 88.21 waz 94.76, 94.18uag 92.04% MIUAIGU

- %recovery 989 MPAG total form ez MPAG free form W 3 seduauLdy
HAUNAU 87.00uaz 90.58, 85.73 Way 91.82, 87.02 uag 89.77% s uasiu

- Y%recovery ¥4 ACMPAG total form wag AcMPAG free form ‘flgﬁ 3 S¥AUAIY
WuTy Hewidu 89.33 uaz 88.07, 85.54uaz 91.90, 86.12 War 90.20% MIWEIGU

a a
NUALLDUALAAIIUAITIN T 1

a15199 11 Uszansnmlunisainals MPA, MPAG way ACMPAG 913 total uay free form

(n=15)
%recovery (%RSD)
Compound
LQC MQC HQC

Total MPA 92.12 (5.65) 88.21 (4.87) 94.18 (5.07)
Total MPAG 87.00 (3.26) 85.73 (5.81) 87.02 (4.94)
Total AcCMPAG 89.33 (7.79) 85.54 (8.66) 86.12 (6.66)
Free MPA 90.85 (3.78) 94.76 (2.29) 92.04 (1.66)
Free MPAG 90.58 (2.23) 91.82 (2.37) 89.77 (2.29)
Free AcCMPAG 88.07 (4.59) 91.90 (2.47) 90.20 (2.63)
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6. matrix effect

1SNARBY matrix effect 189813 MPA, MPAG uaz ACMPAG ¥4 total uag free
form Tumanann finnududu 2 sefu fio anmiduduszdun (low) uazgs (high) Tutha
AULTUTUVDINTINUINTFIU WUT1AT IS normalized matrix factor U9d15 MPA, MPAG

Wz ACMPAG 14 total wag free form %19 2 sgAuAULTY Landlunseil 12 Arfileeg

' [ £
fa v = A

11219 0.80-1.20 LaAMIINITANATILINNAMUITUTLUT matrix effect

msm‘l‘ﬁ 12 matrix effect ¥89815 MPA, MPAG 1ay AcCMPAG ‘17?& total way free form (n =

3)

IS normalized matrix factor

Compound (Mean + SD, (%RSD))

LQC HQC
Total MPA 1.00 + 0.04 (3.68) 0.97 + 0.126 (13.03)
Total MPAG 1.03 + 0.033 (3.20) 0.97 + 0.101 (10.42)

Total AcMPAG 1.02 + 0.334(3.31)  0.93 + 0.090 (9.59)

Free MPA 1.06 + 0.04 (4.07) 0.92 + 0.03 (3.24)

Free MPAG 1.05 + 0.04 (4.21) 0.92 + 0.02 (2.42)

Free AcMPAG 1.00 = 0.04 (4.42) 0.88 + 0.03 (3.16)
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7. dilution integrity

' [%
a

WERIAIE %accuracy kay %RSD watilananslun1sneil 13 arflanarualiiniu

+15% WAAII1EIN150YIINITIRINESElTInATTuY ANt UYRIN T MLIAsEIUlALaS

a v =

AIuNaune dilution factor laAADNAIwALINEIAT

Y

15197 13 dilution integrity v9 total MPA, total MPAG wae free MPAG

accuracy (%)/

Compound dilution factor precision
(%RSD)
V72 90.61/ 3.10
Total MPA
1=5 90.51/ 3.54
INCR 97.14 / 6.21
Total MPAG
IS 93.38 / 5.07
4:5 99.22 / 3.71
Free MPAG
1:10 96.55 / 1.50

4.2 YayanugruniendiinvasgUae (Demographic data)
msfinwasliifUisdgnangladnsiudiuau 20 1 wiadu wewe dwau 15
a ° ° 7 S’ v a i Y a o
518 dasnAng 31w 5 519 legdnunmuaiudadudtienvanaielnainguinaid
anmeanewy (Cadaveric donor) Wudulveg Andufesaz 85 wenuwludilevanaie
L9 ndu3anaifidia (Living donor) Amduseway 15 neudUlevinsugnaielndiulve
Adefesay 95 losuniswenidenlunisvinveudeeaniainiianiey Awdslasunisdislani
1 ¥/ ! A 1 a o | | a Id I =
goios dulvglinsvanveiniungnisugnanels Andusesar 45 anvnsesasnfe
Chronic  glomerulonephritis  Antdusesay 15, Diabetic nephropathy U IgA
nephropathy AnduSeeay 10, way Obstructive uropathy, Congenital cystic disease,
Hypertensive nephropathy, 593914 Chronic glomerular nephritis Anlusoway 5 1 Uudu
A1ANAUlaRTINBULAENAITUUTEMULNIIAgININANIRTEIUN A1 systolic blood
pressure nasUananglafidmasdnies Andadenuns Blulnadu 8ulnase dindAnUnd

Juunfvesthelsalanvziininzda



ANRAYNISIINIUYBY AN NBUkaradlAsUeNgallUnNR  MeAASeANY, A1 eGFR
MDRD thai kagA1 BUN usinuitvaeUanaielaudy 3 u d1 eGFR

P = [ Y I a o U L3 a
Q‘U’JEJ‘VqlﬂiﬁFJiJﬂ’]iVl’]ﬂ’]u‘SUE)\‘mULUUUﬂG\@JQ’]ﬂLE]uI"UﬁLuG]U wagseaudauiueglunuanunisiy

ALLDUARINAILARNILUANGIN 14

1 a

£

LY a [

Y Y

A5197l 14 Teyaiugrunisadidnvestog
Parameter Mean + SD

uugdan (Au) 20
WA

-8 15 (75%)

SN 5 (25%)
a1y @) 41.45+9.14
twitinga (Rlan3u) 60.99 + 9.46
dugs (lwuiwns) 167.60 + 9.89
-riinvasn1sugnane

Living donor (n, %) 3 (15%)

Cadaveric donor (n, %) 17 (85%)
TsavasgUlenaunsugnane
Diabetic nephropathy (n, %) 2 (10%)
IgA nephropathy (n, %) 2 (10%)
Obstructive uropathy (n, %) 1 (5%)
Congenital cystic disease (n, %) 1 (5%)
Chronic glomerulonephritis (n, %) 3 (15%)
Unknown (n, %) 9 (45%)
Hypertensive nephropathy (n, %) 1 (5%)
Chronic glomerular nephritis (n, %) 1 (5%)
-nMsinwnaunitnisuanaela

n1sWanidan (n, %) 19 (95%)

nAsanelannedasiias (n, %) 1 (5%)
-YUINVDIEN
mycophenolate sodium dose (mg/d) 1080 £ 0
tacrolimus daily dose (mg/d) 6.73 + 1.99
prednisolone daily dose (mg/d) 56.50 + 8.29

= 1 a aa
AVULLALATATLDFAUURAAN
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¥
] a

M13199 14 Toyaiiugruvnendinveiieneunasnaslasue (ve)

<9

Mean £ SD
Parameter

noulasusn naslagusn
-auAulafin
systolic blood pressure (mmHg) (A1Unf : 120 mmHg) 173.45 £ 29.38  163.30 + 21.77
diastolic blood pressure (mmHg) (A1UNRA : 80 mmHg) 99.90 + 21.27 98.80 + 13.15
-foyaulindonunuazilinionvin
Red blood cell count (x10%/uL)(AUn# : 4.6-6.0x10%/uL) 3.79 + 0.56 3.38 + 0.59
Hemoglobin (g/dL) (A1Un@ : 13.0-17.0 ¢/dL) 10.54 + 1.80 9.33 + 1.67
Hematocrit (%) (A1UNRA : 39.0-51.0%) 33,04 + 5.02 28.81 + 4.63
Platelet (x10%/uL) (A1Un@ : 150.0-450.0 x10%/uL) 206.75 + 67.54  181.20 + 52.62
White blood cell count (x10%/uL) (A1UN# : 4.5-11.0 x10%/uL) 6.24 + 2.07 9.87 + 3.10
Absolute lymphocyte count (A1Un#: 1.0-4.8 x10%/uL) 1.21 + 0.52 0.44 + 0.37
-nsvineuvedla
creatinine (mg/dL) (A1Un# : 0.7-1.2 mg/dL) 10.15 + 3.63 6.72 + 4.62
eGFR MDRD thai (mL/min) 13.86 + 4.38 27.66 + 20.83
BUN (mg/dl) (A1Un@ : 7-20 mg/dl) 51.35 + 26.56 59.05 + 29.40
-N1599TUVDIAY
albumin (g/dL) (A1Unf : 3.5-5.0 g/dL) 3.79 + 0.51 3.66 + 0.51
bilirubin (mg/dL) (A1Unf : 0.2-1.2 mg/dL) 0.64 + 0.24 0.51 + 0.19
AST (U/V) (AUn@ : 5-35 U/L) 23.15 + 13.33 19.75 + 11.20
ALT (U/D) (A1uUn@ : 0-40 U/ 18.00 + 11.58 18.60 + 10.97

wan133nYIMeAATn (clinical outcome) TByARAvastaengul  wudosiis
msviuvedtailuwuu Delay graft function (DGF) Aesiewinniswenidaandsainignene
aluszorduioninssdurendeluimeldonas euimualifinisufasls s
FeniufiasinseaziBennumsned 15 @oyafUnsusarsouanduniauiin)

M13199 15 Wand clinical outcome waagUreduau 20 sweldsunisugnangls

clinical outcome N (%)

-Graft function
Normal function 18 (90%)
Delay graft function 2 (10%)

-Rejection status
No rejection 19 (95 %)
Rejection 1(5 %)
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4.3 FTAULMATAMNIUNTYIAUAIEATVBS mycophenolic acid wagstuniualanlugiae
UgnanglaitlésuenlulasiTudnuiindansindausiuau 20 51

ANVIASTIAUANEANT AUCo10n Crois Croa T WA SRS NRAEVOS mycophenolic
acid waziunualaivi total ua free form Tugthedgndrelagiuiu 20 118 uansualy
a15197 16 waznsmilusinduanssedueaiodna log funaves MPA uwavniuslan
total form (it 10) wae free form (Wil 11) iieuansdndiuvasansnseuda @unmi

12-14 wansdndu total uag free form vasaITUAaLAT F18aIBEAVRITRLATEAUYN

Qe

auaglunieauan 3 waznsnlusldseaueduiaives MPA fulmuslavluudasyana

Qe

fia3U total wa free form (wandluniawuang) msfnwildAunduaaumanives MPAG
U ACMPAG free form Zegaliifiseay

% free fraction (free form/total form) PGILER MPA, MPAG wag AcMPAG Tu
AUeUgnatelndnuiu 20 579 161 1.22% (1.16-1.29), 27.56% (26.44-28.73) Uay 6.49%
(6.16-6.88) mudIfU uannaluns197 17 9 % free fraction 183 MPAG uaz ACMPAG 4

Talwnefisneanuannau

9,10

11991999911 N15ANWY van Gelder wazanie nU Oellerich kwazAfLE 71813

v a1

UsganiamlunisdesiunisuasianlaazsosiiAn MPA AUC agludag 30-60 pgeh/mL

nsAnwdnugUle 15 918 wiriufeag 75 dd1 MPA AUC 11031 30 pgeh/mL 2 518y

=

15 519l MPA AUC 11And1 60 ugsh/ml (61.95 Wae 68.85 peeh/ml) Muda 5 578 MPA
AUC Toenin 30 pesh/ml annmsasiannannadinnsaddnny 1 161y 5 sreindnaeinng
Ufasla fiheseiiien MPA AUC 17.38 gh/mL

et dayanundvaauransianuauUIsuiguTeninanguiiial MPA AUC >

30 pgeh/ml LLazmjmﬁﬁm MPA AUC < 30 pgeh/ml WULiNg$@1 Cpyy U89 MPA total form

o

wintuffiauuananstusgefitedfey (1.57 = 0.54 vs 0.80 = 0.44, P-value = 0.011)

(%
a o

waniuldnuauuanasegaldedAynieada MeteyanwaliugiuvesUie sIuie

albumin wag bilirubin TdwuAMULANENG (P-value > 0.05) WULNEIAINITVNIIUIBILAN
] aa A .. % d‘ (% d' =

upnANeYNNted1AYNNEDH Ao creatinine Tudun3 Tutun7 Tul Weu BUN uaz eGFR

MDRD_thai (P-value = 0.013, 0.029, 0.040, 0.036 kag 0.026 MUAIAY) VUIAVDIE

v o w

tacrolimus LNUAINULANAIDE19TTEFA vma A (6.5 +2.23vs 7.4 + 0.82, P-value =

v o w

0.396) WATUIAUDIYN prednisolone NUAPNUANANNDE 1T EA Vl’]\‘i’ﬁﬂGILZJE]LU‘ﬁﬁJULWEJU



51

NUTENI9NQY (53.67 + 6.11 vs 65.00 = 8.66, P-value = 0.004) N1IATIINUNIATLNNY
AMNLANFARY ST AR NEdAEINISIAA DGF Nt (P-value = 0.010) VSMUALERS

Tum5797 18-19)
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M15799 16 Geometric mean (95%Cl) VBITLAUAITHAALIALIALALAIMINNFVIAUAIANT
284 mycophenolic acid (MPA) wastuniuala total uag free form lumatauigUleyan

aelnduiu 20 518

tMPA fMPA tMPAG fMPAG tACMPAG fACMPAG
Time point
(ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/mU) (ug/mU)
0.027
< 2.29 (1.64-3.20) 56.21 (46.29-68.26)  14.844 (11.244-19.598)  0.31 (0.23-0.42)  0.021 (0.013-0.033)
(0.019-0.039)
0.027
C.s 2.29 (1.73-3.03) 55.18 (45.67-66.67)  14.002 (10.382-18.882)  0.30 (0.23-0.40)  0.021 (0.014-0.032)
- (0.020-0.036)
0.033
¢ 2.90 (2.09-4.01) 54.58 (44.68-66.68)  13.771 (10.219-18.559)  0.34 (0.26-0.45)  0.022 (0.015-0.032)
(0.024-0.046)
0.069
C. 5.52 (3.46-8.80) 58.07 (49.68-67.88)  16.055 (12.469-20.674)  0.54 (0.40-0.72)  0.033 (0.022-0.048)
: (0.043-0.111)
0.054
G, 4.13 (2.77-6.16) 62.40 (54.06-72.02) 18385 (14.338-23.572)  0.53 (0.38-0.74)  0.033 (0.022-0.050)
(0.035-0.082)
0.042
C 3.30 (2.34-4.64) 62.32 (53.68-72.36)  17.920 (13.989-22.956)  0.47 (0.34-0.65)  0.031 (0.020-0.047)
- (0.028-0.062)
0.037
<, 2.94 (2.03-6.26) 64.29 (54.50-75.84)  17.890 (13.880-23.058)  0.43 (0.30-0.62)  0.030 (0.019-0.046)
(0.025-0.055)
0.030
C. 2.45 (1.90-3.16) 6292 (53.05-74.62)  18.076 (14.350-22.771)  0.37 (0.26-0.52)  0.025 (0.015-0.040)
- (0.024-0.039)
0.029
<, 2.38 (1.89-3.01) 61.11 (51.82-72.06) 16514 (12.887-21.163)  0.34 (0.25-0.47)  0.022 (0.014-0.034)
(0.023-0.036)
0.028
c, 2.33 (1.70-3.19) 57.04 (46.87-69.42)  16.365 (12.433-21.540)  0.32 (0.25-0.40)  0.020 (0.014-0.028)
(0.021-0.038)
0.030
<, 2.43 (1.80-3.30) 55.29 (45.23-67.58) 15232 (11.318-20.501)  0.31 (0.24-0.41)  0.020 (0.014-0.030)
(0.022-0.041)
0.028
<, 2.36 (1.70-3.28) 52.78 (42.60-65.40) 14528 (10.624-19.866)  0.29 (0.21-0.40)  0.019 (0.013-0.028)
(0.021-0.039)
0.022
c, 1.78 (1.28-2.47) 49.29 (39.25-61.90)  14.008 (10.475-18.731)  0.21 (0.14-0.31)  0.013 (0.008-0.020)
(0.016-0.029)
AUC 37.06 0.475 691.55 193.590 4.53 0.300
(ug-h/ml) (30.63-44.84)  (0.397-0.568) (580.76-823.47) (149.542-250.612) (3.65-5.63) (0.216-0.418)
c 0.014 42.88 0.15 0.009
min 1.23(0.96-1.57) 11.045 (8.229-14.824)
(ug/ml) (0.011-0.017) (34.97-52.58) (0.12-0.20) (0.006-0.013)
C . 8.13 0.112 73.83 21.206 0.73 0.053
(ug/mD) (5.51-11.99) (0.074-0.170) (63.44-85.93) (16.811-26.750) (0.55-0.98) (0.037-0.076)
1.619 1.90 1612
T (h 1.65 (1.30-2.11) 2.49 (2.07-3.00) 2.343 (2.042-2.688)

mex (1.239-2.115) (1.58-2.29) (1.162-2.236)
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A1519% 17 Geometric mean (95%Cl) U843 % free faction adsved MPA waziumiuelasily

Adredgnanele 91uu 20 518

Time point

MPA

MPAG

AcMPAG

C0 (%) (n =20)

1.19 (0.96-1.49)

26.41 (22.06-31.61)

6.66 (5.35-8.29)

C (%) (n=20)
0.5

1.16 (0.92-1.46)

25.37 (20.98-30.69)

6.87 (5.51-8.57)

C1 (%) (n =20)

1.14 (0.91-1.42)

25.23 (20.90-30.45)

6.50 (5.29-7.99)

C (%) (h=20)
1.5

1.25 (1.00-1.57)

27.65 (23.52-32.49)

6.08 (4.96-7.46)

C2 (%) (n=20)

1.30 (1.03-1.65)

29.46 (25.18-34.47)

6.19 (5.06-7.57)

C (@ (h=20)
2.5

1.27 (1.02-1.57)

28.75 (24.30-34.03)

6.56 (5.40-7.95)

C3 (%) (n=20)

1.25 (1.02-1.53)

27.83 (23.78-32.56)

6.97 (5.97-8.14)

C (%) (h=20)
35

1.24 (1.04-1.48)

28.73 (25.36-32.55)

6.67 (5.58-7.97)

C4 (%) (n=20)

1.21 (1.01-1.45)

27.02 (23.08-31.65)

6.38 (5.03-8.11)

C6 (%) (n=20)

1.22 (1.02-1.46)

28.69 (24.77-33.24)

6.27 (5.14-7.67)

C8 (%) (n=20)

1.23 (1.01-1.50)

27.55 (23.26-32.63)

6.55 (5.30-8.10)

10

1.20 (1.01-1.42)

27.52 (23.43-32.33)

6.67 (5.51-8.07)

12

1.21 (1.02-1.45)

28.42 (25.10-32.17)

6.06 (4.83-7.62)

All samples (%)
(n= 260)

1.22 (1.16-1.29)

27.56 (26.44-28.73)

6.49 (6.16-6.84)
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M13199 18 Wiguileuandyaaumanives MPA uazumuslansenineanguinan MPA

AUC < 30 pgeh/ml iU MPA AUC > 30 pgeh/ml

Parameter MPA AUC < 30 MPA AUC = 30 P-value
Cmin tMPAa 0.80 + 0.44 1.57 + 0.54 0.011*
Cmax tMPA 779 +7.31 11.44 + 6.42 0.300
Trmax tMPA 1.23 £ 1.05 1.75+£0.73 0.255
tMPAG AUC 677.87 = 206.07 759.74 + 311.24 0.593
Cmin tMPAG 4481 + 14.12 47.60 + 22.89 0.802
Cmax tMPAG 7152 £ 25.96 79.72 £ 26.50 0.555
Trnax tMPAGP 2.12(0.00-3.19) 2.47 (1.45-3.10) 0.569
tACMPAG AUC 3.87 (2.41-5.27) 5.13 (3.14-6.84) 0.176
Cmin tAcCMPAG 0.12 + 0.08 0.19 £ 0.07 0.074
Cmax tAcCMPAG 0.56 (0.39-1.03) 0.75(0.42-1.52) 0.315
Trmax tAcCMPAG 143 £ 1.12 1.96 £ 0.85 0.279
fMPA AUC 0.41 £0.16 0.54 £ 0.19 0.181
Cmin fMPA 0.01 + 0.008 0.02 + 0.006 0.344
Cmax fMPA 0.08 (0.047-0.335) 0.15(0.053-0.197) 0.631
Tmax fMPA 1.52 + 0.80 1.79 £ 0.85 0.547
fMPAG AUC 245.34 (167.28-315.74) | 175.69 (123.38-297.47) 0.359
Cmin fMPAG 17.06 (9.79-21.52) 8.50 (6.25-15.62) 0.239
Cmax fMPAG 26.64 (18.08-34.57) 20.16 (13.97-22.82) 0.239
Tmax fMPAG 1.39 + 1.35 212+ 1.06 0.232
fACMPAG AUC 0.31 (0.21-0.53) 0.28(0.15-0.63) 0.965
Cmin fACMPAG 0.01 (0.0058-0.0181) 0.01 (0.0048-0.0165) 0.930
Cmax fACMPAG 0.05 (0.0363-0.1034) 0.04 (0.0284-0.1191) 0.694
Tmax fACMPAG s 32 ot o 21 1.82 £ 0.95 0.350

o

Toyagninaueluguiuu Anade + diudeauunnsgiy, Adsegu (desevinmielng)

YoyaTeuiiguiuseninanguniinisnsgaeuuuuniagly Independent Samples Test, P

< 0.05

PPoyaiUIeuiieuiusenintanguiiinisnseatewuuliunfagld Mann-Whitney U test, P <

0.05



M19197 19 Wisuiigumaliugueeainluseninmngy

fiu MPA AUC > 30 pgeh/ml

Joyagnunausluguuuu Anady + drulgauunnnsgiy, Asisegu (Wde

55

A7 MPA AUC < 30 ugeh/ml

Parameter MPA AUC < 30 MPA AUC = 30 P-value
-before
albumin?® 3.52 + 0.64 3.88 £ 0.45 0.180
bilirubin 0.80 + 0.33 0.58 + 0.19 0.090
-before
creatinine 11.01 £ 5.50 9.86 + 2.99 0.552
eGFR MDRD_thai 14.09 + 4.42 13.78 £+ 4.52 0.896
BUN 46.00 (22-81.5) 42.00 (35-58) 0.694
-after
creatinine day3® | 12.14 (7.57-14.50) 3.96 (2.32-7.07) 0.013*
creatinine day7 2.68 (2.07-7.09) 1.51 (1.30-2.38) 0.029*
creatinine 1 month | 2.34 (1.57-3.66) 1.35(1.11-1.89) 0.040*
creatinine 6 month 1.42 (1.40-3.78) 1.37 (1.18-2.21) 0.337
creatinine 1 year 1.91 (1.43-4.49) 1.36 (1.03-1.93) 0.127
eGFR MDRD_thai 10.68 (9.38-19.41) | 28.19 (13.89-48.94) | 0.026*
BUN 76.00 (57.5-101.5) 47.00 (31-60) 0.036*
-after
albumin 3.52 + 0.66 3.81 +0.46 0.337
bilirubin 0.82 + 0.29 0.53 + 0.20 0.896
-before
RBC 4.03 + 0.32 3.71 £ 0.61 0.282
Hemoglobin 11.60 + 1.38 10.19 + 1.83 0.133
Hematocrit 35.28 + 3.26 3191 +534 0.205
Platelets 189.40 + 35.42 212.53 + 75.43 0.522

o

1 6
JEWINIADING)

“YoyaFeuiieuiuseninanguninisnszaewuuuniagly Independent Samples Test, P

< 0.05

“PoyaiUSuifiguiuseninanguninisnseatsuuuliundaglyd Mann-Whitney U test, P <

0.05
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o P a ' & aa ~ !
M1319N 19 L‘UiEJULWEJ‘Uﬂ']LLaUWUE']u LAaENNIIRNIIVNUNINA[UN LLaSGU‘U'\Iﬂ?J']V]IGmu33‘VHWQ

nETiA1 MPA AUC < 30 pgeh/ml fu MPA AUC > 30 pgsh/ml (sie)

Payagniauslusuuuy Anady + drulesuunnnsgy, Ailsegiu (s

Parameter MPA AUC < 30 | MPA AUC 2 30 | P-value
Absolute lymphocyte count. 0.96 + 0.19 1.29 + 0.58 0.239
-after

RBC® 3.50 + 0.47 3.34 +0.63 0.619
Hemoglobin 10.04 + 1.61 9.09 + 1.67 0.284
Hematocrit 30.54 + 4.37 2823 £ 4.71 0.348

Platelets 149.60 + 35.81 | 191.73 + 53.99 0.124
Absolute lymphocyte count.” | 0.21(0.11-0.49) | 0.42 (0.23-0.57) | 0.150
-rejection status®
no 4 (20%) 15 (75%) 0.076
yes 1 (5%) 0 (0%)
-graft function
normal function 3 (15%) 15 (75%) 0.010*
DGF 2 (10%) 0 (0%)
-BK viremia status
no 5 (25%) 13 (65%) 0.389
yes 0 (0%) 2 (10%)
-CMV viremia status
no 2 (10%) 10 (50%) 0.292

yes 3 (15%) 5(25%)

UMYV tacrolimus 7.40 + 1.29 6.87 + 2.38 0.642
YUINYIVBY prednisolone 65.00 + 8.66 54.00 + 6.03 0.005*

WaLIUIU (SPuay)

a o

(9
o

1119A91N8)

“wWiguisuiusenineanguitinisnsgateuuuunfazly Independent Samples Test, P <

0.05

WSsuisuiuseninnguniinisnseaewuuliun@agld Mann-Whitney U test, P < 0.05

ssuiisuiuszninanguideyaisaeadunguazld Pearson Chi-Square test, P < 0.05
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€
~ 100
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2 -@- total form of MPA
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o
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o
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-
0 5 10 15

Time (hrs)

JUANT 10 log seAveaieuas mycophenolic acid wagtumniualadi total form 7igaLaan

#1199 Tugtheugnaneladiuau 20 18 ndssudsenuelilasiludnylindasindou

S
N~ 100
on
3 -@- free form of MPA
g -~ free form of MPAG
2 10
© —— free form of ACMPAG
<
o
%) 1
c
o
(]
©
g 0.1
(%]
o
Q
gn 001 T ] 1
-

0 5 10 15

Time (hrs)

sUAMNTN 11 log seAueadeves mycophenolic acid wagkaumnuslan free form N9ALIaN

#1199 Tugtheugnangladiuiu 20 18 ndssuusenmuelilasiludnylialansindou
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1S
~ 100
on
3 —-@— total form of MPA
S == free form of MPA
2 10
o
=
C
()
%) 1
c
o
(6]
©
€ 0.1
wv
o
Q
> 0.01 T - |
-
0 5 10 15
Time (hrs)

sUMMNA 12 log seAugaieves mycophenolic acid 114 total uag free form N19ALIA"

#1199 Tugtheugnangladiuau 20 18 vdssudssmuelulasilludnvlindarsindiou

100
-8 total form of MPAG

—— free form of MPAG

| I
Bl

Log plasma concentration (ug/ml)
[——

Time (hrs)

sUAMNAN 13 log sAugaduves mycophenolic acid glucuronide 114 total kae free
form M1gatIa1einee ludUaedgnangladnuau 20 $1e nassuusemuenlulasifludnyiaians

\ARBU
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S
~ 10
on
S -®— total form of ACMPAG
; - free form of ACMPAG
]
o 1
=
c
o
v
c
o
(9]
© 0.1
€
(%]
T
Q
g” 0.01 - T T 1
-
0 5 10 15

Time (hrs)

sUNMNAN 14 log Seugafuved acyl-mycophenolic acid glucuronide 114 total uag free
form M1gatIa1einee lugUledgnangladiuau 20 s1e wnassuusemuenlulasifludnyiaians

\AADU



60

4.4 anudunusszndnanunldansmvasenlulasiluaniuadaduduivilagaiaives
mycophenolic acid waziamualasing total uag free form Tugueugnaela 20 518
AsmANNFNRUESEIsulan s rvesenlulasiludnduanududuuiazgasan

Y83 MPA wazuniuatavild linear regression lun1siinsedt Iaevirdeyailuasnisiiy

[
o [y =

sysumREenI1INIratevesdeyanisyAuenia AUC liiluuuuund (normal distribution)

[ YY)

PUIIAMUAUNUSVDINUA LA NN AUANULTUTUVDS MPA total form L@l 4 92lug 3

LY % 1

mmé‘i’uwuéaﬁqm A1 12=0.50, P = 0.001 usifivaan 0 w3e trough level, G,y Basinileald
fulumsinsziusnduiianudusiusalaid (2 = 0.25 , P =0.02) @ MPA free form g9
nanTiduusaiu AUC fefl 8 $9lus (2= 0.41, P = 0.02 )

total way free form W84 MPAG Wy ACMPAG dslsiineiin1ssnaeu mﬂmsﬁﬂmﬁ
wuIgAnATIduRUSATIanTes MPAG total form Aedl 6 Falua (2 =0.97, P < 0.001) MPAG

free form 8 ¥alug (2 = 0.95, P < 0.001 ) ACMPAG total form 4 41lus (2 = 0.59, P <

'
a

0.001 wag ACMPAG free form 0.5 9213 (1= 0.81, P < 0.001 ) HaAAIMANTTUSFER

q

Idunamassudseniuevianun dadiarauduiius () 11nndad trough level nne
a | ¥ v &, 9 & Ao v o v v |

FEagdunAIANNFURUS () VoINUAlANTINAUANUTUTULAAZIALIAIUBY MPA kAT
¢ o a v o fa v & Ay v

uolanng total way free form WaRIlUANTINN 20 WAZAINANUAUNUSITILEUNTIVDINUN LA

ASINAUANULTUTUVDS MPA hazsuniualan 14 total wag free form wanalun i 15-17

TAYAINANUFUN UG LT WEAUATIVBINUNLANTMAUAMULTUTUVBY MPA waziuniusban na

total wag free form AzuanIgAnIANFUNUSANAALTBURUYALIAINBUTUUSENIUEN (trough

level)
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M135197 20 A" coefficient of determination () Yo uNlAnTMAUANTUTULAAL A

aN0e MPA wagtuvnualan total uag free form lugUaedgnanele 20 51e

tMPA fMPA fMPAG tACMPAG fACMPAG

(tAUC vs (fAUC vs MPAG (In fAUC vs (In tAUC vs (In fAUC vs

Time point n tMPA) n fMPA) (AUC vs tMPAG) In fMPAG) ln tACMPAG) In fACMPAG)
P | p-value ? | p-value r? p-value P | p-value ? | p-value ? | p-value

Co 0.25 0.02 0.09 0.19 0.69 <0.001 0.82 <0.001 0.33 0.008 0.59 0.001
Cos 0.42 0.002 0.36 0.05 0.81 <0.001 0.87 <0.001 0.55 <0.001 0.81 <0.001
C; 0.27 0.02 0.15 0.09 0.86 <0.001 0.89 <0.001 0.47 0.001 0.75 <0.001

Cis 0.36 0.005 0.19 0.05 0.75 <0.001 0.82 <0.001 0.41 0.002 0.49 0.001
C, 0.46 0.001 0.22 0.03 0.72 <0.001 0.78 <0.001 0.34 0.007 0.42 0.002
Cos 0.14 0.11 0.21 0.04 0.80 <0.001 0.80 <0.001 0.56 <0.001 0.71 <0.001
Cs 0.13 0.11 0.10 0.18 0.89 <0.001 0.84 <0.001 0.52 <0.001 0.63 <0.001
Css 0.30 0.01 0.15 0.09 0.83 <0.001 0.79 <0.001 0.47 0.001 0.61 <0.001
Cq 0.50 0.001 0.34 0.07 0.84 <0.001 0.87 <0.001 0.59 <0.001 0.74 <0.001
Ce 0.32 0.01 0.06 0.28 0.97 <0.001 0.94 <0.001 0.31 0.01 0.66 <0.001
Cs 0.43 0.002 0.41 0.02 0.92 <0.001 0.95 <0.001 0.57 <0.001 0.75 <0.001
Cio 0.41 0.002 0.26 0.02 0.94 <0.001 0.89 <0.001 0.44 0.001 0.52 <0.001
Ciz 0.44 0.001 0.30 0.01 0.83 <0.001 0.82 <0.001 0.45 0.001 0.49 0.001

Cx : AN tuveanstng iyanian x galus
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form waz 8 Talus (Cg) V99 MPA free form Iguiuiilaineulasueinsadnly (trough

level)
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37, 3 2
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£ c
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SUNW? 17 wansauduiusvasiiunlansviuanududun 4 Talue (C,) 999 ACMPAG
total form wag 7 0.5 ¥alug (Cys) V03 ACMPAG free form Wgunuiiaineulasueiasa

fnlU (trough level)
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4.5 N13AATIENN1RAAA (cut-off point) AMLNTUVEY MPA Naransavituiglad

MPA exposure (AUC) = 30 pgeh/ml

A15ILASIZNUIVAFAANULTUTUNTDTEAULT MPA total from AUITRIAT AUC > 30

q

pugeh/mL vilpeuusUaseaniluasangy nauwsnidunguidan MPA AUC = 30 pgeh/mL
ANNaulAT MPA AUC < 30 pgeh/mL 21nWaAuduiusaadudungaaifuiunlsa

N5 N9 MPA total from VANanAa? 4 F1119 5998911AB7 2 F2kue A1 1’ = 0.50 hay 0.46

q

MNEIAU (@lum137197120) thdeyaseaue1nyniian 4 uay 2 TalusdagamuinuanguyUls un
#5719 NAMUFUNUGTENING sensitivity AU 1-specificity tAA1 area under the ROC curve
84381 4 Talus wag 2 alus A 0.87 waz 0.83 nA1asnfktuaulaglingufves

Youden index Wuinayaseaueni 4 43lus A 2 2.05 pg/ml Iaruliuazaudnnig

WU 73% way 100% Aauandlunsnan 21-22 arua1au wagh 2 F9lus laAgedn 2 e

fio = 2.44 pe/ml uag > 3.90 pg/ml wAadeanAAus e 100% Jauanadsldfidvae

Y

5761aNiA1 MPA total form exposure < 30 lulasnsusdalu/diadans lnagafidenilien

ANUlILazANNTINIEAD 67% Wag 100% Aauandlunisnen 23-24 N5 IMUBIARAAIIY

¥

g (cut-off point) 2.05 pg/ml was MPA fitaan 4 93113 uae 3.90 ug/ml 7 2 §2lua

PUNLANSMINAU 0.87 wag 0.83 LAAILUAINA 18 way 19 AuaInU
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A1919% 21 A1 sensitivity specificity az Youden index U89A21ULWNTU MPA total form

igaLan 4 Falus

cut point sensitivity specificity Youden index
=0.16 100% 0% 0.00
21.28 100% 20% 0.20
=>1.46 93% 20% 0.13
>1.52 93% 40% 0.33
>1.59 93% 60% 0.53
>1.69 87% 60% 0.47
>1.80 80% 60% 0.40
=1.92 73% 60% 0.33
22.00 73% 80% 0.53
22.05 73% 100% 0.73*
>2.07 67% 100% 0.67
22.38 60% 100% 0.60
22.69 53% 100% 0.53
22.81 47% 100% 0.47
2291 40% 100% 0.40
22.99 33% 100% 0.33
=3.10 27% 100% 0.27
23.19 20% 100% 0.20
24.11 13% 100% 0.13
>7.87 6.67% 100% 0.07
211.75 0% 100% 0.00

A151991 22 A1 sensitivity, specificity wag ROC area ¥83 cut-off point 2.05 pyg/ml ¥4

MPA total form #ivian 4 #las

Parameters Result (95%CI)
sensitivity 73.3% (44.9%-92.2%)
specificity 100% (47.8%-100.0%)
ROC area 0.87 (0.75-0.98)
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0.75 1.00
I !

Sensitivity
0.50
|

e}
N
<}
MPA = 2.05
o Sensitivity = 73%, Specificity = 100%
O ¢
o T T T T
0.00 0.25 0.50 0.75 1.00

1 - Specificity
Area under ROC curve = 0.8667

sUn il 18 n51l ROC curve 49990 (cut-off point) Arsdiudiu 2.05 pg/ml w83 MPA

total form # gaLaa 4 3l
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A135199 23 A1 sensitivity specificity ag Youden index 984AMULTUTU MPA total form

igaLan 2 Falus

cut point sensitivity specificity Youden index
> 0.24 100.00% 0.00% 0.00
= 0.99 100.00% 20.00% 0.20
> 1.34 100.00% 40.00% 0.40
= 1.59 100.00% 60.00% 0.60
> 1.84 93.33% 60.00% 0.53
> 2.03 86.67% 60.00% 0.47
> 2.44 86.67% 80.00% 0.67
> 2.80 80.00% 80.00% 0.60
2 3.07 73.33% 80.00% 0.53
2 3.57 66.67% 80.00% 0.47
= 3.90 66.67% 100.00% 0.67*
2 6.00 60.00% 100.00% 0.60
2 7.31 53.33% 100.00% 0.53
> 743 46.67% 100.00% 0.47
> 8.04 40.00% 100.00% 0.40
> 9.26 33.33% 100.00% 0.33
> 10.00 26.67% 100.00% 0.27
> 10.65 20.00% 100.00% 0.20
>11.44 13.33% 100.00% 0.13
> 11.97 6.67% 100.00% 0.07
> 13.23 0.00% 100.00% 0.00

A151991 24 A1 sensitivity, specificity wag ROC area 989 cut-off point 3.90 pg/ml U84

MPA total form #itaan 2 $lalg

Parameters Result (95%Cl)
sensitivity 66.7% (38.4%-88.2%)
specificity 100.0% (47.8%-100.0%)

ROC area 0.833 (0.71-0.96)
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UNN5

afUsELazaTUNANTIRY

5.1 NSWAIUIIDNITIATIZH

MsAnudlERmu3sn15IAs1EvisEiuen MPA wasumuelasis total uay free
form argwalla LC-MS/MS lagaauUadainsiganuaes Delavenne wagams > A1s
n319@uUAIINL NI aT0v09dd UFTRMINLUINIG US FDA Guidance for Industry-
Bioanalytical Method Validation”® fiavan 7 Wadeneaou nansasaaaounuinisnwmmuni
ﬁmmaﬁ’wwamz'«awmmﬁmeﬁmiﬁu’qmmlﬁﬁmsgﬂiumumﬂmﬁu Judaluanaved
a15lunanaun (matrix effect) ﬁlajﬁmaiumwiamsmaauﬁy’aLﬁu (ion enhancement) #1358
andg 1 (ion suppression) 73 total wag free form miﬁﬂmgw"ﬂﬁwuﬁ’uLawwgﬂ
total form™"? wsi free MPAG wae free ACMPAG® nuluanavesaislunaiauisuniuan

&4 A o ! Y Y o A Aaa s a v = = ]
NRIDEWNEY LU mum’mL%u%umﬂwaﬂﬂﬁﬁua’lmimLﬂiﬁzﬁl@ (LLOQ) 99umnUnUemBNT

g7 q

'
v o

ihlulfiilensmszsuelugtae FBiaesesilasefuman MPA total uag free form 0.05
iU 0.01 ug/mL, MPAG total Wag free form 0.5 AU 0.125 pg/mL, ACMPAG total Wag free

form 0.025 iU 0.005 pg/mL auasu TduSunsn1s@aies 2 ul Wesuivanuideauls

71,72

A1 LLOQ lun15iasevians MPA waztunivelasilugy total form ganin LANISANN

Y94 Figurski kazaz’® A1 LLOQ 8¢ MPA waziumualanlugy free form daiundudusi

[

AL EUSNIRTNSAR 30 ul A8nrsanmatsneasultuniuealunisanaznoulusaun

a1unsnanmalseanulans 3 61 wazleAuesidurundu 85% Julutuinduisnisndne

a

LazilUseAnSnnausaanaa1seenuInsaNiu HaN1IATINADUAIUYNADY LilUg1U8aTT

10727880 dnfilgaglunauaineausu Nauailianadnisinsiewn

#OARRDINUNITANYIDUY
% = 1 dl' = o a L2 % s 1 =
Wawndaudnieds awnsailuldlumaieneiseaveuasiumivelarivesengululasi

Tudn
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5.2 M3Anwdayaniepiin

AnwiUledgnatelndiuiu 20 selasuelulasiludnvlindarsindousiuiunilad

[

yauaznsailglauviuiiloUgndioasa lnedeyanisnddniivluiui 3 ndwlgnaiele

Y

D.

aa

drunnnilumarisuazlasulaanguianaiausneuinning usananiddin A1negnig

& 1 1 <

AATNFInuANURAUNATIIAIAILSUlaRRATAae AdinEeaLasliA1RInIUNG feidueiny

Y

AnunAndamulandanisugndieios 3 Tut UndgUielsalaaziinisadradmdonuwndle

Y

[y o

topas® dudindena1y lymphocyte Minawmdsanateiiiesnngurelaenagiauiuyi

Tigudinmsuusiveagadidadonviiietesiunsufaste

(%
|

AUaennsefimevhaurewiudulniiineusazndslgnaie daurinisinauvedls
n¥UgnanedRaunfvaandiofiiu A18ns1n13nsesasln (GFR MDRD thai) uftund
eudanate diu BUN ipsaearainsizlugig 3 Tuusnudinmsiindsliveademiont

INNSANYIVEY Sumethkul kazanz® wuiinislielulasilludnviadarsiadou
yuIn 1440 fadnudefulufiasugndielnvidlneg 1 MPA AUC 108 73.9 + 49.5
ugeh/ml LLazwummssﬁNLﬁmmﬂmﬂ%’aﬂuéﬂwﬁm MPA AUC 1nnn31 60 pigsh/ml Fuly

n1stieiluvuin 1080 unsiefulupulng Wemenazlesiunisufiaslauazanainis

83,84 =

9 a a a X 1% Y a I A Ay v W
YNELAYINBDI1ALNAYU FIFDAPABINUUTLNALOULOLTY LU IUNTUUINYT 1080 UNFHDTU

WWuLRe A 2 ¢

msfnwiinugine 5 efiien MPA AUC tioend 30 peeh/ml uag 1 Tu 5 seili
wumsUfiaslainmangaanaeddn A1 MPA AUC wesfihesiefiviidy 17.38 ugh/ml
LERTI1 MPA AUC 230 pgeh/ml thazuenlddsszansnmuecentl uasnu 2 s filen
MPA AUC 110071 60 pgeh/ml

fiadonansetafidmanondvaaumansilavidlien MPA AUC fidntdosnin 30
pgeh/ml Auanainn1snisufiastals egrausnAsanuunnisluseninssiayanags vivlvie
MPA AUC Cyriy G 81 inter-individual variability (%CV) 8l 27.3% s 77.0% #ufiuiy
muvLIRYeIeliae 1,080-1,800 dadndusetu nmsvheuveslaiidn (DGF) Turieusn

wain1sugnatefludnuilaanuafvinlilean MPA AUC ieandn 30 pgsh/ml lae $n13

srgarunuIlunquiiin DGF agiidn MPAAUC deeundnlunguninnsg



72

[

auveslanfvuralgnae® * uasisrenunudnitlunguiliin DGF 9ldnsin1siin

v A

msuaslaunnnitngunisvinuveslaftundslgnateiuiianl MPA exposure Tugae 3 Ju

uwsnieenitnguninisinnuvedladuu®’ FaenndesiunandnwiliewSeuieuiulungud

a | oaAa

A1 MPA AUC > 30 pgeh/ml funguisian MPA AUC < 30 pgeh/ml tSugu

q
AdreynTevglasunlulasilludngiudu tacrolimus waz prednisolone milauriu

N3y wavazsedlilasuendusivinliiAn drug interaction Wi 81aAnse, ciprofloxacin,
T . . < v ¢ [ v = & 1= A
amoxicillin, phenytoin, theophylline tUuAU MIULNUNAITAALYIVDINITANYT YNNGNI
N = (% a gj YY) a oA a g.J/ | [ 1% = [} 1 [
anemileuiu anviasyaudayiiunderunanseuuasvailaen Jslidmwansenusonisiu

Aunanauntushu
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5.3 ANSANEININLNEVIAUAIEASTVDI MPA wasiunualaing total wag free form

asuAnndvIauAansvas MPA wagwmualas lsainnisfinyiil

Parameter tMPA fMPA tMPAG fMPAG tACMPAG fACMPAG
AUCq_2, 37.06 0.475 691.55 193.590 4.53 0.300
(ugeh/mL) | (30634484) | (0397-0568) | (580.76-823.47) | (149.52-250.612) | (3.65-5.63) (0.216-0.418)
Crnin 1.23 (0.96- 0.014 42.88 11.045 0.15 0.009
(ug/mL) 1.57) (0.011-0.017) | (34.97-52.58) (8.229-14.824) (0.12-0.20) (0.006-0.013)
Crnax 8.13 0.112 73.83 21.206 0.73 0.053
(ng/mL) (551-11.99) | (0.074-0.170) | (63.44-85.93) | (16.811-26.750) | (0.55-0.98) (0.037-0.076)
1.65 1.619 2343 1.90 1612
tmax (M) 2.49 (2.07-3.00)
(1.30-2.11) (1.239-2.115) (2.042-2.688) (1.58-2.29) (1.162-2.236)

PNNNUITERsUnTinuTIBNUAMIGOd§raauAanstos MPA [Wunan fifies 3
5189UNANYY MPA wagiunuelasi total form Wusieauves Kaplan wagamug' Shah
wazAny® Uag Sobiak Wazamz® nUsemanavelsy lnedUlelasuenlulasilludnyiiag

[y % 1 v s

a1siAdeurun 1440 fadndusadusauduniladya laanndvaauansna AUCo o Con

Conax HATA tra WAASIUATISIIN 25-27 MAUAIOU ATTILATS AUCo10n Conin Croax tmax H10AT1
= & = g Yo ) v et A a o 1

nsfinwtlonaiiesunanvuianliaieiu Yssmawauglsuldenilluvuin 1440 Jadnfusie
v & oA A a5y .= ) 1y A ada

Tuduaasgu INANULANANIAIDYIH 138 21AN1THULUIMAUGNITUYRsBuNTAIY
WNeTesiunITUasULUa1® ! UGT enzyme tay drug transporter MRP-2, SLCO1B3 9
WNetee lWudu endieg ety NSANEII0Y Kuypers WagAnEnUIIN1StAnNISUUSIUNI
WUgNIIUVRLdU UGTLA9 (:2275T>A /-2152C>T) lugiUqeuanangla 13 genotype wuy
heterozygous polymorphism (TA/CT) #38 homozygous polymorphism (AA/TT) aziing
viliiA1 MPA AUC uag trough level anasasanils’ %30 Miura wagauz’® wuansiinnig
wUsHun1aiugNssuYesdu SLCO1B3 (T334G/G699A) lugUagugndiela genotype wuu
GG/AA LIUNT9LAA enterohepatic circulation U89 MPA LiaLiguiu wild-type (TT/GG)
wazfInudnIINITLUIHUYe9EU SLCO1B3 (T334G) 713l genotype WUU GG wag ABCC2 (C-
24T) genotype WUU TT &A1 oral clearance Y83 MPA ﬁaaﬂﬁﬂuﬂﬁjmﬁlﬂu wild-type Hu
fu Wassuiisulunaule@unieiuainn1sAnwuey Zhang wavauz® Tagauianeaiuy

1080 HaaNSUADITU NUINAMILNATIAUAIANSHAIUTINALABITY WAAIIUA15197 28

woNANTLN1TANYIVes Ding wazaAme®® Tie1vuin 1080 HadnTudeiu Sauduniladya
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willouiu 19A1 MPA exposure 38.2 Jadnsustaluy/dns dslnaifusiunsfinuniiile 37.06

feansustalue/ans  msfnwrdulugdnviany MPA uagtlumvuelayl  total form wag

MPA free form it Toyawmualas free form galifisneau duAnndvaaurmanives

g luTuanvdadlaisweasu (EC-MPS) Tuaulnadalume sty

A15199 25 ALNEBIAUAIERSIBY MPA Lag lwnuelant total form 09117 Hispanic 9

1Asuyn EC-MPS vu1a 1440 Tadnsumeiu 310519911909 Kaplan Lagaug

Parameter MPA MPAG AcMPAG
AUC, 1,1, (Hgeh/mL) 58.8 + 25.2 760.59 + 189.23 8.82 + 3.90
Crnin (Mg/mL) 1.96 + 0.98 39.68 + 13.43 0.34 + 0.19
Crnax (Hg/mL) 19.04 + 8.58 95.99 + 21.25 2.16 + 0.89
tmax (h)1
3.02 277 3.27
median

A151991 26 ALNFTIAUAIEANTUDY MPA Wag MPAG total form w8917 Hispanic N1lAsuen

EC-MPS 119 1440 Jadnsusaiu 91518974849 Shah hazae

Parameter MPA MPAG
AUC, 451, (ugeh/mL) 77.8 +53.1 869.2 + 388.8
Crnax (Mg/mL) 193 +17.2 109.4 + 49.2
trnax (R) 25+13 4.6 +3.1

mi'm'?i 27 ANLNETIAUAIEAASVDI MPA MPAG total form way

MPA free form (fMPA)

2999717 Polish Alasusn EC-MPS 919 1440 Jadnsusaiu 3105189149949 Sobiak Lasaue

Parameter MPA fMPA MPAG
AUCy 451, (ugeh/mL) 67.4 +30.6 0.487 £ 0.294 1,547.5 + 844.7
Crnin (Hg/mL) 42+ 3.0 0.030 + 0.025 1173 £ 78.2
Crnax (Mg/mL) 18.1 £ 7.5 0.174 + 0.107 163.8 + 76.8
trax (R) 20+ 06 20+ 1.0 34+1.6
%free fraction 0.90 £ 0.76 -
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A15199 28 LUSyUgUAILNAYIaUAIANTYDI MPA total form U89w1IUAUNISANEINN

1A5Ue1 EC-MPS vu1a 1080 fadnsumeiu 91n51891U989 wag Zhang LasAmy

Zhang waAnz® miﬁnmﬁ
Parameter
EC-MPS 1080 + TAC EC-MPS 1080 + TAC
AUC, 1,1, (Hgeh/mL) 37.14 + 20.62 37.06 (30.63-44.84)
Cinin (Mg/mL) 1.53 +1.00 1.23 (0.96-1.57)
Cirax (Mg/mL) 18.06 + 13.91 8.13(5.51-11.99)
tax () 1.89 + 1.65 1.65 (1.30-2.11)

nsfnwnssildmaudiaya % free faction LladBes MPA uasiumualasi  Sobiak
LazAME® LABTIBUAT % free faction Y8Y MPA 61 i1y 0.90 = 0.76 laanlndiAgsiy
nsAnwfifie 1.22 (1.16-1.29) @2 % free faction 194 ACMPAG 83laifin1smeeiu asu
aAuNsTURUNaIaunlUsAY MPAG > ACMPAG > MPA
5.4 msAnwanuduiusseninsiuildnsmiuarsdudunilganaivas MPA uas
wnualaviiie total uaz free form

= U U 1 ! dy Q‘I b [ ¥ ¥ -q! d' ] IS

nsfnwImIANduiusTEninunlansdvaNutuduniaganatiiiuendl 9
518991U drulvgAnwianiz MPA total form 111U 91ARENITANYITHIULINU 1A
coefficient of determination () A28 NUTTEN NN UALANTINAUAMUDUTUTIALIAN
| 1 £ 6 a0 1 1 o VY d":f ‘g = a
#1199 ApuT1991 TA108581319 0.1-0.7 FwudieNAned 20 T1eFuld unerlulasilud

a IS A Ql' ¥ 1 I U L% a 4 (% 1

nufindansiadeunlviunguie 1080-1440 unsetu wavdnavliaseindindgnatelaly
waaunndt 2 dlawitull msfinwdnlngjedlunauglsy™® & 4 srgundnuiluyiiy
22:6465 | GynfAi019 7 S1e9usnanslunisen 29 d@ulugazmanuduiusiagld linear

. a a v U 6 1 y . . . 18 !
regression & 1 $189uNMIAUFURUSIAlY Spearman’s correlation coefficient'® AN

AnuduiusnladiAneg 0.3-0.5
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sala i

MnwansAnwIASsnu anuduiusiignuesiiuildnsmiuenadudures MPA total
form Aafiaan 4 43lua (¥ = 0.50, P = 0.001) Sasasu@edi 2 4alus (¥ = 0.46, P = 0.001)
SowFsuiisuiunsAnudunud 2 s1esw Aldne 4 daluaviloutu ©55% =0.604 , P <
0.001 Wag 0.580 , P < 0.001) n1sAnw1duldganard 1,6, 8 uaz 9 Falus 1 ¥ 0gdl
Usganal 0.5 wenanid 1 918911 fmanuduiusvesiiuildnsmfuanududues
MPA free form léannuduiusil 1 dalus (2 = 0.856) daunanisinwiadell Idauduiug
184 MPA free form #laan 8 #alas (%= 0.41, P = 0.02) ArAnuduiusilives MPA free
form ynyafinuduiusiitiosnin MPA total form unn @1 oglugag 0.09-0.41 il
Wnzlurasneuulsusiuvesythoudagsy aufrnunususiwvesnsiuiulusiui
14 free form ldnAuduiusiitosnt total form uaseALUTUTINTRNTONIR ¥
Tinuganamiuduiusliaenndostusenuresiimd Sduiitsosdnuluusiaide

a d‘ ! o % U Y1 o e . .
e uwiuglunsiin1sshwiguae (precision medicine) kagn15anALLUTUTIU

'
a [ 1

Aaraafind viuenatadns Fadudedrinuasnisinuill uenandfsinanlineusuluses

sUnvvraeiiniuwuuresqUandase Aiduthidedndunilsnvilininanuudslsiu
NNTNTEAUE1Y0 MPA TugUlsudarsie (Lanslunianuind) Iauuaneis

' ) o a Y ) [V A < = '
senIndaIyanage suiialaanuatedade laud susvueniludainiou e1azaee
UanUdogoraluaderinlidnsinisgaduwlsusiuseninauanags §51891u Elbarbry waz
A Wudn pH lunszmize111s N151ARUAI04a1Ld 9111TRSUUTENIU T8
¢ PRI I3 . . ] |
ANNEINTavesloulesl esterase MuFsusIU mycophenolic acid maumazqmalm
Y | | = o A &g v I3 'Y = ' av Yo

wiiue19d Ao IANTUYREN Wasnane1sBunisnenaluladenis ensunlasu
A8 tacrolimus Uag prednisolone waruAesIuNlallugigudazseiniusieiuniy
11mInea d51891UNUIeN corticosteroid agvimtindu enzyme inducer ¥l MPA 1Ju
MPAG wiinTudNaliszau MPA anad® analuladeimvinliguieunssiesian MPA AUC Ll
ag/luYae 30-60 pgeh/ml AnwanuduRusAldvasunldns v T duves MPA

(% s (%

total form UIAMMUFUNUSTZAUUIUNATWALBUNITANBIDUANIUNT LRALNTIZAIY

q

{ o v ¢

wUsUTIUsENINUARaEY AetuNIIMIANNTUTTBanilag anaRduiusiuan MPA AUC
p1aliiiisaneiiazesuels 390191435 limit sampling strategy Tda@osgaLaaninuduiusH

~ [} v 6 o . . 1 A o w
nan (Cy) wagAudLUsTeIawm (C;) 31nN159 linear regression WU LHBUNAILUT



77

SEUf 4 (C,) waz 2 9219 (C,) INTINAUAIANMUEURUSHTY 2 = 0.63 (P-value = 0.0002)

£
v &

A a o = = = o = Y ' o =
LLazLﬂJ@LW@JWQLLU?@ﬂVUQ@@L?@Wﬂ@ FEAUVYIN 8 GU'ﬂlN (Cg) ATAINUANNUSAVUBDAN

Db

ar =
0.81 (P-value = 0.0000) tJugiy
msAnwadsddslidoyanuduiusvesiufildnsmsuanududuresamivelas
7131 total uag free form NUgALIANTAFURUSAUEY MPAG total form Aad 6 Halus (72
~0.97, P < 0.001) MPAG free form 8 4314 (2= 0.95, P < 0.001 ) 13197 MPAG il
AnudNusAtual AUC taan r? ifieu 1.0 o1 dumnsizauulsusiussnineyaAnaves
U381 glucuronidation 1Waesu MPA Ly MPAG Hlainnn toulesiiléfe uridine
diphosphate glucuronosyltransferase (UGT) wulalu diu a1ld wazln® * wazguaelalla
Fuen cyclosporine A fifnaduds MRP-2 18w efflux transporters SUNIU enterohepatic
recirculation U89 MPAG ** #3981 ciprofloxacin fiduds beta-glucuronidase SUNIUTEAU
MPAG®” dautamnuelash ACMPAG total form lemaudusiusi 4 4alus (%= 059, P <
0.001) ACMPAG free form 0.5 ala ( 2= 0.81, P < 0.001 ) egslsfmulinunsseau

ANMUAUNUSVRIE SNV laiviaanadil



AN5199 29 ANMUAUNUSVRINUNLANT WA UAMUTUTUY

78

M19ALIa9199) VeINSANYIDY

e @3 a . v o o
189U WU28/ 979U 81/ vUn - mmﬁnmwaaﬂgnmslﬂ ANUAUNUGHIYALIAN
AN
EC-MPS 990 C,
+ ¥ =030
de Winter wazmeug
0 CsA . P < 0.001
KT /109 MPA 197-7694 Ju
EC-MPS 990 G
(2009) 2
+ r°=0.46
TAC P < 0.001
G
EC-MPS 1440 5
Sommerer Uag r°=0.335
+
Aoz’ KT /66 MPA 14 Ju Ci,
CsA 5
(2009) ¥ =0.424
P < 0.001
Ca
EC-MPS 1440 :
Fructuoso uag r° = 0.604
+ P
Anz® KT /71 MPA 3 ifeouiiuly Cs
TAC :
(2012) r° = 0.600
P < 0.001
EC-MPS 1207 G
Pawinski uagang>’ o 5
KT /69,LT/6 + MPA 196 1hau ¥ = 0471
(2013)
TAC P < 0.001
Cs
“ EC-MPS 1440 = 0.543
Yao WAy .
KT /38 + MPA 7.6 T (o
(2015) 2
TAC ¥ = 0513
P < 0.001
o EC-MPS 1200 G
Jia WAl o . 5
KT /36 + MPA 2 duami r* = 0.580
(2017)
TAC P < 0.001
Total MPA Cg
EC-MPS 1440
Xu LY uayansz® living-related KT Total MPA . = 0.760
A 14 Ju
(2018) /15 Free MPA Free MPA C,
TAC 2
r’ = 0.856
nugLne - EC-MPS @ Enteric-coated mycophenolate sodium, CsA : cyclosporine A, TAC : tacrolimus, KT : kidney

transplant, MPA : mycophenolic acid tag Cx :

yaufinanlag




79

5.5 NM13ANEINIRAAA (cut-off point) AAMdudUVaY MPA fidrunsaituieladn MPA

exposure (AUC) = 30 pgeh/ml

Y v W

dleldqanafienuidududuiusisuan AUC iansnsnigananiuaaiada
AUty (cut-off point) AivMu"e MPA exposure (AUC) = 30 pgeh/mlle Taeld
receiver operating characteristic curve (ROC curve) Faeniigliaeiisneau daudn MPA
exposure (AUC) > 30 pgeh/ml lgannn1s@nwiues van Gelder wazaay iU Oellerich way

Atz © 10 Anwanng MPA total form wintu Wusiildsnsdswnldlunsldeniluniseddn

{ o v A

AIANFUNUSAUDI MPA total form Aa 4 Falus 583a911A0N 2 F3lus A1 ¥ =

0.50 way 0.46 ANUAIFU MIUNANNITIATIENA8 ROC (area under the ROC Curve) A1

'
=1

Nuildnsnaasiian 0.8 Fuld Armaulanazausinizasuinnindesas 80 a1nwa
AsAnwn wuiAiuiildlAs ROC curve vosian ¢ $alue way 2 $alug Wi 0.87 wax
0.83 waglagadn (cut-off point) anududuiivgn 4 $aluasiiu 2.05 pe/ml Fadlaruly
fupnusuzSevay 73 wavseray 100 auadrdu  fivan 2 Faluaiaiu 2.5 pe/ml 3

AnubiiuaudnmzSesas 87 uarsevas 80 aua1du  luneadtinnsaisiiendUae

al

PAIFUUTENIUDSINAAUILINUIZAULAZAEAINAUKUIBNINATT F9LEUDIIAALIAN

9 U 9

A A o U = Y
wnzadlunsianzidenieinsziveine 2 Talug

¥
= ¥

dusueniifanusaniulssdnsaannn  ewineniinulasaseasudiann
Jatdufienanudunngloild 100% wielliiilaenelaiian MPA AUC ffosndn 30 pgsh/ml
ﬁqﬁ?umf\;mﬁmmmﬁm%mm MPA fianansavhunes MPA AUC snaniwsewihiu 30
pgeh/ml Iuﬂﬂaaﬂqﬂmﬁlﬂwﬁ’ﬂmﬁ 2 Flumdedulsemuende = 3.90 pg/ml e
ANNINIESeBay 100 waraiauliiesay 67%

31N MPAG UamiA1Auduiusiaananuinnitansduy waslaigaan 6 way 8

Falus F90n9ldilu biomarker lagndauasideduliuinndt winatlazdesldngadin AUC
MPAG flow @edslaifisneau Jedeldanunsannyadniiuiueuld wenainenald estimate AUC

MPAG Taeld MPA AUC 1dunan



80

5.6 UBLAUDLUSININISANEIADILBUIAR

[
Y

ndeyannuduiusvatuniuelanngy total wag free from @11130ATILYIM

a [y 1 [

AHAAINULTUTUVDNLUNIUB LN A8 e Y Tad1inAsluliA191989 AUC 98911

9

volav unaiusald AUC estimate Ingldgadn MPA total form = 30 pgeh/ml 1Juwdn

LazAIINAGATaNIUataiaIndadiu AUC 71ls daugasingy free form A4 % free

fraction Tun1sAum Madazlarlneussunaminuy

drudediinluanuudsusiuivinbiaanuduiusues MPA ladgeannuu ndufiae

Y = A4 a o o A A o PRV
ADIANYILNDLNUITUIUDIAFUAT LW@HUSUN@WI@U@@IU

5.7 #3UNan15Y

' 1%
v saa

AnuduiusAnsenisituilinsmfuaududuves MPA total form figanian d
Falus se9a9unAed 2 alus wazldaananiduiusives MPA free form uazlmiuelay
total uag free form

f\mﬁ@mml,“ffwﬁu (cut-off point) Fv1une MPA exposure (AUC) > 30 pgeh/ml i
nan & Fluaindu 2.05 pe/ml ivan 2 Faluaviniu 3.9 pe/ml anansariluldlders 2 30
nan Tumanainnsianzidendihondeiutsznueinat 2 Filuahazsenzauuazazain

v Y = a a [y

AuRUI8UINNIY ASEauelends = 3.9 pg/ml wansfadisyansamlunisnagiAuiy



81

UTIUIUNTY

1. SAXENA R, KHAN F, MASOOD M, QURESHI Z, RATHORE M. Review on organ
transplantation: a social medical need. Journal of Critical Reviews. 2016;3(2):2016.

2. Muntean A, Lucan M. Immunosuppression in kidney transplantation. Clujul
Medical journal. 2013;86(3):177-80.

3. Cai J, Terasaki Pl. Induction immunosuppression improves long-term graft and
patient outcome in organ transplantation: an analysis of United Network for Organ
Sharing registry data. Transplantation journal. 2010;90(12):1511-5.

a. Zdanowicz MM. The pharmacology of immunosuppression. American journal of
pharmaceutical education. 2009;73(8):144.

5. Budde K, Glander P, Diekmann F, Waiser J, Fritsche L, Dragun D, et al. Review of
the immunosuppressant enteric-coated mycophenolate sodium. Expert Opinion on
Pharmacotherapy Journal. 2004;5(6):1333-45.

6. Kidney Disease: Improving Global Outcomes Transplant Work G. KDIGO clinical
practice guideline for the care of kidney transplant recipients. American Journal of
Transplantation. 2009;9 Suppl 3:51-155.

7. Pharmaceuticals N. Myfortic® Mycophenolic acid enteric-coated tablets 180 mg,
360 mg (as mycophenolate sodium) Novartis Standard 2018 [cited 2019 March 2].
Available from: https://www.ask.novartispharma.ca/download.htm?res=myfortic_scrip
_e.pdf&resTitleld=805.

8. Staatz CE, Tett SE. Clinical pharmacokinetics and pharmacodynamics of
mycophenolate in solid organ transplant recipients. Clinical Pharmacokinetics journal.
2007;46(1):13-58.

9. van Gelder T, Hilbrands LB, Vanrentershem Y, Weimar W, de Fijter JW, Squifflet
JP, et al. A randomized double-blind, multicenter plasma concentration controlled
study of the safety and efficacy of oral mycophenolate mofetil for the prevention of
acute rejection after kidney transplantation. Transplantation journal. 1999;68(2):261-6.
10. Oellerich M, Shipkova M, Schitz E, Wieland E, Weber L, Ténshoff B, et al.

Pharmacokinetic and Metabolic Investigations of Mycophenolic Acid in Pediatric Patients



82

After Renal Transplantation: Implications for Therapeutic Drug Monitoring. Therapeutic
drug monitoring. 2000;22(1):20-6.

11. Gabardi S, Tran JL, Clarkson MR. Enteric-coated mycophenolate sodium. Annals
of Pharmacotherapy journal. 2003;37(11):1685-93.

12. Nowak [, Shaw LM. Mycophenolic acid binding to human serum albumin:
characterization and relation to pharmacodynamics. Clinical chemistry journal.
1995;41(7):1011-7.

13. Bullingham RE, Nicholls AJ, Kamm BR. Clinical pharmacokinetics of
mycophenolate mofetil. Clinical Pharmacokinetics journal. 1998;34(6):429-55.

14. Kaplan B, Meier-Kriesche HU, Minnick P, Bastien MC, Sechaud R, Yeh CM, et al.
Randomized calcineurin inhibitor cross over study to measure the pharmacokinetics of
co-administered enteric-coated mycophenolate sodium. Clinical therapeutics journal.
2005;19(4):551-8.

15. Ettenger R, Bartosh S, Choi L, Zhu W, Niederberger W, Campestrini J, et al.
Pharmacokinetics of enteric-coated mycophenolate sodium in stable pediatric renal
transplant recipients. Pediatric Transplantation journal 2005;9(6):780-7.

16. Hummel M, Yonan N, Ross H, Miller LW, Sechaud R, Balez S, et al.
Pharmacokinetics and variability of mycophenolic acid from enteric-coated
mycophenolate sodium compared with mycophenolate mofetil in de novo heart
transplant recipients. Clinical transplantation journal. 2007;21(1):18-23.

17. Perry TW, Christians U, Trotter JF, Bendrick-Peart J. Pharmacokinetics of enteric-
coated mycophenolate sodium in stable liver transplant recipients. Clinical
Transplantation journal. 2007;21(3):413-6.

18. Patel CG, Richman K, Yang D, Yan B, Gohh RY, Akhlaghi F. Effect of diabetes
mellitus on mycophenolate sodium pharmacokinetics and inosine monophosphate
dehydrogenase activity in stable kidney transplant recipients. Therapeutic drug
monitoring journal. 2007;29(6):735-42.

19. Neumann |, Fuhrmann H, Kanzler M, Fang IF, Jaeger A, Graf H, et al
Pharmacokinetics of enteric-coated mycophenolate sodium: comparative study in
patients with autoimmune disease and renal allograft. Expert Opinion on

Pharmacotherapy journal. 2008;9(6):879-86.



83

20. Shah T, Tellez-Corrales E, Yang JW, Qazi Y, Wang J, Wilson J, et al. The
pharmacokinetics of enteric-coated mycophenolate sodium and its gastrointestinal side
effects in de novo renal transplant recipients of Hispanic ethnicity. Therapeutic drug
monitoring journal. 2011;33(1):45-9.

21. Huang HF, Yao X, Chen Y, Xie WQ, Shen-Tu JZ, Chen JH. Cyclosporine A and
tacrolimus combined with enteric-coated mycophenolate sodium influence the plasma
mycophenolic acid concentration - a randomised controlled trial in Chinese live related
donor kidney transplant recipients. Int J Clin Pract Suppl. 2014(181):4-9.

22. Yin H, Qiu K, Hu XP, Li XB, Wang W, Liu LH, et al. Lower dosing of enteric-coated
mycophenolate sodium (Myfortic) can achieve target mycophenolic acid exposure
rapidly in most Chinese renal transplant patients: a pilot study. Int J Clin Pract Suppl.
2014(181):31-7.

23. Sobiak J, Resztak M, Glyda M, Szczepaniak P, Chrzanowska M. Pharmacokinetics
of mycophenolate sodium co-administered with tacrolimus in the first year after renal
transplantation. European journal of drug metabolism and pharmacokinetics.
2016;41(4):331-8.

24. Zhang J, Jia M, Zuo L, Li N, Luo Y, Sun Z, et al. Nonlinear relationship between
enteric-coated mycophenolate sodium dose and mycophenolic acid exposure in Han
kidney transplantation recipients. Acta Pharmaceutica Sinica B journal. 2017;7(3):347-52.
25. Tedesco-Silva H, Bastien M-C, Choi L, Felipe C, Campestrini J, Picard F, et al,,
editors. Mycophenolic acid metabolite profile in renal transplant patients receiving
enteric-coated mycophenolate sodium or mycophenolate mofetil. Transplantation
proceedings journal; 2005: Elsevier.

26. de Jonge H, Naesens M, Kuypers DR. New insights into the pharmacokinetics and
pharmacodynamics of the calcineurin inhibitors and mycophenolic acid: possible
consequences for therapeutic drug monitoring in solid organ transplantation.
Therapeutic drug monitoring journal. 2009;31(4):416-35.

27. Inal  A. Immunology of liver transplantation. Experimental and Clinical
Transplantation Journal. 2014;12 Suppl 1:5-10.

28. Nankivell BJ, Alexander SI. Rejection of the kidney allograft. New England
Journal of Medicine. 2010;363(15):1451-62.



84

29. Pharmaceuticals N. Myfortic 180 mg gastro-resistant tablets - Summary of Pro
duct Characteristics (SmPC) [cited 2018 may 16]. Available from: https://www.medi
cines.org.uk/emc/product/5560/smpc.

30. Costa ALdO, Enéas PCR, Miranda TA, Mingoti SA, Soares CDV, Pianetti GA. In vitro
dissolution kinetic for mycophenolic acid derivatives tablets. Brazilian Journal of
Pharmaceutical Sciences. 2013;49(2):311-9.

31 Granger DK. Enteric-coated mycophenolate sodium: results of two pivotal global
multicenter trials. Transplantation Proceedings journal 2001;33(7-8):3241-4.

32. Lee WA, Gu L, Miksztal AR, Chu N, Leung K, Nelson PH. Bioavailability
improvement of mycophenolic acid through amino ester derivatization. Pharmaceutical
Research journal. 1990;7(2):161-6.

33. Natsumeda Y, Carr SF. Human type | and Il IMP dehydrogenases as drug targets.
Annals of the New York Academy of Sciences journal. 1993;696:88-93.

34. Allison AC, Eugui EM. Mycophenolate mofetil and its mechanisms of action.
Immunopharmacology journal. 2000;47(2-3):85-118.

35. Perez-Aytes A, Ledo A, Boso V, Carey JC, Castell M, Vento M.
Immunosuppressive drugs and pregnancy: Mycophenolate mofetil embryopathy.
NeoReviews journal 2010;11(10):e578-e89.

36. Bjarnason I. Enteric coating of mycophenolate sodium: a rational approach to
limit topical gastrointestinal lesions and extend the therapeutic index of
mycophenolate. Transplantation Proceedings journal. 2001;33(7-8):3238-40.

37. Arns W, Breuer S, Choudhury S, Taccard G, Lee J, Binder V, et al. Enteric-coated
mycophenolate sodium delivers bioequivalent MPA exposure compared with
mycophenolate mofetil. Clinical Transplantation journal. 2005;19(2):199-206.

38. Hesselink DA, van Hest RM, Mathot RA, Bonthuis F, Weimar W, de Bruin RW, et
al. Cyclosporine interacts with mycophenolic acid by inhibiting the multidrug resistance-
associated protein 2. American Journal of Transplantation. 2005;5(5):987-94.

39. Kuypers DR, Vanrenterghem Y, Squifflet JP, Mourad M, Abramowicz D, Oellerich
M, et al. Twelve-month evaluation of the clinical pharmacokinetics of total and free
mycophenolic acid and its glucuronide metabolites in renal allograft recipients on low

dose tacrolimus in combination with mycophenolate mofetil. Clinical transplantation



85

journal. 2003;25(5):609-22.

40. Elbarbry FA, Shoker AS. Therapeutic drug measurement of mycophenolic acid
derivatives in transplant patients. Clinical Biochemistry journal. 2007;40(11):752-64.

41. Davies NM, Grinyo J, Heading R, Maes B, Meier-Kriesche HU, Oellerich M.
Gastrointestinal side effects of mycophenolic acid in renal transplant patients: a
reappraisal. Nephrology, Dialysis, Transplantation journal 2007;22(9):2440-8.

42. Wieland E, Shipkova M, Schellhaas U, Schutz E, Niedmann PD, Armstrong VW, et
al. Induction of cytokine release by the acyl glucuronide of mycophenolic acid: a link
to side effects? Clinical Biochemistry journal. 2000;33(2):107-13.

43, Kobayashi M, Saitoh H, Kobayashi M, Tadano K, Takahashi Y, Hirano T.
Cyclosporin A, but Not Tacrolimus, Inhibits the Biliary Excretion of Mycophenolic Acid
Glucuronide Possibly Mediated by Multidrug Resistance-Associated Protein 2 in Rats.
Journal of Pharmacology and Experimental Therapeutics journal. 2004;309(3):1029-35.
a4, Hubner Gl, Eismann R, Sziegoleit W. Drug interaction between mycophenolate
mofetil and tacrolimus detectable within therapeutic mycophenolic acid monitoring in
renal transplant patients. Therapeutic drug monitoring journal. 1999;21(5):536-9.

45. Fkberg H, Tedesco-Silva H, Demirbas A, Vitko S, Nashan B, Girkan A, et al.
Reduced Exposure to Calcineurin Inhibitors in Renal Transplantation. New England
Journal of Medicine. 2007;357(25):2562-75.

ae. Yeung S, Tsang WK, Tong KL, Wong SH, Lee W, Tang HL, et al. Primary
immunosuppression with tacrolimus and low-dose mycophenolate mofetil in renal
transplant recipients. Transplantation Proceedings journal 2004;36(7):2084-6.

ar. Newbold N, Riley B, Hardinger K. A Review of enteric-coated Mycophenolate
sodium for Renal Transplant Immunosuppression. Journal of Clinical Medicine and
Therapeutics. 2009;1:CMT. S2218.

48. Tedesco-Silva H, Jr., Felipe CR, Slade A, Schmouder RL, Medina Pestana JO.
Chronopharmacokinetics of mycophenolic acid and its glucuronide and acyl
glucuronide metabolites in kidney transplant recipients converted from cyclosporine to
everolimus. Therapeutic drug monitoring. 2012;34(6):652-9.

49. Belliere J, Esposito L, Gandia P, Duffas JP, Sallusto F, Cardeau-Desangles |, et al.

Comparison of the exposure of mycophenolate mofetii and enteric-coated



86

mycophenolate sodium in recipients of kidney-pancreas transplantation. Ann
Transplant. 2014;19:76-81.

50. Tornatore KM, Meaney CJ, Wilding GE, Chang SS, Gundroo A, Cooper LM, et al.
Influence of sex and race on mycophenolic acid pharmacokinetics in stable African
American and Caucasian renal transplant recipients. Clinical pharmacokinetics.
2015;54(4):423-34.

51. Ranganathan D, Abdul-Aziz MH, John GT, McWhinney BC, Fassett RG, Healy H, et
al. Pharmacokinetics of enteric coated mycophenolate sodium in lupus nephritis
(POEMSLUN). Ther Drug Monit. 2019.

52. Romano P, Agena F, de Almeida Rezende Ebner P, Massakazu Sumita N, Kamada
Triboni AH, Ramos F, et al. Longitudinal Pharmacokinetics of Mycophenolic Acid in
Elderly Renal Transplant Recipients Compared to a Younger Control Group: Data from
the nEverOld Trial. European journal of drug metabolism and pharmacokinetics.
2019;44(2):189-99.

53. de Winter BC, van Gelder T, Sombogaard F, Shaw LM, van Hest RM, Mathot RA.
Pharmacokinetic role of protein binding of mycophenolic acid and its slucuronide
metabolite in renal transplant recipients. Journal of Pharmacokinetics and
Pharmacodynamics. 2009;36(6):541-64.

54. Weber LT, Shipkova M, Armstrong VW, Wagner N, Schutz E, Mehls O, et al. The
pharmacokinetic-pharmacodynamic relationship for total and free mycophenolic Acid
in pediatric renal transplant recipients: a report of the german study group on
mycophenolate mofetil therapy. Journal of the American Society of Nephrology : JASN.
2002;13(3):759-68.

55. Atcheson BA, Taylor PJ, Mudge DW, Johnson DW, Hawley CM, Campbell SB, et
al. Mycophenolic acid pharmacokinetics and related outcomes early after renal
transplant. British journal of clinical pharmacology. 2005;59(3):271-80.

56. Premaud A, Rousseau A, Le Meur Y, Lachatre G, Marquet P. Comparison of liquid
chromatography-tandem mass spectrometry with a commercial enzyme-multiplied
immunoassay for the determination of plasma MPA in renal transplant recipients and
consequences for therapeutic drug monitoring. Therapeutic drug monitoring journal.

2004;26(6):609-19.



87

57. de Winter B. Variability in the pharmacokinetics of mycophenolic acid:
Implications for therapeutic drug monitoring2010.

58. van Gelder T, Shaw LM. The rationale for and limitations of therapeutic drug
monitoring for mycophenolate mofetil in transplantation. Transplantation journal.
2005;80(2 Suppl):5244-53.

59. Pawinski T, Luszczynska P, Durlik M, Majchrzak J, Baczkowska T, Chrzanowska M,
et al. Development and validation of limited sampling strategies for the estimation of
mycophenolic acid area under the curve in adult kidney and liver transplant recipients
receiving concomitant enteric-coated mycophenolate sodium and tacrolimus.
Therapeutic drug monitoring journal. 2013;35(6):760-9.

60. de Winter BC, van Gelder T, Mathot RA, Glander P, Tedesco-Silva H, Hilbrands L,
et al. Limited sampling strategies drawn within 3 hours postdose poorly predict
mycophenolic acid area-under-the-curve after enteric-coated mycophenolate sodium.
Therapeutic drug monitoring journal. 2009;31(5):585-91.

61. Sommerer C, Muller=Krebs S, Schaier M, Glander P, Budde K, Schwenger V, et al.
Pharmacokinetic and pharmacodynamic analysis of enteric-coated mycophenolate
sodium: limited sampling strategies and clinical outcome in renal transplant patients.
British journal of clinical pharmacology. 2010;69(4):346-57.

62. Capone D, Tarantino G, Kadilli I, Polichetti G, Basile V, Federico S, et al
Evalutation of mycophenolic acid systemic exposure by limited sampling strategy in
kidney transplant recipients receiving enteric-coated mycophenolate sodium (EC-MPS)
and cyclosporine. Nephrology, Dialysis, Transplantation journal 2011;26(9):3019-25.

63. Sanchez Fructuoso Al, Perez-Flores I, Calvo N, Valero R, Matilla E, Ortega D, et
al. Limited-sampling strategy for mycophenolic acid in renal transplant recipients
reciving enteric-coated mycophenolate sodium and tacrolimus. Therapeutic drug
monitoring journal. 2012;34(3):298-305.

64. Yao X, Huang H, Wei C, Chen Y, Peng W, Xie W, et al. Limited Sampling Strategy
for Mycophenolic Acid in Chinese Kidney Transplant Recipients Receiving Enteric-
Coated Mycophenolate Sodium and Tacrolimus During the Early Posttransplantation

Phase. Therapeutic drug monitoring journal. 2015;37(4):516-23.



88

65. Jia'Y, Peng B, Li L, Wang J, Wang X, Qi G, et al. Estimation of Mycophenolic Acid
Area Under the Curve With Limited-Sampling Strategy in Chinese Renal Transplant
Recipients Receiving Enteric-Coated Mycophenolate Sodium. Clinical transplantation
journal. 2017;39(1):29.

66. Xu LY, Jiao Z, Liu FY, Qiu XY, Ji L, Zhang M. Pharmacokinetics Evaluation of
Mycophenolic Acid and Its Glucuronide Metabolite in Chinese Renal Transplant
Recipients Receiving Enteric-Coated Mycophenolate Sodium and Tacrolimus.
Therapeutic drug monitoring. 2018;40(5):572-80.

67. van Gelder T, Silva HT, de Fijter JW, Budde K, Kuypers D, Tyden G, et al.
Comparing mycophenolate mofetil regimens for de novo renal transplant recipients:
the fixed-dose concentration-controlled trial. Transplantation journal. 2008;86(8):1043-
51.

68. Kiberd BA, Lawen J, Fraser AD, Keough-Ryan T, Belitsky P. Early adequate
mycophenolic acid exposure is associated with less rejection in kidney transplantation.
American Journal of Transplantation. 2004;4(7):1079-83.

69. Ding C, Xue W, Tian P, Ding X, Pan X, Xiang H, et al. Which is more suitable for
kidney transplantation at the early post-transplantation phase in China - low dosing or
standard dosing of enteric-coated mycophenolate sodium? Int J Clin Pract Suppl.
2014(181):10-6.

70. Figurski MJ, Korecka M, Fields L, Waligorska T, Shaw LM. High-performance liquid
chromatography-mass = spectroscopy/mass spectroscopy method for simultaneous
quantification of total or free fraction of mycophenolic acid and its glucuronide
metabolites. Therapeutic drug monitoring journal. 2009;31(6):717-26.

71. Kawanishi M, Yano |, Yoshimura K, Yamamoto T, Hashi S, Masuda S, et al.
Sensitive and validated LC-MS/MS methods to evaluate mycophenolic acid
pharmacokinetics and pharmacodynamics in hematopoietic stem cell transplant
patients. Biomedical chromatography journal. 2015;29(9):1309-16.

72. Delavenne X, Juthier L, Pons B, Mariat C, Basset T. UPLC MS/MS method for
quantification of mycophenolic acid and metabolites in human plasma: Application to

pharmacokinetic study. Clinica Chimica Acta journal. 2011;412(1-2):59-65.



89

73. de Loor H, Naesens M, Verbeke K, Vanrenterghem Y, Kuypers DR. Stability of
mycophenolic acid and glucuronide metabolites in human plasma and the impact of
deproteinization methodology. Clinica Chimica Acta journal. 2008;389(1-2):87-92.

74. Jiao Z, Zhong JY, Zhang M, Shi XJ, Yu YQ, Lu WY. Total and free mycophenolic
acid and its 7 -O-glucuronide metabolite in Chinese adult renal transplant patients:
pharmacokinetics and application of limited sampling strategies. European journal of
clinical pharmacology. 2007;63(1):27-37.

75. (FDA) UFaDA. Guidance for industry: bioanalytical method validation. Center for
Drug Evaluation and Research, Center for Veterinary Medicine, US Department of Health
and Human Services, Rockville, MD, USA, 2018. [Internet]. [updated 2018 May]. 2018.

76. Hajian-Tilaki K. Receiver Operating Characteristic (ROC) Curve Analysis for
Medical Diagnostic Test Evaluation. Caspian journal of internal medicine. 2013;4(2):627-
35.

7. Youden WJ. Index for rating diagnostic tests. Cancer. 1950;3(1):32-5.

78. Klepacki J, Klawitter J, Bendrick-Peart J, Schniedewind B, Heischmann S, Shokati
T, et al. A high-throughput U-HPLC-MS/MS assay for the quantification of mycophenolic
acid and its major metabolites mycophenolic acid glucuronide and mycophenolic acid
acyl-glucuronide in human plasma and urine. Journal of chromatography B, Analytical
technologies in the biomedical and life sciences. 2012;883-884:113-9.

79. Elbarbry FA, Shoker AS. Liquid chromatographic determination of mycophenolic
acid and its metabolites in human kidney transplant plasma: pharmacokinetic
application. Journal of chromatography B, Analytical technologies in the biomedical
and life sciences. 2007;859(2):276-81.

80. Luszczynska P, Pawinski T, Kunicki PK, Sikorska K, Marszalek R. Free
mycophenolic acid determination in human plasma ultrafiltrate by a validated liquid
chromatography-tandem mass spectrometry method. Biomedical chromatography :
BMC. 2017;31(10).

81. Hamrahian SM, Falkner B. Hypertension in Chronic Kidney Disease. Advances in
experimental medicine and biology. 2017;956:307-25.

82. Babitt JL, Lin HY. Mechanisms of anemia in CKD. Journal of the American Society
of Nephrology : JASN. 2012;23(10):1631-4.



90

83. Sumethkul V, Na-Bangchang K, Kantachuvesiri S, Jirasiritham S. Standard dose
enteric-coated mycophenolate  sodium  (myfortic) delivers rapid therapeutic
mycophenolic acid exposure in kidney transplant recipients. Transplantation
Proceedings journal 2005;37(2):861-3.

84. Pithukpakorn M, Tiwawanwong T, Lalerd Y, Assawamakin A, Premasathian N,
Tasanarong A, et al. Mycophenolic acid AUC in Thai kidney transplant recipients
receiving low dose mycophenolate and its association with UGT2 B7 polymorphisms.
Pharmacogenomics and personalized medicine. 2014;7:379-85.

85. Shaw LM, Korecka M, Aradhye S, Grossman R, Bayer L, Innes C, et al
Mycophenolic acid area under the curve values in African American and Caucasian
renal transplant patients are comparable. Journal of clinical pharmacology.
2000;40(6):624-33.

86. Shaw LM, Mick R, Nowak I, Korecka M, Brayman KL. Pharmacokinetics of
mycophenolic acid in renal transplant patients with delayed graft function. Journal of
clinical pharmacology. 1998;38(3):268-75.

87. van Gelder T, Silva HT, de Fijter H, Budde K, Kuypers D, Mamelok RD, et al. How
delayed graft function impacts exposure to mycophenolic acid in patients after renal
transplantation. Therapeutic drug monitoring journal. 2011;33(2):155-64.

88. Fukuda T, Goebel J, Cox S, Maseck D, Zhang K, Sherbotie JR, et al. UGT1 A9,
UGT2 B7 , and MRP2 genotypes can predict mycophenolic acid pharmacokinetic
variability in pediatric kidney transplant recipients. Therapeutic drug monitoring.
2012;34(6):671-9.

89. Guo D, Pang L-F, Han Y, Yang H, Wang G, Tan Z-r, et al. Polymorphisms of
UGT1 A9 and UGT2B7 influence the pharmacokinetics of mycophenolic acid after a
single oral dose in healthy Chinese volunteers. European journal of clinical
pharmacology. 2013;69(4):843-9.

90. Bernard O, Guillemette C. The main role of UGT1A9 in the hepatic metabolism
of mycophenolic acid and the effects of naturally occurring variants. Drug metabolism
and disposition: the biological fate of chemicals. 2004;32(8):775-8.

91. Guo M, Wang ZJ, Yang HW, Meng L, Tan RY, Gu M, et al. Influence of genetic

polymorphisms on mycophenolic acid pharmacokinetics and patient outcomes in renal



91

transplantation. Curr Drug Metab. 2017.

92. Kuypers DR, Naesens M, Vermeire S, Vanrenterghem Y. The impact of uridine
diphosphate-glucuronosyltransferase 1 A9 (UGT1 A9 ) gene promoter region single-
nucleotide polymorphisms T-275A and C-2152T on early mycophenolic acid dose-
interval exposure in de novo renal allograft recipients. Clinical pharmacology and
therapeutics. 2005;78(4):351-61.

93. Miura M, Satoh S, Inoue K, Kagaya H, Saito M, Inoue T, et al. Influence of
SLCO1 B1, 1 B3, 2B1 and ABCC2 genetic polymorphisms on mycophenolic acid
pharmacokinetics in Japanese renal transplant recipients. European journal of clinical
pharmacology. 2007;63(12):1161-9.

94. Lam S, Partovi N, Ting LS, Ensom MH. Corticosteroid interactions with
cyclosporine, tacrolimus, mycophenolate, and sirolimus: fact or fiction? The Annals of
pharmacotherapy. 2008;42(7):1037-47.

95. Bowalgaha K, Miners JO. The glucuronidation of mycophenolic acid by human
liver, kidney and jejunum microsomes. British journal of clinical pharmacology.
2001;52(5):605-9.

96. Picard N, Ratanasavanh D, Préemaud A, Le Meur Y, Marquet P. Identification of
the UDP-glucuronosyltransferase isoforms involved in mycophenolic acid phase I
metabolism. Drug metabolism and disposition: the biological fate of chemicals.
2005;33(1):139-46.

97. Kodawara T, Masuda S, Yano Y, Matsubara K, Nakamura T, Masada M. Inhibitory
effect of ciprofloxacin on B—glucuronidase—mediated deconjugation of mycophenolic

acid glucuronide. Biopharmaceutics & drug disposition. 2014;35(5):275-83.



AWIANTAUAUIINY 1A Y
CHuLALoNGKORN UNIVERSITY

92



93

A1ANUIN 1
msm%aumsazawmmgw mycophenolic acid (MPA), mycophenolic acid
glucuronide (MPAG), acyl- mycophenolic acid glucuronide (AcMPAG) I @ 2
mycophenolic acid-d3 (MPA-d,) (standard solution)

a

msazmammgmﬁm’%wLLé”JLﬁUﬁqmmqu -20 DyALTALYE
1. NSAIENEITAZANENINTFIULNTY (Stock solution) Yas MPA
W38 Stock solution ves MPA fimnududu 1000 ug/ml Usunas 5 fadans lae
1 MPA vtin 5 Sadn3u win methanol aud3unnsasu 5 fiadanslu Volumetric flask a¢ls
MPA Fiaudiudu 1,000 pg/ml
2. MswsBNa1TazattInsgIududu (Stock solution) ¥a9 MPAG
415 MPAG 7ilduniin 10 Gadn¥u lu Eppendorf tube avanasdiae methanol
V311015 4 fiaddns 9218 MPAG flannandudu 2,500 pg/ml
3. MSMIENANTaTAIENIATFIULTNYY (Stock solution) Y89 AcCMPAG
415 ACMPAG 7ildunniin 5 fiadndu Tu Eppendorf tube avadae methanol
311015 2 fiadans 9218 AcMPAG fiansdudu 2,500 pg/ml
4. nMINsENEITaTAININIIUItNYY (Stock solution) ¥as MPA-d;
@15 MPA-d; filduantn 1 fiadn¥u Tu Eppendorf tube azanefae methanol
3w 1 Saddns azlé MPAd, fimmnadiudiu 1,000 pg/mt
5. NMSATHUAITATANNENTBI MPA, MPAG Uaz ACMPAG Lilaa¥1ansWu1nsgu
(standard curve) d1%5udnszau total form
WSHUATALANENINTFTIUNALVDI MPA, MPAG e ACMPAG total form lasin3eu
ansnsausananfuly Eppendorf tube TslaA13dutu MPA 0.5, 1, 2.5, 5, 10, 20, 40
pug/ml MPAG 5, 25, 50, 100, 200, 400, 600 pg/ml wag AcCMPAG 0.25, 0.5, 1, 2, 5, 15, 30
ug/ml antushansnanusanns 10 plivasunataundsuns 90 ul aldaududu
anvingvesansing 3 fadadl MPA aadudy 0.05, 0.1, 025, 0.5, 1, 2, 4 pg/ml , MPAG
AMUANTY 0.5, 2.5, 5, 10, 20, 40, 60 pg/ml Lag ACMPAG AL UNTUW 0.025, 0.05, 0.1,

0.2, 0.5, 1.5, 3 pg/ml



94

6. NI15LA3BUEAISAZAY mycophenolic acid-d3 (MPA-d,) wialdidu internal
standard d@1%13UN159A2AU total form
l9asagany 1000 pg/ml v03 MPA-d; 25 pl wazUsuusunsaae methanol Tils
5 ml 2gldansazvans MPAd, Aiflannududu 5 ug/ml MPA-d,
7. NISATBUAITALANBUDY MPA, MPAG WAz ACMPAG Lilaa¥19ns1Wu1As5 U
(standard curve) d193UIM32AU free form
WMIYUAITALANLUIATTIURNALYDY MPA, MPAG Uag ACMPAG free form lagin3ey
ansveanusawauiuly Eppendorf tube Tildmadadu MPA 0.1, 0.25, 0.5, 1, 1.5, 2.5, 5
pug/ml MPAG 1.25, 2.5, 5, 10, 25, 50, 100pg/ml kag AcMPAG 0.05, 0.1, 0.25, 0.5, 1, 1.5,
3 pg/ml MnTuEsHANUSHNS 10 ul nasluwanauUsunns 90 ul agldmnududu
anvieueaansiia 3 Wadedl MPA anandudu 0,01, 0,025, 0.05, 0.1, 0.15, 0.25, 0.5 pg/ml,
MPAG AL UNTY 0.125, 0.25, 0.5, 1, 2.5, 5, 10 pg/ml kag ACMPAG A0t N9 0.005,
0.01, 0.025, 0.05, 0.1, 0.15, 0.3 pg/ml
8. msm?ﬂumsazmﬂmmgmmaa mycophenolic acid-d3 (MPA-d5) Wialdidu
internal standard &%5u3nszAU free form
T9a1saza1e 1,000 pg/ml v09 MPA-d; 5 pl wazUsuusuinsaie methanol Tila

10 ml agldansazaty MPA-d; Aiflaudiudu 0.5 pe/ml MPA-d,
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