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## 5476221733 : MAJOR CLINICAL PHARMACY
KEYWORDS : VALPROIC ACID / POPULATION PHARMACOKINETICS / EPILEPSY / NONLINEAR
MIXED EFFECTS MODELING / NONMEM
WEENARAT SENAWIN: POPULATION PHARMACOKINETICS OF VALPROIC ACID IN
EPILEPTIC PATIENTS AT PRASAT NEUROLOGICAL INSTITUTE. ADVISOR : THITIMA

WATTANAVUITKUL, Ph.D., CO-ADVISOR : SOMCHAI TOWANABUT, M.D., 124 pp.

Background Valproic acid (VPA) is an antiepileptic drug with narrow therapeutic range. There is
significant interindividual variability in the pharmacokinetics of VPA. Identification of factors affecting VPA
pharmacokinetics would enable dose optimization.

Objectives To develop a population pharmacokinetic model of VPA, to estimate pharmacokinetic
parameters and to identify factors influencing VPA pharmacokinetic parameters in epileptic patients.

Methods Population pharmacokinetic analysis was performed using 215 clinically routine VPA
concentrations of 136 epileptic outpatients receiving oral VPA at Prasat Neurological Institute. The data were
analyzed using the nonlinear mixed effects modeling approach by NONMEM software. VPA pharmacokinetics was
best described by one compartment model with first order absorption and elimination. First-order conditional
estimation method with interaction (FOCEI) was used for parameter estimation. Interindividual variability and
residual variability were estimated using proportional model. Covariate models were built using stepwise forward
addition and stepwise backward elimination. Model validation was performed using the 1,000 bootstrap runs

Results The apparent oral clearance (CL/F) of VPA was 0.679 L/hr, apparent volume of distribution was
19.1 L. Significant covariates on CL/F were the daily dose of VPA (DOSE), co-administered phenytoin (PHT)
and body weight (BW) as shown in the following equation: CL/F (L/hr) = 0.585x[1+0.000362(DOSE-1,000)]x
[1+0.379(PHT)]x[1+0.00798(BW-61.9)]. The interindividual variability in CL/F was 16.46% and residual
variability was 28.05%. The estimates of all parameter were comparable to parameters from bootstrap analysis.
The 95% CI of all parameters were similar to the range obtained from the bootstrap approach

Conclusions: VPA pharmacokinetics from routine clinical data was best described by one compartment
model with first order absorption and elimination. The daily dose of VPA, co-administered phenytoin and body

weight were significantly covariates influencing CL/F of VPA.

Department : Pharmacy Practice Student’s Signature :

Field of Study : ____Clinical Pharmacy
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ALT Alanine aminotransferase

AST Aspartate aminotransferase

BMI Body mass index

BW Body weight

CBZ Carbamazepine

CI Confidence interval

CL/F Apparent oral clearance

Cov Covariate

CR Controlled-release

Ccv Coefficient of variation

CWRES Conditional weighted residuals error
CYP Cytochrome P450

dL Decilitre

F Bioavailability

FO First-order estimation method
FOCEI First-order conditional estimation method with interaction
g Gram

GABA Gamma aminobutyric acid

hr Hour

v Interindividual variability

IPRED Individual predicted concentration
Ka Absorption rate constant

kg Kilogram
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L Litre

mg Milligram

min Minute

MPE Mean prediction error

NONMEM Nonlinear mixed effects model
OFV Objective function value

PB Phenobarbital

PHT Phenytoin

PPC Posterior predictive check

PRED Population predicted concentration
RMSE Root mean square prediction error
RSE Relative standard error

RUV Residual unexplained variability
Scr Serum creatinine

SE Standard error

SIS Steven Johnson Syndrome

UGTs Uridine diphosphate glucuronosyltransferases
Vd/F Apparent volume of distribution
VPA Valproic acid

AoOFvV Difference of the objective function value
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Vanwaedu intermediate metabolizers 3.) % U A homozygous ( CYP2C19%2/*2 W 50
CYP2C19*2/*3 %38 CYP2C19%1/*2 4N CYP2C9*1/*3) ﬁéfﬂymm“ﬂu poor metabolizers
HAMIANEINUN anyazMaugnssuueaeu lad CYP 2C9 uaz CYP 2C19 ¥ila wild type
Tnalisasimsmsanvesialilsdnuedaiudunnnisia heterozygous 148% homozygous

0.0267%(3-genotype)

AU A9l CL/F (L/h) = 0.0951 x (1+e ) +0.0071AGE 1agm#ua genotype= 1

A g . A g A g
oty wild type, genotype=2 i ol heterozygous g genotype=3 U oty homozygous
9.7 MIMNUVBIAY

15AAY (liver disease) UNAADMTUUNUDATU TASRNIZIINTNTIUUNUDATUN

(J

(] v (38) « a a I A ask A Y . .
auunan jajﬂiaﬂll@cﬁﬂlﬂua']cﬂgﬂllll!ﬂ‘ﬂ@acb'llcﬂ UAIYNTE UIUNIT glucuronidation

%)68615 30-50 NITUIUNIT beta-oxidation 3J”Iﬂﬂ'j”l%}98§1$ 40 1aENILVIUNIT oxidation ’Su il

Y 19 (9,12,30) @ ES o v AAa a U 1w o w 119}
UYNNIvYNT 15-20 AIUUNMTINNUVOIAUNAAUNG 919 IHanBNTINITNIAYT 1A

v W 1 [ J @ a a {
ﬂ‘ﬂ‘ﬂﬂuﬁlx‘]vluflfﬂiﬁﬂ‘]&l1!,51ﬁ“]ﬁ]ﬁuFﬂﬁ'@li‘ﬂ3$“Iﬂﬂisll’ﬂQﬂWﬁaIﬂi@ﬂllﬂ%ﬂﬁﬁﬂ‘H1

Q

Tade1Re 1 UN1ITH 19 TIUUDIAVADOATINITAIIALITAIATI WUNITANYIUD

(39) A= (% o o o w (% a a @ % 4
Goto UaTAUY 1’1ﬁﬂ‘HWﬂ'ﬂllﬁllwu‘ﬁﬂl@ﬂﬂﬂﬁWﬂWﬁﬂW%ﬂﬂWﬂaIﬂiﬂﬂl!@%ﬂﬂUi%ﬂUl@uulﬁ]fll

]
IS

AST uazszauoulad ALT ludiheTsnandnangilu 172 510 @ himeiilsz ialsa lasady

g
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1 @ 4 [ o I Aa o
qri‘%’t) alcoholic liver disease Wﬁfﬂﬁﬁﬂ‘HTW‘U’N izﬂm@u"lcm ALT HaNMuduiusi@auInny
@ o w (3 a a 1 v o w 1 @ 4
i’]ﬁi”lfﬂiﬂ”li]ﬂEJ”I’JE]T']JiﬂﬂLLi’JGBﬂ’OEJNﬁUEJE‘T”IﬂilJu (r=0.40, p=0.006) musmmau”lﬁm AST

1 1 v o Jou o o w o a a
W‘U’Nhlﬂﬁﬂ’ﬂllﬁll‘W'H‘ﬁﬂﬂ@ﬁi1ﬂ1§ﬂ1%@1813ﬁ1ﬂ3@ﬂl!’t]clfﬂ (r=0.19, p=0.211)
v a Ly dJ
TN 2 wdveaumanidszing

[ 4 . . . I o
wasIaumanslszyng (population pharmacokinetics) Wumsadranudiiaeania
o s A o Y J a 4 (% Jd 1 o o w
AVIAUMTAT L‘W91!111ﬂ‘]ﬁJigll1'(1!?111/\]1313“9]9SVINLﬂﬁGIﬁ]auﬂ”Iﬁﬁi YU BOTINITNIINYN

YSuasmianszateer ansioasimsgaduerlunguilszrinadhvuie arnnuduuds

' ' A P 1 @ A (2426) & ) Y}
5$W31Quﬂﬂamﬂﬂﬂ1w1511]!@]95!!@3?’11?]311]Nut!ﬂﬁﬁnﬂﬁ“ﬁﬁ]@u ’JLﬂﬁAIxWGU@Haﬂ

o

7
. . X I a A o 2

11511053 NONMEM (nonlinear mixed effects model) @ u1iu T sunsunpuiiaunos niaunyy
a [ a 4 a [

1A NONMEM Project Group ¥¥13ne1dounavosiiio arunsiudaIn dseimaaniy

a (27) 9 ° [ 4 o =R K v A a Y

psm®” msadruuusiassmundveaumdasazaiilsnafidefawisoesuiela
v 1 1 %} o { 1 { v

(fixed effect) Ao T3ea19 9 vouhire 15U 01g et min o1 19590 an1azTsa Allnase
1 a 4 @ 4 o A 1 a Y A o

Anlwesmundraauman’ taziadei luawsooTuield (random effect) Ao AMAL

1 1 a J o J
11)35219191ARA (interindividual variability) ¥94A 1M1 1HMBIMIATYIAUMAATHAZ AN

AU 591N UNADY (residual variability) ™"

[
U

JundumMsauuudanslaglylilsunsyu NONMEM

[

v A g ° X v . 2
a. @319 base model GHQLTJUL!UU%”Iﬁ@QWHi”IU ﬂigﬂ@llﬂ']ﬂ 2 AIUAU

o Y] P
1.1 tuu1aeamuUndraaumans (Structural model)

I a o { a @ ) 1
L‘]Jumi’umwﬁmuuumamﬁaﬁ‘mElmmﬁuwuﬁizwawmmmﬁ’mﬁlmmwﬂu
A o 9 o o 4 & 9y
AN ULIAN IﬂEmzGlGIfLL‘U‘U‘1]Ttﬂ’E'J\‘Wl'I\HﬂﬁslelJQUﬁ'lﬂﬂﬁL!U‘UﬁU\?WfN (one compartment model)
HUUADIN D (two compartment model) eI RER K (three compartment model) Y1
1 a 4 [ c{d’a 0 ¥ ] [ o w 2
nagoy ﬂ1W13111W’]f’]31/]1\1Lﬂﬁ%ﬁ]ﬂuﬁ1ﬁﬁ§ﬂ?[ﬂi1gﬁqﬂ LU DATINITINIVAYI ']J51”§§]5ﬂ15

3291001 AAINOATINTAAFNET tdaalugilues fixed-effect parameters 1130 THETA (0)
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1.2 HUUHIA0IMIADA (Statistical model) "

3 a J o @ { T a
Lﬂ'Hﬂ13’)Lﬂ51$ﬁﬁ1llﬂﬂ%1aﬂiﬂ'ﬂhNul!ﬂiﬁuliJﬁnﬂiﬂf]‘ﬁ‘iﬂElul@gf (random effect)

sznoude

o CY ! . . .. . g <
!,mmnammmwuuﬂﬁzmnuﬂﬂa (interindividual variability model) Wunsm

o 1 % 1 1 a I'4 [ 14
LLUU‘ﬂ1a@\1L!a$ﬂ1ﬂ’NNWullﬂﬁﬁ%‘ﬁﬂ%‘]uﬂﬂﬁﬂl@ﬂﬂWWWﬁWﬂJLﬁf)iﬂ%‘llﬂﬁ“ﬁ‘ﬂﬁuﬁWﬁﬁi Iﬂﬂcl“lgf}
Y
HUVTI1a0UHATN AD additive model, proportional model 1i8& exponential model U1 NAT DU
1 % ' ' a J @ @ i
f’ﬂﬂ’ﬂllWullﬂii%ﬁﬂWﬂuﬂﬂa‘UfNﬂTWWiHJWIfJﬁ uﬁ@ﬂugﬂmm ETA (n) muﬁﬂﬂum@mq

A Y v o v v 1 dy
gunsn e ansinImIne (clearance: CL) m@mllﬂu

Additive error model: CL,=TVCL+TM
Proportional error model: CL,=TVCLx(1+ 1)

Exponential error model: CL, = TVCL x expT]

o CL, A9 individual clearance
TVCL f® typical value clearance (average value)

N A9 interindividual variability

o % 4 . . e I a 4
u,mJmammmwuuﬂsmnmmgﬁu (residual variability model) Wumsunsizv

WinuusiaesasMANuRUlsiaIndwigdL venienaNUALLTIZHINYANE
Fa1lsznovdie anuruulinieluyana (intraindividual variability) A2WAANAIAYDINS TA
izﬁjﬂﬁlﬂmaﬂﬂ (drug concentration measurement error) uazmmﬁﬂwmmm‘hjmwmmzm

YDA UI1A04 (model misspecification errors)

lH¥uyus1a09d0 additive model, proportional model, exponential model 14 @ &

combined (additive-proportional) model ¥1NATD U AANUA UL TIINE 1N 7 U (residual

(27,40,41) &

Y
variability) 11e/@411431)v89 EPSILON (€) aueraaluaumsee il
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Additive model: C

obs.ii ~ Coreaii T &

Proportional model: C Corai X 1+ €)

Eij
X eXp

obs,ij

Exponential model: C C

obs, ij = pred ij

Additive-proportional model: C C +&

obs,ij ~ predij + Cpred ijsl ij 2

e C A9 individual predicted concentration Gll’f)mi)ﬂ’lilﬂuﬁ i A J

pred ij

A . 9 A, A .
C_.. . fADB observed concentration Gll’ﬂmﬂflilﬂuifl 1 NI j

obs, ij

€ 0 residual variability (ANMUANITEHIN individual predicted L

ij
observed concentration)

b. @314 Covariate model” "’

3 &

I 9 ° o o 1 . ' ° Y =
Lﬂumsasmm‘umamTﬂﬂmﬂ%i}a@m 9] (covariates) 15 LWF 97Y UIMUN FINWA

1 1 a 4 o s A U 1 @ a J
mmwwimmaimﬂmawaumammuLeﬁﬁ’q base model IﬂEJLL@]ﬁ%ﬂi]‘ﬂﬂ‘ﬂ%QﬂﬁLﬂinﬁﬁ’w

[T

Y
HUVIADIAN i @IﬁJﬁﬂ‘]eJﬂ!%Gll@\isng}nylﬁ i

Categorical covariates 1% e NM3gU1YHT (gu/laigu)

£l U

Additive covariate model: CL= 91 + 92 cov
Fractional change covariate model: =~ CL = 91 X (1+92 x COV)

Exponential covariate model: CL= 91 X €Xp (92 COV)

1iio O, Ao typical value parameter 1iio#1) 207117990, 0,70 A1flasunllasves

. . . A g = o A . .
individual parameter ma@ﬂaﬂuﬂm}ﬂ 1oy COV Ao categorical covariate

1 Y 1w
Continuous covariates [FH 81¢ UIHUN YUIALINDIU

Linear covariate model: CL= 91 + 92 (COV-Ccov

median)

0
Power covariate model: CL= 91 x (COV/COV ?

median)

Exponential covariate model: CL = 61 X exp [92 x (COV- COV

median)
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1l 91 fo typical value parameter 1 individual covariate 11101 median, Gzﬁa A
1Waeuudasues individual parameter 10 covariate 1/asu'lil 1 ‘Vi‘li?&l, COV A9 continuous

covariate iy COV ﬁ@ A1 median VY04 continuous covariate

median

M3a514 covariate model 921433 stepwise forward addition L01& stepwise backward

[

Y
elimination A1

ad . .. <3| A @ Y o 9
1. 95 stepwise forward addition Wunisimudedenseas ﬂi]ilflﬁl]”lq base model
4 [ v U a 1
Lﬂﬂl“ﬂﬂﬁﬂmaﬂﬂﬁ%‘ﬂﬂﬂﬂﬂaTJ NAITUINNNITAAAIVDIAN objective function value (OFV) UD

covariate model 1138 V1R8NV base model Tas1¥ad A chi square #1A1 OFV anadod1atiny

9
v A o (%

3.84 dontavsiuiiieddnnedda () =3.84; p<0.05, df=1) 3zgnsamdguuuiaeetfady

9

aan

u 7 azgnihmmaaeuse wnseata linuidasofififode YNNADADN VLHFENUUUIIA

Y
SIS v v

o agmﬁaamwm“lm‘fumuﬁ’h full model

v

fivsznoudretesuiiil

o w

2 . .. . < v
2. 7% stepwise backward elimination 1 Un15719AY99800n 910 full model N L

o & A A X ' A, v & ° Y aa
1 ﬂﬁ]ﬁ]ﬂ FINVTITUINNITINUUVUUBIAT OFV Lll@u’]ﬂﬁ]ﬂﬂuu@@ﬂﬂ1ﬂlluu%1a@ﬂjﬂ81ﬂfﬁﬂﬁ

9
v A o [

] Y
chi-square 81811 OFV 1Au11nn 1 6.64 Dontlaseriuiiiedanniedda () =6.64; p<0.01,

Y

v 9
df=1) Javeaanarnvzdinseglunuusiass uasia1 OFV 1inauies 6.64 aderiuvzgn

v @

MiavenNuUUTIand Jadedu 9 szgnimaden aunsena linuladeidl

A o v

PELERENIEN

aan

aoaen “l]‘“hlﬂll‘iJ‘iJ“lﬂﬁ@\iﬁﬂﬂTilliﬁlﬂ’ﬂ final model

c. Yszdunuudians” ™ Warsanan

3.1 msilasundasuesn objective function value
a 4 % o 1 % o J
3.2 M5AATIZHNIINANNTUNUT (graphical analysis) %1 NFINANUTNNUTF
FETNIN population predicted concentration (PRED) AU observed concentration N1

[ o 4 1 o
ANUANUNUDTIZHIN individual predicted concentration IPRED) N1 observed concentration
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o @ 4 ' [
AITNATUNWUDITE NI conditional weighted residual (CWRES) N U population predicted
. I Y
concentration 11 UAY
1 ° 1 A 4 o A o
33 ﬂ’NllL‘Viiﬂ%ﬁiJLlﬁ$ﬂ’JUJLIJJ‘HEHGU’E'NﬂWWTD'111L@I@ﬁ‘l’]%‘llﬂﬁ“ﬁmuﬁ1ﬁ@liﬁﬂ1u1El

Tannuuusians

4. naaauUMUUIIa09 "

o <3| ! o o
ﬂ”li‘ﬂﬂﬁ’ﬂﬂLL‘]_I‘]_Iﬁ]”lﬂi’]\uﬂuﬂ”liTlﬂﬁ’f)‘]Jﬂ'J”l‘JJE]ﬂ@gl)@\ul,ﬂﬂllluEJWJ@QLL‘LI‘LH]”I@E’N‘VHQ

Y
=< asy o a A

[ A L]
Lﬂﬁ“ﬁ%auﬁm@li‘ﬁﬁ%ﬁwu ANAgoULUUIR0IUNYY 2 75 Ao

41 msnagounelu (internal validation) 15U 25 posterior predictive check (PPC)
. Sy 3
7% data splitting %5 bootstrap 3% cross-validation 1)Uy

<
42 MINAFDUNIYUDN (external validation) LﬂuﬂWi%ﬂﬁﬂUﬂ’JTNQﬂﬁjﬂﬂﬂJ@Q

A9 9 Y

o 9 v A A 1 ] U o = v
upvusiaes lagldnquilszannsoun bilsdszvnsnquinldassuuusians Sonngquilszanns

4
Umn independent data set

v Y (Y] (v d

\J d‘ a d‘d‘ U a a Pl
aIun 3 M E’J‘VI!ﬂEJ'J‘lIE’Nﬂﬂ!ﬂﬁ“lii)ﬁuﬂ1ﬁ'ﬂ51]53“]51ﬂislli’)ﬂfﬂ’Jﬁiﬂiﬂﬂ!!ﬂ“ﬂﬂﬁluﬂﬂﬁﬂiiﬂ

anyn

o J @ a a
5]1ﬂﬂ15‘1/]‘].|‘1/]'J‘L!’Jiiﬂlﬂiill‘w1Jfﬂiﬁﬂ}nmﬁ‘]ﬁlﬁﬂﬁ”lﬁ@]iﬂi%ﬂﬂﬂi%@\i aTﬂiaﬂua«m

a 9

1 1 1 o I {
Tungulszansana q 5291 19952012 Hsrwau 15 msdne WumsAnvrindnszddoya

o I < -
#deT1l51n5 NONMEM 31121 13 msansuilumsanu lulszsingdn 4 msanu @

(41822 | e BT 12 ¥ia0e

[} - I [l
Uszainsdlng 3 msAnu ™ dszannstnuazdlug 6 msany
4 I3 a o f [ 14
Tsunswdu wou 2 msanu ™ Tuadsellldsausrumsanyuadreaumans
1 Y
Uszinsvesialdsonuedalunquididszainsgivng Isnaudnery 15 Jayuld S1uau
= AAa < Y Y o ~ =\ =\
9 MIANEININTIZHTeyan 18 T151NTI NONMEM aanaasluaisian 4 uazlisiwaziden

[

N

=le
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[ 4 @ a a
113 1995 Yukawa nazame"” IdAnyundrvaumeanilszmnsvosialisdnueda
1 a3 1 g {1 o ' a J
TudihuanuazdIng Tsaandnlulszmagiusuou 250 510 539019 0.3-32.6 7 Aas1zn
9 v Ao A A . o [ A
may,ammzﬂu&lﬂuqﬁuﬂmazﬂm (steady—state concentration) Tﬂmmmmzﬂmﬂma@ﬂ
waeandieiilszniue 2-6 52 Tue 1y 474 20619 file1d5ve17aTli)sdnueda

< %} o ?,‘, =\ a =) =< 1 v Aa 1 1 W
gﬂlL‘U‘UEﬂLNﬂL!ﬁ%EﬂHW AL 2-3 AT INGIFUARYI HANMTANEINDI UIVGNUHAADAIDAT

Y

M3A19A8N (apparent oral clearance, CL/F) laun 11miin (BW) vinaenialdsdnuedaneiu

a a 1 4 3 o
(DOSE) tagind (GEN) Tag CL/F mm'saTﬂsammwﬁlzaﬂam‘uullmﬂm%’umuﬁaumuﬂ

A X 2

dy [~ F)) A [ a a 1 Y] A dsl Aa A
IWUUU uazrwmmu,m‘u”laJLﬂumumqmamum&maiﬂﬁaﬂuwﬂﬂmummu INAYYIY CL/F

[

Y
ﬁ'aamuw%w%’aaaz 11 autaad lunyusiaoeaail

-0.276 0.142

CL/F (ml/kg/hr) = 18.9 x BW xDOSE"~ x GEN
o 1w Y a 1w Y a
MuUA GEN (mnu 1 ouilunase ag GEN (M1 0.887 ﬂ”ILﬂuLW?fWiyﬂ

puutiaesaNuAuLlssnINyanatazA AUl TN U T U8R 0
1UUT1889%HA proportional model IA1ANUALLITTZHINYAnE nUSeoaz 13.4 (95% CI:

8.3-17.1) wazgamanudunlsnnaungdumnuiesas 18.6 (95% CI: 16.3-20.6)

[ @ I'4 [ a
aou1uil 1997 Yukawa azamez"” ladnyundraaumansdszyinsveaialilson

a A a a (% an [ % A [ (% a a Y d' U
uammwaﬂizmuwammmsmﬂaumﬂimmmEnﬂmmauﬂmaTﬂiaﬂua«miu@ﬂawnmﬂu

9
(% = (%

<3 Y A g Y] 1 = A g’;
nalwanuazd vty Tsnandn 400 518 ¥39919 0.3-54.8 1 UszAve l@eANIiNA

g

@ ] Y Yo o a a < Y o ¥ ~ a A
792 ADYN Z\!']J”JEJllﬂTl_lfJaI']J'i@ﬂ!,!,ﬂglfﬂgﬂL!UUEJTL?J@LLQ%EJTH1 IUAL 2-3 AT INSIBUALAYD

A Yo 1 o v o A A J A = Jda = 1 v Aa
m@”lmmauﬂmmu%ﬂauﬂa ﬂ1i‘1J11J1%1J1!LLﬁ$V‘IIM‘1J1§‘1J“VI1ﬁ NaMISANEINYI Uodenil

P4

namne CL/F laun winiln (BW,kg) vuiae1ialdsdnuedane iy (DOSE, mgkg/day)
WA (GEN) M3 185 ue1a13 umnaiu (CBz) nazms lasueni Tuwiitnia (PB) s2udaelae

a A [ a a 9 1 9 Yo A A
INAN N CL/F vo97a ldsoniesalaanIunasIg5esas 10.2 uazma"lmuﬂiumiuma

v

1 Y =~ Y o w o a a A d%’ F [ o
syualeiinalneonsinsmane1vesdia lusontesanuuuiooas 10 aaaasluiyudians

=

(I

N

e



25

-0.252 0.183

CL/F (ml/kg/hr) = 15.6 x BW**x DOSE"'™ x 0.898°"" xPB x CBZ

o A g A g a

MHUA GEN = 0 (ot unaA%18, GEN = 1 ol uiman
PB = 1.10 10 1850809 Tuansinia, PB = 1 o 1 1d5ueni Tuaniinia
CBZ = 0.769DOSE(mg/kg/day)”” il 1#5venm3umnatlu

4 [ o I'4
cBZ = 1 o li'ld5venas il

nuuTiaesnnuAunlssenIyanauazaNuALLlsMINE U UET V1oAY
LUUT1809%1iA proportional model HA1AMUAUIITsEHINYAnaInUSooaz 14.1 (95% CI:

10.9-16.8) tazAAURULLTMINTIMADUIIMINUS P8R 18.4 (95% CI: 16.8-19.9)

2 (18) 1 =8 @ o o A A
UDNVINU Yukawa LASAUS llﬂﬁﬂ‘]el”Ilﬂﬁ‘]ﬁ]ﬁi&ﬁ”lﬁ@]iﬂi%%WﬂﬁJﬂﬂ’JaIﬂi’ﬂﬂu@gﬁﬂ
d’ a a % an 1 = o U a a
LW’EJ“IJ5$tlJuWﬁ‘ll’éNﬂﬁlﬂﬂ@uﬁiﬂiElﬁ%ﬁ?NIﬂﬁuWGmLWiJ (clonazepam) ﬂﬂﬂaiﬂiﬂﬂu@qﬁﬂ Glu
9 v A Z I 1o ] A a s Y
drheTsnaudnyngiuisludnuazdlua) $10u91 286 518 519919 0.3-32.6 T s 1zvdoya
v Ao A A . [ Y [
mﬂimmﬂuqﬁwmazﬂw (steady—state concentration) IﬂEllﬁ]w*ri‘mmﬂ@ﬂﬁﬂiuﬂizﬂﬁim
o ° o 1 Y Yo Y a a S ¥ A
2-6 GH’JTEN 1UIU 523 AIDY Qgﬂ’m"lﬂsuanaTﬂsammwgﬂuuuamm IUAL 2-3 ATI LN
a = A Yo 1 o = =2 1 o Aa 1 @ a
Gvumﬂmma"lﬂsmmﬂuiﬂammmu NaNISANEINUI Jadeninane CL/F ElJi’N’mIﬂiﬂﬂ
a 9 1 ?:} @ [ a a 1 [ Yo = 1
UDYA Vlﬂllﬂ UIMUN (BW) ﬂluWﬂﬂW’JﬁIﬂifJﬂl!fJ%ﬂﬂ@’Ju (DOSE) ﬂﬁulﬂﬁ‘UTﬂGHFﬁuWMﬁQN
Y o a a 1 3 9
A28 (CZP) UagItne (GEN)I@]EJ CL/F GIJE’N’J@Tﬂiﬂﬂl!ﬂ%ﬂ%%ﬂﬂﬂ\ul‘ﬂﬂlliJLﬂ‘L!LﬁLl@]iQ
A ¥ o A X L 2 ) A Y a a1 o A X
LUDUIHNUNINUUY !,La$!,WNGUHLL‘U‘U%JL“lJ‘L!Lﬁu@iitllf)ﬂl‘hﬂﬂﬁﬂ’mIﬂi@ﬂl!@%ﬂ@lﬂﬂumh‘uu N7

=\

Yo = 1 Y = Y [ a a 9 a
"lﬂsuiﬂamcmwmmmauNa“lw CL/F vouialUsonuegaanasiovas 17.9 LUASINAN YN

[

Y
CL/F EUEN’JﬁTﬂi@ﬂll@“ﬁﬂﬁ}ﬂﬁlﬂ’ﬂmﬁ‘]ﬂﬂ%@Elag 10.4 LAV VTIADIAI

-0.264 0.159

CL/F (ml/kg/hr) = 17.2 x BW **x DOSE"'”'x 0.821“"x 0.896""

o d' Yo = d' ] Yo =
Mvua Czp = 1 tie'1dsuTnauduny  czp = 0 e lu'ldsuTaauduny

A g A A g
GEN = 1 o umevaq GEN = 0 toiilumase
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puutiaesaNuAuLlssEnINyanatazA ALY TN U T U8R 0
1UUT1A0IFA proportional model TA1ANNAULITTZHINYARAIINDY0BRY 14 (95% CI:

9.2-17.5) wagamanuiuulsnnaumadumnuiesas 19 (95% CI: 16.8-20.0)

o [ 4

Blanco-Serrano tazans " 1dad1suvusiaoundrvaauaaasdszyinsvos
] a Aa < @ 1 Y o
Talisenueda Taanudoyauuvdounasningiielsaandnlulsemadusiuiu 208 510
] S a < Y o A ~ ~ o ] Y Yo
$2901g 14-95 1 Tias1zideyaninszavelwdoananiizai 534 aa0g19 4ile'la5ve
@ a a < A o 9 %’ @ ?x‘a a 1 Y
Talisenuedagluunlanaovazatslud Iduazenii Tuaz 2-3 59 Tuvinaduedieios

° @ J a . .
1dou lduyusiasanmuadssaumanisia one compartment model with first order

v =2

. A . ° e ! { N
absorption and elimination) muuamdsunsnsnszaeeazanei G]ﬁﬂ”li?;]ﬂ“b’llfl”ltﬂu

0.2 an3a9n 1ansy uag 1.2 @o%2 19 MUAIAY HAMSANKINDI AURABYDIBATINITAIIALN

9

AU 0.653 ansnos2Tue tadenimane CL/F laun 11wiin (BW) vuaeialdsdnuosa

1 [

@931 (DOSE) M3 1d5uenamsuunailu (CBz), iinesl (PHT) uazi Iuuniinia (PB) 71

[

Y
fe ldaunsaail

0.304

CL/F (L/h) = 0.004 x BW x DOSE " x 1.363 CBZ x 1.541 PHT x 1.397 PB

o A Yo 4 as A " Yo 4 as
Myiua CBZ = 1 1o 1a5ue1as iy CBZ =0 130 1185 ue1a13 vy
PHT = 1 ijo la5ueunfinossl PHT = 0 110 11 1a5ueufinessl
4 Y] =Y 4 1 ] A
PB = 1 o ldsuenil Tuunitnia PB= 0 110 11 1a5ue Tuusinia

v

HAvYDINITINADUATNIE1UDIEINUTNOUN LA TUID IO T WUI1N1T 1AS Ve
4 a 4 A 1 1 ] a a
A3 Fu tines! vaziTuuisinia (PB) 37ud2e aamalit CL/F veaialidsonuosa

1 Y
muvudesas 36.3, 54.1 1ag 39.7 ANEIAL

puutiaeslinnnuAuLYIsSEHINYARamINUS poag 23.39 (95% CI: 4.04-42.7)

93 U18RULUVTIA09%IUA proportional model tazAIANUAULITIINGUNADUNINY 11.36

1 A

AANSUADANT (95% CI: 1.1-21.5) D3UUAIULLTIADIVIA additive model 1HDNATDUAIL

f=9)]

Y

gndeazuiudwesnuuiaeludirengunadeon 30 :10 WuIMUUTIR0diAIAINEAA
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mean prediction error (MPE) 101 3.63 (95% CI: -2.10 a4 9.36) HAZAIANNULUET root mean

square prediction error (RMSE) 9111 15.52 (95% CI: 10.43 a4 18.10)

] I'4 [ a a a
Park tazaaz”” 1danuundysaumansiszainsveserialisonuodariiaiania
A o & 9 9 Y Y ad Y o o Y
vaoardoad nudoyauunlldrenihnndihesanmandriiosnelulsawerniadie
Y] g’z o ] a 4 [ z':
PINMIFNATILTN TIUIU 102 510 $2901g 16-81 T Ans1zvidoyaninszavergeganazmga
A kS o ' o A A v q ¥ A o
ludoaniua 354 dred1elasszaue lueagagaaziaiziaearad Iioimanasadons
. ~ @ A o A A v A
111 loading 10-60 W1 Hazszav lu@oAMIgAIZIIZI0A 60 1A nou I aoAIR0A
o . = 1 o [ =% < Ly
@111 maintenance HAMIANKINLI LUUT@DUATBIaUMAAS VRN ULV UYTaY 09
[ d‘d 1 [ o w =Y A %’ [y Y %’ [y
YateniinanednsimsmianazlTnasmsnszaiseine Wimiin Bw) ludilenimin
60 A lan5y YAOAITINITAMIALURDANIND 0.849 AaATADYI 1N Laz1/TUIATNITNTZI0EN

v

1 Y
MASMINY 15.1 AT LAAWVUIIADIAIT

0.702

CL (L/hr) 0.849 x (BW/60)

0.702

Vd (L)

15.1 x (BW/60)

] Y
HUUTIa09ANNAULTTZHINYAAANAZANUALIITDINTIHADUVEINIOATING
MIAeazdTIATNITNTLBE18T LAV UII1A0I¥HA exponential model HAIANNEHY
uilsszniyanadimsusasimsmiaemazlimainmsnizneeumnuiosas 31.78 uaz

22.67 MUAIAY tazmANNALIsINA UMD UIMIN LS pERY 26.7

o 4 Y a A

EL Desoky tazaae lIdfnuundwsaumansdszannsvessnialisdnueda Tae
a3 9 9 @ Aa oA ° Y1 o ¥ < ] aa 4
nudeyauvufoundininmsifinnuilses ludihelsnausnnuanuazglvganidoild
o A = ' = Y =) [ [ :; A
$1u9u 81 519 o1gnae 20 1 (29 3-58 1) dilrelinisiaszaverdigaluaninzaei

2

51082 1 A210619 Taamziaszaun luasanoulasuniona 11U diheldsueriallsonueda

< o 3 o Y A ° o
slnvulamaevazateludrlduazeniviuaz 2 ase 1935 first-order d M5 u 52012
1 a 4 [ d o 1 [ Y a 1 A [ [
MW imesMundraumans Mruaal vd iminy 0.22 ansaen lansu HaMIAAEINUN

o o I o I : (% o w % [
LLUU%1ﬁ@\1ﬂ1\1lﬂﬁ“ﬁ%auﬁ1ﬁﬂﬁﬁaﬂ]&lﬂ!glﬂullﬂﬂﬁﬁ\iﬁ}@\i 03 1MIMIAG WU THUATINUANY
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WUTUVD 98T AIDATINITAIIABURALNINY 0.581 anTaod2 Tua Tasenlinanedns1n1snda
1 [} a a 1 [} Y] 4
o1 1810 01 (AGE) yu1aenialisdnuedaneJu (DOSE, mg/day) M3 lasuennsuinailu

[

52U (CBZ) 1z M3AIUANINIEN (INDI) dauuuTIanInall
CL/F (L/h) =0.105 + 0.151CBZ +0.000248DOSE + 0.0968(AGE/20) + 0.0803INDI

o [ 4 [ o 4
Muua CBZ = 1 mldsueasumndilu CBZ =0 81 hi'1d5uenasunanailu

INDI = 1 Sgtheaiuaueimsdnluld INDI = 0 ddihenruquernisdn1d

[ 4 1 @ a a A 3 a
M3 1dsueas vunatluiiudleiinald CL/F veaialisonuoBaiuuu 0.151 ans

Y
d’a’d o

1 ] 9y ] a a A dy Y ~ Y
Ao% 119 81gN Wuvuaz v CL/F voedalusonuaganuay LLagﬁﬂ’Jﬁlﬂﬂ’JUﬂNﬂ1ﬂ1ﬁsﬁﬂ

Tuldnmald cL/F vetaTisdnuaFamuay 0.0803 anina 1ua

HUDTI80IANNAULLTTENI19YANADT UIBA8LUTIA0F A proportional model

A

Hanudulsszreyanaminuiesay 23.6 tuuTIaesd S UANALLLTINA MR Y
U1 eunUT1a09%TiA additive model TMANAUNTMINAIMABWINITY 5.24 TadnTu
wodns ienageunnugndeuazuiudwesuuiiaesludihendunade 20 :1 nuh
WUIIUVUT1a09UAIAIIUDAA mean prediction error (MPE) LN 1A U 6.91 (95% CI:
-3.678 D4 17.5) HAZAIANUUUET root mean square prediction error (RMSE) N 24.97

(95% CI: 24.41 D4 25.53)

. . Q2n Yy Y= o J o a a <
Vucicevic tazamz” Iddnyundrvaumansiszannsvesnialilsonueda Taonuy
[ 1 Y 4 { o
Foyauvvdoundeningdilie Isaaudnlulszmaaoiie 01gmas 34.3211.06 T $119m 129
Aa d Y o A o ' [ [ A ' Yo i‘
710 ITZHdeyanInzave luden 200 10819 Tasmziaszaue ludeanoulasueiie
@ U Y @ a a < a o @ g a v
a1l dihe'lasuerialdsonuedagluuulandouddn Juaz 1-3 59 Tuvuiaeuanodis
9 o Jq 9 o (3 J A &y = =< [ o w
wos 2 dlat lsunusiassmandysaumaniytianiiared Un13gasueazonsINIsman
o [ Yy 9 ' a s Y an ..
g1 IAUATINUANWTUTUYB8T YTZUIUAINITININDTAYIT first-order conditional
estimation method with interaction (FOCEI) mnuafA1 Vd 11101 0.14 ansaon lansu tazan

Y

Ka 1101 0.67 @932 Tud Han1sanyInul Jadenlinanosnsinianianet laun 1iviin
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(BW) vuiae1ialissnusdanuinnii 1,000 iaansuaedu (DOSE) uazni1s l1dsven

v

Y
TNATUUNIINAE (TPR) HAAUUUTIA0 9993

0.556 DOSE

CL/F (L/hr) = 0.517 x BW/70)"°" x 1.43"%°" x 0.765""%

fMrua DOSE = 1 e ldenaTilsdnuedavuiauinnii 1,000 Jaansuaeiu
d' 9 [ a a 9 1 A 1w Aa Aa o 1 [
DOSE = 0 {8 'ldenTa Tl s8auedavinaiissninvs omify 1,000 Jaansuaa i
d‘ Yo a
TPR = 1 ilo Ja5ven Tnfisuun

TPR = 0 310 1 1d5uen Tnisuum

1 % =) = 1 901 %4 a Q 1] %) =) L} Q'J

A1 CL/F vodia Tsonuedalugileninmin 70 Alaniu miny 0.578 dasaoa Tug

[ a a 1 a Aa o 1 [ = Y [ a a A dg!
viaedallsonusdaninnii 1,000 Haansuaeu Iwalyt CL/F veadalisdnusdaminay
$ovaz 43 luvaznmsldsve Innsuunituale Uwald CL/F veadalilsdnuedaanad

$ouaz 23.5

puuTIaesd M uAUAULLTTE NIy ANAD T U1BA81IUTIADIW A exponential
model HiAANuAuNssEnINyAnaInuSeeaz 31.9 uuusiassdmSuaNuAUNTIN
mma{]ﬁua%maﬁ'ammuﬁmawﬁﬂ combined (additive-proportional) model 1AgA1AIMUAY
memmmgﬁuﬁm%’u proportional model t41& additive model N1 ¥ 08AT 23.8 AL

13.2 HaanTuADANT ANAIAY

o 4 [ a

113) 2009 Jiang nazamz"” ladavundvraumeanidszsinsveserdallsdn
a 4 a [ @ 4
noFa 1MeUszITuNa U0 AN YULNIINUFNTTY (genotype) YD 1D U T3] CYP 2C9 1Ay
Y o = o a Jd Y [ A
cyp2c19 TudiagTsaaudnyniu $1uau 177 510 Insizidoyaszaver ludoaninnis
a oA o (91}/ (3 ] !91’1 1o &’ Y = A

UfiiRnuilseimanua 319 Aedn Tasszeznaduasulszmueiegatiedaaiinme

@ o 1 ] ] 9 Yo o Aa A A o ~ A A
1A52AV10gIENI1 0-26 T 1ne Aihelasuiallsonuedariasulsemuiisssiiabod

dnvagmaiugnssuveueulsl CYP 209 uay CYP2c19 uiuilu 3 iszian Ao 1) ¥iia

wild type (CYP2C19*1/*1 SAUNY CYP2CO*1ADTUanH M Y 1 extensive metabolizers

2.) % Ua heterozygous (CYP2C19*1/*2 N30 CYP2C19%*1/*3) Honuae L‘?] U intermediate
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metabolizers 3.) ¥ homozygous (CYP2C19%2/*2 130 CYP2C19%2/%*3 %30 CYP2C19%1/%2

3IUNY CYP2C9*1/*3) Nanyaziily poor metabolizers

NANTANEINDUI BATINTAIASUNINY 0.391 anIaad Tud U311asnsnszaleen

1 W a [ 1

AL 182 83 HAZAIANNENIINIQATUIIINND 9.34 A% Tud Tadeiilinanednsinis
o w ' (% @ 4

Mine 1aun 019 (AGE) nazanbaiznawugnssuveey l4if CYP 2C9 uaz CYP 2C19 Tag
[ @ J a
aNUULNIIWUFNITUVDIEU l9] CYP 2C9 ag CYP 2C19 1A wild type Hiwa1¥ CL/F

3 a a z:' dzj 1 a o w 3 d’d

9970 1150NUoFANLUUNINN TR heterozygous [11¥ homozygous ATNAAY SIDRTATIVIAL
1 ¥ 1 3 1y o Aa v A o = Y 1
ao1f5inasmanszatee laun whmiin BW) nazilideniinaseninaidasimsgadue laun

v

g Y
engilunuoengniiv (SR) Tdaunsail

0.0267x (3-genotype)

CL/F (L/h) =0.0951 x (1+e ) +0.0071 AGE

0.0133x BW

VAd/F (L) =6.54x¢

2.76x (1-SR)

Ka(hr') =0424xe

o A g . A g A
NMHUA genotype= 1 oty wild type, genotype= 2 SYRISIY heterozygous, genotype= 3 11D

i1 homozygous, SR =1 il uengiuuy SR, SR = 0 dieflunziuuudu

BUUT100IANUALNYTIZHINYANABT UIAIBNDUTIA0FUA logarithm additive
model imanuiuusszniyanadmiusasinmaiisam P3masmsnszne uazmaci
8AIIMIAATNET NN S0082 29.3, 71.9 1A 36.7 AWEIAY LUVTIA0IANNAULLTIIN
AU IR IBUUTIa09YTiA additive model TimANuALIUTTINAUHADUITY 103

UaansuAoans

o o J o a a
Jankovic tazamz ™ Tdadrsumunsasundwraumanidszansvesiallsonuoda
9
Tudile 2 nguilszannsueniu fe AheTsaausnotgaua 15-65 1 $1uau 58 510 waziile
o < 3‘; 1 = o d A Y Y v
Tsaaugnmanergasua 1-14 3 $1uau 60 510 Tudszimmaesidie d1lae1d5uen
1] a a A o < A a d %’ [ ?1, a
Jalisgnuesariasulszmuginvuianasudauuazeni Juag 1-3 53 luvwaguaw

3 ' 9 o 7 a < Y o A A ~
Lﬂunmammaa 2 ﬁﬂ?’ﬂﬁ 3&?]515??5[]@3&1.'61‘ﬂWﬂiZﬂUﬂfLulaﬂﬂﬂﬂT}ﬁﬂ\‘l‘ﬂ (steady-state
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. 1 13 (% @ o A ' Y tg (% Y o
concentration) Iagdulnailumsiaszavndigaludeanoulieriona ll duundians

‘VINlﬂ?7“]55]@Ll?ﬂﬁ@]g‘ﬂﬁﬂﬁﬁﬂﬁlﬂﬂiuﬂﬁﬁ%}”ﬁlmﬂﬁ”la’EN

1 o o w 3 Y a T O k
WaﬂWiﬁﬂ‘HWW‘U’N @ﬁﬁ']ﬂ'lﬁﬂ']‘ﬂﬂﬂ'IGlUﬂﬁzslﬂﬂilﬂﬂwnﬂﬂ 0.211 aﬁi@]@“ﬁjiuqcﬁﬂﬁj@ﬂ

1 EY ld’d 1 1 [ a 1 o [ d’d 1 v o w
ﬂ31ﬂ§$%1ﬂiﬁ‘ﬂ‘ﬁiy‘ﬂllﬂ”ll‘ﬂ1ﬂ‘ﬂ 0.520 ansnotl lug Teveninaneonsinisnivaelly

[

3 A ¥ @ Yo J A A 1w o W
Uszmngan A WD (BW) uazmi"lmumimm%ﬂu (CBZ2) 199N UNAADDATINITAIA

9 @

1 H o @ a ]
o1 ludszansglng Ao Wimiinga (BW) uaznis 1a5uWl Tuisinia (PB) saudae 1

v

Y
HUUIIADIAIT

19in: CL/F (L/hr) = 0.137 + (0.00258 x BW) + (0.159 x CBZ)
Alvg: CL/F (L/hr) = 0.0712 + (0.00502 x BW) + (0.539 x PB)

Mg CBZ=1 1o lasuenasunnatu CBZ =0 1o lu'ld5uenamiuunailu
PB =1 1woeldasueIuniima PB =0 wolulasuenluwiima

[ a a A dsl d’ g v W Y A dsl g‘/
Tag CL/F voaTa lilsdnuedasziuyioriminarvesdiemuyunaluilszsns
< 1 o o < o 14 J
wonazd Ive dmsviszannsdn msldsuemsuundiusiudieiinald cLF  ves
o a a A 2 a v 3 ] o I a
FalusBnueBaiudu 0.159 dasaot Tus wazludszannsdlug mslasvedl Tusima

1 Y = 9y [ a a A dsl a 1 ]
571A18 KA 14 CL/F ¥997a 11/sDnuadanuay 0.539 ansaed 14

i1 Y
uuuﬁi’wammmwuuﬂﬁzmwuﬂﬂauaxmmwuuﬂﬁmﬂmmgﬁummmiu

1 <] a o A .
Uszansd Inguazszannsdinesuieniennui1aowiia exponential model Taoluilszyns

=

Alvgiin

U

wnuAulssznInyanaminuiesay 20.25 wazaAinnuAuLlTIINA DU
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< 2
g‘ﬂlmﬂ: YUNALASYIU
YUIAYT: 16.5 T 6.0 mg/kg/day
(Wl 2.4-46.8 mg/kg/day)

v v
ANWD: 2-3 ATV

Yuneia lseneganeaTu*
m3unEur

Winsinax

Statistical model
IIV: proportional model

RUV: proportional model

. . o HaNsANE
a MIANHN e fadeninuningzv
dsznnsuazvianilasy e o _— Base model
@ + JadninivaAymaeda) - —
HUUT1A04 ANIINN0T
Yukawa " szmns: ‘111’3@1!1!: 250919 01g Structural model CL/F: 10.4 ml/kg/hr
(1995) szavue luidon: 474 A0619 Nt N/A
v 4
21mae: 10.115.6 % (Wi 0.3-32.6 1)) N
vueeia lilsenuodanoius Statistical model
gﬂamu: gufiauazeni IIV: proportional model
YUIAYT: 15.89 T 5.38 mg/kg/day RUV: proportional model
(Wdy 5.2-90.0 mg/kg/day)
' 9
A21WD: 2-3 ATV
Yukawa szmns: ‘111’3@1!1! 400 519 01g Structural model CL/F: 11.0 ml/kg/hr
nazan"” seavonlu@on: 792 Med1e e N/A
4 o m - ?
(1997) p1mae: 11.51) (Wde 0.3-54.8 7)) inin*




d‘ = [ 4 1% a a EA %
13190 4 fnﬁﬁﬂ‘HHﬂﬁcﬁiﬂﬁuﬁﬁ’f@]ﬁﬂi%“mﬂiell@\?ElTJﬁI‘lJﬁ@ﬂl!ﬂcﬁﬂﬁluﬁﬂﬁﬂiﬁﬂﬁﬂcﬁﬂ

suu: sufiamdouazanelud &
wazenh

VUIAY: 17.2 mg/kg/day

(Wl 5.03-50.0 mg/kg/day)

] v
ANWD: 2-3 ATV

A3V INT U
a da
Wluwsdonax

wliineeni*

(ADVAN 2, TRANS 2)

Statistical model
IIV: proportional model

RUV: additive model

. . e HAMSANYN
d MIANY e Mateimnansig
dsznnsuazuunnildsy e oo _— Base model
@ + Tavenivisdvynaada) - : — Covariate model
GILALEN AN NNDT
Yukawa szans: 31T U286 510 - 01y Structural model CL/F: 10.3 mlkg/hr | CL/F (ml/kg/hr) = 17.2 x BW "%
wazaaz"” seavunlu@on: 523 da9e19 - e N/A DOSE"'"x 0.8217"x 0.896""
(2003) 919: 0.3-32.6 1 - dmiin*
- yupe1ia lUsonueTaneTu* Statistical model IIV: proportional model 14%
- o laauFun* IIV: proportional model RUV: proportional model 19%
RUV: proportional model
Blanco- sgang: w1aenlu 208 518 - 01 Structural model CL/F: 0.653 L/hr CLF (L/h) = 0.004 x BW x
Serrano seauenluhen: 534 419814 - INE one compartment model Vd: 0.2 L/kg (fixed) DOSE"*™ x 1.363 CBZ x 1.541 PHT
4 o A - y
uazaug"” o1mae: 27.3 1 (Wb 14-95 7)) - Wdmins with first-order absorption | Ka: 1.2 /hr (fixed) x 1.397 PB
(1999) - yuae1ia lUsBnuodanodu* | and elimination

IIV: proportional model 23.4%

RUV: additive model 11.4 mg/L

%3
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139N 4 ﬂTiﬁﬂ‘HWLﬂﬁ‘BﬂauﬁWﬁﬁiﬂﬁz“mﬂiﬂl@\?'JaIﬂﬁ@ﬂl!@“ﬁﬂiuﬂﬂﬁﬂiﬁﬂﬁﬂ“ﬁﬂ

s sufiandovazanslud &
wazemh

YUY 790 mg/day

(Wdfy 200-1,750 mg/day)

1 4
ANUD: 2 ATIIU

yaeialdsenuedaneu*
14 ==y
AMFUNTTU*
o ad 1 o
VM UNF uae

MIAIVANDINITFN*

and no absorption
Statistical model
IIV: proportional model

RUV: additive model

an ! a [4
BUsznummsines

first-order estimation

method (FO)

. . e HAMSANYN
d MIANHI e Jaseniunanse
dsznnsuazumani sy odae oo - Base model
@ + Tavenivisdvynaada) - : — Covariate model
LUV ANWITULADT
Park sz9n3: 91N WA 102 510 01y Structural model N/A CL (L/hr) = 0.849x(BW/60)" "
uazauz™” seavenludon: 354 A8 el one compartment model Vd (L) = 15.1x (BW/60)"""
(2002) 1gnaY: 45.4519.2 1) Wmiin* (ADVAN 1, TRANS 2)
(Wds 16-81 1) Auga 1IV: 31.78% for CL
ArtinIany (BMI) Statistical model 22.67% for Vd
gUuu: edenanasaidond viagrialilsanuedasne iy 11V: exponential model RUV: 26.7%
YUIAYL: 17.8 T 3.8 mg/day RUV: exponential model
(W 5.5-33.3 mg/day)
EL Desoky Uszan3: 3119914 81 110 01g* Structural model CL/F: 0.581 L/hr CL/F (L/h)=0.105 +0.151 CBZ
wazaae'’ szavenludon: 81 fdeena NG one compartment model Vd: 11.5L (fixed) | +0.000248 DOSE+ 0.0968 (AGE/20)
(2004) 21mae: 20 1 (Wdo 3-58 1) Wmiin with first-order elimination +0.0803 INDI

IIV: proportional model 23.6%

RUV: additive model 5.24 mg/L

143



d‘ = [ 4 1% a a EA Y]
13190 4 fn3ﬁﬂ‘kﬂlﬂﬁﬂf{ﬂﬁuﬁ1ﬁ@13'1J5$‘]ﬂﬂiell@\nﬁﬂﬂ3@ﬂl!ﬂcﬁﬂﬁlu@ﬂﬁﬂiﬁﬂﬁﬂcﬁﬂ

< A Al LA
gﬂsm‘u: EJ'ILiJﬂLﬂﬁfJUWﬁiJﬂﬂﬂi]V]‘ﬁLuu
YUY 1,108F412 mg/day

v v
AND: 1-3 AT

vmaeialdsenuedana it
VIAGIASVINT A TY

=) da 1 o
vae i Tuusfua aetu
qUIYHI

an

anlunsau
wuTo laozaihy

Tnfsuun*

and elimination

(ADVAN 2, TRANS 2)

Statistical model
IIV: exponential model
RUV: combined (additive-

proportional) model

Flszanamnniees

first-order conditional
estimation method with

interaction (FOCEI)

. . e HAMSANYN
a ECHIT . Jadeninnansend
Usznnsuazvinaeilasy e oo _— Base model
ah (+ Tadeniisdvynaada) - : — Covariate model
IR CRE AMIINND5

Vucicevic Uszanng: meside 129 11 01y Structural model CL/F: 0.578 L/hr CL/F (L/hr) = 0.517 x (BW/70)"""

nazamz®’ seavenluden: 200 Modha N one compartment model Vd: 0.14 L/kg (fixed) | x 1437 % 0.765™

(2009) ’mqmaﬂ: 343%11.69 wniin* with first-order absorption Ka: 0.67 /hr (fixed)

IIV: exponential model 31.9%
RUV: proportional model 23.8%

additive model 13.2 mg/L
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139N 4 ﬂTiﬁﬂ‘HWLﬂﬁ‘BﬂauﬁWﬁﬂiﬂﬁﬁ“mﬂiGU@\?'JaIﬂﬁ@ﬂl!@“ﬁﬂiuﬂﬂ’wiﬁﬂﬁﬂcﬁﬂ

. . e HAMIANY
d M3ANY Ao ossimiwninszd
Uszmnsuazvuinni lasy e o Base model
@ah (+ Tavgnnisdnameadn) - : — Covariate model
BIITAGEN AW A3

Jankovic Uszannaidn: y1usesiile 58 510 91y Structural model CL/F: 0211 Lihr CL/F (L/hr) = 0.137 + (0.00258 x

uazauz™ seavnludon: 65 A8 el one compartment model BW) + (0.159 x CBZ)

(2010) 01gma8:7.2113.63 1 (Wv 1-14 1) Wmiin* without absorption

vueeialilsdnuedane iy (ADVAN 1) IIV: exponential model 19.8%
unuy: sufaeengniiiiuazenh GARTRIREIIT RUV: exponential model 23.22%
NAB: 596.921269.28 mg/day alunsau Statistical model
(We®e 200-1,250 mg/day) Winwansdnax I1V: exponential model
ﬂ’nué; 1-3 ﬂé’q/ﬂ'u RUV: exponential mode
Uszansd lnaj: wesiilo 60 510 214 Structural model CL/F: 0.52 L/hr CL/F(L/hr) = 0.0712 + (0.00502 x
seaualuifon: 63 da9814 LN one compartment model BW) +(0.539 x PB)
mﬂméﬂ:33.97il6.4l 1l 1§1ﬂﬁﬂ* without absorption

a

(Wdo 15-65 1))

L4 B
gﬂsm‘u: auﬁﬂaaﬂqmmmmzmm
YUY 1053.971326.77 mg/day
(Wds 500-2,000 mg/day)

' 4
AUD: 1-3 ATI/IU

ywneialdsonuesana i
I'4 ad

ERATRENRCHILY,

alunsau

Wlwnsinmax

(ADVAN 1)

Statistical model
IIV: exponential model

RUV: exponential model

IIV: exponential model 20.25%

RUV: exponential model 20.78%
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13190 4 fn3ﬁﬂ‘kﬂlﬂﬁﬂffﬂﬁuﬁ1ﬁ@]ﬁﬂig‘]ﬂﬂiﬂl@\nﬁiﬂ'ﬁ@ﬂl!ﬂcﬁﬂﬁluﬁﬂﬁﬂiﬁﬂﬁﬂcﬁﬂ

YUIAYT: 14.88 mg/kg/day
(Wd® 3.64-36 mg/kg/day)

ANYUTNIHUFNTTY (genotype)
vouou lad CYP 2C9 1ag CYP

2C19*

IIV: logarithm additive
model

RUV: additive model

. . . HAMIIANY
&1 | msfinm e aseiminndnsizy
y dszmnnsuazumani sy e oo — Base model
N GJ) (* ﬂi]i]ﬂﬂiluﬂﬁ'lﬂﬂﬂ]Nﬁmﬂ) . - — Covariate model
LUV ANWITULADT
9 | Jiang dizans: 91990 177 519 91g* Structural model CL/F: 0.391 L/hr CL/F (L/h) = 0.0951 x (1+¢ "™
' H o enotype
uazaz™ | szduenlwdon: 319 deea Hnin* N/A V/F: 182 L %N 40,0071 AGE
(2009) 01nae: 24.54 1 (Wef 2.83-771) LRI Ka: 9.34 /hr VAF (L) =6.54x¢""™
e Statistical model Ka(hr) = 0424 x &7

1Iv: 29.3% for CL
71.9% for Vd
RUV: 103 mg/L

9

A

waneig N/A e lufideya, IV fie interindividual variability, RUV A0 residual unexplained variability, AGE fie 014 (1)), BW fie 1i1iiin (A Tansw), GEN fie s, DOSE fie vuae Jalilsenuedade

o A s an A sa - a e A = A A A o A £ A .
U, CBZ 19 ﬂ15ﬂ1ﬂ1°ﬁﬂu, PB Ao ‘V\IIH’U’]T}J‘W’]Q, PHT n® W‘h‘l‘ﬂ'ﬂﬂu, CZP f® Iﬂﬁu‘l“}fuwu, TPR A1® I‘VlWﬁ‘lHJ‘Vl, INDI A9 N1TAIUANDINITYN, SR N Eﬂllﬂﬂﬂ‘lﬂﬂﬂq‘ﬂ'ﬁluu (sustained-release)

LE
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Aumsenpuadrrauenanilszsng lagnuveyannnssziisutazgIuTayaves
Tsanennaludihelsnausnnlasveriallsdnuesagduuusvilsgniu unundilouen
Uszaminewaznusdszamine: an1iulseamine njunnuriuas tetnadig

o [ 4 1% a a o % ] o
nuuieeundyeaumdaailizannivesenialisonuegadmiudielsnaudn
szvinsthving

9 Y H
Ao Tsaaudnorgawa 15 Jan'll) #ld5vertaldseouesagiuunsulszniu
VAl a a Y a
urundreueniszaminguaznnslszamine aaiulszamine ngunnurIuAg
Al % \
NQNFIRENY

9 Y 1
Ao Tsnaugnergaua 15 Jau'll a'ldsueriallsonuedagiuunsulseniu kn
[ [ F/A a a o a
Sumsineluuwungdihouentszaminewazguisilszamine donfulszamine

NFUNNUHIUAT 5THINADUNYUIY 2548 DUADUTUIIAN 2555
J v A Al
waenlumsaa@endile
Al Y ao
1. inaaaagiensmns 19y

9 Y
1.1 diheergaaua 15 aulal
12 fiholasumsiiadoiiulinandn
13 diheldsuialussanesagluuusudszniu luvmaesuavderiiouiy

] 9 o d
5282110198191 08 2 dilaw
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14 fiheldsverialdsonuedasiiafer nieldsaunvernugnou laun
afundtlu inesd wagil Tuni$inia

Y A (% [ [ a a A
1.5 ZJI‘IJ’JEJ‘V]NWﬁ@lﬁ’)‘ﬂ’)ﬂi%ﬂUﬂW?ﬁIﬂﬁ@ﬂl!ﬂcﬁﬂﬁlulﬁ@ﬂ
LA a o
2. Lﬂmcﬂﬂﬂﬁjﬂﬁﬂﬂﬂﬂﬁnﬂﬂﬁ?ﬁ]ﬂ

v
2.1 Athedassduazugaliuuyes
22 ghelildanusauiie lumslden

U { 1 a 4
23 Aiheniideya liiisane lunmsimsziina
TUABUAUUUMTIVY

1. @uelnsasemsItenenaznisunsIvean1ulszamine e 1asunis

AnsauazsusoldmsdutiunsdIve o ao1iulszamine

= 9 9

2. nudeyadieninnrszidoudiousnuazgiudeyavesdnniulszamineg

U U

9 9

Iﬂﬁli%&mﬂﬁu“ﬁﬂﬂl@uﬁﬂﬂ’)ﬂ (MANUIN N) %Qﬂigﬂﬂ‘ﬂﬁ}ﬂﬂ

U U

3 ! ' 1 v 1 o w
2.1 doyan lvesdile 1dun o1g me imin daugs Tsadszdn

22 HAATIIN R AN Usznoudle waasreamsiauaesay laun

v [

szaueulaal AST szaueulal ALT nazszauueayiiy a fuiiinsiaszduevsonon

[ [

A v ra =
HUN mm‘u&n"lmﬂu 6 1ADU

9 d’ (% (% a a Y 1 Aad o 1 [
2.3 GIJ@EQJJE]LﬂEJ’Jﬂ‘].IEJ”I’JﬂT‘]JS@ﬂLL@%ﬂ ”lmm YUIALazITTuvUsenIue1ne

] Y . [ a A 9 [ (% a a A d'
32811995 14181 (interval) JunanEu e seavedallsenuesalu@en na1nwIg
INTLAVY

9 A @ 4 A a 4 =~ A 9 U any
2.4 UpyaingInuy ASUIFTY iinesy wagi luuisdnia llmm VHUIAULASID

(% [ aS A 9 1 a
Sutsemiven JunaniGulseueaz yila

3. adruuusasamandseaumaas lasld 115005 NONMEM version VII (Icon

an

1 a J
Development Solutions, Ellicott City, MD) Y321UANITTADIA2875 first-order conditional

[

2
estimation method with interaction (FOCEI) A1
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3.1 @514 base model #41/52N0UAIY 2 AU AD

4

o [ 14 a @
3.1.1 4UUQDIMUNTFIAUAIAAT  (Structural model) DFUIYANNAUNUD
1 y 9 o (% a a A o Y o a
521HINANUAINTUYRITTAVIa 1Usontega lu@eanual nageuAleL LT IaoIsHA

one compartment model {L81¥ two compartment model
3.1.2 LUUTIABINNADA (Statistical model)

3.1.2.1 HUUT1a0IANNAULLITYHI19yAAA (interindividual variability
model) NAADUAIUVUTIA0Y 3 LU AD additive model, proportional model 181 exponential

[

Y
model A4

Additive model: CL,=TVCL+TM
Proportional model: CL, = TVCL x (1+ 1))

Exponential model: CL, = TVCL x expT

Lil® CLiﬁ ® individual clearance, TVCL Ao typical value clearance

(average value), n ﬁ@ interindividual variability

3.1.2.2 Lm‘uﬁ’mmmmﬁuuﬂsmﬂmm@;ﬁu (residual variability model)

NAADUAIBUVUTIA0S 4 LUV AD additive model, proportional model, exponential model L&

[

4
combined (additive-proportional) modelANH

Additive model: C

obs.ii ~ Coreaii T &

Proportional model: C ;= C ,;x (I+ &)

. Ejj
Exponential model: C,, ;=C ;X exp '
Additive-proportional model: C_ . =C i+ C ;€ it €,

1o Coreai f19 individual predicted concentration “llml’éjﬂ’lﬂﬂuﬁ i anj,

C. . A9 observed concentration ﬂlﬁ]ﬂﬁjﬂﬂﬂﬂuﬁ i A 1€ A9 residual variability

obs, ij
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. <3 o A o v . Ay = A
3.2 Covariate model (1)U UVI1009N1 11998919 9] (covariates) NADINITANE AD
%’ @ (3 [ a a 1 @ [ 4 @ 4
81Y WA HIHUNAN mumanaiﬂiaﬂuaw@mu nﬂmau”lqm AST szﬂmau"lwm ALT
v o A Aq Y Y 4 == a 4 = A Y o
&lwﬂu%ﬂauﬂ%m ”lmm mﬁmuwﬂu Mu‘w@au L!ﬁ%WIH‘Uﬁ‘U‘Vﬂﬁ 1J1ﬁ’iNLL‘U‘U‘1]1a’ENIﬂEI

ey . . . S
1475 stepwise forward addition @& stepwise backward elimination

2 . .. I A o g’/ o
3.2.1 17 stepwise forward addition tY un151findadenseaz 1 Tadeidng

£l

J (% v 1 a J
base model !ﬂﬂ!“]/]ﬂTiﬂma@ﬂﬂ%%ﬂﬂ\‘]ﬂﬁTJ NAITUIINNITAAAIVUDIAT OFV YD covariate

model 113 8U1R U AV base model §1A1 OFV anad0814108 3.84 (1 =3.84; p<0.05, df=1)

ee

IS4 (%

9
5’8)’)1‘11‘1]‘1]81141!% g YNNTDN IﬂElﬂ1ﬁla@ﬂ“lj%i]ﬂalullﬁa$ﬂlH§l’6U‘ﬂ$WiﬂiﬂH‘ﬂ1ﬂﬂ’NN

s
o v Y%

1 ' A A I o A o !
UANANVDIAT OFV Nasasnnngauariauusn 1nuulaveou 9 ﬂgQﬂHTNTﬂﬂﬁ@U@]@qﬂ

Q

=)

awnsgnd ldnudadonlvedagn1eadasn eiSonuuudiaesilsznoualedatenil

¥ o 1

Y
WodAYNIIaDATIIN full model

Y
o v (X

o &g . . '
Javeftiu continuous covariates 1A11A 81g WinwWna2 vuraen

v a a 1 @ Y 4 @ -4
Taldsenuesane I nﬂ‘umullqm AST szﬁﬂmau"l%u ALT ‘VI@]E‘T@U@%}'JEJ linear covariate

[

Y
model, power covariate model LlQ1¥ exponential covariate model Aail

Linear covariate model: CL= 91 + 92 (Cov-cov

med ian)

) 0,
Power covariate model: CL = 91 x (COV/COV

median)

Exponential covariate model: CL = 91 X exp [92 x (COV- COV

median)

il 61 Ao typical value parameter 1 individual covariate 11111 median,
62 Ao ArMtdasundasve individualparameterlﬁﬂ covariate tdaeou 'l 1 nuaw,

CoOVv ﬁ’e) continuous covariate I8y COV ﬁ’e] i1 median VY04 continuous covariate

median

v
v A 3

o [ I . . 1 @ 4 { 1
dmsuiladoiiily categorical covariates l@un s e uFnoun 14521

= 4 = a 4 = A Y . .
Ao MTUNFu winesu uazW Tuu5inig nadoUAIY fractional change covariate model

e
=De
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Fractional change covariate model: CL = 91 x (1+92 x COV)

i
1 =

1o O, Ao typical value parameter Lo {1187 Jave, 0, Ao A1

A L A g = o A . .
lasunasves individual parameter Lllﬂﬁjjﬂ?]‘c’mﬂiﬁlfl iag COV Ao categorical covariate

2 . . . . < g‘l o w ]
3.2.2 2T stepwise backward elimination tHuduaoUN15A19AY 938000210

0

full model Nag 1 a1 IﬂElﬂﬂ!a@ﬂﬂﬂﬂﬁl%WﬂﬂTﬁ!WNﬂluﬂl@iﬂ1 OFV 4984 covariate model 1111
s

Taseiueen dra1 OFV iiuaiuannnt 6.64 (1'=6.64; p<0.01, df=1) Do11Tado1U]

v [

Hed 1Ay

' 9
nana Tatsainazsiumiiguundiaes uasia1 OFV et 6.64 Tos WHUITYN

A o (%

Hed1Agym

v [

MiavenNuUUTIand Jadedu 9 szgmiumaden aunsena linuladeid

Lo

a

anaonag lauuuTaesganieiiona final model
4. sziunuudaiasy Tagnasanan

4.1 M objective function value (OFV) a1l El‘ﬁt:f f
4.2 ANUNIZTULAL ﬂ'JTllLLll‘L!EHGIJE’N?I1W”I§”I§Jmi’]§1m\1!ﬂﬁ%ﬁ]ﬂuﬁ”lﬁ@] ﬁﬁmm
k) o Y 1 a S Y 1 @ ]
"l,ﬂﬁnmmmnam llﬂuﬂ % RSE UD3IATNITIUNDINAIUDY, mmmwuuﬂﬁzmnuﬂﬂmmz
Y A A 9
mmwuuﬂi%mmmaeuumuaﬂ
a s v o . . 9 v o
43 Minaszinlanudunus (graphical analysis) a3nnImanudunus
18un asvl population predicted concentration (PRED) 1 observed concentration 151
individual predicted concentration (IPRED) 1 observed concentration LN D WI1T U1A 1Y
@ Y o v 1 (%
AoANADITUWUT AULaznI AN UTURUTIZ1 19 conditional weighted  residual N1
population predicted concentration L8 time after last dose [HONDITUIIINITATLIIAIVO

conditional weighted residual

5. NAAPUAINYNADIVOY  final model 2875 bootstrap Tae 1% 11)5unTH
Perl-speaks-NONMEM (PsN) (http://psn.sourceforge.net) 115n3uagimsqualndg 9 11uoin

I ¥ 1 1 A 4 1 § 4 A
Athenaving 1,000 ngu Taeld final model Tumiswisimisiiimes uazmnnuieiuniooas
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J @ 1 J 4 @ 1 a 4 U {
95 9INNQUAIDEN bootstrap 1,000 gy tWetfSeufeuiuaimslmesnnnguiansn

(original data set)

mIasataszauenliaosa

Joyavesszaveia llsonueda sausmannnaszidioudireueniazgudoyaves

d' 9 Y a A LY a ) g v v
Ii\iWEﬂ‘UTﬁ 1’11@%1ﬂﬁ@@ﬂ§]ﬂ@lﬂ1§ﬂlﬂ\iﬁﬂTU“L!‘]JigﬁTVI’J‘V]Eﬂ Iﬂﬂhﬂluﬁ@uﬂWﬁﬁﬁ’J‘ﬂ’Jﬂﬁ%ﬂUﬂW
[ dy o w 1 =\ a Aan X Y A . . .

U 119198191808 (clot blood) 5 UARANT 11A8IATO9 Rotina 38 (Hettich Zentrifugen,
. Y ] ' a g A o Ao o
Tuttlingen, Germany) A38AI1ULII 3,500 IDUADUIN Wunan 10 W 1FTuA519IAN Y
Yy 9 Y [ a ) Y ax . . g . . g o0
[WNTuUeIsEave1Ia ldsonieoda a1e3% particle  enhanced turbidimetric  inhibition
. 4 ® . . &~
immunoassay Taain599 SYNCHRON LX System (Beckma Couter Inc, California, USA) %33

' a oA a a o 1T A ' 1w '
FRMTAATIEHN 10-150 Fadniuaeans U1 coefficient of variation mmu%’aaaz 4.09 2 BN

ANV UTUVD 81 20-123 HAANSUADANT

MINUATZHNITOR

9 o

1. Yoyans lvosdiheldatamanssau TaeldTisunsy SPSS for Window version
. 9 a ° 1 A 1w
17.0 (SPSS Co.,Ltd., Bangkok, Thailand) YoyaiFaisumamaaslugiimiu aundes anisegiu
A o oA 9 a = Y
Wiy nazAndouuunaI gy doyamgunmudaslugilanuduasfovas
9 o @ 14 = [ A A v

2. MsadruudiassmandrraumanslszrnsuazAny1aten1e q Niknane
1 a Jd Aa 4 9 . .
AMNISI0AD5 A2 1o 141151058 NONMEM version VII (Icon Development Solutions,

Ellicott City, MD) waz l1lsunsu Perl-speaks-NONMEM (PsN) (http://psn.sourceforge.net)
ginsaimazinsesileliluanide

v K 9 PAl
1. LLUUUuﬂﬂﬂlﬂy‘ﬁlﬂﬂﬂﬂ (MANUIN N)
IS DAl 9 Y] a
2. mﬁxmaugﬂwuaﬂ!,!,axgmmmgammamuuﬂizmm‘nm
3. T1/51tn5y NONMEM version VII (Icon Development Solutions, Ellicott City, MD)

4. Tisunsy Perl-speaks-NONMEM (PsN) (http://psn.sourceforge.net)
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5. TaJ5un33 SPSS for Window version 17.0 (SPSS Co.,Ltd., Bangkok, Thailand)
MINTNANUIILFTTN

= & g 3 = g Y o
msaAnelunssIusuteyannnsszilisunazudeyavesniie lsnauyn
w d01ulszamine §Iveiaue 1n59519M15I90A0AME NI TUNTIVETD 1T ULTE AN INGT
Y
uazmsAnliumInnsaes IdsunmssvsesnnaaznssumsItedniulszamine

NSUMTUNNG NTENTNAFITUGY 10U 46/2555 TUT 24 Fa1AN 2555 (MARUIN )



UNN 4

HanN1538

nan1329013nouae 4 41U

daud 1 Joyana ldvesdilhenmslderialsdnuesauazszauerialilsonueda
Tuidon

[ H a 4
AIUN 2 MITAATIZHH base model

D.

a 4
TIUN 3 NITAUATIZHIN covariate model

@U@l 4 Final model 11azMsNATOUAIINYNABIVDWIUVTIABIAIYID bootstrap
aufl 1 Joyanalvesdihe msl¥enialisonuedanas syavenalilsdnuedaliaea

9 Y 1
nnmssusdoyaludielsnaudnergaua 15 Jauld ddriumsineluuwun
FAl a a v a 1
Atheuenlszaminewaznmsdszamine aoniulszamine njumnuIuAT TN
A A = A o S g ) e = [ = o
Roulguiou 2548 DudeutuNAw 2555 IdefidunuainsAnyIiaiua 136 510 Hnsia

Y
sTauIa llsonueTANINA 215 A0819

Y 2y I a I 9 Aa a
F;IJ']J”JEJ‘VN‘W?J@ 136 518 Wuwaee 81318 Anlusosay 59.6 LLATINANTN 55 918 AN

Y
o Y]

I Y A = A o = ~ a o
Huievas 40.4 019mae 36.8 + 17.6 1 (Wde 15.3-84.7 1) iminmae 62.7 + 13.3 1 laniu
A o a [ Y Aa oA =\ @ 4
(Wde 37-117 nTansu) wansran el Jiian1s nulinisasivszauoulal AST 87 519
a I 9 o 4 A = [ a 1T A
Antludoons 64.0 szauoulal AST TudoamAeminy 24.6 + 9.8 gllaroans N13ATIY
o 7 a & v o o A A v
seaveu la ALT v 88 518 Aauiludeway 64.7 szaueuley ALT lu@eamasminy
a 1T A o a a I [
2214142 gillaaoans HazNIATINIZALIBAYNY WU 34 510 anlluiosay 25.0 szAD
a A d' 1w [ 1 an Y Yo [ a a d'
soayiulu@eamaniny 3.8 + 0.3 nsuaemdans gelasuvandallsenuedamae
1083.8 + 494.8 aansuaeIu (Wde 100-2,000 Uaansuaein) lag'ldsverialisdnuesa

[} g’/ d’ = (% %’ [ d' Y 1 1 (Y] a a d‘
UL 1-3 A3 L3J’E'JL‘leﬁEJ‘UmEJ‘Uﬂ‘UuTHHﬂmﬁEJGUENEjﬂ’JEJ nuNvuIre1Ia lilsantesamae

1 17.5 £ 7.8 Uaan5uAsN 1aniuao Iy ada13199N 5
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Y

lumsiaszaverialisonueFananua 215 daee19 idihelasuerialdsdnueda

a = o ?1, a I 9 Yo 4 == 1 9 o ?1, a
wiiamed 310 78 a5 anludesay 363 1asuernisuuatlusiuare31uIu 49 ASe An
I % I Aa 1 o g‘/ a < o Aa 4
Hudesaz 22.8 1d50% Tunsinasiudle s1udu 23 ase aatludosas 10.7 Tasumiinesi

1 9 o 3}.; a I 9 Yo 4 aA = dAa o
52uA891UIU 43 a59 aatuFesaz 20 1asueasuindtunazerdl Tuuisinia s1uu
?,‘, a I 9 Yo 14 as a d o g’z a I 9

6 A5q Aatludosay 2.8 Tasuemsuiundtutazeudiinesd 1uu 5 ase aatludesas 2.3

Yo = A a J o g’/ a I Y o ~
uaz lasve W Tusimanazeuviinesil 112 11 A5 Aatludosas 5.1 @9015199 6

L= %) U

Tumsaszavniallsonuedalu@eavesdie 136 510 nundihediulugiiaszaven

9 9
ﬂﬁiﬂiﬂﬂllﬂcﬁﬂﬁlula@ﬂ 1 A9 1UIU 87 519 (WAYUDINTIATLAVYT 1-6 ATINDTIY) ANAITN

=h.

7

msan 5 Joyanlivesdihe S1uau 136 510

. AuRfe +
A %3 LY a v
Voyaiali Lo MBIV (We)
DIVBAVUINATFIY
919 (1)) 36.8+17.6 35.6 (15.3-84.7)
Wmin (nlansy) 62.7+13.3 61.9 (31-117)
Ve dalilsonosans i
.o . 1083.8 +£494.8 1,000 (100-2,000)
(Haansu/Iu)
VaeIa l1lsonuesaneiiminaine
- - 17.5+7.8 16.8 (1.5-44.0)
M Waansu/nlansuiy)
Y Aa oA
Han32IN IR
4 a 1 A
roulmal AST: (glindioans)* 24.6+9.8 23 (11-79)
4 a " A
oula] ALT: (giinaoans)* 22.1+142 19 (5-80)
UeAYNU: (NTUADIATANT)* 3.8+0.3 3.8 (2.8-4.6)

NUBIHS) *ﬁwuaué’ﬂwﬁﬁmsmaﬁzﬁmau"lmﬁAST 87 518, 5zAUeU T3] ALT 88 518 11az

JEAUUDAYNY 34 519
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VYoyamslHeniugn MUY (AIDENI) Sosaz

Valproic acid yUAAYD 78 36.3
uFnauR 143U valproic acid
Carbamazepine 49 22.8
Phenobarbital 23 10.7
Phenytoin 43 20.0
Carbamazepine + Phenobarbital 6 2.8
Carbamazepine + Phenytoin 5 2.3
Phenobarbital + Phenytoin 11 5.1
m3aR 7 M3iaszsuentalissnuedaluden $1u9u 136 510

Mm3Iaszauedalilsdnuedaliaen UIU (518)) Sosaz
Sasesuetallssnuoda 1 ase 87 63.9
Saseiuenialilsdnuoda 2 ade 33 243
Saseduetallssnuoda 3 ase 8 5.9
Saseuenialilssnuoda 4 atq 5 3.7
Sasesuetalissnuoda 6 ass 3 2.2
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Y v
mMiiaszaveiallsonuedaninua 215 dredrangilenlasuerialilsonuesa
< £ A @ { Y a a o
sUuvuiaeeNgNTIHU (controlled-release tablet) N3zAUBURAY 1NN 66.84 + 27.89 HaANTY
Apans (Mg 10-137.1 Naansuaeans) oM UIAINFIINITIAYI WUITLAVEN

[

a a { ' A a o 1 Aa o (J ' a g v
Falisdnuedaniioandi 50 Naaniuaeans 311U 63 Mo Aadluiesaz 29.3 zADe
] a Aa 1 A a o 1A o o 1 a I
FaTisdnuedaszning 50-100 Hadniuaeans S1uau 122 @01 aniludosas 56.7 uaz

o o a A A 1 A Aa o 1T A o o ] a I Y o

seave1dalisanuedanuinnii 100 daaniuaeans 111U 30 419819 AAluTeLAT 14 A

A
M13199 8
@ @ A U 1 a3 (% (% o A .

mataszave lu@eadiulngilunmsiaszavgdigalu@en (trough concentration)

o (Y Il a 3 Y Y 2 S 1o = A

U 131 479819 AAluFesas 61 YBIIEAUENINUA TzazAIAWATITEMueDIIaIn

Taszavue1ialilsonuoFaluifen (time after last dose) 0gIZHIN 6.1-24.8 FI U9 AN 2

o v 1 [ v a a o 3}/ 1o
LLﬁﬂQﬂ’JHIﬁ?JWH‘Hi%W’JNi%ﬂiJEﬂ’mTﬂﬂﬂu@%ﬂiutﬁﬂﬂﬂﬂi%ﬂgna”IGNLL@]TLI‘]J?%V]”IUEHEQ

NANNIATZAVEN

M9 8 szaveiallsonuedaluaoa

. ANNDE* + }
szavenialdsdnuedaluaen* oo 1 (Gesay)
i DeUUUNNIGIY
seauenialisonuedaluion (mg/L) 66.84 +27.89 -
seauendalUsnuedaiosnidt 50 me/L - 63 (29.3)
szave1Ia lUsonueda 50-100 mg/L - 122 (56.7)
s2ave17a 1U50nUeTANINNIT 100 mg/L - 30 (14)

Wineme *szavenialisonuedaludoadiuan 215 drednndihen 1dsueialisan

a < Q( A
Lo¥Ag Juvginee NHNBTLUU (controlled-release tablet)
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160 -
2
7 140 - o
=7 | .. 14 P
g 120 N .3.
g PR
£ 100 - . .i,’
= ® o o ®
S 80 - % M
[=]
= 60 - r!. g . o o
() [ ] P
o '08: $ °® .:
2 40 - o o oy o
E ©oe :" o *0° %
'E 20 - .. ... [ ] ’
> ° °
0 T T T T T 1
0 5 10 15 20 25 30

Time after dose (hour)

Y o o 1 @ @ a a o
mwﬁ 2 ﬂ’ﬂiJﬁ'iJ‘W‘u‘ﬁ35?731\1?1’31%?[91}%6{1}14611’E]\‘lﬁgﬂ‘iJEJTJQI'iJﬁ@ﬂLL@“lfﬂﬂ‘UL’Ja1

U d' a d
aIUN 2 NMITAUATIZTiTI1 base model

9 Y Y

ﬁwagaszmJsmaTﬂs%nua%“lmﬁam‘?’wm 215 ied1eangile Tsnaudn 136
318 111%Lﬂ§1$ﬁ)ﬂnlﬂﬂ{51ﬁ@\‘lﬂTQlﬂﬁl%ﬂﬁuﬂWﬁﬁg (structural model)TﬂEmﬂﬁ’emﬁ}ammuﬁmm
ﬂfﬁﬂﬁﬁﬂﬁlﬂﬂ (one compartment model) HAZLUUTIA0IFUATDINOI (two compartment model)
daunuAuLs52119ARA (interindividual variability) NATOUAIGUULTIABY 3 LUV AD
additive model, proportional model {t1& exponential model anuAuLlsNng uwg'ﬁ'u (residual
variability) NAADUAIUVUTIA0 4 LDV AD additive model, proportional model, exponential

model {8% combined (additive-proportional) model

HANIIUATIEHNU N u‘umi’maqvmmfﬁmauma@51’7immmuﬁu%agaizﬁ’um
FalUssnuodareamsanuiii Ao wuUT1a09¥iiA one compartment model with first order
absorption and elimination (ADVAN 2, TRANS 2) u‘u‘mi’maqmmﬁuuﬂsiwinuﬂﬂauaz
Lmuﬁmmmmﬁugtﬂiﬂwﬂmmﬂﬁ'uﬁmuwfm AUV proportional model Wiaoawiia

1 a

A 3 ° A s o P Ay .
maqmmﬂmm‘umammmTW15mm’e)smamﬁmaumammwmzmJ UIDYAY relative
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standard error (%RSE) Y84A1MN5111A03A1AgA AiD %RSE Y89 CL/F 9111 5.18 %RSE 04

]
=1

VA/F 1110 36.91 taziin1 OFV Wouhiga fio 1629.105 #an13197 9

o [ I'4 1
AMTNAABVUUVIIN0INMIAUATYIAUAIAAT A28 two compartment model W3
1 a 1 A 4 [ 4 d’i [ [ a a
Tummnsalsaiummnimesmundyraueans 1a oraiiosnnszaveialilsonueda
1 [ o 3 [ ' .
Twdeadimlngiluszaverdiga doyaszauelus19n159a®ueT (absorption phase) 1Az
] ] o v A 4 o a
$39M15AT2 1887 (distribution phase) IuiigINFIMTUIATILH UV VT 1a09¥HA two
d" 9 @ @ 1 (=1 a 4 U @
compartment model HBNINHTOYATZAVLIAING1Y TutfisanelumsInsIZHIAIAINAY
wilssenanyanavedlIuIaIn13n3291891 (apparent volume of distribution, Vd/F) A1A49
9M31N159ATNY1 (absorption rate constant, Ka) HazA1A1MUAUNLT52HI19ANAYDY Ka
YA o K o Y @ 1 [ Y 4 o 1
HI9899mrua i MuAUN 5521191 ARAY0d VAF tMNugud tagfinuaal Ka vod
1w 1 & & 1 [ a a £ A
U5291n31M10Y 0.35 ae%2 1ue Fuiuar Ka veserialisanuedagiunveongnsiiuain

M3ANBI1VDY Royer-Morrot iazamy ™

AMNmeI M dvraumansUszsinsveds13alysanuadaain base model
WU 6231715815081 (apparent oral clearance, CL/F) 11111 0.679 aasaoa 11 (95% CI:
0.610-0.748) VA/F 1M1 19.1 @A3 (95% CI: 5.3-32.9) AANuRuu1lssznIyanaved CL/F
whiudeuaz 27.68 (95% CI: 20.18-33.54) uazAnnuiuulsanaungduiiufesas 30.72

(95% CI: 25.11-35.64) aauaaalua1s1ei 10
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CL/F Vd/F HUTn
11V model RUYV model OFV
THETA | %RSE | THETA | %RSE
Additive 1636.367 0.688 4.71 15.8 31.58
Proportional 1629.105 0.679 5.58 19.1 43.19
Additive
Exponential 1629.105 0.679 5.45 19.1 41.25
Combined 1600.942 0.688 5.48 16.1 41.81 %RSE of €1=138.73
Additive 1636.367 0.688 4.86 15.8 33.61
Proportional 1629.105 0.679 5.18 19.1 36.91
Proportional
Exponential 1629.105 0.679 6.16 19.1 51.94
Combined 1600.942 0.688 5.16 16.1 38.01 %RSE of €1=137.37
Additive 1644.016 0.676 5.00 16.5 38.18
Proportional 1630.843 0.679 5.93 22.8 57.46
Exponential
Exponential 1630.843 0.679 5.92 22.8 57.02
Combined 1608.748 0.676 4.75 16.8 34.46 %RSE of €1=177.57

NULYa 11V model A9 interindividual variability model, RUV model A9 residual unexplained

variability model, RSE A9 relative standard error
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d' J a 4 Y] a A A 9y
f1390 10 ﬂWWﬁH\Jmf)iﬂl@\‘lﬁﬂ’mIﬂiﬂﬂuﬂcﬁﬂ‘ﬂllﬂiﬂﬂ base model

Estimates | Standard

Parameter %RSE 95% CI
value error
CL/F (L/hr) 0.679 0.035 5.18 0.610-0.748
Vd/F (L) 19.1 7.05 36.91 5.3-32.9
1 0.35
Ka (hr ) - - .
(fixed)
Interindividual variability of CL/F 0.0766
0.0183 23.89 0.0407-0.1124
(%CV) (27.68)
Residual variability 0.0944
0.016 16.95 0.0630-0.1258
(%CV) (30.72)

HU8LHA - % relative standard error (%RSE) = (standard error/ estimate parameter)x 100
- 95% confident interval (95%CI) = parameter estimate + (1.96 x standard error)

- % coefficient of variation (%CV) = sqrt(estimate parameter) x 100

119152131 goodness of fit ¥o95zAvUE1TalsonueFaludoaniiuie1dein base
1 o Y 4 J [
model WUIAITNANWUT T2 ¥ I population predicted concentration (PRED) N1 observed
o @ J ' @
concentration 4 A AITN T U WU T T2 ¥ I individual predicted concentration (IPRED) 1 U
. = Y a = v v = o w 2} v
observed concentration mmﬂuu"lﬂ“luwe#mu%mummwm 3uag 4 aua1ay 1Sy
o @ 4 1 o
AIINWTUNUDITL NI conditional weighted residual (CWRES) A1 U population predicted
o 4 ' @
concentration HAZANNTNNUTIZHIN conditional weighted residual (CWRES) Nl time after
1 @ [} P [
last dose W1 NI1TNTLIT1YAIVD conditional weighted residual ag“lummmﬁaamu"lﬁ'

A Q7 o = o
A £37 ANNINN S LD 6 MUY
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Population predicted concentration (mg/L)

. @ @ 4 1 (%
MNA 3 ANUTUNUTTZNI observed concentration N1 population predicted concentration
A A . . A Y v o
(PRED) Y84 base model (08— 9 line of identity , - - - - AD LT ULTAIANNTUNUTUD
' A . o A Yy A A ' Y 9
ANAY observed concentration NU PRED 1Ay o—o A IAUNBIDNUTEHUINNAN UV VU UUDI

[ Y =y @
seavn Tugiesomedny)

150 -
o]
(@]
3 AS
E
= 100
]
o
§
g
S
=]
g 50 o
2
o 8
1o
] I I
50 100 150

Individual predicted concentration (mg/L)

Y v o J ! . v, .. . .
MNN 4 ANVTUWUTIZHIN observed concentration N individual predicted concentration

4 [ v J

(IPRED) Y04 base model (1§o —— 710 line of identity , - - - - A0 IAULAAIANVFURUT
1 = . Y = Y A A N 9y 9
VDIAURAY observed concentration N IPRED 118 o——o AD IFUNFOUITUINANUIVUUU

(% Y1 = v
GU’E]\‘l'igﬂ‘UEﬂﬁl,uﬁﬂ’JElﬂEJLﬂEl?ﬂu)



Conditional weighted residual
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T T
50 100

Population predicted concentration (mg/L)

Y o v J J @
MNA 5 ANVFUNUTIEHIN conditional weighted residual NU population predicted

. A Yy A A ' ) o
concentration U9 base model ( o—o A ITUNBOUTSUIWNANUUVNUUUDITSAV Y

Tudihesedenu)

Conditional weighted residual

o0

[e}+)

-3 4

Time after last dose (hr)

T T
20 25

3 @ o J ' o
M 6 ANVTUNUTTEHIN conditional weighted residual N1 time after last dose YD

= Yy A Yy 9 v Pl = @
base model (o—o D mum%aummmmmmsmuaﬂuqﬂ’Jﬂiwmmﬂu)
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@un 3 MINATIZHN covariate model

= dy o =t = 1 1 a 4 [ I'4 [ a a
msanyINiditenovlinanommsidmosmundsmansveteialdsonioda

9 9
(% o % v (%

o a a R v 4
naviua 9 iavy Ao 27Y INA UIHUNAN vurae1ialUsonuedaneiu szauen L] AST

A A Yy 1

[ 4 v v 9 A A td = 7 a
5$ﬂ1JLBLl]1G]53J ALT fJ”IﬂuGIfﬂﬂu‘V]‘lG]ﬁ’JiJ “lmm AMTUIFT U N dnesl uazﬂiummma Ul
a 4 g
IATIEHN covariate model Tae1Fvunon stepwise forward addition lIQ1% stepwise backward

elimination

[
U

1. YUADU stepwise forward addition

9
%

. .. < A @ g o U
YUADY stepwise forward addition 1ilumsinnilatenivag 1 Jadeid1g base model

NAUNNITAAITENTITAINGE12 NI1TAUIVINNITAAAIVOIAT OFV Y04 covariate model

Y
v A o

Soufeuny base model §171 OFV anaing19tion 3.84 Donaseiuiiioddynnada
A [ d‘ J J g’/ a 1 ' d‘
Tagmstaeniladenang o TuuaazvunaUIZHITUININANVLANAIIVDIAT OFV Nanaduin

~ I o 3}/ o A o [ < 1 o Aa
ngatludravusn mniuatedn q szgnihwmadevuas T sunsznslinuidede il

ﬂ o A g . . Y 3 v o o a a 1
i]ilEJ‘V]L‘]J‘L! continuous covariates ulﬂl,!,ﬂ 274 UIMUNAY mumanaiﬂiammwm

19 Y] 4 1% 4
Ju seauou o AST seaveou 'ty ALT naa@UA® linear covariate model, power covariate

v
=

. . 9 o v I . . v
model U0 ¢ exponential covariate model 1% 35U Haveniilu categorical covariates blﬁ) U tWer

[

o A ~ FIA A 4 A a 4 = da 9 .
g1INUFNOUNIFTIN Ao A15VF W wltineed wasW Tuuisinia nadeualey fractional
. v o d J @ o w o a a v v Ad
change covariate model ANVFUNUTITZHINOATIMINMIReIvedia lUsonueganuilasenilu

continuous covariates [l01% categorical covariates e AIAIMINT 7 LAz 8 NAIAL

@ Y]

a 4 g’/ v { o ana
WAN13ATIEN covariate model THIUADULIN WUNTaTenTTod1AyNINaTda

(A1 OFV ana198141108 3.84, p<0.05) 1un15%1118 CLF A viaetallsdnuedaneTu

(3

¥ @ (% J a 4 @ a a T W
HINUNAD 3$ﬂﬂlflullc]51| ALT el nazeudiinosy Tagvuinerdaldsontosanoliu 1u

[

. I v A A Y 1 . I o w A = 1
31UV linear model (1aveNgnAA@BNING covariate model 1Hua1A LT 1HBININTHAAIG

Y9IA1 OFV 8AA991N base model MINAFA Ao 58.267 A1a15197 11
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[ o

a o g { ' @
HAN1TAATIZH IUTUADUN 2 WUIH 3 “lji]ﬂﬁl HodiAunana (fﬂ OFV aaay

g

"y A ¥ o o o ¢ A P A saq ¥
DYNUDY 3.84, p<0.05) D UINUNAT 53@1”@1![14511 ALT uazmgv\luwaﬂu Tﬂﬂﬂnwu‘ﬂ@ﬂu‘ﬂi%

A o oA Y o o A

J I (% . < 4 1 1
571 1WuiavengnAntaoniUg covariate model LU 1A LN 2 Lﬁﬁ]\iéﬂWﬂﬁWaﬁNﬂlﬂ\‘]ﬂ1 OFV

U u

H Y H
AAfd910 covariate model ﬁ"lﬁ'mﬂmumuuiﬂmﬂﬁ qa i’] 33.190 ﬂ\i@]”liN‘V] 12

v

a o (91}/ A 1A A
HAN1IAATIEH IUTUABUN 3 wund 2 dedenil

A o v

Hod1AN19a0n (A1 OFV anad

g

Y]

1 9 A ¥ v W 4 A 3 .
PYINUDY 3.84, p<0.05) AD UINUNAT S ELRGRESTRERE SIAY IﬂﬂuTﬁUﬂGlugﬂuUU exponential

model 1Hutladoiitinan19suesa’ OFV anadnn base model M InTiga (AOFV=18.281) ugiiu

v Ygnw KA ¥ @

{ ' o a @ . 2 d
snuuRenaemsi lU1dlunlfiia fasevadeomiminadlugduuy linear model Fuilu
[ [ Y . <3 o ~ 1 1
JUuUaun15981918191g covariate model 11ua1AUN 3TAgHAA19IYDIAT OFV aAadD1In

v Y v 1]
covariate model N'1ANVUADUTN 2 IMNAY 17.756 AIA1T 1N 13

H
=

2 A a J . ' 4 A Y1 <3|
TuruaoUN 4 VoIMIAATIEH covariate model WU 81015 V1N FY U 1F5 30 11U

v o o 1

~ v A PR Aaa [ ] 9 =3 v A F)
eetfavaReINyied UNNADA (M OFV anadog Uy 3.84, p<0.05) WHPNAAADNLIUY

U

. I o w { 1 1 . H ;’,‘,
covariate model 17 Ua 19U 4 TAgNaA19UBIA1 OFV aAAd910 covariate model 7 199 1AUTUADU

13 19101 3.847 A9A15 19N 14

Y]

wamsansziluguaeud s luwuieseladifod IYNADA (A1 OFV anadog1d

]
=1

v = 12 Y o Y 1 . A o ~
108 3.84, p<0.05) m"lmﬂimawmmq covariate model 9 ANR1T19N 15

s 9
v v Q/

auludunou stepwise forward addition Wutlaveiinanen1591 U8 CL/F V04

v o [

g17aldsonuedaodeliediayniedna 4 Jatede yuiae1iallsonueFaneiu

3 =

a d o v W 4 { o [ o a L
guniinosil W1ning uazerns vuEtunlgsiu 394 full model d1vsuii ldAms v lu

[

9 Y
YUABDU stepwise backward elimination Tl



57

CL/F (L/hr) = 0, x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0,(BW-61.9)] x [1+(0, xCBZ)]

[

A A o w (3 a a a )
W9 CL/F Ao 9A51M13mIaenvedda ldsoniosea (EWIi/“IQIiN)

a a

2 V1Ae1Ia lsDnuegsane Ty (Naansu/Iu)

mo)3

DOSE
A a P FIA

PHT fo sudinosunlys
A 90’ v a @

BW 19 UIMUNAD (ﬂTﬂﬂill)
A J s

CBZ fo e1m5unailu

1 a I'4 (Y] a a
Ao MWIIINMeTYd CL/F veeiallsdnuada nio O

CL

A 1 a 4 A
A9 ANITINNDIVUDI DOSE 1150 6

N

DOSE

1 a 4 A
AN 1NIMBI V09 PHT Wio 0,

A 1 a 4 A
Ao A5 MBIV BWH30 O,

N

O D D D D
o}
o

A ' a 14 A
A9 AIMIMBIVEN CBZ Wi O,

()
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CL/F (Lihr)

CL/F (L/hr)

12 - °
1.0
0.8 +
[ ]
0.6 °
0.4
0.2 H
T I
0 1
Sex
(0=female, 1 = male)
— 0
1.2 4
1.0
0.8
[ ]
0.6 ®
0.4
0.2
I I
0 1
Co-treatment with phenobarbital

0=No, 1=Yes

CLIF (L/hr)

CLI/F (Lhr)
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1.2
o]
1.0
1 [ ]
0.8
06 = )
0.4
0.2
T T
0 1
co-treatment with phenytoin
0=No, 1=Yes
1.2
1.0 o
0.8
[
0.6 ¢
04
(@]
0.2
! 1
0 1
co-treatment with carbamazepine
0=No, 1=Yes

a v o 7 1 1Y o w Y a a o v A g
MANN 8 ﬂ?WNﬁNWMﬁi%W’JN@@IiTﬂﬁﬂﬁ]ﬂfﬂ’mTﬂiﬂﬂl!@“ﬁﬂﬂ‘ﬂﬂﬁﬁlﬂﬂlﬂu

categorical covariates



v Y v
@15199 11 A1 objective function value YOIUAAZULVTIADI TUTUADUN 1 UDY stepwise forward addition

Model OFV AOFV p-value
Basemodel: ~ CL/F=0, 1629.105
Covariate model - DOSE:
Linear: CL/F = 0, x [1+0 (DOSE-1,000)] 1570.838 -58.267 P<0.05
Power: CL/F = 0, x (DOSE/1,000) 0 1575.123 -54.105 P<0.05
Exponential: ~ CL/F = 0 x exp[0,x (DOSE-1,000)] 1573.441 -55.664 P<0.05
Covariate model - BW:
Linear: CLF = 0, x [1+0,(BW-61.9)] 1598.656 -30.449 P<0.05
Power: CLFF= 0, x (BW/61.9) 0: 1599.166 -29.939 P<0.05
Exponential: ~ CL/F = 0, x exp[0,x (BW-61.9)] 1598.783 -30.322 P<0.05
Covariate model - AGE:
Linear: CLF = 0, x [1+0,(AGE-34)] 1625.672 -3.433 NS
Power: CLF = 0, x (AGE/34) 0. 1626.237 -2.868 NS
Exponential: ~ CL/F= 0, x exp[0,x (AGE-34)] 1625.757 -3.348 NS
Covariate model — AST:
Linear: CLF = 0, x [1+0,(AST-24)] 1629.079 -0.026 NS
Power: CL/F= 0, x (AST24) 0. 1628.990 -0.115 NS
Exponential: ~ CL/F= 0 x exp[0,x (AST-24)] 1629.078 -0.027 NS

09



v Y H
@15197 11 A1 objective function value YVOIUAAZUUVTIA0I TUTUADUN 1 VDY stepwise forward addition (A1D)

Model OFV AOFV p-value

Basemodel:  CL/F=0, 1629.105
Covariate model — ALT:

Linear: CLF = 0, x [1+0,(ALT-19)] 1624.525 -4.58 P<0.05

Power: CLF - 0, x (ALT/19) 1622.265 -6.84 P<0.05

Exponential: ~ CL/F= 0 x exp[0,x (ALT-19)] 1625.024 -4.081 P<0.05
Covariate model — SEX:

CLFF= 0, x[1+(0, x SEX)] 1621.196 ~7.909 P<0.05
Covariate model - CBZ:

cLF = 0, x [1+(B, x CBZ)] 1626.222 -2.883 NS
Covariate model — PB:

CLF = 0, x[1+(6, x PB)] 1628.732 -0.373 NS
Covariate model — PHT:

CLF = 0, x [1+(0, x PHT)] 1594.031 -35.074 P<0.05

WINBIHG - p-value < 0.05 A A1 OFV aAnI06191100 3.84 1iionf3ouifion base model, NS fi® not significant
=) 3 a a 1 . a a o 7 =) ?,‘ Y a 3 A =) . a a A
- DOSE flevuineniallsenuesanoiy (Uaansw/AU), BW A9 UIHUN (ﬂTaﬂm), AGE 79 91 (?J), AST f1® Asparate aminotransferase (§1¢/an7), ALT f19
Alanine aminotransferase (g110/an3), SEX fio twet Tagmeaes =1 mewdja = 0, CBZ fie miumndtiu Tagldsu cBz = 1 W'l850 cBZ = 0, PB Ao Winwr§inia Taelasy
pB =1 131450 PB =0, PHT Ao wliineerl Tae'lasy PHT =1 131d50 PHT =0

1Y a a 1w . < o A @ g 13 § . L. 1
- viaeialilsdnuedanedu (1 linear model) Huifadongnaa@ond1guuaa Ui 2 Vo4 stepwise forward addition Ao 11

19



v Y v
@15199 12 A1 objective function value YOIUAAZULVTIADI TUTUADUN 2 UDY stepwise forward addition

Exponential: CL/F = 0, x [1+0 (DOSE-1,000)] x exp[0,x (ALT-19)]

Model OFV AOFV p-value
Basemodel:  CL/F= 0, x[1+0,(DOSE-1,000)] 1570.838
Covariate model - BW:
Lincar:  CL/F= 0, x [1+0,(DOSE-1,000)] x [1+0,(BW-61.9)] 1555.477 -15.361 P<0.05
Power:  CL/F= 0 x [1+0 (DOSE-1,000)] x (BW/619) 1556.230 -14.608 P<0.05
Exponential: CL/F = 0, x [1+6 (DOSE-1,000)] x exp[0,x (BW-61.9)] 1555.367 -15.471 P<0.05
Covariate model - AGE:
Linear:  CL/F= 0 x [1+0,(DOSE-1,000)] x [1+0,(AGE-34)] 1569.973 -0.865 NS
Power:  CL/F = 0 x [1+0 (DOSE-1,000)] x (AGE/34) 1569.826 -1.012 NS
Exponential: CL/F = 0 x [1+0 (DOSE-1,000)] x exp[0,x (AGE-34)] 1569.964 -0.874 NS
Covariate model — AST:
Linear: CL/F = 0, x [1+0,(DOSE-1,000)] x [1+0,(AST-24)] 1570.360 -0.478 NS
Power: CLIF = 0, x [1+0,(DOSE-1,000)] x (AST/24) 1569.416 -1.422 NS
Exponential: CL/F = 0 x [1+0,(DOSE-1,000)] x exp[0,x (AST-24)] 1570.300 -0.538 NS
Covariate model — ALT:
Linear:  CL/F= 0 x [1+0,(DOSE-1,000)] x [1+0,(ALT-19)] 1567.593 -3.245 NS
Power:  CL/F= 0 x [1+0 (DOSE-1,000)] x (ALT/19) " 1564.459 -6.379 P<0.05
1567.915 -2.923 NS

9



M Y v
M13197 12 A1 objective function value VBUAAZUUUTIADIUIUADUN 2 V4 stepwise forward addition (A1D)

Model OFV AOFV p-value

Basemodel:  CL/F= 0, x[1+0,(DOSE-1,000)] 1570.838
Covariate model — SEX:

CL/F = 0 x [1+0 (DOSE-1,000)] x [1+(0, x SEX)] 1568.175 -2.663 NS
Covariate model - CBZ:

CL/F = 0, x [1+0 (DOSE-1,000)] x [1+(0, x CBZ)] 1570.023 -0.815 NS
Covariate model — PB:

CLF = 0, x [1+0,(DOSE-1,000)] x [1+(0, x PB)] 1570.284 -0.554 NS
Covariate model — PHT:

CL/F = 0, x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] 1537.648 -33.190 P<0.05

WY - p-value < 0.05 A A1 OFV anaeg191ioe 3.84 1ije1fSeuiiion base model, NS @10 not significant
= v a a ' o a a o @ 2 3 o a @ A = . a a A
- DOSE fApvuineialisonuedaneiu (Haansu/iu), BW fie Wmiin (A lansy), AGE fio 01g (1)), AST Ao Asparate aminotransferase (gHa/aas), ALT o
a a a 4 a 1% 1 o = A (%
Alanine aminotransferase (g19/aa5), SEX fio 1A Taoinaa1es =1 nemaje = 0, CBZ Ao miumnaiiu Taglasu cBz =1 l'ld50 cBZ = 0, PB fie Wiuwniima Taeldsy

PB =1 1118510 PB =0, PHT Ao mtineend Taslasy PHT = 1 1u'ld51 PHT =0

a o A 9 2

Yo a E Y 3 o ' I~ . . '
- ms I venniinesisauale (PHT) Huladefgnaadendigiuaoui 3 ¥ed stepwise forward addition 7o 11/

£

€9
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A15199 13 A1 objective function value YOIUAAZULVTIADI TUIUADUN 3 UDY stepwise forward addition

Model OFV AOFV p-value

Base model: CL/F= 0, x [1+0,(DOSE-1,000)] x [1-+(0, x PHT)] 1537.648
Covariate model - BW:

Lincar:  CL/F= 0, x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0 ,(BW-61.9)] 1519.892 -17.756 P<0.05

Power:  CL/F= 0 x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x (BW/61.9) 0 1520.741 -16.907 P<0.05
Exponential: CL/F= 0, x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x exp[0,x (BW-61.9)] 1519.367 -18.281 P<0.05
Covariate model - AGE:

Linear:  CL/F= 0 x [1+0,(DOSE-1,000)] x [1+(8, x PHT)] x[1+0 (AGE-34)] 1537.528 -0.120 NS

Power:  CL/F = 0 x [14+0,(DOSE-1,000] x [1+(0), x PHT)] x (AGE/34) 1537.349 -0.299 NS

Exponential: CL/F = 0 x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x exp[0,x (AGE-34)] 1537.525 -0.123 NS
Covariate model — AST:

Linear: CL/F = 0, x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x 1+0 (AST-24)] 1537305 -0.343 NS

Power: CL/F = 0, x [1+0,(DOSE-1,000)] x [1+(8, x PHT)] x (AST/24) 1536.087 -1.561 NS

Exponential: CL/F= 0 x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x exp[0,x (AST-24)] 1537.244 -0.404 NS
Covariate model — ALT:

Linear: CL/F = 0 x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (ALT-19)] 1535.993 -1.655 NS

Power: CLF = 0 x [1+0,(DOSE-1,000)] x [1+(8, x PHT)] x (ALT/19) 1533.999 -3.649 NS

Exponential: CL/F = 0,x [1+0 (DOSE-1,000)] x [1+(8, x PHT)] x exp[0,x (ALT-19)] 1536.087 -1.561 NS
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v Y H
M15199 13 A1 objective function value YVOIAAZUUVTIA0I TUTUADUN 3 VDY stepwise forward addition (A1D)

Model OFV AOFV p-value

Base model: CL/F= 0, x [1+0,(DOSE-1,000)] x [1-+(0, x PHT)] 1537.648
Covariate model — SEX:

CLF = 0 x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x[1+ (B, x SEX)] 1537.648 -0.875 NS
Covariate model - CBZ:

CL/F = 0, x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x[1+(0, x CBZ)] 1533.357 -4.291 P<0.05
Covariate model — PB:

CL/F = 0, x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+(0, x PB)] 1537.436 -0.212 NS

WINBIHG - p-value < 0.05 7D A1 OFV aAnI00191100 3.84 1iionf3ouifion base model, NS fi® not significant
A o a A 1 o A a o o R TN o A A . a a A
- DOSE fApvuineialisonuedaneiu (Haansu/iu), BW fie wmiin (A lansy), AGE fio 01g (1)), AST Ao Asparate aminotransferase (gHa/aas), ALT o
Alanine aminotransferase (g110/an3), SEX fio twet Tagmeaes =1 mewdja = 0, CBZ fie miumnadtiu Tagldsu cBz = 1 1'1850 cBZ = 0, PB Ao Winwr§inia Taelasy
pB =1 131450 PB =0, PHT Ao wliinesri Tae'lasy pHT =1 131450 PHT =0

3 o . & o A o g 13 | . . '
- 11N (LD linear model) Hutladsngnaadenitigiuneui 4ve4 stepwise forward addition #e 11

$9
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A195197 14 A1 objective function value YOIUAAZULVTIADI TUIUADUN 4 VDY stepwise forward addition

Model OFV AOFV p-value
Base model: CL/F= 0, x [1+0,(DOSE-1,000)] x [1+(6), x PHT)] x [1+0 (BW-61.9)] 1519.892
Covariate model - AGE:
Linear: CL/F = 0 x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] x [1+0 (AGE-34)] 1519.126 -0.766 NS
Power: CLF = 0 x [1+0,(DOSE-1,000)] x [1+(8, x PHT)] x [1+0 (BW-61.9)] x (AGE/34) 1518.398 -1.494 NS
Exponential: CL/F = 0 x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] x exp[0 x (AGE-34)] 1519.095 -0.797 NS
Covariate model — AST:
Linear: CL/F = 0, x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] x 1+0 (AST-24)] 1519.781 -0.11 NS
Power: CLF = 0, x [1+0 (DOSE-1,000)] x [1+(O, x PHT)] x [1+0 (BW-61.9)] x (AST/24) * 1518.404 -1.488 NS
Exponential: CL/F= 0 x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] x exp[0 x (AST-24)] 1519.755 -0.137 NS
Covariate model — ALT:
Linear: CL/F = 0 x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0,(BW-61.9)] x [1+0 (ALT-19)] 1519.281 -0.611 NS
Power: CLF = 0 x [1+0,(DOSE-1,000)] x [1+(8, x PHT)] x [1+0 (BW-61.9)] x (ALT/19) 1518.241 -1.651 NS
Exponential: CL/F = 0 x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0,(BW-61.9)] x exp[0 x (ALT-19)] 1519.294 -0598 NS
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M15197 14 A1 objective function value YVOIUAAZUUVTIA0I TUTUADUN 4 VDY stepwise forward addition (A1D)

Model OFV AOFV p-value

Base model: CL/F= 0, x [1+0,(DOSE-1,000)] x [1+(6), x PHT)] x [1+0 (BW-61.9)] 1519.892
Covariate model — SEX:

CLF = 0 x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0,(BW-61.9)] x [1+ (0, x SEX)] 1519.891 -0.001 NS
Covariate model - CBZ:

CL/F = 0, x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] x [1+(0 x CBZ)] 1516.045 -3.847 P<0.05
Covariate model — PB:

CL/F = 0, x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] x [1+(0, x PB)] 1516.045 -0.945 NS

WINBIHG - p-value < 0.05 7D A1 OFV aAnI00191100 3.84 1iionf3ouifion base model, NS fi® not significant
A o a A 1 o A a o o R TN o A A . a a A
- DOSE fApvuineialisonuedaneiu (Haansu/iu), BW fie wmiin (A lansy), AGE fio 01g (1)), AST Ao Asparate aminotransferase (gHa/aas), ALT o
Alanine aminotransferase (g110/an3), SEX fio twet Tagmeaes =1 mewdja = 0, CBZ fie miumnadtiu Tagldsu cBz = 1 1'1850 cBZ = 0, PB Ao Winwr§inia Taelasy
pB =1 131450 PB =0, PHT Ao wliinesri Tae'lasy pHT =1 131450 PHT =0

Yo s ' Y S o A o g 1% { . . '
- ms lasunmsundilusauais (CBz) ihuilitsiignaaidendiguuneui 5ued stepwise forward addition s10 11/
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@15199 15 A1 objective function value YOILUAAZULVTIADI TUIUADUN 5 VDY stepwise forward addition

Model OFV AOFV p-value

Base model: CL/F= 0 x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0,(BW-61.9)] x [1+(0, x CBZ)] 1516.045

Covariate model - AGE:

Linear: CL/F = 0 x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0 ,(BW-61.9)] x [1+(0, x CBZ)] x 1515.532 20513 NS
[1+0 (AGE-34)]

Power: CL/F = 0 x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0 ,(BW-61.9)] x [1+(0, x CBZ)] x 1514.785 -1.260 NS
(AGE/34)

Exponential: CL/F = 0 x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] x [1+(0, x CBZ)] x 1515.509 -0.536 NS
expl0,x (AGE-34)]

Covariate model — AST:

Linear: CLF = 0, x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] x [1+(0, x CBZ)] x 1516.020 -0.025 NS
[1+0 (AST-24)]

Power: CL/F = 0, x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0,(BW-61.9)] x [1+(B, x CBZ)] 1514.980 -1.065 NS
(AST/24)"

Exponential: CL/F = 0 x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0,(BW-61.9)] x [1+(B, x CBZ)] x 1516.015 -0.030 NS
expl0,x (AST-24)]
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M15199 15 A1 objective function value YVOIUAAZUUVTIA0I TUTUADUN 5 VYD stepwise forward addition (A1D)

Model OFV AOFV p-value

Base model: CL/F= 0, x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0 ,(BW-61.9)] x [1+(0, x CBZ)] 1516.045
Covariate model — ALT:
Lincar:  CL/F = 0 x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] x [1+(D, x CBZ)] x [1+0 (ALT-19)] 1515264 | -0.781 NS
Power:  CL/F= 0 x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] x [1-(0), x CBZ)] x (ALT/19) ™ 1514.292 -1.753 NS
Exponential: CL/F = 0 x [1+0(DOSE-1,000)] x [1+(0, x PHT)] x [1+0,(BW-61.9)] x [1+(0, x CBZ)] x exp[0,x (ALT-19)] | 1515276 -0.769 NS
Covariate model — SEX:

CL/F = 0 x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0,(BW-61.9)] x [1+(0 x CBZ)] x[1+ (0, x SEX)] 1515920 |  -0.125 NS
Covariate model — PB:

CL/F = 0, x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] x [1+(B, x CBZ)] x [1+(0 x PB)] 1516.045 -1.6161 NS

WINBIHG - p-value < 0.05 7D A1 OFV aAnI0019100 3.84 1iionf3ouifion base model, NS fi® not significant
A o a A 1 o A a o o R TN o A A . A a A
- DOSE fApvuineialisdnuedaneiu (Hadnsu/iu), BW fie wmiin (A lansy), AGE fio 01g (1)), AST Ao Asparate aminotransferase (gHa/aas), ALT o
Alanine aminotransferase (g1i0/an3), SEX fio twet Tagmeaes =1 mewdja = 0, CBZ fie miumnadtiu Tagldsu cBz = 1 W'l850 cBZ = 0, PB Ao Winwr§inia Taelasy
pB =1 131450 PB =0, PHT Ao wliineeri Tae'lasy PHT =1 131d50 PHT =0

v H v
Y . .. 1 [} @ @ o a o Y 1 o
- VUABUTN 5 VBA stepwise forward addition Wy luitfevelaiivedvgyniadangndadendiguuusian
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2. ﬂnmau stepwise backward elimination
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v P v
13197 16 A1 objective function value UULAALLUVING o9 luTuAUN 1 Vo4 stepwise backward elimination

Model OFV AOFv p-value
Full model: CL/F = 0, x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+0,(BW-61.9)] x [1+(0, x CBZ)] 1516.045
111fad8 DOSE a0n:
CLFF = 0, x [1+(0, x PHT)] x [1+0,(BW-61.9)] x [1+(0, x CBZ)] 1553.824 +37.779 P<0.01
iifode PHT aon:
CL/F = 0, x [1+0 (DOSE-1,000)] x [1+0,(BW-61.9)] x [1+(0, x CBZ)] 1555.022 +38.977 P<0.01
ifods BW oon:
CL/F = 0, x [1+0,(DOSE-1,000)] x [1+(0, x PHT)] x [1+(0, x CBZ)] 1533357 +17.312 P<0.01
ifade CBZ aon:
CL/F = 0, x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0 (BW-61.9)] 1519.892 +3.847 NS

] Y '
WINBIHG - p-value < 0.01 fid A1 OFV 1TUB6191108 6.64 1io1fFouifion full model, NS A9 not significant

A 19 a a 1w a a o [ A ?,’ @ a 19 A 14 A Yo nm Yo A
- DOSE fo vuaeialilsonuedaneiu (Hadansu/iu), Bwas 1miin (A lansy) Bz ds msunailu Tae'ldsu cBz = 1 111450 CBZ = 0, PHT A

iinee] Tagldsu PHT = 1 141450 PHT =0

Yo J as 1 Y I o A o A o H A . .. .
- ﬂTiulﬂi“]Jfﬂﬂﬁ“]ﬂlﬂ“liﬂUi’Jllﬂ’Jﬂ (CBZ) L‘ﬂu‘ﬂi]ﬂﬂﬂgﬂﬂﬂmﬂﬂﬂﬂﬂiﬂﬂuﬂﬂiﬂﬁﬂ\ﬂuﬂ]u@]’ﬂuﬂ 1 Y94 stepwise backward elimination

IL



v P f
3190 17 A1 objective function value vosuaazuuUaed luTUaDUN 2 Y99 stepwise backward elimination

Model OFV AOFv p-value

Full model: CL/F = 0, x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0 ,(BW-61.9)] 1519.892
111fad8 DOSE a0n:

CL/F= 0, x[1+(0, x PHT)] x [1+0,(BW-61.9)] 1560.039 +40.147 P<0.01
iifode PHT aon:

CL/F = 0, x [1+0 (DOSE-1,000)] x [1+0,(BW-61.9)] 1555.477 +35.585 P<0.01
ifods BW oon:

CLF = 0, x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] 1537.648 +17.756 P<0.01

] Fl v
WNBIHR - p-value < 0.01A9 A1 OFV 1Aiuee19110e 6.64 1ijonfSouiion full model, NS A9 not significant

-DOSE A9 vu1aeialdsdnuedanesu (Hadansu/iu), BWas 1wiin (Alansy) CBZ fe asunnailu Tae'ldsy cBz = 1 11850 CBZ = 0, PHT fe

wiinessl Tagldsy PHT =1 141450 PHT =0

v H v
- YuApUN 2 Y04 stepwise backward eliminationnu11 lififadelangnAneonanuuusiass
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a3uii 4 Final model 493M3NATOUAIINGNABIVBINVLIADIAIEIT bootstrap

a s . a . . .
NaN15LATIZH 11 covariate model @287 5 stepwise forward addition LIQ & stepwise

v o @ aa

backward elimination W111a98NUNane CL/F vedenda lUsonuedasdalitisdinnyniaana

9

9 1 [ a a " @ a P Y %‘ Y [ 1 dy
"I,ﬂ!,!,ﬂ g17a 11Usonueganeiu suidnesun 145w taziimiing? ﬂﬂﬁllﬂ”li@]@]lﬂu

CL/F (L/hr) = 0, x [1+0 (DOSE-1,000)] x [1+(0, x PHT)] x [1+0,(BW-61.9)]

[

e CLF fap oasimsmiaevedialisonueda (@as/aalug)

a a

DOSE fio vunaeniallsdnuadaneiu (Haaniu/iu)

A

a P 1
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A 3
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A ' a 14 (% a a A
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N

A 1 a 4 %’ v v A
A9 ATNTITTUINDIVBIUIUNAD 117D GBW

HUUT1a09 final model A1 OFV IM1AY 1519.892 Feaaatiot/Souwfiouny
' =) 4 o 4 o a
base model (AOFV=109.213) A1w1s1iimaimundsaaumanilszrinsvessriallson
UOF AN final model WV 1 CL/FLNIAY 058580500 %2 10 (95% CI: 0.547-0.623)
VA/F 1M10D 23 A5 (95% CI: 5.1-40.9) ANNAUII T3z HINYyARaves CLF imnuiseas
16.46 (95% CI: 9.43-21.29) A1 wAunlsaInguvadu tminuiooay 28.05 (95% CI:
[ a £ a 4 @ a a 1 @ a P Y
23.62-31.88) Aulszansminiwosvesvinaiialilsonuosanoiu suniinesinlysiu

HAZUINITNAD (M1P1 0.000362, 0.379 1AL 0.00798 AUEIAY TAIAINITITIADS D10 final
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CL/F = 0.585 x [1+0.000362(DOSE-1,000)] x [1+0.379(PHT)] x [1+0.00798(BW-61.9)]

[

e CLF avonsimsmaasuedialisonuesa @i/ lug)

a a

DOSE fo vinaenialilsdnuadaneiu (Waansu/iu)

A A saq Y
PHT o EJ1LV\|1!TI@EJHT]1%§]3J

S lFourtinesison = 1, 11 1Feuninesison = o
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A3 o a o
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EJ”ILW“LW]@EJH‘I?IQI%S’JEJ LRASHINUN EJ?I’NllﬁiJW“L!‘ﬁL‘NLf?T}uﬁiﬂmJ9@]51?1ﬁﬂ”lilﬂﬂ”l’mjﬂiﬂﬂu@ﬁ]fﬂ

H Y ]
Tagvuiaennmiuiu 1 Naaniuaedu NATNTYTIU 1,000 HaanIuADIU W UNAINY CL/F

P
d'ta'd a

a a %‘ % 3 3 1 v a o
ﬂjanaTﬂsammw%’aaaz 0.0362 HUNAIMWNUY 1 N lansu NATNTIFIU 61.9 nlansu

X g

Hmadild cLFvesdaldsdnuodaiuiuioosas 0.798 TuvazNdre9 14T uen
a Al ] a a A 3 4 [
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H ' a 4 o 4 @ a a {
ﬂ151\1’ﬁ 18 ﬂTV‘niﬁJWIﬂﬁﬂ%‘l&ﬂﬁ“ﬁ]ﬁuﬁWﬁﬂiﬂ13aIﬂﬁﬂﬂLl@“ﬁWﬁ1@%}%1ﬂ final model

Estimates standard
Parameter %RSE 95% CI
value error

CL/F (L/hr) 0.585 0.0195 3.33 0.547-0.623
Vd/F (L) 23.0 9.15 39.78 5.1-40.9
Ka (hr') 0.35 (fixed) - - -
GDOSE 0.000362 0.0000703 19.42 0.000224- 0.000499
OPHT 0.379 0.0792 20.90 0.224-0.534
GBW 0.00798 0.00266 33.33 0.00277-0.01319
Interindividual variability 0.0271 .

0.00929 34.28 0.0089-0.0453
of CL/F (% CV) (16.46)
Residual variability 0.0787 .

0.0117 28.53 0.0558-0.1016
(% CV) (28.05)

HUUIHA - % relative standard error (%RSE) = (standard error/ estimate parameter)x 100

* A1IUIN % RSE = (standard error of ETA/ ETA) x 100

** G190 % RSE = (standard error of EPS/ EPS) x 100

- 95% confident interval (95%CI) = parameter estimate + (1.96 x standard error)

- % Coefficient of variation (%CV) = sqrt(estimate parameter) x 100
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Conditional weighted residual
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Conditional weighted residual

Time after last dose (hr)

3 v o 7 ' [
MWA 12 ANUFUNUT 55119 conditional weighted residual N1 time after last dose

= Y A Yy 9 v Pl = @
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11014 final model N1Fhunedasimsmdnervesialisonuedaudnimundians
ANV INATOUAIINYNADIAIYT bootstrap 910 11511054 Perl-speaks-NONMEM (PsN)
1 1 % 1 ] ?,‘, 1 (% 1 Y
Tdsunsuazgungualedalnunavnua 1,000 Nqua10819 1A 1% final model 11N15%1

1 a 4 1 @ { 1 (2 ] 1 4
m‘w1'5mmasuazmmwm%auuﬁ%’aaaz 95 91NNYUAIDYI bootstrap 1,000 NYU Lﬁ@

= (% 1 a 4 1 d‘d ..
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a 4 o a a 1 o a SAq Y %} YY) " W
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1 1 d’ ) d‘ﬂ} [ d'
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A =1 1 a SAY ¥ o 1 Aa 4 as
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H 1 a 14 o a a o
M3197 19 1S euieunnis1lmesveseia 1Us0nuesa01n final model AT bootstrap

Final model Bootstrap
Parameter - —
Estimates 95% CI Median 95% CI

CL/F (L/hr) 0.585 0.547-0.623 0.580 0.542-0.618
Vd/F (L) 23.0 5.07-40.93 22.20 2.22-42.18
Ka (hr') 0.35 (fixed) - 0.35 (fixed) -
GDOSE 0.000362 0.000224-0.000499 0.000366 0.000231-0.00050
GPHB 0.379 0.224-0.534 0.378 0.222-0.533
OBW 0.00798 0.00277-0.0132 0.00748 0.00215-0.01272
Interindividual
variability of CL/F 16.46 9.43-21.29 15.78 8.11-20.79
(% CV)
Residual

28.05 23.62-31.88 27.67 22.95-31.70
variability (% CV)

UM * 95% confident interval AUINDIN parameter estimate + (1.96 x standard error)

s s .
#* 1)ofidud Indn 2.5 uag 97.5 voq parameter estimate 91 bootstrap
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Laboratory
Normal Date
Laboratory
range
AST (unit/L) 5-40
ALT (unit/L) 5-40
Alb (g/dL) 3.5-5.5
Total bilirubin
0.1-1.3
(mg/dL)
Direct bilirubin
0.01-0.4
(mg/dL)
ALP (unit/L) 35-125
BUN (mg/L) 8-25
Scr (mg/dL) 0.6-16




Valproic acid concentration and covariate factor Research No.....................

Valproic acid Covariate factor
g Total Vital Carbamazepine Phenobarbital Phenytoin
= Level Start | gg -
Date £ Dosage regimen dose SIg Sex | BW | AST | ALT start start start
g | mgu) dose | o™ dose dose dose
a /day date date date
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\J
U

AN 19 NONMEM ¥89 base model

SPROBLEM VPA CR

;; date 21/5/2013
;; Only PK data for CR only
;; Base model
$INPUT ID ; Patient ID
VISI ; Visit
DATI1=DROP ; Date
TIME ; Time
TAD =DROP ; Time after dose (hr)
DV ; Dependent variable (mg/1)
AMT ; Dose amount (mg)
SS ; Steady state
I ; Interdose Interval
MDV ; Missing dependent variable
SEX ; Sex,1=male,0=female
AGE ; Age (year)
BW ; body weight (kg)
DOSE ; total VPA daily dose (mg/day)
CBZ ; carbamazepine
PB ; phenobarbital
PHT ; phenytoin
AST ; AST

ALT : ALT
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SDATA VPA CR136 NEW.csv ; Data input file
IGNORE=# ; Ignore non-data rows
$SUBROUTINE ADVAN2 TRANS2 ;Specify subroutine

; 1-comp, 1-order abs,eli
$PK

;; Disposition parameters

TVCL = THETA(1) ; Population typical clearance (L/hr)
CL =TVCL*(1+ETA(1)) ; Individual clearance, ITV: Proportional
TVV =THETA(Q2) ; Population typical central distribution volume (L)
V =TVV*(1+ETA(2)) ; Individual central distribution volume
; IIV:Proportional
TVKA = THETA(3) ; absorption rate constant (h-1)
KA =TVKA*(1+ETA(3)) ; IIV: Proportional
K=CL/V
KA=KA

THALF=0.693/K
V=CL/K

;; First order rate constants (h-1)

S2=V

SERROR

CP =AQQ)/V ; Plasma concentration of drug

DEL=0

IF(CP.LE.0) DEL = 0.0005 ; Protection against division with 0



IPRED = CP + DEL
Y =IPRED + (IPRED * EPS(1))

;; Diagnostic parameters
W = SQRT(SIGMA(1,1)) * IPRED
IRES =DV-IPRED

IWRES = IRES/W

;; Initial estimates Theta and Omega
$THETA (0,2)

$THETA (0,20)

$THETA 0.35 FIX

SOMEGA 0.09

$OMEGA 0 FIX

$SOMEGA 0 FIX

$SIGMA 0.09

SESTIMATION MAXEVAL=9999

PRINT=5
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; Individual prediction PK

; Model predicted observed PK value

; Proportional error PK
; Individual residual

; Individual weighted residual

; CL (L/hr)
; V(L)
;KA (h-1)
;ETA CL
:ETA V
:ETA KA

; Prop RUV_CP

; Number of evaluations

; Print every 5th iteration

METHOD=1 ; Estimation method: 1=First Order Conditional (FOCE)

INTER ; Estimation with interaction between ETA's and EPS's

$COVARIANCE PRINT=E ; Estimating the covariance matrix

UNCONDITIONAL ; Enables covariance step despite warnings

$STABLE ID VISI TIME DV AMT IPRED IWRES K KA V THALF CWRES NOPRINT

ONEHEADER FILE=sdtab99

STABLE IDCL V KA ETAl ETA2 ETA3 NOPRINT ONEHEADER FILE=patab99

STABLE ID VISI SEX PHT PB CBZ NOPRINT ONEHEADER FILE=catab99

STABLE ID AGE BW DOSE AST ALT NOPRINT ONEHEADER FILE=cotab99



AR

SPROBLEM VPA CR

;; date 21/5/2013

;; Only PK data for CR only

;; Final model

SINPUT

SDATA

NMANUIN D

v
ol

a9 NONMEM %994 final model

ID ; Patient ID

VISI ; Visit

DATI1=DROP ; Date

TIME ; Time

TAD =DROP ; Time after dose (hr)

DV ; Dependent variable (mg/1)
AMT ; Dose amount (mg)

SS ; Steady state

II ; Interdose Interval

MDV ; Missing dependent variable
SEX ; Sex,1=male,0=female
AGE ; Age (year)

BW ; body weight (kg)

DOSE ; total VPA daily dose (mg/day)
CBZ ; carbamazepine

PB ; phenobarbital

PHT ; phenytoin

AST ; AST

ALT “ALT

VPA CR136 NEW.csv ; Data input file
IGNORE=# ; Ignore non-data rows
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$SUBROUTINE ADVAN2 TRANS?2 ;Specify subroutine
; 1-comp, 1-order abs,eli
$PK

;; covariate: DOSE, PHT, BW on CL

CLDOSE = (1+THETA(4)*(DOSE-1,000)) ; linear model for CL_ DOSE
IF(PHT.EQ.0) CLPHT =1 ;no PHT =0

IF(PHT.EQ.1) CLPHT = (1+THETA(5)) ;used PHT =1

CLBW = (1+THETA(6)*(BW-61.9)) ; linear model for CL_BW

CLCOV = CLDOSE*CLPHT*CLBW

;; Disposition parameters
TVCL = THETA(1)*CLCOV ; Population typical clearence (L/hr)
CL =TVCL*(1+ETA(1)) ; Individual clearence

; IIV: Proportional

TVV =THETAQ2) ; Population typical central distribution volume (L)
V =TVV*(1+ETAQ2)) ; Individual central distribution volume
; IIV:Proportional
TVKA = THETA(3) ; absorption rate constant (h-1)
KA =TVKA*(1+ETA(3)) ; IIV: Proportional
K=CL/V
KA=KA

THALF=0.693/K

V=CL/K
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;; First order rate constants (h-1)

S2=V
$ERROR
CP =AQQ)/V ; Plasma concentration of drug
DEL =0
IF(CP.LE.0) DEL = 0.0005 ; Protection against division with 0
IPRED = CP + DEL ; Individual prediction PK
Y =IPRED + (IPRED * EPS(1)) ; Model predicted observed PK value

;; Diagnostic parameters
W  =SQRT(SIGMA(1,1)) * IPRED ; Proportional error PK
IRES =DV-IPRED ; Individual residual

IWRES = IRES/W ; Individual weighted residual

;; Initial estimates Theta and Omega

STHETA (0,2) : CL (L/hr)
$THETA (0,20) V(L)
$THETA 0.35 FIX KA (h-1)
$THETA (0,0.0005,0.001) : CL_DOSE
$STHETA (-1,-0.6,5) . CL_PHT
STHETA (-0.016,0.008,0.032) :CL_ BW
SOMEGA 0.09 :ETA_CL
SOMEGA 0 FIX :ETA_V
SOMEGA 0 FIX :ETA_KA

$SIGMA 0.09 ; Prop RUV_CP
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$ESTIMATION MAXEVAL=9999 ; Number of evaluations
PRINT=5 ; Print every 5th iteration
METHOD=1 ; Estimation method: 1=First Order Conditional (FOCE)

INTER ; Estimation with interaction between ETA's and EPS's

SCOVARIANCE PRINT=E ; Estimating the covariance matrix

UNCONDITIONAL ; Enables covariance step despite warnings

$STABLE ID VISI TIME DV AMT IPRED IWRES K KA V THALF CWRES NOPRINT
ONEHEADER FILE=sdtab99

STABLE IDCL V KA ETAl ETA2 ETA3 NOPRINT ONEHEADER FILE=patab99

STABLE ID VISI SEX PHT PB CBZ NOPRINT ONEHEADER FILE=catab99

STABLE ID AGE BW DOSE AST ALT NOPRINT ONEHEADER FILE=cotab99
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CL x Css xT
Maintenance dose = ——8M8M8M8
SxF

CL = 0.585 x [1+0.000362(DOSE-1,000)] x [1+0.379(PHT)] x [1+0.00798(BW-61.9)]
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a P 1
PHT dp  ewliinesinldsiudie
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A %’ v o a [
BW o HINUNAD (ﬂIﬁﬂill)
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ma1amslSuenvunagalisdonueda

nsaidihelasuenTallsdnuedagzuuuwiia controlled-release i@ 500 Hadn3a/Tu

4 U d
Tuvmnananiluszazna 2 e uneu

fihelailasuenmiinesrisandae (PHT=0), Mniua T =24 Falug

Y
UINUN (PN.)

Ve Inunuugi (un. )

31-40 500-900
41-50 500-1,000
51-60 750-1,000
61-70 750-1,100
71-80 750-1,250
81-90 750-1,250
91-100 750-1,400
101-110 1,000-1,500
111-120 1,000-1,500
>120 1,000-1,750

(v] d o Q:I
dihelaSuemliinesiisandae (PHT=1), fMviua T = 24 Falug

9
HIUN (NN.)

ld‘ o v
v Inannuz i un.Au)*

31-40 750-1,250
41-50 750-1,300
51-60 1,000-1,500
61-70 1,000-1,500
71-80 1,000-1,750
81-90 1,000-1,750
91-100 1,250-2,000
101-110 1,250-2,100
111-120 1,250-2,250
>120 1,250-2,400

e * vuae Inunuuzii szlisgaveia lisonuesasglurianssnui 50-100 un./a
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ma1amslSuenvunagalisdonueda

nsaidihelasuenTallsdnuedagzuuuwiia controlled-release 1@ 1,000 iadn5u/Iu

4 U d
Tuvnananiluszazna 2 e uneu

fihelailasuenmiinesrisandae (PHT=0), Mniua T =24 Falug

¥hmin (nn) v izt n./su)*

31-40 750-1,000
41-50 750-1,200
51-60 750-1,250
61-70 750-1,400
71-80 1,000-1,500
81-90 1,000-1,500
91-100 1,000-1,750

101-110 1,000-1,800

111-120 1,000-2,000
>120 1,250-2,000

(v] d o Q:I
dihelaSuemliinesiisandae (PHT=1), fMviua T = 24 Falug

Yhwin (nM.) Y1Ae1 VPA U150 s | e lmifuugii un. S
31-40 1,000 800-1,500
41-50 1,000 850-1,600
51-60 1,000 1,00-1,750
61-70 1,000 1,100-2,000
71-80 1,000 1,100-2,000
81-90 1,000 1,200-2,250
91-100 1,000 1,250-2,400

101-110 1,000 1,400-2,400
111-120 1,000 1,400-2,700
> 120 1,000 1,600-3,000

e * vuae Inunuuzii szlisgaveia lisonuesasglurianssnui 50-100 un./a
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ma1amslSuenvunagalisdonueda

nsaidihelasuenTallsdnuedagzuuuwiia controlled-release 1@ 1,500 iadn5u/Iu

4 U d
Tuvnananiluszazna 2 e uneu

fihelailasuenmiinesrisandae (PHT=0), Mniua T =24 Falug

¥hmin (nn) v lnadfiuuzain (n. /3
31-40 750-1,250
41-50 750-1,400
51-60 800-1,500
61-70 900-1,600
71-80 1,000-1,800
81-90 1,000-2,000
91-100 1,100-2,000

101-110 1,200-2,200
111-120 1,200-2,400
> 120 1,250-2,500

(v] d o Q:I
dihelaSuemliinesiisandae (PHT=1), fMviua T = 24 Falug

hin (nn.) v iz ./
31-40 1,000-1,750
41-50 1,000-2,000
51-60 1,100-2,000
61-70 1,250-2,250
71-80 1,500-2,500
81-90 1,500-2,750
91-100 1,500-3,000
101-110 1,750-3,000
111-120 1,750-3,250
>120 1,750-3,500

e * vuae Inunuuzii szlisgaveia lisonuesasglurianssnui 50-100 un./a
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ma1amslSuenvunagalisdonueda

nsdigibelasuenallsdnuedagiuuuia controlled-release ¥11@ 2,000 Hadn3a/Iu

4 U d
Tuvnananiluszazna 2 e uneu

fihelailasuenmiinesrisandae (PHT=0), Mniua T =24 Falug

¥hmin (nn) v lnadfiuuzain (n. /3
31-40 1,000-1,500
41-50 1,000-1,500
51-60 1,000-1,750
61-70 1,000-1,900
71-80 1,250-2,000
81-90 1,250-2,250
91-100 1,250-2,400

101-110 1,500-2,500
111-120 1,500-2,750
>120 1,500-3,000

(v] d o Q:I
dihelaSuemliinesiisandae (PHT=1), fMviua T = 24 Falug

hin (nn.) v iz ./
31-40 1,250-2,000
41-50 1,250-2,250
51-60 1,500-2,500
61-70 1,500-2,750
71-80 1,500-3,000
81-90 1,750-3,000
91-100 1,750-3,250
101-110 2,000-3,500
111-120 2,000-3,750
>120 2,250-4,000

e * vuae Inunuuzii szlisgaveia lisonuesasglurianssnui 50-100 un./a
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