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We conducted a study to clarify the most suitable transforming factor related to the daily dose of antiepileptic drugs
(D) providing a steady-state serum concentration (C;) and analyzed the influences of the concomitant use of antiepilep-
tic drugs on C; quantitatively. Data obtained by routine therapeutic drug monitoring from epileptic patients treated with
the multiple oral administration of valproic acid (VPA), carbamazepine (CBZ), zonisamide (ZNS), phenobarbital
(PB), and phenytoin (PHT) were used for the analysis. Employing the ideal body weight or the extracellular water
volume as a transforming factor, allowed the level/dose (L/D) ratio to be independent of the patient’s age and gender
for monotherapy with VPA or CBZ, ZNS, PB, and PHT, respectively. Each C, was revealed to be dependent on only
one variable in terms of the transformed daily dose (D”). C, was proportional to the power function of D" for VPA and
CBZ and was linearly proportional to D" for ZNS and PB. The L/D ratio is expressed as a linear function of C; for PHT.
For a detailed analysis of the influences of the coadministered antiepileptic drugs, we defined the parameter as an altera-
tion ratio, representing the influence of each antiepileptic drug on the C, of VPA and CBZ alone, and on the L/D ratio
of ZNS and PB alone, respectively. A model based on the assumption that each value of an alteration ratio was inde-
pendent from one other and multiplicative for VPA, CBZ, and ZNS, and that the coadministered drug inhibited the
drug-metabolizing enzyme competitively for PB, was adopted. The Michaelis-Menten kinetic model was adopted for
PHT. The analysis clarified that CBZ, PB, and PHT significantly lowered (P<0.05) C; to 0.81, 0.88, and 0.83 com-
pared with the value of VPA alone, that PB and PHT significantly lowered C; to 0.77 and 0.71 compared with the value
of CBZ alone, and that VPA, CBZ, PB, and PHT significantly lowered the L/D ratio of ZNS alone to 0.87, 0.85, 0.85,
and 0.80, respectively. VPA, CBZ, and PHT significantly increased (P<0.05) the L/D ratio of PB to 1.47, 1.18, and
1.19, respectively. The daily PHT dose was decreased to 0.89, 0.91, 0.90, and 0.84 the dose of PHT alone to maintain C;
in the therapeutic range when VPA, CBZ, ZNS, and PB were coadministered, respectively. In the case of the addition or
discontinuance of concomitant treatment with antiepileptic drugs in the same patient, the estimated C; values were calcu-
lated using the value of each alteration ratio and compared with the measured ones. Each mean of prediction error was
about 20%. Our results appear valid and these alteration ratios should be available for clinical use.
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DRMRTFITHEIND. Y L, L/DIZKk
FEITHHEDOEEBICONTIE, ZNETIIkMRKT
DEEBERNTHZERIKRKDENTER. 20k
W, CGIZHTHHTCANAVEDEEITDNTIEL
SFHEE N TWRWATEEEYH D, T DFERIZDN
THEMEMRHDTH o 72

AWFZETIE, SFEPITAD I DWW TERDME
M7 EDHMINFICHEINT L/D Lz i T
XD BWERNTERRL, I 5ITCITKITT O
AREOFEEZERNICERT I L2 HMITHF 21T
7z,

2. WRRUOBZE

HH OISR E BB W THIE L&
I CANAEOHEGIRAEED S B, FROERE
EOFRD S5 NIRNEFEO MG IRE &2 T s L
o, 7lEU, F—BFEITHE—EFDUSG S NERD
CEMNHZHEITE, FiTANAEL HEGA,
s, KE, BEICDOWT, #N5 0OFHEEZ2 AN
1BlEL FiTAhAEEL T, NIV 0K
(VPA), AN ¥E > (CBZ), V=% 3R
(ZNS), 7z /N )VEFZ =) (PB), 7= hA >
(PHT) Z;ZEUGEMI L 7= (Table 1). ARZEDHKRE
1%, FREICK > TITW, p<0.05 DB A EEEE
HO EHMWL .

3. Hmk5

DRSO EZ T 5720121%, 7 BMS
FFIZBWT, C & DP—FZWICERMST SN0
BNZDODVWTHLSNIZTHHENHS. C & D&
37V 7 5 AL THERFTeNE Z &5,

BERTFELTIZU T I A ERBRT 2 HEEDH
ZRE, FRIVKE, Y (RNKRK &, (RERmE, W
JASMREIICDOWTHE Lz, T 2 CTHARE,
fasM i EII L FORICL D RkD 72
HAHRE (kg] =W+23X (HE [cm] —152.4)
/2.54 (16 ¥ A |3 EARH [ke])
(W BE=50, tt=45 HE>152.4)
Ml stk [L] =0.068 X {AEE [kg] 0400
X BE [cm]063
DR, VPA TIXHEAEAKRE, =nlsohiT
A VETIIMEAREEZRER T L5 2 & T,
L/D HIZH W THE VN2 E D JHE R T O 2

Table 2. Gender and Age Differences in the L/D Ratio for
Each Transforming Factor

Transforming factor

W BSA  Vmw Vecw Waw
VPA
AGE NS * NS ok NS
G NS NS NS NS —
CBZ
AGE  ** NS * NS —
G NS NS NS NS —
ZNS
AGE  ** NS * NS —
G NS NS NS NS —
PB
G ¥ ¥ * NS —
PHT
AGE NS NS NS NS —

NS: not significant. * : p<0.1, * : p<0.05, **: p<0.01.

Table 1. Patient Characteristics
VPA CBZ ZNS PB PHT
Total No. of patients 347 274 175 326 368
Gender: G male 193 146 95 177 215
female 154 128 80 149 153
Age: AGE [years] 28+22 31+20 43+22 22+21 44+20
Body weight: W [kg] 45+18 50+17 54+16 40+22 57+13
Height: H [cm] 147+24 153+21 155+20 135+34 160+ 14
Daily dose: D [mg] 691+353 474+246 259+109 75+44 224+74
C; [ug/ml] 54.6+21.3 6.6+2.5 16.4+7.7 14.3+6.3 8.4+5.9
Therapy Mono 233 119 57 156 128
Concomitant 114 155 118 170 240
No. of drugs 1 87 91 75 92 147
Coadministered 2 21 39 33 57 58
=3 6 25 10 21 35
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MEOHENEL</RD (Table2), X 51T VPA, TonsZENIREIN.

CBZ, ZNS, PBIZBIT5 C & D DR, Fi X7k, CGCED EDOBERBRIZDNVTIX, VPA,®
PHT IZBJ 5 L/D bt & DBRIZB W T HEHD M CBZ? Tl C M D' ONEFEICHHI TSI &, PB,
M EDORMRTFOEENZED GNLLE>o Tk ZNSY TIX C M DTl d 52 &, PHT TIX L/

(Table 3). TROEENTANAED C & D' & DN CDO—RATEREIND I ENHBAL
N, INSHERTE MWD I & T—RITEERA (Fig. 1).

Table 3. Standard Partial Regression Coefficients of Selected Explanatory Variables and
Correlation Coefficients Calculated by Multiple Regression

Transforming factor

W BSA Vigw Vecw Waw
D o0632  0.631 0.651 0.613 0.660
VPA G rm: G W  GH G G, H
T (0.665) (0.672)  (0.670)  (0.673)
D' 0605  0.685 0.653 0.688 —
CBZ C, ” ”
Rm = 0.688) (0.694) -
D 0677 0743 0.722 0.745 —
ZNS C, 5 p
Rm : (0 742) 0.753) -
D': 0504 0710 0.614 0.722 —
PB G . D H D
Rm: 703y  (0.727)  (0.716) -
C.: 0877 00911 0.899 0.913 —
PHT C,/D’ w w w
Rm: 907) (0915  (0.913) -

Rm: Multiple correlation coefficient, A: age, G: gender.

Ct D @)
Ci=a-D'" Ct=a.D’
D’ D’
Ct/D’ 3)

Ct/D’=a.Ct+b

7

Ct

Fig. 1. Relation between Transformed Daily Dose and Serum Concentration (C,)
a, b: constant, (1): VPA, CBZ, (2): ZNS, PB, (3): PHT.
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4. DtHREOZE
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ZENFEH BN

ZNS TIRHFAIZ XK > TRIRR DA E N /NS <7z
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Fig. 2. Relation between Transformed Daily Dose and Serum Concentration (C,) for CBZ Alone and CBZ+PHT
Line 1: CBZ alone; ——, O, Line 2: CBZ+PHT; —, @.

log Ct

log (D/Vecw)

Fig. 3. Converted Plots and Regression Lines for CBZ Alone and CBZ plus Another Antiepileptic Drug
(0): CBZ alone, @, (1): +VPA, O, (2): +ZNS, +, 3): +PB, A, (4): +PHT, <.
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o/, ZOZEEHHAICELD L/DIDIKTERL
TWw%, 2T, L/DWZERETEZETHAEK
DEEEERLZ. TOME, PHT N L/D lhaf
BEIC0.76 (5K F X2 Z EA%ED 5417z (Table 4).

Table 4. L/D Ratio and Alteration Ratio on Coadministra-
tion of One Drug for ZNS

. No. of L/D ratio Alteration
Drug coadministered patients (mean=+S.D.) ratio
— 57 0.607+0.191 —
VPA 32 0.534+0.197 0.88
CBZ 10 0.489+0.201 0.81*%
PB 17 0.578£0.220 0.95 NS
PHT 16 0.459+0.106 0.76**

NS: not significant. ' : p<<0.1, ** : p<0.01.

Table 5. L/D Ratio and Alteration Ratio on Coadministra-
tion of One Drug for PB

. No. of L/D ratio Alteration
Drug coadministered patients (mean=+S.D.) ratio
— 156 1.032£0.324
VPA 33 1.531£0.485  1.48***
CBZ 8 1.3954+0.340  1.35**
ZNS 8 1.316+0.465 1.28 NS
PHT 42 1.272+0.406  1.23%**

NS: not significant. ** : p<{0.01, *** : p<{0.001.

Ct /(D/Vecw)

PB T AHIC K D EIRROAE AR E L 7RD,
GFRICEKD L/D L d 5 2 &Rk, L/
DHZEKRITZHZIETHAEDOEEZERL - L
Z %, VPA, CBZ, PHT " L/D ltZZFhZEh
1.48, 1.35, 1.23f5&EARICHEMEIE S Z ENED
5317~ (Table 5).

PHT O B 5R K OOFHREO L/D & C 12
DWTOEIRFEZ Fig.d 17T, [EIREEOME DR
B, PHT B ERFOH DI L, VPA OHEHT
HECAY, CBZ T3 M, ZNS TEH I LARNAE
WRELRDBZIENREDEN, TNSOHEHEN
PHT @ C IC¥E % KT T LRI N,

42. ZEIGA  OFHEOZET 1 FIPFHEC
DNWTHAIZRETT 2 DONEE L WA, AFFETIE
KT =Y 2NV BEENRSN, MhiesT
ULb TSN TERN> 2. Z 2 THE M E
DIz, il & O FHKIZ DT ERAE R 2 AN fEAT
TE5ETINERELE.

FHEDOEE O E &N IZ1Z VPA (Model
1),Y CBZ (Model 1),19 ZNS (Model 2)® T Hf f 3
DFEEBENMAI N DM TERINSET ), PBTIX
DEFR SN HIIC PB B R ZHET 5 €57V
(Model 3) Z{z&E L7z. %7z PHT T3 1 APtk
D% % Michaelis-Menten £5 ) (Model 4) 12X
o TNz,

&)

35
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Fig. 4. Plots and Regression Lines for PHT Alone and PHT plus Another Antiepileptic Drug
(0): PHT alone, O, (1): +VPA, A, (2): +CBZ, O, 3): +ZNS, X, (4): +PB, @.
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Model 1.
C,=aD'®- T Ri% +¢

C.: serum concentration [ug/ml]

a, b: constant D’: transformed daily dose

R: alteration ratio ¢&: error term

i: coadministered drug (1~n)

Zi: coadministered =1, not coadministered =0.

Model 2.
L/D(obs) =L/D(0) -TIRiZ+¢

L/D (s L/D ratio of coadministration
L/Dy: L/D ratio of ZNS alone

R: alteration ratio ¢&: error term

Zi: coadministered = 1, not coadministered =0.
i: coadministered drug (1~n).

Model 3.
L/D v =L/Dy % (1+X(niZi)) +¢

L/D (4): L/D ratio of coadministration
L/Dy: L/D ratio of PB alone

1+ X (niZi): alteration ratio

Zi: coadministered = 1, not coadministered =0
it coadministered drug (1~n) &: error term.

Model 4.

Ct:Km’ - (D/ VECW)/<Vm’ - (D/ VECW))
Km’ = (Cl/cf>Km Vm’ = (Vdf/ VECW) Vi

C;: total of serum concentration [ g/1]

C;: free of serum concentration [g/1]

Vecw: extracellular water volume [1]

Vm: maximal daily dose to be cleared [mg/ (1 - day) ]
V4 distribution volume of free PHT [1]

K.,: Michaelis constant [g/1].

CEERICIKTSIEAHHAEEL T, VPATIX
CBZ, PB, PHT 7%, CBZ Tl PB, PHT 7%,
ZNS Tlix VPA, CBZ, PB, PHT =N ER
XN7=. —7F, PBD C. 13 VPA, CBZ, PHTIZk
S THBEITHEML -

PHT IZBWTIERHHEITLD Ky & Vi D

Table 6. Estimated Values

Km’ Vm’
PHT alone 3.13 40.9
+VPA 1.74 33.3
+CBZ 2.85 36.5
+ZNS 2.79 33.6
+PB 2.49 35.6

DAL ZHEE L/~ (Table 6). Figure 512 PHT H
& PBHHHICEK 2 D' & C DREIFROE(LERT.
PHT TlZ C, f»%mﬁ%ﬂz (10—20 ug/ml) N'T,
VPA, CBZ, ZNS, PBIZX > TRELLHEL .
L7=ni> THHED E-,E.%‘:Ct BlLELTERM
WCHRAD ZENTERMNO DT, HMBEGROHE
FREA (10—20ug/ml) @ C(c) %= 1 FIHFH
FFIC HHEFF T 2720 D& (D)/Dy) @ﬂ?iﬁ{ﬁa
L TR/, Table 7 ITHHAEDEEN B EE
7.

5. KEHREF~DIEA

5-1. VPA, CBZ VPA, CBZZ&HICHL
EF)L (Model 1) ZHWTWB 7D, ZI Tl
CBZ IZDWT/RY. CBZIZx L T VPA, ZNS %
HELITNZ LS, Model 1128175 R OfEild 1
Eian. H5%EH& LT, CBZ, PB, PHT fifH
M5 PBZHIETSHEED CBZ D C #HFDZDHD
BERBEFIZOWTIRNS., Cuy % PB, PHT
tH, Cio ZPBHIEEED CBZD C &9 % &,

Cia»=aD?X0.77X0.71,
Ciy=aD "X 0.71
ZZ T Dy &, BHME5K Mok
H1HETH5.
W5, Ciayy=Cian X (1/0.77) =Cq2 X1.30 &
720, PBOHFIFIZES> T CIE L3 fFICBmMT 5%
DEFHEINS.
DWTHIER S C ZH#iFFT 2121 Cup=C
ThdIELD, HEBDERGERZ Do &95&,
aD )2 X0.77X0.71=aD " X0.71
ZIT, bid02 LHEESNTNDHDT, Dy=
0.770/059 X D ,=0.60X D &E732%.
Dgy WEPBHILRTIOHEGETHD, FI-RIX CBZ
B HE% 0.6 51T 20END 5.

VPA IZDWTIE b=0.73 £ LT, RkIZEZD
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Fig. 5. Relation between Transformed Daily Dose and Serum Concentration (C,) for PHT Alone and PHT +PB
Line 1: PHT alone, ——, O, Line 2: PHT+PB, —, @.
Table 7. Alteration Ratio of Each Coadministered Drug on C,
Added drug
VPA CBZ ZNS PB PHT

VPA 0.81 | — 0.88 | 0.83 |
CBZ — — 0.77 | 0.71 |

Prior drug ZNS 0.87 | 0.85 | 0.85 | 0.80 |
PB 1.47 1 1.18 1 — 1.19 1
PHT (0.89) 1 0.91) 1 (0.90) 1 (0.84) 1

T :elevated, | :lowered, () : Ratio of daily dose to be decreased.

ZEMTES., 5-3. PB PB & PHT Of#ffHIC VPA ZEHNT
52. ZNS ZNS & VPA,PHT Ot i, 5 5EE, PBOCZEMFE TS0 DREGEETIC

PHT ZH1 L 9% & XD ZNS O C HFF D 7= D#2
HBEAFEICDWT/RTY. VPA, PHT 6tfiK;® L/D

tb# L/Dgy , Wiktg% L/Dyy &9 % &, Model
25
L/D»=L/D X0.87X0.80 L/D

=L/D ) X0.87
ZZT, L/Dy SHMEERO L/DITH%.
FiE% D C OZEIZ(L/Dyy)/(L/Dyy) THA
5NB5DT, CGlE125fFICERTA D ETFTHES
N5, CEEGEEZERFTS (Fig. 1(2) Z
EMG, WIEEO C#EFDOZ0I212 ZNS 5 &%
0.8(=1/1.25) {ZIZET 2LENH S.

DWT/RTY. PHT HFFIRED L/D L% L/Dgyy , &
€% L/Dyy £95&,

Model 3 725 L/Dyy=L/Dg X (1+0.19),
L/D 3 =L/Dg X (1+0.19+0.47)

ZZT, L/Dy WFHMBERD L/DHLTHS.

EBmMED C, & (L/Day)/(L/Dy) TH
ALN5DT, ClI14fFICEATLZBDETH
IND. CEHRERBEZERFIT S (Fig. 1(2)
DT, %D CHFEDEDIZIIPBHGEZ 0.7(=1
/1.4) 5T 2 0END 5.

54. PHT PHT 1A OHHICZOVWTO
H, ERMWIBHTNRETH > 7. B AKX, PHT
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B 5 OB NIRE % CBZ BN bR T 5
I21Z, PHT &% 0.91 f£ICiT 20 ENH D, —7,
PHT & ZNS O Pt/ 5 ZNS 2 [ § 5 & &,
PHT @ C, Z#¥3 572912 1.1(=1/09) %I
PHT &% LT HENDH 5.

6. BHYIC

AWFFETIE, HARKED D WITHEARE S W
FHWERTFZI72V7 5 ADREELTHWEZ
B, 77T ADEMICL DB EY 2EE
LB<ThHInbDEEZSNS, £z, TNHD
BPERFIIMAELOBIFEL W &, BERTEL
THREIN TVSIRERABIIBELS LA 5BRNWT L
Morin-o 7z,

DEFEE DB 1 A RFIC D W T 2 I2kEd
ZOMMLEEL WD, A TIEERT —4% 2 AN
=, BHNKRES EZEEREBRESNTWED
T, FMlicmETEIZENTE o/ Ll
PHT DAL ClI 2EH 2 e L TR %2 2 & T
WM EL, KOFFEMARMmERE LR 7z,
VPA, CBZ, ZNSIZx9 50t HEDOZEIL C 2K
TLZZEMSPHEIC K DIFOMRBEEEBEIC X
>, £/ PB, PHT I 7 50 HEDZEIT C
MERLEZ ENSHFORBMBERAEFICE > T
TELHHDOEEZLNS.

AFRTEHS NI HEOZE (B(LFR) RBITIC
BT, FHMEEEREOETNTNS 20% Hifk
E R THMENAHI N, EFINOZYEINRS
Nz, NS OTFFEZ AV, BHF 2 FMKTIC
EOWTHA T 2T 208N, FHEHITANA
EO BRI 5% 5B E ICH AR
H55bDEEZS.
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