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Abstract: The goal of this study is to investigate the population pharmacokinetics of oral given clozapine in
Chinese schizophrenic patients and to identify possible relationships between population parameters and covariates
including demography factors and CYP1A2 genetic polymorphism, so as to create the population pharmacokinetics
model to guide individual clinical delivery. Details of drug dosage history, sampling time and concentration of
626 data points from 183 patients were collected retrospectively. The 183 patients were randomly allocated
either to the index group (n = 168) or to the validation group (n = 15). Population pharmacokinetic data analysis
was performed using the nonlinear mixed-effects model (NONMEM) program on the index group. The values
of apparent clearance (CL/F), apparent volume of distribution (¥/F) and the constant of absorption rate were
estimated. A number of covariates including demographic index, coadministration of other drugs and CYP1A2
genotypes were evaluated statistically for their influence on these parameters. The final population model
related clearance with day-dose/BSA (DBSA) and smoke habit (SMOK). Predictive performance of the final
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model evaluated with the validation group showed insignificant bias between observed and model predicted

concentrations. Typical value of CL/F (non-smoking group), V/F and the constant of absorption rate were
28.5 L'h™' (5.05%), 1 290 L (16.7%) and 2.26 h™' (fixed), inter-patient variability (CV) in CL/F and V/F was
42.2% and 10.0%, respectively. It was observed that the values of CL/F in the two smoking groups were higher

than that in the non-smoking group. The residual variability (SD) between observed and model-predicted

concentrations was 45.8 pg-L ™.
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Table 1 Characteristics of the schizophrenic patients included
in this study (n = 183)

Characteristic Value or Mean + SD (range)

GNDR Female = 75, Male = 108

AGE/year 49.7+11.3 (17.0-71.8)

BW/kg 70.2 + 11.9 (45-125)

HT/cm 167.6 = 17.5 (144-193)

BSA/m* 1.89 +0.23 (0.65-2.76)

SMOK 0=131,1=43,2=9
(0—4/day = 0, 5-29/day = 1, >29/day = 2)

ALT/U-L™ 28.31+20.17

AST/U-L™ 22.63 +10.20

CL/mL min”’ 114.42 £32.31

DBSA/mg'm > 162.5+98.3

Genotype G/IG % =54, GIA P =42, AN P =7

C/ICT* =20, C/A™* =43, A/A™* = 40
Daily dose intake/mg 289 + 136 (25-675)

"Patients checked for genotype (n=103). SMOK: Smoke habbit;
DBSA: Day-dose/BSA
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Table 2 Population pharmacokinetic modeling process with index dataset

No. Model description OFV AOFV
Model building (df=1,P=0.01, 6.63)
1 Base model” 6 824.997
2 Add DBSA on CL/F in model 1* 6 802.513 —22.484
3 Add SMOK on CL/F in model 2* 6777.427 —25.086
4 Model 4° 4710.716
5 Add GA on CL/F in model 4° 4708.510 —2.206
6 Add CA on CL/F in model 4° 4709.598 -1.118
Model elimination (df=1, P=10.005, 7.88)
7 Remove DBSA on CL/F from model 3* 6 804.901 37.939
8 Remove SMOK on CL/F from model 3* 6791.451 24.489

OFV: The value of objective function. a: All patients (n = 168); b: Patients checked for genotype (n = 103)
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Table 3 Final population pharmacokinetic parameter estimates of clozapine

Parameter Estimate % RSE* 95% CI° Inter-Indv® (CV/%)
Apparent clearance (CL/F) /L+h™! 28.5 5.05 25.7-31.3 422
Apparent volume of distribution (V/F) /L 1290 16.7 867—-1710 10.0
Absorption rate constant (K,) /h”" 2.26 (fixed)
Factor for DBSA (Opgsa) 0.002 96 38.5 0.000 726 — 0.005 19
Factor for SMOK (&smok) 0.293 36.2 0.0852 —0.501
Residual error
Proportional (CV) /% 26.4
Addictive (SD) /ug-L™" 458

a: Relative standard error; b: 95% Confidence interval; c: Inter-individual variability
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Figure 1

Scatter plots of observed whole blood clozapine concentrations vs population predicted concentrations (A) and

individual predicted concentrations (B) by final model. The solid line is the line of identity
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Figure 2 The plots of weighted residual vs postoperative time (A), population predicted concentrations (B) and patient identifi-

cation number (C) of the final model
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Figure 4 Scatter plot of observed (OBS) and predicted (PRED)
concentrations of the final model in validation group

Table 4 Prediction performance of the final model developed
from the index dataset in validation dataset

Parameter Base model Final model
Bias (MPE) 115.78 40.43
Precision (MAE) 211.54 176.39
Precision (RMSE) 260.88 204.98
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Figure 5 The plot of DBSA values vs PM/EM (A) and CL
values vs SMOK (B) in final model (0—4/day = 0, 5-29/day = 1,
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Figure 6 The relationship between CL/F and genotypes of
CYP1A2 2 964 and CYP1A2 734. 0 represents G/G, while
1 represents G/A and A/A in A; 0 represents C/C and C/A, while
1 represents A/A in B

R 2 SCHR 2 SR 5 AR 1A R L AR
YE CYP1A2 & TEIRFR, HDN N AT Hodhs i
ARSI RO S AR W PR 259K 2
JIT EAWF S rp SRS AU R A N s PSR b )
CYPIA2 JEG A2 WA 3 28, (HO2IFANRE
SEAT R AT IR B, IX ] RE & AN T 58 3k [A] 27
HIHERFR R RALE M LR

ASSCHE ST T G BCY-AE RS A 00 280 A8 (R
R 3 2, mT LA I AR U o, AT A B
M EtLes 25 2% .

References

(1]

[2]

[3]

[4]

[5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

Freedman R. Drug therapy: schizophrenia [J].
Med, 2003, 49: 1738—1749.
He B, Ding YQ, Wang CY. Review of the literature on

N Engl J

clozapine-induced leukopenia and agranulocytosis in China [J].
Eval Anal Drug Use Hosp China (7 [E & Bt H 259t 5 20 7).,
2003, 3: 307-311.

Si TM, Yu X. Antipsychotic drug patterns of schizophrenia in
China: a cross-sectioned study [J]. Chin J Psychiatry (14
F iRl aek), 2004, 37: 152-155.
Pirmohamed M, Williams D, Madden S. Metabolism and
bioactivation of clozapine by human liver in vitro [J]. ]
Pharmacol Exp Ther, 1995, 272: 984—990.

Eiermann B, Engel G, Johansson I. The involvement of
CYP1A2 and CYP3A4 in the metabolism of clozapine [J]. Br
J Clin Pharmacol, 1997, 44: 439—-446.

Dailly E, Urien S, Chanut E, et al. Evidence from a population
pharmacokinetics analysis for a major effect of CYP1A2 activity
on inter- and intraindividual variations of clozapine clearance
[J]. Prog Neuropsychopharmacol Biol Psychiatry, 2002, 26:
699-703.

Ozdemir V, Kalow W, Posner P, et al. CYPIA2 activity  as
measured by a caffeine test predicts clozapine and active me-
tabolite steady-state concentration patients with schizophrenia
[J]. T Clin Psychopharmacol, 2001, 21: 398—407.

Zhai YM, Li WB, Wang CY, et al. RP-HPLC determination
of clozapine and its two major metabolites in whole blood,
plasma and red blood cells [J].  Chin New Drugs J ("' [E #1 2
ki), 2002, 11: 141-144.

Haring C, Meise U, Humpel C, et al. Dose related plasma
levels of clozapine: influence of smoking behaviour, sex and
age [J]. Psychopharmacology (Berl), 1989, 99: S38—40.
Ishibashi T, Yano Y, Oguma T. Population pharmacokinetics
of platinum after nedaplatin administration and model validation
in adult patients [J]. Br J Clin Pharmacol, 2003, 56: 205—
213.

Blanco SB, Otero MJ, Santos BD, et al. Population estimation
of valproic acid clearance in adult patients using routine clinical
pharmacokinetic data [J]. Biopharm Drug Dispos, 1999, 20:
233-240.

Guitton C, Kinowski JM, Abbar M, et al. Clozapine and
metabolite concentrations during treatment of patients with
chronic schizophrenia [J]. J Clin Pharmacol, 1999, 39: 721—
728.

Tassaneeyakul W, Kittiwattanagul K, Vannaprasaht S, et al.
Steady-state bioequivalence study of clozapine tablet in

schizophrenic patients [J]. J Pharm Pharm Sci, 2005, 8: 47—



+ 792 -

2j22 44 Acta Pharmaceutica Sinica 2009, 44 (7): 785-792

[14]

[15]

[16]

[17]

53.

Teng JR, Zhang SQ, Chen YM, et al. Relationship between
metabolism of clozapine in the body and polymorphisms of the
locus cytochrome P450 1A2-2964 [J]. Chin J Clin Pharm
Ther ( [E I R 253 2% 5 V897 %), 2003, 8: 176—179.

van der Weidea J, Steijnsa LSW, van Weelden MJM. The
effect of smoking and cytochrome P450 CYP1A2 genetic

polymorphism on clozapine clearance and dose requirement [J].

Pharmacogenetics, 2003, 13: 169-172.

Olesen OV, Linnet K.  Contributions of five human cytochrome
P450 isoforms to the N-demethylation of clozapine in vitro at
low and high concentrations [J]. J Clin Pharmacol, 2001, 41:
823-832.

Wang CY, Ouyang DS, Zhou HH, et al. Correlation between

[18]

[19]

[20]

a caffeine test and clozapine metabolism in vivo [J]. Chin J
Clin Pharm ("' B I R 2524 2% 3%), 2000, 33: 16-19.

Li F, Jiang KD, Jiang SD, et al. Novel mutation of the
cytochrome P450 1A2 gene associated with the clinical response
to clozapine in Chinese schizophrenic patients [J].
Arch Psychiatry (_FI SIS 2%), 2004, 16: 136-139.

Chen YM, Wang G, Zhang SQ, et al.

Shanghai

Relationship between
the metabolism of clozapine in patients with schizophrenia
and polymorphism of the Loci-2964 and 734 in cytochrome
P (450) 1A2 [J]. Her Med (24 F4R), 2005, 24: 870—874.

Sachse C, Brockmoller J, Bauer S, et al. Functional signifi-
cance of a C/A polymorphism in intron 1 of the cytochrome

P450 CYPIA2 gene tested with caffeine [J]. Br J Clin
Pharmacol, 1999, 47: 445—-449.

(AMLEMREHAFLHIL) SHAR

RIEHLBEZ M) (AP AT B 2T R ) TR AT 2009 48 5 T iR, A45A4Y
T B8R T 250 S R A A RS E ( B AE AL, e W2 L S AR IR A AR R R 25 (e 2
ik 5 2R AR, WL B A BRSPS AR IR #iE s 0 Al B AR A . MOBT 25 R B IR A
Bt BB RS Y SRS FAC S WAL T LT A 405 258 5T R, B T ARRKIWIS
AR IESN TS Hoh, LRFENANA T Z LRI, RAMREKSN L. A5G 56
2yl A RUET 25T A LA BE TN B, LR RS 2 2 FIAR DG T ML R 2 2R R IT N A 2 5 A8

ENT 86.00 TG
BERN: IR

Hi%: 010-64034601, 64019031



