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Abstract

Objective: This prospective study aimed to establish the valproic acid (VPA) population phar-
macokinetic model in Chinese patients and realise personalised medication on the basis of pop-
ulation pharmacokinetics.

Methods: The patients’ clinical information and VPA plasma concentrations were collected from
The General Hospital of Taiyuan Iron & Steel (Group) Corporation (TISCO). Nonlinear mixed-
effect modelling was used to build the population pharmacokinetic model. To characterise the
pharmacokinetic data, a one-compartment pharmacokinetic model with first-order absorption
and elimination was used. The first-order conditional estimation with 7-¢ interaction was applied
throughout the model-developing procedure. The absorption rate constant (Ka) was fixed at 2.38
hour™', and the impact of covariates on clearance and apparent volume of distribution were also
explored. Medical records of 60 inpatients were reviewed prospectively and the objective func-
tion value (OFV) of the base model and final model were 851.813 and 817.622, respectively.
Results: Gender was identified as the covariate that had a significant impact on the volume of
distribution, and albumin and CYP2CI9 genotypes influenced clearance.

Conclusion: Bootstrap and VPC indicated that a reliable model had been developed that was
based on the simulation results, and a simple-to-use dosage regimen table was created to guide
clinicians for VPA drug dosing.
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Introduction

Valproic acid (VPA) is an antiepileptic drug
(AED) that is used to treat seizures, and the
‘International League against Epilepsy’ as
well as other authoritative guidelines rec-
ommend VPA as the first choice to treat
patients with epilepsy and bipolar disor-
der.! VPA’s therapeutic window is narrow
(50-100 pg/mL), and accurate treatment of
VPA is challenging because of its individual
variability in pharmacokinetics. Therefore,
it would be necessary to perform ‘therapeu-
tic drug monitoring (TDM)’, to create
an individualised dosing regimen. The chal-
lenge for physicians is ‘how to adjust
the dosage’ because underdosing might
evoke epilepsy, whereas overdosing may
increase toxicity effects.

The aim of population pharmacokinetics
(PPK) is to determine the variability of
drug concentrations among individuals
within a group of patients (i.e. the popula-
tion).? The characteristics of many patients
(covariates), such as the state of the disease,
demographics, concomitant medications, or
the presence of renal or hepatic impairment,
can all have an effect on drug pharmacoki-
netics. Therefore, it is essential to under-
stand this variability to help guide safe
and effective dosing regimens.’

Analysis of PPK involves collecting
a small number of pharmacokinetic
samples from many patients and then build-
ing mathematical models to describe the
resulting data. Using sparse pharmacoki-
netic sampling, only a limited number of
samples are taken from any given patient.

An appropriate sampling design and model
selection, and the resulting pharmacokinet-
ic data can be pooled and analysed to sup-
port conclusions about pharmacokinetic
variability and the influence of covariates.

Many VPA models have been suggested
in recent years, but the results that are pre-
dicted are not always ideal."*® This may be
caused by several factors, such as demo-
graphics, the number of samples, and/or
the dosage form, and the effect of gene
polymorphism on VPA metabolism has
not been considered. Various studies have
demonstrated that CYP2C19 genetic varia-
tions play a vital role in VPA plasma con-
centration variability in both paediatric and
adult patients.*

The aim of this study is to investigate the
impact of metabolic enzyme gene polymor-
phism and patient characteristics on VPA
pharmacokinetic parameters in a PPK
model for Chinese patients to provide per-
sonalised medicine.

Materials and methods

Patient enrolment and sample collection

This prospective study was approved by
the Ethics Committee, General Hospital of
Taiyuan Iron & Steel (Group) Corporation
(TISCO), Shanxi Province, Taiyuan, China
(ID: 201705), and was performed in accor-
dance with Good Clinical Practice guide-
lines. Written informed consent was
obtained from all patients or a healthcare
proxy. Steady-state serum concentration
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data were collected from Chinese patients
with seizures who were treated using stan-
dard VPA dosing regimens (i.e. oral: 500 mg
[immediate release tablets/solutions], twice
per day; intravenous: 400mg, twice per
day) at The Hospital of TISCO, China,
from January to December 2018. Both
oral and intravenous routes of administra-
tion were used in this study.

Patients had to meet the following criteria
for inclusion before they were enrolled: >18
years old, treated with VPA with TDM, and
male or female. Patients with any of the fol-
lowing conditions were excluded: hepatic
dysfunction, used Chinese traditional medi-
cine, AEDs containing VPA, poor compli-
ance, incomplete clinical information,
pregnancy, or had taken other medications
that affect VPA concentrations (i.e., pheno-
barbital or carbamazepine).

Demographic information, including
age, gender, weight and medication details
(VPA dosing history, medication history,
genotypes of enzymes, and laboratory
tests), was recorded.

Determination of VPA concentration

To measure serum VPA concentrations
(Combas-311; Roche, Mannheim,
Germany), homogenised enzyme immuno-
assays were used. The calibration curve
range of this assay was between 2.8 and
150 pg/mL; the lowest measurable concen-
tration was 2.8 pug/mL, and the coefficient
of variation was <5%.

CYP2CI9 polymorphisms were
determined using qRT-PCR

DNA from the enrolled patients was puri-
fied using a TIANamp Genomic DNA
Kit (TIANGEN, Beijing, China). Genetic
polymorphisms of CYP2C19*2 GO618A,
CYP2C19%¥3 G636A, and CYP2CI19*%17
C806T were identified wusing 7500

Real-Time  PCR
T-Space, Singapore).

Instrument  (ABI,

Base model

A first-order conditional estimation with #-¢
interaction (FOCE-ELS) was used to build
the population model (Phoenix NLME,
Certara, Inc., Princeton, NJ, USA).9 As
reported earlier, VPA pharmacokinetics
data in sparse blood conformed to the
one-compartment model. Because the pop-
ulation pharmacokinetic model was devel-
oped using sparse data, and nothing was
observed in the absorption phase, and
there is no information to identify the
absorption rate constant Ka. Thus, it is nec-
essary to fix Ka to 2.38 hour ', in accor-
dance with the references.'® On the basis of
existing research on pharmacokinetics on
the subject of VPA, it can be assumed that
individual parameters conformed to log
(normal distribution of the positive
values), which are typical in population
parameters.'’

Pij = PTVj X EX[? (1’[,/) (1)

Here, Pj; is the jth pharmacokinetic
parameter of the ith person, Pry; is the
typical population value in the j th pharma-
cokinetic parameter, 1; represents the inter-
individual random error of the individual
parameter P for the population parameter
Pryj, and its value conforms to a
normal distribution with a zero centre and
variance o?.

The residual error is evaluated by the
proportional error.

Cobs = Cpred X (1 + 8) (2)

Here, C,ps and C,,4 are observational and
model prediction values, respectively, and ¢ is
an intra- and inter-laboratory random error
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that conforms to a normal distribution with a
zero centre and variance o.

Final model

Programmes such as the Phoenix NLME
(Certara, Inc.) use the principle of extend-
ing the least-square method in search of a
group of population pharmacokinetic
parameters that minimise the target func-
tion. The values of the target functions
between the same models are conformed
approximately to the »° distribution.
When df =1, 5%0.0s.1 = 3.84, %0.00s.1 = 7.78,
and )(20‘001,1 =10.83, i.e. where the number
of parameters between the two models is 1,
there is a significant difference when AOFV
>3.84 at P<0.05; AOFV >7.78 at
P <0.005; and AOFV >10.83 at P <0.001.
After constructing the basic model, the
covariates, including age, gender, body
weight, height, body mass index (BMI), ala-
nine aminotransferase (ALT), aspartate
aminotransferase (AST), total protein
(TP), albumin (ALB), globulin (GLB),
and serum creatinine (SCR), combined
medication, and CYP2C19 gene polymor-
phism, were used to establish a stepwise
full regression model. Where a covariate is
being added to the model, it should be
retained by the model if an OFV reduction
value is >3.84, which indicates that the
covariate had a significant effect (P<0.05).
A full regression model was established
using all covariates with significant effects,
and then covariates were subtracted one by
one from the full-regression model. To
examine the necessity of the covariate in
the model, more stringent statistical criteria
(df=1, 7%0.001.1=10.83) were used. If the
change in the OFV value >10.83, the exis-
tence of the covariate was considered to be
significant, and it was retained in the model,
meaning that to obtain the final model, the
full regression model was inversely culled.

Model evaluation and validation

‘Goodness-of-fit’ plots also performed a
crucial role in checking for data fitting in
the pharmacokinetic models. For the pur-
pose of observation and prediction against
time, an overall perspective of model per-
formance can be evaluated. This includes
scatter plots for observation and prediction
against time, observation versus prediction,
conditional weighted residuals (CWRES)
versus prediction, and CWERS versus
time through these plots.'

To validate the final model,"* bootstrap
and visual predictive checks (VPC) were
used; by random sampling (with replace-
ment) two thousand bootstrap replicates
were constructed from the original dataset.
For each bootstrap replicate model, param-
eters were estimated, and the resulting
values were used to estimate medians and
95% confidence intervals (the range from
the 2.5™ to the 97.5™ percentiles of the
results from individual replicates). The
final model parameters were then compared
with the bootstrap results. If no significant
difference was observed between the data,
the estimates for the final model was con-
sidered to be precise and stable. For VPCs,
1000 Monte Carlo simulations of the phar-
macokinetic dataset were generated using
Phoenix NLME software (Certara, Inc.).
These simulations were then compared
with the observations by superimposing
the median and 90% prediction interval
(PI; ie., 5" and 95™ percentile) of the
observed data with the median and 90%
PI of the simulations. The model was con-
sidered to be precise if the observed concen-
tration data were distributed approximately
within 90% PI.

Model simulation

The aim of this simulation was to provide
patients with guidance for VPA dosing.'*
A main concern about VPA dosages is the
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trough concentration, and the goal was to
have VPA trough concentrations within
50 to 100pg/mL. Patients were divided
into different subgroups on the basis of
the incorporated covariates. The Phoenix
NLME software (Certara, Inc.) was used
to conduct simulations to achieve an
optimal individualised dosing regimen for
different patient subgroups, and we subse-
quently developed a simple and practical
dosage regimen table.'”

Results

Baseline information

Sixty patients received VPA therapy whilst
98 observations were enrolled in this study.
The demographics and laboratory results,
including gender, age (year), body weight

(kg), BMI (kg/m?), height (cm), SCR
(umol/L), TP (g/L), ALB (g/L), GLB
(g/L), ALT (U/L), AST (U/L), and con-
comitant medications (carbamazepine,
lamotrigine, meropenem, and imipenem),
were all extracted from the medical records.
CYP2C19 genetic testing was also per-
formed for all 60 patients, and this baseline
information is illustrated in Table 1.

Final pharmacokinetic model

Previous studies have shown that
VPA in vivo can be more appropriately
described by the one-compartment model
(Figure 1).>'°'® The gender of a patient
was seen to significantly influence the
volume of distribution (V). The ALB and
CYP2CI19 genotypes were strongly associ-
ated with clearance (CL). The inclusion of

Table I. Patients’ baseline information.

Number or
Characteristics mean £+ SD Median (range)
No. of patients 60 -
No. of observations 98 -
Dose (mg) - 500 (200-1200)
Gender (M/F) 44/16 -
Age (year) 60+ 11.8 59 (22-88)
Body weight (kg) 66.5+12.1 66.5 (40-90)
Body mass index (kg/m?) 23.0£3.1 23.3 (15.6-28.7)
Height (cm) 170+ 6.8 172 (155-182)
Serum creatinine (umol/L) 66.5+23.6 66.5 (23.6-145)
Total protein (g/L) 659+75 64.6 (7.5-81.8)
Albumin (g/L) 389+ 64 38.7 (25.6-53.6)
Globulin (g/L) 27.1 £47 28.6 (4.6-36.9)
Alanine transaminase (U/L) 343+338 27.1 (5.7-214.5)
Aspartate transaminase (U/L) 314+£21.0 26.8 (9.6-115.8)
CYP2C19 genotype
*1/%] 36 -
243452143 24 -

Concomitant medications
Carbamazepine
Lamotrigine

Meropenem

Imipenem

M, male; F, female; SD, standard deviation.
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Figure |. Schematic diagram showing the VPA
pharmacokinetic model.

VPA, valproic acid; po, oral; IV, intravenous; Xa,
drug amount in the absorption compartment; X,
drug amounts in the central compartment.

The pharmacokinetic parameter definitions can be
found in Table 2.

covariates explains some of the random
inter-individual variability (ITV) in the pop-
ulation parameters. This is indicated by a
reduction from 54.74% and 51.55% in the
base model to 31.01% and 44.06% in the
final model for V and CL, respectively.

The final model with the three covariates
is as follows:

If CYP2C19*1/*1, then

CL (L/h) = 0.64 x (ALB/38.7)""%0 x &1L
3)

If CYP2C19*1/*2 or *1/*3 or *2/*3 or
*2/*2 or *3/*3, then

CL (L/h) = 0.64 x (ALB/38.7)" "% x ¢
—0.45 x "k

4)

where the gender of the patient is female,
then

V(L) =2215x¢" (5)

where the gender of the patient is
male, then

V(L) =22.15 x ¢0.78 x e"¥ (6)

Regarding the final population parame-
ters, the relative standard error (RSE),
IIV, and residual errors are summarised in
Table 2. These estimates show an accept-
able precision (RSE% <40%).

Model evaluation

The OFV decreased by 34.191 (from
851.813 to 817.622) in the final population
model compared with the base model.
Goodness-of-fit plots of base and final
model can be found in Figure 2; there was
no systematic bias observed for either the
base (Figure 2a-2e) or final models
(Figure 2a’-2¢’). Incorporation of ALB,
gender, and CYP2C19 genotype into the
final model gave predictions that were
closer to the observations whilst the diagnos-
tic plots improved significantly. The signifi-
cant relationship between the etas (i;
interindividual variability) of parameters
(CL and V) and covariates is visible in the
base model; this relationship disappears in
the final model, which suggests that there is
a significant improvement of the final model.

Figure 3 and Figure 4 are representa-
tions of the relationship of etas () and all
the potential covariates.

Model validation

In the bootstrap analysis, 1976/2000 runs
(98.8%) successfully converged. Based on
the original dataset (Table 2), the medians
of the parameter values estimated from the
bootstrap were in agreement with the final
parameters. This indicates the stability and
robustness of the final pharmacokinetic
model. VPCs with 2000 replicates for simu-
lated VPA concentrations versus time,
displayed a good harmony between
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Table 2. The parameters of final population pharmacokinetic model and bootstrap results.

Model estimates Bootstrap results
Parameter v Shrinkage
(unit) Estimate RSE% 95% ClI (CV%) (%) Median 95%Cl

If CYP2CI9*1/*1: CL (L/h) = 0.64 x (ALB/38.7)~ "% x "

If CYP2CI9*1/%2 or *1/%3 or *2/%3 or *2/*2 or *3/%3: CL (Llh) = 0.64 x (ALB/38.7)~ %6 x ¢ 0#% ¢t
If sex is female: V (L) =22.15 x e"”

If sex is male: V (L) =22.15 x e%78 x "’

CL (L/hour)  0.64 737 055t0 074 4466 10.73% 0.66 0.59 to 0.72
V(L) 22.15 10.68 17.45 to 26.85 31.01 53.07% 22.05 18.54 to 35.02
K, (hour)  2.38 (FIXED) 0 - - - 238 (FIXED) -

faLe-cL —1.06 38.11 —1.87to —0.26 - - —1.25 —1.82 to —0.53
fcypzc|9_c|_ —0.45 2246 —0.66 to —0.25 - - —0.42 —0.69 to —0.38
fGNDR-V 0.78 2098 045to .10 - - 0.68 0.20 to 0.93
Proportional |1.75 12.36 8.86 to 14.63 - 1.8l 9.06 to 14.24

error

V, volume of distribution, CL, clearance, RSE, relative standard error; IIV, inter-individual variability; CV, coefficient of
variation; CYP, cytochrome P450 enzyme; 95%Cl, 95% confidence interval; F, factor; ALB, albumin; GNDR, gender.
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Figure 2. Model evaluation of the VPA baseline (a, b, ¢, and d) as well as the final (a/, b/, ¢/, and d')
pharmacokinetic models.

The ‘a and a’: observation (dependent value, DV) against individual prediction (IPRED); the solid lines are
identity lines y =x.

‘b and b’: DV against prediction (PRED); the solid lines are identity lines y =x.

‘c and c’: conditional weighted residual (CVWRES) versus time after last dose. The blue lines are the locally
weighted scatter plot smoothing, and red lines represent absolute regression lines.

‘d and d’: CWRES versus PRED; the blue lines are the locally weighted scatter plot smoothing, and red lines
represent absolute regression lines.

‘e and e quantile—quantile (QQ) plots of CWRES.
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Base model
nCl, COM nCl, CYP2C19 nCl, GNDR
2 2 2
1 1 1
E 0 E oo E 0
2 2 T 2
o 1 L] 1 o 1
Cowr Covr Covr
nV, COM nV, CYP2C19 nV, GNDR
2 2 2
1 1 1
8 0 20 g0
2 . 2 - 2 T
0 1 L] 1 (] 1
Cowr Cawr Cavr
Final model
nCl, COM nCl, CYP2C19 nCl, GNDR
2 2 2
1 1 1
a8 o E o0 80
2 2 2
o 1 o 1 o 1
Cowr Covr Cowr
nV, COM nV, CYP2C19 nV, GNDR
2 2 2
1 1 1
8o E o0 o0
1
2 : 2 2 T
/] 1 L] 1 L] 1
Cowr Cawr Cavr

Figure 4. Box plots display the relationship between etas and potential covariates.

COM, 0; Single; I, drug combination.

CYP2CI9, I, CYP2CI9*I/*I; 2, CYP2CI19%1/*2 or CYP2C19*1/*3 or CYP2C19%2/*2 or CYP2CI19*3/*3 or
CYP2C19*%2/*3.

GNDR, 0, female, |, male.
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Figure 5. Visual predictive check plots of final population pharmacokinetic model.
Dots are the actual observations. The solid line represents predicted 50th percentile and the dotted lines
are the 5th and 95th percentiles from the simulated observations. The 90% prediction interval is the area

between the 5th and 95th percentiles.

simulations and observations (Figure 5).
This suggests the presence of adequate pre-
dictive properties in the final population
model.

Model simulation

Monte Carlo simulations were conducted
with the goal of obtaining trough concentra-
tion within 50 to 100 pg/ml during therapy.
V does not affect maintaining the dose of the
drug. Patients were, therefore, categorised
by ALB level and CYP2C19 genotypes.
VPA was administered orally twice daily.
Table 3 has lists of the final dosing regimens.
Whilst the maintenance dose decreased,
the ALB level increased, and therefore, a
higher dose was needed for patients with
CYP2C19*1/*1 compared with patients with
CYP2C19*%1/*2, CYP2C19*1/*3, CYP2C19*
2/%2, CYP2C19*3/*3, or CYP2CI19%2/*3.
The graphical representations to simulate

the pharmacokinetic characteristics of the
special population combined with clinical
treatment are listed in Figure 6.

Discussion

A summary of the reports that were pub-
lished over the past 5 years on the covari-
ates that affect VPA concentration is
presented (Table S1). Most reports used
PPK, '3 716719 whilst only one report
intensively collected samples in adults
using the two-compartment model.! Both
had sparse pharmacokinetic data and were
fitted using a one-compartment model. To
date, the reported Kas of VPA are, respec-
tively, 2.38 hour™",'°2.64 hour ",*” and 1.9
hour™'.*2%2! We tried all of them in the
modelling process, and the goodness-of-fit
was best when Ka was fixed to 2.38 hour ™.
Furthermore, this value was estimated
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Table 3. Maintenance dose (mg, twice daily) based on the CYP2CI|9 genotypes and

albumin level.

Albumin (g/l)
Genotypes 25-35 35-45 45-55
CYP2CI19*1/*1 750-1200 500-800 350-650
CYP2CI19*1/*2 or *1/*3 or 400-700 300-500 250400
*2/*¥3 or *2/*3 or *2/*¥3
based on the Chinese population and we respectively. However, no significant

used immediate release tablets/solutions
instead of sustained-release tablets in this
research, and thus, we thought that this
was suitable for our pharmacokinetic
data. The genetic factors affecting VPA
pharmacokinetics/metabolism  in  vivo
include ABCC2, CYP2A6, CYP2C9,
CYP2C19, LEPR, the UGT series genes,
and the SCN series genes.*”®!72%23 The
following physiological factors were includ-
ed: weight, age, gender, height, and body
surface area.’ Pathological factors included
the epilepsy type and liver and kidney func-
tion, whilst other factors that were included
comprised medication and total daily dose.
Introducing VPA into the body means that
there are two forms that are present in the
blood, unbound and protein-bound, which
are in dynamic equilibrium in the body.
Only unbound drugs can be metabolised;
VPA is a high protein-binding drug, partic-
ularly with albumin. More drugs are found
to be present in an unbound form where the
albumin content in the blood decreases,
thereby increasing the CL rate. This study
reports, for the first time, that albumin
levels have a significant effect on VPA CL
and recommends that the patients’ albumin
levels should be checked before dosing.

In a previous study, Jiang et al.>* found
that CYP2C19 and CYP2C9 genotypes
influenced the PK variability of VPA.
Small differences compared with normal
CL/F were observed, as follows: 0.3697,
0.3670, and 0.3644 L/hour for wild type,
heterozygous, and homozygous genotypes,

effects of CYP2C9 and CYP2CI19 geno-
types on VPA PPK were found in many
studies.*?>-%¢

This study also detected the polymor-
phisms CYP2C19*2, *3 and *17 in patients;
CYP2C19 rs4244285 (c.681G>A), which is
the defining polymorphism of the
CYP2C19*2 allele, is a synonymous G>A
transition in exon 5 that creates an aberrant
splice site. Any changes in this genetic poly-
morphism would alter the mRNA reading
frame and subsequently result in a truncat-
ed, non-functional protein.’’ CYP2CI9
1s4986893 (c.636G>A), the defining poly-
morphism of the CYP2C19*3 allele, is a
G>A transition in exon 4, which results in
a premature termination codon at amino
acid 212 (p.W212X).?® Cyp2c19*3 allele fre-
quencies were lower than 1% in most pop-
ulations, whilst it is more widespread in
Asians (2% to  9%).” CYP2CI19
rs12248560 (c.-806C>T) is the defining
polymorphism of the CYP2C19*17 allele,
and it is also a C>T transition into a
promoter that creates a consensus binding
site for the GATA transcription factor
family to increase CYP2CI19 expression
and activity.**

Patients can be classified as ultrarapid
(UM), extensive (EM), intermediate (IM),
or poor metabolisers (PM) based simply
on the ability of metabolising CYP2C19
substrates. EM individuals are homozygous
for the CYP2C19*1 allele, which is related
to functional CYP2C19-mediated metabo-
lism. The IM genotype includes one each
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Figure 6. Simulated concentrations versus time plots at different maintenance dose (milligrams, twice
daily) based on the CYP2C19 genotypes and albumin level from Table 3.

I: 1200, 7: 750
2: 800, 8: 500
3: 650, 9: 350
4: 700, 10: 400
5: 500, I'1: 300
6: 400, 12: 250.

of the wild-type allele and variant allele,
which encodes reduced or absent enzyme
functions (e.g., *1/*2, *1/*3); this resulted
in decreased CYP2C19 activity.>* PM indi-
viduals have two loss-of-function alleles

(e.g., *2/*2, *2/*3, *3/*3), which result in
markedly reduced or absent CYP2CI19
activity.>>** In this study patients were sep-
arated into two groups: extensive metabo-
lisers (*1/*1), and non-extensive
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metabolisers (¥1/*2, *1/*3, *2/*2, *2/*3,
*3/%3).

During the modelling process (Table S2),
the patient’s gender was found to have a
significant effect on V, but the effect on
CL was small. V can affect the loading
dose, but it has little effect on the mainte-
nance dose. During the simulation, it was
found that where a patient was given VPA
for the first time, the effect of gender on the
trough concentration was significant and
was reached only after multiple administra-
tions. Once VPA steady-state levels were
achieved, the impact of gender on the
trough concentration became negligible.
Because VPA is usually given on a long-
term basis, a patient’s gender was not
taken into consideration in the model sim-
ulation, meaning that this medication regi-
men is applicable to both men and women
(Table 3).

Concomitant medications are important
factors that are known to significantly
affect the behaviour of VPA in vivo, such
as in combination with aztreonam, imipen-
em, and meropenem. These medications
may decrease VPA concentrations and
evoke seizures. It is necessary to perform
the following: clinical monitoring, TDM,
and timely adjustment of anticonvulsant
drug dose during the anti-infective treat-
ment. TDM should also be continued even
after antibiotic cessation. The induction of
hepatic metabolism by carbamazepine can
reduce plasma concentration in VPA. In
combination with felbamate, the blood con-
centration of VPA is increased, which may
cause the risk of an overdose; but the induc-
tion of hepatic metabolism by phenobarbi-
tal or primidone reduces the plasma VPA
concentration. However, only four patients
who were involved in the study took addi-
tional drugs that could affect the VPA con-
centration. This proportion was too small,
and it led to the failure of the study to iden-
tify the effect of the combination on the
drug pharmacokinetic process in VPA.

The study has the following limitations:
(1) There was no sample size calculation,
and the limited number of samples may
affect the statistical significance of the
results. Because the sample size was small,
the sampling points were sparse. To vali-
date the results a larger clinical trial is nec-
essary; (2) In many clinical cases, it is
necessary to combine VPA with other
drugs but the relevant covariates were not
included in our model. Therefore, the
results do not apply to patients with com-
bined drug treatments that interact with
VPA; and (3) There are other genetic var-
iants that could potentially affect the
metabolism and CL of VPA. However this
study only detected CYP2C19. Larger num-
bers of genetic tests are required to detect
other critical genetic variants that affect
VPA pharmacodynamic in vivo.

In conclusion, this study enrolled epilep-
sy patients of Chinese ethnicity and nonlin-
ear mixed-effect modelling was used to
construct a population pharmacokinetic
model of VPA in Chinese patients. This
was done by screening out the fact that
gender could affect V, whereas the
CYP2C19 genotype and albumin levels
can affect drug CL for VPA. On the basis
of the simulation results of the model, a
table of individualised medications that
were based on genotype and albumin
levels was constructed to help physicians
to implement these regimens.
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