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to-dose ratio of carbaaeepnE e s 1o geil Patenisith CYP3A5*1 and CYP3A5'3 alleles
either when CBZ lnlstratlon with phenytoin (PHT),
phenobarbital (PE) or yalf adil WPAKsecond, fonrovie regression equation to predict CBZ
clearance from demograf D FP3AS5, third, to determineg relationship
between CBZ cleardfCe ghciiihy UM 1z  of metal of PHT (V__,). PB clearance and
VPA clearance.

A retro-prospeglive i ol ®d Al e epilepsy outpatient clinic of Prasat
Neurological Institute, Bangkok, Sh (P348 was performed in 70 patients. The allele
frequency of CYP3A5*1 was 31TraacCe yas 89%. The CBZ clearance and level-lo-dose

ratio was nol si can P3A5*1 and CYP3A45°3 alleles.

However, in patie ) e nducing antiepileptic drug (PHT

or PB), individuals = -l., end toward more susceptible 1o

changes in CBZ cle nca and showed Imr CBZ-level-to-d0se ratio as compared to individuals

carrying 2} wm on of CBZ clearance from
dﬂmﬂgrﬂpﬁﬁ ﬂ Ejlj ﬁdﬁg CYP3A5 genotypes while
selected fuur other factors generatafl the model aggleing related to GBZ clearance (L'kg/day),
QAT DRI VLRI M. 2 os c
expflin 54.7% of the variance in CBZ clearance {p-:ﬁ.ﬂmj. When two antiepileptic drugs were
used concurrently, PHT V__ showed high correlation with CBZ clearance (N=14, R'= T8%,
p=<0,001), VPA clearance showed moderate correlation with CBZ clearance (N=18, RE= 41.2%,

p=0.007) while the correlation between FB clearance and CBZ clearance was not reach the

statistically significant level (N=15, R =11%, p=0.227).
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CHARPTER |
INTRODUCTION

Background and Rationale

Carbamazepine (CBZ) is a first-line antiepileptic drug for partial and generalized
tonic—clonic seizures."™ CBZ is used as monotherapy or coadministration with other

antiepileptic drugs (AED) such as Phenytoin (PHT), Phenobarbital (PB), Valproic acid

[6-7]

(VPA).” * Additionally, it is commonly used for oihers neurological disease for instance

pain relief in trigeminal neuralgia, bipolar disorder. ¥ CBZ is metabolized 99% by the

[8-11]

liver; CYP3A4 and CYPSASL .aresthe most importance enzymes. The serum

concentration of CBZ that reporied io be.I the accepted therapeutic range is 4-12 mg/L
when the drug is used'for the ireatment of seizures, however, the range for psychiatric
disorders and trigeminal neuralgia IS assur;lTeq_ to be the same. ™

Studies about the clearance  of "CBZ are importance for therapeutic drug

monitoring. Several studies repor't:ed' that ageF Body weight, surface area, dose of CBZ,
add v ol
dose of PB, and co-medication with PHT, PB; :Oﬁ VPA are significant influence on CBZ

[8, 9, 12-14]

clearance. Recent phar_rna_cogenomipf—fs_fq(_jies found that CYP3A5 polymorphism

el

effects on CBZ Clearanoe. Seo et al. " reported that CBZ clearance in patients with

CYP3A5*3/*3 was 8% higher than in patients with CYP3A5;5-1/*1 and CYP3A5*1/*3. Park

[16]
et al.

reported that the mean of level-to-dose-ratio of CBZ in patients with
CYP3A5*3/*3 was_ 31%_ significant higher+ than_patients with CYP3A5*1/*7 and
CYP3A5*1/*3 (p = 0:032), and the CBZ clearance was 29%! significant lower (p = 0.004).
Studies about the effect of CYP3A573 on CBZ pharmacokineticsiwhen comedication
with other AEDs that reportedrtoshaver pharmacokinetic! interaction with CBZ have not
been clearly defined. In Thailand there has never been study about the effect of CYP3AS
polymorphism on CBZ clearance either in patients with CBZ monotherapy or
coadministration with other AEDs which have drug interaction, such as, PHT, PB and

VPA. Knowledge about the effect of CYP3A5 polymorphism on CBZ pharmacokinetics

may be useful in therapeutic plans to avoid serum drug concentration-related adverse



effects and reduce inappropriate dosage. A recent study reported that the frequency of
CYP3A5*3 allele in a Thai population was 66%. o

CBZ is mainly metabolized by the liver via CYP450, the same enzyme system as
PHT and PB, at the same time, CBZ induces uridine diphosphate
glucuronosyltransferase (UDPGT) which is the main metabolizing enzyme of VPA while
VPA inhibits CBZ-10, 11-epoxide (active metabolite) metabolism via Epoxide hydrolase
“9 1t is therefore highly possible that CBZ pharmacokinetic parameters could be related
to pharmacokinetic parameters of PHT,  PB;and VPA. In Thailand the relationship
between pharmacokinetic parameters of PHT-and CBZ has been investigated and found
that there was high correlation between clearanee of CBZ and maximum rate of

metabolism of PHT (PHT V__g(Cerrelation coefficient = 0.828), regression equations to

max

predict CBZ clearance from PHT\/ orivice versa have also been provided [18], even

though validation and application has never been perfoermed. Additionally, the study of
correlation between GBZ gleafance and _F?B,plearance and VPA clearance has never
been investigated. J‘ 4

The purpose of this studyr vy_z;ls to d'e:_'t‘r;;__r_‘rﬁine the effect of CYP3A5 polymorphism
on CBZ clearance, provide th@'regression'}-"e.‘qijation to predict CBZ clearance from
demographic data and polymogphism - of f;é—YE3A5 and investigate the correlation

between CBZ clearance and PHT V, '~ PB clearance orinA clearance and develop

regression equation fo-predict CBZ clearance from clearance of other AEDs or vice
versa. The ultimate goal is to provide a more accurate and simplified method for
predicting the appropriate desage of ICBZ andpin jturn, ayhighersefficiency and safety of

drug used.

Hypothesis
1. CBZ clearance was not different between patients with CYP3A5*7 and
CYP3A5™3 alleles.
2. CBZ clearance was not correlated with PHT V__, PB clearance or VPA

clearance.



Objective
1. To compare clearance, level-to-dose-ratio of CBZ between patients with
CYP3A5*1 and CYP3A5*3 either when CBZ was used as monotherapy or
coadministration with PHT, PB or VPA.
2. To provide regression equation to predict CBZ clearance from demographic
data and polymorphism of CYP3AS.

3. To determine relationship between CBZ clearance and PHT V PB clearance

max’

and VPA clearance.

Significant of the study
1. Information ab
CYP3A5*1 VS

2. Information a clearance may be used to

-related adverse effects and

1. Population -this study ar it Prasat Neurological Institute
who used Clﬂjas mono a ministri[]an with PHT, PB or VPA.
2. Variables of thi$ study: Dependentivariables are CBZ clearance, CBZ level-to-

cosdind ot G b P24 B, i v, oo

Clearance VPA clearance anhd demographic data.

ARIAINTUUNRIINYIRY

Limitation of this study
Application of this study is limit to specific patients that have the same

characteristics as the patients in this study.

Conceptual framework

Conceptual framework is shown in figure 1.



Patients who used CBZ and eligible to inclusion and exclusion criterias

CBZ monotherapy CBZ combination with one interaction drug;

-  Measure serum CBZ+ PHT, CBZ+ PB, CBZ+ VPA

concentration - Measure serum concentration

- Estimate clearanc

- Estimate clearance, V __,

|
?

s

ﬁ {48 j;‘&&\
/ = n\\\\\
CYP3A5'1 / ﬁ\l\\}\ Determme relation between

‘ 5 clearance of CBZ VS

- Compare clearance, level

V., of PHT

CYP3AE™T VS CYP3A5™3 - clearance of CBZVS

(All cases, CBZ monotherapy, clearance of PB

CBZ+VPA)
- Compare clearance, leyve : atio of CBZ b = clearance of CBZ VS
CBZ monotherapy NSeBz=—Phi-ciz+ParorcH P——— clearance of VPA

{All cases, the same CYP

7T LV2A T 1 L

medical . and pharmacokinetic parameters of correlated coadministration drugs

- = L "4

TARTANTTIIIHAWTINIE TN

Figurg1: Conceptual framework



Operational definition

1.

CYP3A5 polymorphism is genotype that control CYP3A5 enzyme producing
which has single-nucleotide polymorphism; CYP3A5*3 allele is substitute amino
acid at intron 3 (6986 A>G) when the reference allele is CYP3A5*1.

Antiepileptic drugs serum concentration measurement is a measurement of
bound and unbound drug in serum (total drug) that the sampling time is not over

one hour before the administration of the next dose in the morning (trough

level).

Clearance is the ability of (liver, kidney) to eliminate a drug.

This pharmacokinetic-pe from serum concentration level at

steady state. 7 , -
Level-to-dose ratio.i j ntiepileptic drug serum level to dose per day of

the drug.

9
{

AULINENINYINS
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CHARPTER I
LITERATURE REVIEWS

Carbamazepine

CBZ is a first-line antiepileptic drug for partial and generalized tonic—clonic
seizures. | Carbamazepine is used as monotherapy or coadministration with others
antiepileptic drugs such as PHT, PB, VPA. o Additionally, it is commonly used for others
neurological disease for instance pain relief in trigeminal neuralgia, bipolar disorder. 1
Molecular formula of CBZ is C,.H,,N,O (chemical name is 5H-dibenz [b, f] azepine-5-
carboxamide). Chemical structure of CBZ is similar.to tricyclic antidepressants (Figure

2), and it was synthesized in_1953to complete with the newly introduced antipsychotic

drug chlorpromazine. It was'initially approved for the treatment of trigeminal neuralgia

[1_9, 20]

and for the treatment Of seizuges/in 1974: =~ Desage forms of CBZ are available as

immediate-release tablét, ghewable tablet, oral suspension, controlled-release tablet

_ 20, 21] J
and sustained-release capsule. id

Figure 2: Chemical structure of CBZ.

Mechanism of agtion

EBZgracts by preventing~repetitive diring-of -action, potentials yin depolarized
neurons Jia uUse-and voltage-dependent sodium channels. 2] Voltage-gated sodium
channels are the molecular pores that allow brain cells (neurons) to generate action
potentials, the electrical events that allow neurons to communicate over long distances.
After the sodium channels open to start the action potential, they inactivate, essentially
closing the channel. CBZ stabilizes the inactivated state of sodium channels, meaning
that fewer of these channels are available to subsequently open, making brain cells less

[19, 20]

excitable. CBZ has also been shown to potentiate GABA receptors made up of
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alpha,, beta,, gamma , subunits subsequently open, making brain cells less excitable.

[22]

Pharmacodynamic

CBZ has been considered the drug of choice for initial treatment of patients with
simple, complex, or secondarily generalized partial seizures and for patients with
primary generalized tonic-clonic seizures. It may exacerbate the rate of generalized
absence and myoclonic seizures. <

The effectiveness of CBZ as ansantiepileptic drug is associated with
concentration of 4-12 mg/L and the range for psychiatric disorders and trigeminal
neuralgia is assumed to be the.same. This range is intended as a guide not an absolute,
because of the variable amount of free‘-ldrug, the contribution of the 10, 11-epoxide
(active metabolite) and the intefindividual  variability” in response. The target
concentration for eachfpatient shoyld berqt_ermined by response and occurrence of
side effects. " J, ?

Slow dosage titration aIloV\;ed a patiig'rﬁ_t Jt:ime to develop tolerance to certain side
effects associated with CBZ. The !L-ste of s.lj;-’g_‘é_ij}-release or controlled-release dosage

forms reduced the peak to trough _ﬂuctuation;s:,—jq_n'.d_[nay reduced associated side effects.

The most common s_,iqe effects of CBZ include dizziness,:h_eadache, diplopia, nausea,

vomiting, sedation, 'a_hd lethargy, and have been repor:[e'd to be related to serum
concentration. Other pessible concentration- related side-effects include hyponatremia,
syndrome of inappropriate ‘antidiuretic . hormong .and osteomalacia. An exact dose and
concentration effect™for=these side-effects has not=beenlestablished, but they occur
more frequently at higher doses or after prolongedé@xposure. 0.2

CBZ has been associatediwith @trioventricular block, espetially.in older women,
and it is suggested that careful monitoring of the echocardiogram and drug
concentration be done in elderly patients. Idiosyncratic reactions associated with CBZ
include bone marrow suppression, aplastic anemia, agranulocytosis, toxic hepatitis, skin

[20, 21]
rash and rarely Steven-Johnson syndrome.



Pharmacokinetics
Absorption

CBZ is lipid-soluble compound that is slowly and variably absorbed from the
gastrointestinal tract. Peak plasma concentration following immediate-release CBZ
products occur approximately 6 hours (2-24 hrs) after oral ingestion. o Following chronic
oral administration of CBZ tablets, extended-release tablets or extended-release
capsules, peak plasma concentrations are reached in 4.5, 3-12, or 4.1-7.7 hours,
respectively. “ The time to peak inereases with an increase in dose, suggesting that

[20]
Because of no

there is simultaneous first-order and zerof order absorption.
intravenous form of CBZ is currently available for human trials, the oral bioavailability of
CBZ has not been directly determined. *Y For clinical purpose the bioavailability (F) of
CBZ is assumed to be _appioximately 80% for oral tablet, chewable tablet, or
suspension. The bioavailability of extendpd—release CBZ products is assumed to be
approximately 70%. ®l €onglrent gdminiﬁrq_tions with food affect the rate but not the

) 4
extent of absorption. Immediate-felcase tablets, extended-release tablets and

suspension should be administerédfwith mréa'é}l, while the extended-release capsule can
v ol
be taken without regard to food. "~ =

il

Distribution

CBz distribufeé?apidly and uniforrﬁlvy' to various —C)Fg-ans and tissues, achieving
higher concentrations |n organs of high blood flow for in§tance liver, kidney and brain.
CBZ rapidly crosses thesplacenta and taeccumulates in fetal tissue with higher
concentrations!in the/liver and Kidneyithan the brain and lungs.£BZ has been detected
in the cerebral spinal fluid, brain, duodenal fluids.bile and salivag In breast milk CBZ
conceniration is about 25-60% .0f the!concentration in mother's plasma."lt was found that
the correlations between saliva and plasma concentrations were strong and highly
significant. 2

On average, the volume of distribution (V,) for CBZ is approximately 1.5 L/kg for
neonates, 1.9 L/kg for children and 1.4 L/kg (0.8-1.9 L/kg) for adults based on total body
weight. CBZ is primarily bound to albumin and alpha-1-acid glycoprotein. The

percentage of protein binding of CBZ is 75-90% and the epoxide metabolite is 50-90%.



The free fraction of CBZ may vary with the presence of inflammation, trauma, concurrent
AEDs therapy, and age. The free fraction of CBZ is approximately 0.2-0.3. In uremic
patients, significant increases in free CBZ concentrations are seen. Although CBZ has
significant binding to plasma proteins, there are very few clinical studies exploring
alterations in plasma binding characteristics. This may be because CBZ is bound to
multiple plasma proteins and with a free fraction of 0.2-0.3, fairly large changes in
plasma binding to multiple plasma proteins would be required for the change in binding
to become clinically significant. As a result of this, the use of free fraction CBZ serum
concentrations are currently. limited to thosespatients that have total concentrations
within the therapeutic rangebut experience adverse effect usually seen at higher
concentrations, or those patientsithat have total concentrations below the therapeutic
range but have a therapeutic' response usually observed at higher concentrations.

However, there is no defifed! target concentration range for unbound CBZ and not

_—

. [8, 9y21]
routinely measured.

Elimination

Metabolism Tl

o

CBZ is about 99% metabolized@-_the epoxide-diol pathway, aromatic

i

hydroxylation, and  direct conjugation Withr glucuronic. acid, and sulfur conjugation

pathway. Epoxide diol rand aromatic hydroxylation pathway are accounted for about
65% of it metabolism.. The most important CBZ metabglite is 10, 11-epoxide, which

[20, 21]

appears to be active andwcontribute to ‘efficacy and toxicity of CBZ. The

epoxidation reactioptis.mediated! by.lisoenzymes in.the liver, CYP3A4/5, CYP2C8 and

[11, 20]

CYP1A2 with CYP3A4/5 playing the most importantzole. The epoxide metabolite is
further "Aydrolyzed »to ‘an|inactive diol smetabolite sthat lis excreted in/the urine. The
aromatic hydroxylation is mediated by CYP1A2. UDPGT is also involved in the
metabolism of CBZ. *”

CBZ induces its own metabolism (autoinduction), which clearance increasing on
continued dosing. Autoinduction begins 3-5 days after the initiation of therapy and take
3-5 weeks to complete. The autoinduction appears to be dose related, so each increase

in dose will result in further autoinduction. The result of the autoinduction is that the
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clearance of CBZ will increase and the half-life will become shorter with continued

. [20, 21]
dosing.

Elimination parameters
Half-life
The half-life (t,,) of CBZ changes with continued dosing and is affected by other

drugs that induce or inhibit enzymes. The time to steady state depends on the
completion of autoinduction. Single  dose studies predicted a CBZ half-life of
approximately 25-65 hours, steady state data stuggested a half-life of approximately 12-
17 hours in adult patients receiving CBZ monotherapy, and approximately 5-14 hours in
patients receiving other™ enzyme-inducing antiepileptic drugs (e.g. PHT, PB)
concurrently. “ Childref meidbalize CBZ| more rapidly than adults with reported steady

state half-life of 4-12 helirs. *Tabje 1, summarizes the half-life and time to steady state.

_—

y
Table 1: Half-life and Time 10 Steady: State Ezjﬂ.-i 4
' N
Dosing Halﬁhfg (hr) | Time to Steady State °
Single dose 525! . -
Chronic dosé — - 12-17 60-85 hr
Concurrent antiépileptic drug 5-14 30-70 hr

® Time to steady state is'not applicable tosingle doses and, due to autoinduction, is

based on more realistically on the'time foricomplete autoinduction.

Clearance

The Clearance (Cl) of CBZ increases with continued dosing and can be altered
by enzyme-inducing or inhibiting drugs. The clearance appears to be age dependent,
with higher clearances reported in younger children and lower clearances reported in
older patients. CBZ is cleared more rapidly in the third trimester of pregnancy. Patients
with significant liver disease may have a decreased clearance of CBZ. Renal disease

[20]

and dialysis do not alter the clearance of CBZ. *~ The average clearance appears to be

approximately 0.064 L/hr/kg in adult patients who received the chronic dosing while, in
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patients who taking concurrent other enzyme-inducing antiepileptic drugs is
approximately 0.1 L/hr/kg. In children with CBZ monotherapy, the clearance is
approximately 0.11 L/hr/kg. o

Drug interaction

CBZ is an enzyme inducer and enhances the metabolism of many drugs that are
metabolized by the CYP450 system, including it self. CBZ induces and is metabolized
extensively by the isoenzymes CYP3A4/3, land to a lesser extent CYP1A2, CYP2BS,

L1120 4277

CYP2E1, CYP2C8, CYP2C9 and UDPGT. Drugs that are inhibitors or inducers of
the CYP450 system, especially-CYP3A4/5 will-decrease or increase the clearance of
CBZ due to reduced or enhaneedsmetabolism. Common drug interactions between CBZ
and other drugs and the expectediresult \'yere shown in Table 2 and Table 3.

Other types of interaction ‘have :‘-Lbeen described. When lithium and CBZ or
alcohol and CBZ are wsed together tﬁer;ere increased risks for neurological effects.
Possible serotonin syndrome may result tf* CBZ is administered concurrently with an
MOA inhibitor and combined therapy is contramdlcated CBZ and theophylline induce
each other’'s metabolism resulting lrt change m‘tt‘ue half-life and serum concentrations of
both drugs. )

If administers-CBZ undiluted suspension through p"'o_l.yvinyl chloride nasogastric

feeding tubes, signiﬂéent amounts of CBZ are lost. Dilution with an equal volume of
diluent and flushing after administration can minimize the*adsorption. Pharmacodynamic
interactions have beensreported oetween CBZ,andslamotriginesand between CBZ and
levetiracetam. When "either lamotrigine or'levetiracetam is added to regimen of patients
taking CBZ there is_an.increase_in incidence of‘céentral nervous._system side effects.
These effects'are not assaciatéd with an“increase in the conCentration-ef either the CBZ
or 10, 11-epoxide active metabolite. A dosage reduction of CBZ may be necessary

when these drugs are added. 2



Table 2: Drug interactions that CBZ change the concentrations

[21, 24]

12

concentration

CBZ increases drug CBZ decreases drug concentration

Clomipramine
Primidone
Selegiline

Phenytoin

Acetaminophen

Antidepressants (sertraline, citalopram, escitalopram,

duloxetineg,

mirtazapine, trazodone, imipramine,

peridone, ziprasidong)

am clonazepam, midazolam)

ethasone, pradnisolone)

im-channel blokers (felodipine,
3 munosUz ogoaring, tracolimus)

’ uvas%n, simvastatin)

Digoxin, Dmar’ycllne

U Il am ST
, M _y:IEhenldate Pafcuronium bromides Vecuronium




Table 3: Drug interactions that change the CBZ concentrations 2124

13

Drug increases CBZ concentration Drug decreases CBZ concentration

Allopurinol (high-dose 600 ma/day) doxorubicin}
Antifungal agents (fluconazole, itraconazole, Rifampicin
ketoconazole) Felbamate

Antihistamines (loratadine) Phencobarbital

Antipsychotics (haloperidaol, guetiagin DEriCans V Primidone
loxapine, Chlopromazineg) : nytoin
Macrolide antibiotics (clarit
Mon-dihydropyridine calc
idiltiazem, verapamil)
Protease inhibitors (ritog
Baclofen
Cimetidine
Danazol
Felbamate (CBZ-E)
Fluoxetine (CBZ, CBZ-E)
Fluvoxamine
Grapefruit juice ‘ .
Gemibrozil e
|soniazid

Loxapine (CBZ-E) -
MNefazodone

ST AUEINENINYIAS

Omeprazole &

Propexiphene, Dextropropoxyphens
Valproic acid (CBZ-E)

Acetazolamide Antineoplastic agents (cisplatin,

~SWARINIUUNIINYIA Y

CBZ-E; 10, 11-epoxide
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Drug interaction between CBZ and PHT, PB or VPA

Up to 70% of patients diagnosed with epilepsy can be made seizure-free by
currently available AEDs given as monotherapy. In patients who are unresponsive to
monotherapy, however, a combination of two or more AEDs may be needed to optimize
seizure control. However, combination therapy may have adverse effects. When two or
more AEDs are used, the potential for drug interactions is substantial, and such
interactions may have effect on patient’s clinical responses. 6]

CBZ is used as monotherapy. or coadministration with other antiepileptic drugs
such as PHT, PB and VPA. Because of CBZ is'a potent enzyme inducer, when used
CBZ with PB the serum level.of-PB -may-decrease;while used CBZ with PHT, the serum
level of PHT may decrease orinciease: There is a complex interaction with VPA and the
results are unpredictable. e main enzymes that involved in drug interaction
between CBZ and PHT, PBsor VPA were shown in Table 4.

_—

\ N
Table 4: Main enzymes thatiinvolved-in drug interaction between CBZ and PHT, PB or

[7,11]

VPA 4,
-'..i’.".!_
e
CYP3A4/5 | CYR2C9 C_YP42C19 UDPGT Epoxide hydrolase
Substrate C% PHT - PHT \ '\_/PA 10,11-epoxide-CBZ
/ PB PB :
VPA VPA
Enzyme-inducer CBZ CBZ CBZ CBZ CBZz
PHT PHT PHT PHT PHT
PB PB PB PB PB
Enzyme-inhibitor L VPA VPA VPA VPA

CBZ, carbamazepine; PHT, phenytoin; PB, phenobarbital; VPA, valproic acid; UDPGT,

uridine diphosphate glucuronosyltransferase

CBZ is mainly metabolized by the liver via CYP450 same as PHT, PB and CBZ is

induces UDPGT which is mainly metabolizes VPA while VPA is inhibits CBZ metabolism

via Epoxide hydrolase [6'9], it is highly possible that CBZ pharmacokinetics parameters
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could be predict from pharmacokinetics parameters of PHT, PB and VPA, and vice
versa, if so, it would be apply in CBZ and coadministration drugs therapeutic monitoring.

In 2007 Methaneethorn J. investigated the relationship between
pharmacokinetics parameters of PHT and CBZ that found highly correlation between

clearance of CBZ and maximum rate of metabolism of PHT (V__)and provided a

max)

regression equation to predict CBZ clearance (Cly,) from V__ or vice versa: V

X

(mg/d/kg) = 1.421 x Cl., (L/d/kg) + 4.107 or Cl,, (L/d/kg) = 0.483 x V. (mg/d/kg) —

max

1.340 (correlation coefficient = .001) ", even though validation and

application has never been: the study of correlation between

Usual dosage regimen an
CBZ is induc S ; isn i hat takes approximately 3-5

weeks on fixed dosin [ Al at one-fourth to one-third of

dose is titrated based on t feft s clinioal response and tolerability of side effects.
[21] Lo . | ——— 7
The initial and maximum mai dos|

neuralgia and bipolar-disorder is shown in -

shown in Table 6.

AUEINENINYINg
ARIAN TN INY Y
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Table 5: The initial and maximum maintenance dosing of CBZ for trigeminal neuralgia

and bipolar disorder 22!

Indication Initial dose Subseguence dose Maintenance dose
Trigeminal neuralgia 100 myg twice daily Increase up o 200 mg/day 1,200 mg/day
at weekly interval, bid
Bipclar disorder 200-600 mg daly, tid or | Tritate upward according to 1,600 ma/day
qid patient response and
tolerability

Table 6: The initial and maximum main"tjenance dosing and dosage forms of CBZ for
epilepsy o2
\
: ¥
Dosage form and age groups Iniial dl.j!:-:- ; Subgequent dose Maintemance dose
Oral (tablets and suspension) 24 "., 4
Elderly 00 ng oncelow :t.'.--',:jé_, InCreasain Weekly interva 1,000 mg/day
:.'g:iiy i | o By 108 mg daily
Over 12y 200 mg ekl J| Increase upie 200 mgiday | B00-1,000 mgiday (12-15 yr)
S _.r_, ;&:rt weekly interval, bid or 1,200 mg/day (=15 yr)
___'J : tid 1,600 mg/day (adult in rare
o »_.: - nstances)
B-12yr . \ 100 mg fwice daily Increase up to Cf] mg/day 1,000 mg/day
P stweekiyinterydl, Hid or
g - -
Under 6 yr | 10-20° mgkgderidor fncrease & molkglivesk to 35 mg'kgiday
) qgid achieve :Dlir';l clinica

eaponse fid or gid

Oral (tablets or suspension):
Rapid leading for critigally ill patients
Children (=12 yr} 19 -

Adulii=12 ¥l

%]
T

Clinical practice in CBZ and other drugs therapy for epilepsy was considered
from type of epilepsy that classified by ILAE 1981 el (Table 7). In generally the first line
drugs was choose before considered the second line drugs or add on therapy.
Pragmatically, the choice of AED among first line agents needs to be individualized

mainly on the basis of the patient profile, including the efficacy for the seizure or the
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epilepsy syndrome, tolerability, safety, ease of use, pharmacokinetics (in consideration

of the current or likely future need for concomitant medication for comorbidity), and

finally cost. Patients with more than one type of seizures should received AED with

broad spectrum or more than one mechanism of action. “% AEDs provide satisfactory

control of seizures for most patients with epilepsy.

Table 7: Thai guideline of selection of AEDs."

Drug selection

Figst line-drug

Type of seizure DrugslistA Drug list D Not in National List of | Second line drug
Essential Medicines (add on drug)
\ 2008
Absence Sodium valproate' || Lamotrigine Clonazepam .
Myoclonic, atonic, | Sodium valproate T Topiramate * .
tonic "I, Lamotrigine * P
Clonazepam °
=1 ..r*.. ) Nitrazepam
Generalized tonic | Phenobarbital -‘ Lamotrigﬁﬂ}{_" Oxcarbazepine Levetiracetam

“Topiramate = |

B
Clonazepam

clonic Sodium valproate -
Phemyioin Clobazam
Carbamazepine .

Partial Carbamazepine Lamotrigine Levetiracetam Gabapentin .
Phenytoin Topiramate Oxcarbamazepine Clonazepam 8
Sodium valproate Clobazam
Phenobarbital

Infantile spasm Vigabatrin Sodium valproate

Nitrazepam P
Clonazepam .
Clobazam

Topiramate P

* For treat Lennox-Gastaut syndrome in children

Sub list A, B, C, D and E of National List of Essential Medicines 2008.
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Therapeutic and toxic plasma concentration

[8, 9, 21]

The accepted therapeutic range for CBZ is 4-12 mg/L. The therapeutic
range for a given patient must be individually determined with the goal of therapy as
cessation of seizure while minimizing side effects. Little prospective work has been done
to establish the therapeutic range for unbound CBZ serum concentration or clinical
situations where unbound CBZ serum concentration measurement is useful. As an initial
guide, 25% of the total CBZ therapeutic range has been used to establish a preliminary
desirable range for unbound CBZ serum concentration of 1-3 mg/L. 8

The 10, 11-epoxide metabolite of CBZ is‘active and contributes to efficacy and
toxicity. Drug interactions«may-increase the-.coneentration of the metabolite with out
changing the CBZ concentration.«deally, the clinician should measure both the parent
drug and metabolite, but an assay for 10, 11-epoxide is not commercially available.
Currently, the therapeutic gange of/ 10, 11-epoxide is not known although a suggested

range of 0.4-4 mg/L istsed by several reséj‘arph centers. <"

4
In the upper end‘of the therapeuticrange (> 8 mg/L) some patients will begin to

experience the concentiation-related advé,rsé effects of CBZ treatment; neusea,
v ol

vomiting, lethargy, dizziness,ﬁ_(drowsiness,j;_@eadache, blurred vision, diplopia,

unsteadiness, ataxia, incoordination. Beca@s}g'__of CBZ induces its own hepatic

metabolism, these jadverse effects can also be“seen _eé_rly during dosage titration

. 0 8,9
periods soon after dosage increases are made. cs

CBZ serum concentration should be measured™in most of patients. Because
epilepsy is an=episode; discase state, patients ,do .Aot-experience seizures on a
continuous basjs. Thus;” during dosage titration" it=is difficult*to tell if the patient is
responding, to, drug.therapy. or.simply is not experiencing any abnormal central nervous
system discharges-‘at that time. €BZ 'serum’conceéntrations are ‘also-valuable tools to
avoid adverse drug effects. “I'as a general rule, samples should be obtained at steady
state and before the morning dose (trough concentration) to decrease the variation

owing to daily fluctuation and avoid multiple peak concentration phenomena. el
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Factors associated with CBZ pharmacokinetics

The studies about clearance of CBZ are importance for therapeutic drug
monitoring. Several studies were found that age, body weight, surface area, dose of
CBZ, dose of PB, and co-medication with PHT, PB, or VPA are significant influence on
CBZ clearance. * """

Reith DM. et al. examined the influence of weight, height, surface area,
autoinduction, age, gender, and comedication upon clearance of CBZ using NONMEM
V for population pharmacokinetic analysis. /A jitotal of 946 CBZ plasma concentrations
from 91 subjects, ages 0.7-37 years, were collected and analyzed using a one
compartment, first-order abseorption and-elimination-model. They concluded that surface
area and dose were importapi=explanatory variables in the modeling of CBZ population
pharmacokinetics in childgen and adults. CBZ clearance increased with increased
surface area and dose. The'model was: CL(L/hr) = (2.24 X Surface area (m2)) + (0.047
x Dose (mg/kg)). A boeotstrap analysis wa{us:?d to assess the accuracy and robustness
of population model. The estimates for thc:s_e parameters contributing to clearance and
residual error were all within 15% <;f fhe bod?éi_ré:pped means.

Jiao Z. et al. investigateo[_‘théibharmaf_;‘c;l;j\rj.petic profile of CBZ in Chinese epilepsy

patients to facilitate the dosing schedule by N_C)l\lMEI\/I analysis with a one compartment,

first-order absorption a@ elimination. 687 _qf serum samplés through concentrations at

steady state were collected prospectively from 585 patients, ages 1.2-85.1 years. They
were found that the important determinants of clearancewere total body weight (TBW),
dose, patient age over 65 years (E)»and,comedication with-PHT, PB, or VPA when VPA
daily dose was greater'than 18 'mg/kg. The final model was: CL*(L/hr) = 0.0722 x Dose

0.403 0.697

(mgrkg/day)”™'” x TBW (kg).” x 1.45 ™" x 1.17 "% 1.21 "™ x.0.851 ©. The value of the
coefficient of variation for linterpatient variability in €L was'16.9% ‘andithe residual error
standard deviation was 0.987 mg/L.

Vucicevic K. et al. developed a population pharmacokinetic model for CBZ using
NONMEM analysis with a one compartment, first-order absorption and elimination. 423
Steady state CBZ plasma concentrations were collected from 265 patients. The
influence of weight, age, gender, smoking, allergy, CBZ daily dose, and cotherapy on

clearance was evaluated. They were found that patients’ gender, age, smoking, allergy,
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cotherapy with lamotrigine and benzodiazepines had no effect on CBZ clearance, but
patient’s weight (WT), daily CBZ dose (DCBZ), daily dose of PB (DPB) and VPA, when
its daily dose exceeded 750 mg significantly influenced CBZ clearance and were

0.591
]

included in the final model: CL (L/hr) = 5.35[DCBZ (mg/kg/day)/15 x [1 +

0% % 1.18 ™™ The interindividual coefficient of

0.414(DPB(mg/kg/day)/2) 1x [WT(kg)/70]
variability for clearance was 36.5%, whereas the residual variability was 1.18 mcg/mL.
Prediction of the suitable dosage regimens for patients treated with CBZ is
difficult because of its erratic absorption, auteinductive metabolism, active metabolite,
diurnal fluctuations, and narrow therapeutri-or reange (4-12 mg/L). In addition,
anticonvulsant therapy can-be-further complicated by concomitant use of other AEDs
with induction and |nh|b|t|on propertles All" these variations in its pharmacokinetic
characteristics necessitat ndnwduahzec}[ dosing regimens. A better understanding of
the intraindividual and |nt/eyfnd|v1dual-\/ar|abﬂ|ty in pharmacokinetic behavior can lead to

. . § [879, 20,21, 23]
more efficacious and safer drug use. ? p

Nowadays pharrﬁacogenomlcs which are the studies of the complex effects of

lli’l #

genome-wide composition” on drug dISpOS“IlOﬂ and effects during there route from
administration to the target S|te;,1he drugs cam_J}nteract with hundreds of proteins like

receptors, transporters and.metabolizingi:éd@mes. Polymorphic genes affect the

quantity or activity. cf these protein products and may be explain interindividual

variability in pharmacokme’ucs and pharmacodynamics of many drugs. Several studies
investigated the influefice of CYP3A5 polymorphism on"CBZ pharmacokinetics. They

[15, 16]

were found that=€ YP3AS6 palymomphismeafiects €BZclearance.

Cytochrome P450 3A5 (CYP3A5).Polymorphism

Cytochrome P450, family~3; subfamily A, polypeptide 5 hamed CYP3A5 is a
protein that in humans is encoded by the CYP3A5 gene. The CYP3A enzymes in human
consist of CYP3A4, CYP3A5, CYP3A7 and CYP3A43. CYP3A4 and CYP3A5 are
regarded as predominant functional form of human CYP3A in the liver and intestine.
They are involved in the phase | metabolism of more than 50% of currently prescribed

[26-30]
drugs and endogenous compounds.


http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Gene
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This gene, CYP3A5, encodes a member of the cytochrome P450 superfamily of
enzymes. The cytochrome P450 proteins are monooxygenases which catalyze many
reactions involved in drug metabolism and synthesis of cholesterol, steroids and other
lipids. This protein localizes to the endoplasmic reticulum and its expression is induced
by glucocorticoids and some pharmacological agents. The enzyme metabolizes drugs
such as nifedipine and cyclosporine as well as the steroid hormones testosterone,

progesterone and androstenedione. This gene is part of a cluster of cytochrome P450

me 7921.1 B
in_liver, small intestine and kidney. The
.‘

w* S [ ble 8. The most frequent and

splice site in the pre A) and production of aberrant

MRNA (SV1-mRNA) t equence (exon 3B) inserted

between exon 3 and exo ortion results in a frameshift and

encoded a protein that is tr gd-atamino- 102 and is inactive. %%

AU INENINYINS
RIAINTUNRINIAY
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[30]

Table 8: CYP3AS allele

Allele Location Nucleotide changes Amino Acid substitution Expression

CYP3A5*1A
CYP3A5*1B | 5’'UTR G-86A
CYP3A5*1C | 5’UTR C-74T
CYP3A5*1D | 3'UTR C31611T

CYP3A5*2 Exon 11 C27289A T398N

CYP3A5*3A | Intron 3 Splicing defect None

CYP3A5*3B Intron 3 ins “H20Y. cnli |ng defect None

CYP3A5*3C Intron 3 None

CYP3A5*4 Exon 7

CYP3A5*5 Intron 5 Alternatively
spliced mRNA

CYP3A5*6 Exon 7 None (skip Exon 7)

2 | spli ,,i-« defect

CYP3A5*7 Exon 11 D codon at 348 None

D
‘a o |
AU INENINYINT
'] o v/
s AL e2) KIFTipEak/i 1 [a P ] MRS
e CHE SR,

[30]

Figure 3: Distribution of mutation in the CYP3A5 gene

The absence of CYP3AS5 expression was recently correlated to a genetic

polymorphism (CYP3A5*3). Because CYP3A5 may represent up to 50% of total CYP3A
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protein in individuals polymorphically expressing CYP3A5, it may have a major role in

variation of CYP3A-mediated drug metabolism. o)

CYP3A5*1 (A) CYP3A5*3 (G3)

 (Wi-CYP345 mRNA,

l’ =
CYPSAS/
Figure 4: SNP in CYP. 1 intre

Prevalence of CYP3A5 p

Several polymorphi 3/ ' oeen recently reported in difference

populations. In Thai popul equency of CYP3A5*3 was 66% and

2 ,
CYP3A5*1 was 34%, that is siniiia: I} an population but significant difference
. . - .' T B .
from Caucasian and, Afric American. ncy of CYP3A5*3 allele in Thai

population was Iow -------------------- [;.x_"i-'[. American respectively.
Other CYP3A5 coding Varia

[17, 34-38] '

frequencies. The‘cgnparison of all%frequency between Thai population and

oo B RIHBRTNEG 117
RINNTNUNINYAY

bed, LIJ occur at relatively low allele
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Table 9: Allele frequencies of the CYP3A5 in Thai population and other ethnic

populations
% Allele frequency p-value
Ethnicity Number of subject
*1 *3

Thai " 150 34 66 -
Chinese " 302 22 78 0.059
Indian 90 41 59 0.307
Malaysian 98 39 61 0.463
Japanese 2004 23 77 0.085
Dutch Caucasian ©” 500 8 92 <0.001
African American ©* 20 | 45 48 0.042

Effects of CYP3AS5 polymorphism on CBZ élearance
The human CYP3A subférrfily plaiéﬁi a most important role in the metabolic
bl 7
elimination of recently prescribed drugs, ineludes CBZ. CYP3A4 was the first

discovered gene, which plays a maost dom;’r)?nt’ role in CYP3A subfamily. There is no

el

evidence of null allele for CYP3A4. More than 30 SNPs/have been identified in the

CYP3A4 gene. Generally, variant in the coding regions-ef CYP3A4 occur at allele
frequencies less than-5% and appear as heterozygous with wild-type allele. These
coding variants .may contribute to but are’ not likely to be the major cause of
interindividual differences il CYR3A-dependent ‘clearance, lbetause of the low allele
frequencies and limited alterations i enzyme expression or catalytic function. Recent
reports“indicated (thaty CYR3AS plays~a crucial gole lin_the metabolism of CYP3A
substrates. Therefore on the basis of the in vitro evidence, CYP3AS is functionally and
quantitatively important in relation to total CYP3A, especially exhibited comparable
metabolic activity as CYP3A4 (90-110%) toward CBZ, and may play an important role in
the disposition of CBZ in vivo. Several genetic variants have been described for CYP3A5
and the most common, the CYP3A5*3 allele, causes loss of CYP3AS activity. Thus, only

people with at least one CYP3A5*7 allele can express large amounts of CYP3AS. 1. 25,301
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Several studies reported the effects of CYP3A5 polymorphism on
pharmacokinetics of CYP3A substrates. The causes of interindividual variability of
clearance of amlodipine, tracolimus, cyclosporine, saquinavir, simvastatin and

[39-44]

alprazolam are likely from CYP3AS5 polymorphism. Recent years, there are 2 studies

of the effect of CYP3AS5 polymorphism on pharmacokinetics of CBZ. .16l

Seo T. et al. investigated the effect of CYP3A5 polymorphism on
pharmacokinetics of CBZ in Japanese patients with epilepsy using nonlinear mixed
effect regression program and 1-compartment model. They evaluated CYP3A5
genotype and other covariates: age, body weight, gender, CBZ daily dose, and
coadministration of PHT,»PB;or VPA. Over-all=144 patients, the frequency of
homozygous CYP3A5*3/*3 was 52% and the remaining 48% were CYP3A5*1/*1 and
heterozygous CYP3A5*1/:3" Factors influence the clearance of CBZ were body weight,
CBZ daily dose, coadministration jof PHT ‘or PB, and CYP3A5*3/*3 genotype which
results of 8% significant highepin/CBZ clegrance than other genotypes (p < 0.01). They

/
incorporated CYP3A5*3%In the final model'_for t_he prediction of CBZ clearance: Cl/F =

4

0.17 x (BW/40)*"" x Dose ™™ x 1.40."" x 121 " x 1.08 7°. Although the data modeling

showed that the CBZ doses influéneed its pharmacokinetic parameters, particularly, the

autoinducibility of CBZ was not.considered. _, "

Park PW. ‘ets al_investigated the —effect —of JCYP3AS polymorphism on
pharmacokinetics of CBZ at steady state serum concenirations in Korean patients with
epilepsy. The selected patients were treated with CBZ monotherapy and were not using
co-medication s~drugs s with, nCBZ | pharmagcokineticsy «drug+ interaction. Plasma
concentrations” were prospectively collected and analyzed using Baysian estimation
program, andsaene-comparmentsfirst-order-absorption-and,elimination ,model. Over all
35 patients, the frequency 'of *homozygous CYP3A5*3/%3 'was 60%" and the remaining
40% were CYP3A5*1/*1 and heterozygous CYP3A5*1/*3. The comparison of CBZ serum
concentration between difference genotypes found that patient with CYP3A5*3/*3
genotype has significant higher level-to-dose ratio than patient with CYP3A5*1/*1 and
CYP3A5*1/*3 genotypes (13.07 = 4.46 ng/mL/mg vs 9.94 + 3.38 ng/mL/mg, p = 0.032)

or 31% higher. The CBZ clearance in patient with CYP3A5*3/*3 genotype was significant
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lower than patient with CYP3A5*1/*1 and CYP3A5*1/*3 genotypes (0.040 + 0.014 L/h/kg
vs 0.056 + 0.017 L/n/kg, p = 0.004) or 29% lower.

There are conflicting results of two studies above and the studies of effect of
CYP3A5*3 on CBZ pharmacokinetics when combination with others drugs that have
drug interaction were not clearly define in other countries and in Thailand has never
been study the effect of CYP3A5 polymorphism on CBZ clearance either in patients with
CBZ monotherapy or coadministration with others drugs which have drug interaction
such as PHT, PB and VPA. Knowledge of effect of CYP3A5 polymorphism on
pharmacokinetics may be. useful in ‘therapeutic plans to avoid serum drug

concentration-related adverse-effects and reduee inappropriate dosage.

Table 10: Comparison the effect of CYP3A5 polymorphism on CBZ clearance

i

Se0 Tt al. ( 2006) Park PW. et. al. (2009)
Population Japanesé'_ Korean
Number of subject 7!_;144 .r*.. 35
Average age (yr) S5 - i ;T-'J:‘ 35
Co-administration | Monotherapy- or used;—\:{vit_h-PHT, None

with other AEDs . PB or VPA

Result "GyP3A5 polymorphism affected C'\’/YPSA5 polymorphism

CBZ clearance: CYP3A5*3/*3 affected CBZ clearance:
has 8% highen thamGYPIAS *1y/ i1+ GYP3A5*3/*3 has 29% lower
and CYP3A5*1/*3 (p <0.01) than CYP3A5*1/*1 and
GYP3A55/*3, {(p = 0.004 )

CYP3A5 genotyping
Published methods for genotyping CYP3A5 have relied on gene sequencing or

the use of mismatched primers to generate restriction sites to enable restriction
fragment length polymorphism (RFLP) analysis. Sequencing is expensive and requires

specialized equipment. RFLP may be an option, but can be time-consuming. In the case
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of CYP3A5 analysis, the amplification, digestion and visualization methods are
technically more involved than standard RFLP protocols. This is due to the absence of
naturally occurring splice site for known restriction endonucleases. Allelic discrimination
assay is an alternative method which is rapid and reliable for genotyping CYP3A5
polymorphism. In allele specific polymerase chain reaction amplification,
oligonucleotides specific for hybridizing with the common or variant alleles are used for
parallel amplification reaction and then identify for the presence or absence of the
appropriate amplified DNA produets by real-time fluorescence-based analysis, melt
curve analysis or gel electrophoresis. ol
w

Antiepileptic drug analytical methods

The AEDs have bgen measuredl by a wide variety of analytical methods in
serum, plasma, blood,"Saliva, tissue; and rine. For the older AEDs (CBZ, PHT, PB, VPA)
and some of the newer AEDsS (felb@nﬁate,‘,ll"[ogiramate, zonisamide), automated enzyme
multiplied immunoassay{(EMIT) and Fluoréspénce polarization immunoassay (FPIA) are
available and allow rapidiand a'éch-Jrate d;ait:erlr:nination of concentrations in biological
fluids, wusually serum or pla__srr!w-a”. FOI’.J;]‘C-[‘_:I_‘é_l,:, other AEDs, laboratories rely on
chromatrographic methods; g_as_—_liquid chrp!—Eé}QQraphy (GC) and high-performance

liquid chromatograp_hy (HPLC) with a variety of detectioﬁ _methods, which are more

labor-intensive and“relatively more expensive. There are also new technological
advances in the use of capillary electrophoresis (CE) fortherapeutic drug monitoring.
Like other chromatographi¢-methods, CE allows, simultaneous_measurement of several
AEDs and can' providetautornation 'ef procedures, low cost, and rapid speed with high

specificity. As shown in Table 11, there are effective'methods of analysis for AEDs. 201
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Table 11: Antiepileptic drug analytical methods

GC HPFLC
Method of detection
FID NPD |MS | UV |ECD | FD | M3 | CE EMIT FPIA
I i ] f [
CBZ - - - & _ } 4 A 4 A
f f ]
CBZ-epoxide - . _ W } Y A ) )
| [ . | I i
Felbamate Y 4 ) \'I . |- \;I A N
| A |
Gabapentin N - 4 \‘. ) q"III' - "‘-ll - N
L . _ ﬁf f 'M‘ _ ’MI B )
amotrgine \ y r 1
¥
'\
Levetiracetam ) d"Ir 3 _\'.; = - - - -
i} - [ _ - ) i
Oxcarbazepine N _\l' = - \,,'I
] | I
PE \i - g -\‘Ir = = - '\JI -\HII -\'cll
= r | I N f |
PHT \'f | ¥ N \.'I ) N \
- & I BV - -
Tiagabine . _ v 4 A . \I \,,'I |
Al EI i | -\"I - -\‘I
Topiramate y J r N A \ i | |
WJ F- V H\f 4 i f xl \
VPA / Yl % ] \ _ .\J
Zonisamide 3 v -

GC: gas chromatography, FID: flame ionization de‘té'ction, NPD: nitrogen-phosphorus detections, MS:
mass spectrometry, HPLC: high-perfermance quuid_cﬁfématography, UV: ultraviolet detection, ECD:
electrochemical detection, FD: fluerametric detection, CEs capillary electrophoresis, EMIT: enzyme-

multiplied immunoassay: technique, FPIA: flucrescence polarization immunoassay.

[8,9]

Pharmacokineticparameters.calculation,of CBZ, PHT,; PB and VVPA

1. Maximum rate of'metabolism=(V " ) of* PHT calculated from formula

max)

e

ave) Ss ave

\. . ={SFD/T) (Km.+ Css

2. Clearance of CBZ, PB and VPA calculated from formula
Cl = SFD/(T)(Cy.,.)

S is the salt fraction (CBZ = 1, PHT= 0.92 for capsule and = 1 for chewable

tablet, PB=0.9, VPA=1)

F is the bioavailability factor (CBZ = 0.7, PHT= 1, PB= 1, VPA= 1)



D is the dose (mg)
T is the dosing interval (hr or day)
K, is the population Michaelis constant = 4 mg/L

C is the average plasma concentration at steady state (mg/L)

Ss ave

AULINENINYINS
AR TN TN
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CHARPTER IlI
PATIENTS AND METHOD

This study was conducted from February to September 2010 at Prasat
Neurological Institute, Bangkok, Thailand.

1. Study design

A retro-prospective descriptive method was used. Demographic data and

2. Patients
2.1
neurological disease
coadministration with PHT,
Osy or neurological disease who
drological Institute during
’010 and met the inclusion criteria
2.2

neurological disease.  ,

U B PEERPBLS Rroonso

comed|cat|ongN|th one of the other classm:if\EDs PHT, PB or
ARAEA I IRINYIA Y
2.2.4 Patients who received stable dose of CBZ in control
released dosage form not less than 1 month before blood
sampling.
Patients in comedication groups should used the
coadministration drug not less than 1 month before blood

sampling.



31

Patients who co administered with VPA should receive controlled
released dosage form only.

2.2.5 All patients consented to enroll in this study.

2.3 Exclusion criteria
2.3.1 Patients with acute or chronic hepatic disease.

2.3.2 Patients with acute or chronic kidney disease.

2.3.3 Patients wit r//ompliance detected from interviewing by
vouon | /2

the in
2.34 Pa&re € d ciﬂaases with drugs that reported to
( ot3 or mnetics of CBZ, such as,

nge purpose of this study was to (ﬂermine whether patients with
ff ‘aﬁf CYP3AS, g 5*1,and CYP3AS5*3, would show
@fﬂﬁin Mﬁar ﬁﬂrﬁﬂ pothesis testing about
the difference of the rfieans of two ifdependent gro of population.

ORI ATk el T 1

allele in Thai population was 34% and CYP3A5*3 allele was 66%, that
is, the ratio of CYP3A5*1: CYP3A5*3 was 1:2. "

To assign:

N was the sample size of CBZ monotherapy patients

N, was the sample size of CBZ monotherapy patients with CYP3A5*1

N, was the sample size of CBZ monotherapy patients with CYP3A5*3
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N,N, = (ZgtZp)’s)
N, + N, D’

2N = ZetZp)’s)
3N, D’

reported that the
polymorphis . learance. Patients with
CYP3A5*1 hav jher CBIZ han CYP3A5*3 (0.056 + 0.017
Lihrikg VS 0.0- A

To assign:

ﬂUEl?VIBﬂ@%EIWﬂ‘ﬁ

Park PW. et al found that the difference of CBZ clearance

A RS BTN v

study set the difference of CBZ clearance to detect to be 25%.
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0.01379

D (mean difference)

N, = 3(1.64+0.84)° (0.0002425)
2(0.01379)°
= 11.76 ® 12
N, =24, N =36

The sample size of CBZ monotherapy patients was 36.

242 CBZ coa ; PHT. PB or VPA, 1"

een CBZ clearance and V,__,

PB clearan earance ed sample size from this

BN

formula

6) 7 (10 5)] = 0.693

( #}84) +3 =15.86 = 16

ﬂuaq%aﬁ%W81ni

aswgféigﬁ%ﬁ SANG Rl

3. Study protocol

3.1 Study protocol was approved by the ethical committee of Prasat

Neurological Institute.

3.2 Patients were selected following inclusion and exclusion criterias.



3.3

3.4
3.5

3.6

3.7

3.8
3.9
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The investigator explained the objective and study protocol to the
selected patients or their legal representatives. Patients or their legal
representatives signed in the informed consent form.

Demographic data were collected from medical records.

Made an appointment for patient to have his/her blood sample collected
at the next visited time. [Before a visit date the investigator called to

remind the patient to bring his/her morning antiepileptic drug(s) along on

,at trough level that was, before

the adminisizaiioh6f the:next do he morning.]
Coordinateg 190G o\‘ m ples drawing for
antiepileptig’drug Jevels o YP3AS5 genotyping.

Coordinated the d t u pblood sample drawing to

measurefantiepileptic ¢ .c;" eI 3A5 genotyping.

Measured @ntigpilepiic-drugle 3 YP3A5 genotyping.
Collected all the féauired da analyzed.

-

7 -
Aueaneningns
ARIAIN TN TN
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Figure 5: Study protocol

[ Patients were selected according to inclusion and exclusion criterias 1

Explained the objectives and study protocol to the selected patients

or their legal representative

l

[ Patients or their legal representative signed.in the informed consent form 1

l

Collectegfdemoagraphic data from medical records

l 1-3 month later

Drawing bleodsamples far me.a-suring antiepileptic drug levels

and CYP3A5 genotyping

Analyzing antiepileptic drug levels and CYP3AS genotyping

V.

| |
| |
| |
[ Chloding ol blahteb }
| |
| |

Providing regression equation to predict CBZ clearance

l

Discussion and conclusion
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4. Sampling

Eighty five patients who met the inclusion criteria were participated in this study.
Blood sampling for CBZ, PHT, PB and VPA concentrations were obtained at steady
state. Whole blood was drawn from patients before the administration of the next dose of
antiepileptic drugs in the morning. Volume of blood sample was 10 mL for the patients
who received CBZ monotherapy and 15 mL for the patients who received CBZ with PHT,
PB or VPA. Blood samples were collected in 2 tubes, 5 or 10 mL of clot blood tube (red-
stopper) for measured antiepileptic drugs level measurement and 5 ml of Vacutainer”
tube (purple-stopper) containing EDTA for CYP3A5 genotyping.

Whole blood in the.EDTA-tube was prepared-as buffy coat by centrifuge at 2,500
x g for 10 minutes at room_temperature. After centrifugation, 3 different fractions are
distinguishable: the uppegs€lear layer isiplasma; the intermediate layer is buffy coat,
containing concentrated Jleukocytes; “and' the bottom layer contains concentrated
erythrocytes. Pipette 200 mcL jof (buffy co—ét ipto microcentrifuge tube size 1.5 mL and
stored in a freezer at -20°°C until extracted ‘jfo_r DNA.
i ":..r.-'.! _
5. Bioanalysis S Fe s

5.1 DNA extraction ;

tif

\Buffy coat were used for DNA extraction by QIAamp® DNA

BloodkMini kit
5.1.1  Materials

Chemical andireagents

1. Absolute etanol Carlolerba Italy

2. Buffer AL Qiagen Germany
3y “Buffer AW1 Qiagen Germany
4. Buffer AW2 Qiagen Germany
5. Buffer AE Qiagen Germany
6. QIAGEN®protease Qiagen Germany
7. Protease solvent Qiagen Germany
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Apparatus
1. Centrifuge (Universal 320) Hettick Germany
Vortex mixer (S0100-220) Labnet USA
Heating block (Dri-block DB-2D)Techne UK
Microcentrifuge (5415R) Eppendorf Germany

Spectrophotometer (Smart spec 3000) Bio-rad ™ USA

Freezer Sanyo Japan

N g A~ D

ied Biosystems 7500) USA

—_

Switzerland
tific Plastics USA
Germany
Germany
Germany
Germany

Germany

© N o o A~ »w D

5.1.2 B\IA

Ea&ullbrate samples and reagents to room temperature.

ﬂﬁﬁﬁ”ﬁﬂ%ﬁ%ﬂﬂ‘i

%1 3. Pipette 20 mcL QIAGEN Protease into a 1. 5 mL microcentrifuge
AR MTT‘?WWZ? ea \ ¢
. Mix by vortex mixer for 15 seconds.
5. Add 200 mcL buffer AL to the sample. Mix by vortex mixer for 15
seconds.
6. Incubate at 56°C for 10 minutes.
7. Briefly centrifuge the 1.5 mL microcentrifuge tube to remove

drops from the inside of the lid.
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8. Add absolute ethanol (96-100%) 200 mcL to the sample, and mix
again by vortex mixer for 15 seconds. After mixing, briefly
centrifuge the 1.5 mL microcentrifuge tube to remove drops from
the inside of the lid.

9. Carefully apply the mixture to the QlAamp Mini spin column (in a
2 mL collection tube) without wetting the rim. Close the cap, and

centrifuge at 6000 x g (8000 rpm) for 1 minute. Place the

QlAamp Mini in a clean 2 mL collection tube, and
filtrate.

10. spin column and add 500 mcL

rim. Close the cap and centrifuge

inute. Place the QlAamp Mini spin
ction tube, and discard the
11. in column and add 500 mcL
. Close the cap and centrifuge

at ful 5d-20,000 x'g: 4 0 rpm) for 3 minutes.

12. Place mef@m?’ ‘:’] spin column in a new 2 mL collection

@ ‘Column in a clean 15 mL
A mamlﬁﬁﬁmﬁ o coummand o
CUIQET a2l a1} il

6000 x g (8000 rpm) for 1 minute.

)n tube with the filtrate.

ce the QlAamp M|n| spin

14. For long-term storage of DNA, eluting in Buffer AE and storing at
—20°C.
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5.1.2 Optical Density measurement
After DNA isolation should bring a sample to measure the
amount and quality of DNA by OD measurement. These steps should
be done with spectrophotometer as following.
1. Dilute a sample of DNA isolation in 1:5 concentrations, by using
DNA 20 mcL add ddH,O 80 mcL.
2. Prepare dH,0 100 mcL for control.
3. Set spectrophatometer measure OD at 260 and 280 nm.
4. Calculate OD 260/260 ratior to observe purity and estimate

coneentration of BNA following.this formula.

DNA concentration'in mcg/mE or ng/meL = 0OD260 x 50 x dilution factor

i

)

5.2 CYP3A5 genotyping

a1

CYP3A5 genotypind.was oetermined by Allelic discrimination assay

using real-time polymerase ohaln reactlon (real-time PCR) technique with

specific probe and primer (TaqMan MGB probes FAM™ and vIC® dye-

labeled). See methods at Appendix D.

5.3 Drugs concenfration measurement

CBZ,.PHT, PB and VPA concentrations in serum,were determined by the
biochemistry laboratory of Prasat Neurological Institute ,using an immuno-
turbidimetry ‘assay method \with an automate analyzer (Synchron LX® Systems,
Beckman Coulter Inc., Fullerton, California). The analytical range of CBZ level
was 2.0-20.0 mg/L, while the precision specification was 0.6 mg/L or 5.0%. The
analytical range of PHT level was 2.5-40.0 mg/L, while the precision specification
was 0.5 mg/L or 4.0%. The analytical range of PB level was 5.0-80.0 mg/L, while

the precision specification was 1.0 mg/L or 4.0%. The analytical range of VPA
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level was 10.0-150.0 mg/L, while the precision specification was 3.6 mg/L or

6.0%.

6. Statistical analysis

Statistical analyses were determined using the Statistical Package for Social
Sciences (SPSS Co., Ltd., Bangkok Thailand) software version 17.0. Both descriptive
and inferential statistics were determined. The level of significance was set at an Ol =
0.05.

Continuous variables was determingd «for normality of the distribution using
Kolmogorov—Smirnov test.and-determined for-homogeneity of variance using Levene’s
test.

Demographic dataswere determi‘ped and presented as mean + SD, median,
percentage or frequency wierg appropriate for qualitative or quantitative variables.

Statistical comparigons of CBZTclgarance and level-to-dose-ratio between
patients with CYP3A5*1 and CYP3A5*3 \::ﬁere performed using independent t-test or
Mann-Whitney U test. Statistical Comparrson§ of CBZ clearance and level-to-dose-ratio

v ol
between patients with CBZ monotherapy or C_:Qajq.mmustratlon with PHT, PB or VPA were

performed using one-way ANO_\_/A,median teg;l_gtjgruskal—Wallis H test.

The correlation between CBZ clearance and demogr_aphic data such as weight,

gender, age, CBZ dose, coadministration drugs, CYP3A5 allele were determined by
multiple regression anatysis.

The correlation ;oetween .CBZ, clearance and PHT V. PB clearance and VPA

clearance were determined using 'simple linear regression. ‘The assumptions of linear
regression _ were tested; linearity . of  the. relationship. between _dependent and
independent  varigbles, | indépendence 'of the' errors’ (no ‘serial correlation),
homoscedasticity (constant variance) of the errors versus the predictions (or versus any
independent variable) and the normality of the error distribution

Regression equation to predict CBZ clearance from demographic data and

polymorphism of CYP3A5 was provided using regression analysis or multiple regression

analysis with forward-inclusion method.



CHARPTER IV
RESULTS

Part 1 Clinical pharmacokinetics of carbamazepine as monotherapy and in combination

with classical antiepileptic drugs

Eighty five patients who used CBZ as monotherapy or coadministration with
PHT, PB or VPA and their therapeutic drug,;monitoring data (TDM) had been recorded
and available and met the inclusion criteriaswere_included into this study. Four years
retro-prospective data, August-2006 -~August-2010, were collected from electronic

database and medical record alsthe epilepsy outpatient clinic of Prasat Neurological

Institute. |

Demographic data ' i e

Of the 85 patients reCruited, 3 pati’ént§ were excluded; one patient had the PHT
)
level lower than the analytical range,.2 patients used CBZ once daily at bedtime which

CBZ levels obtained in the morningi were no; the trough levels. Data used for analysis
v ol

included from the total of 82 pgtients, TAS) weg@,-’diagnosed to be epilepsy and 3 were

neuropathic pain. Of the 79 eQi_Iejp_tic patientfsz_}fi, had a generalized seizure and 66 had

a localized seizure. . Among these, 36 patients used CBZ és monotherapy, 15 patients

used CBZ combination with PHT, 15 patients used CBZ combination with PB and 16
patients used CBZ combination with VPA; the details are shown in Table 12.

Table 13 presents CBZ pharmacokinetic-parameters.from the total patients included
into the study.

Table 14 _shows the comparisons of patient’s ¢haracteristics and PK parameters of
CBZ when categorized patientsiintod groups based on ather AEDS used in combination
with CBZ; CBZ monotherapy, CBZ combination with PHT (CBZ+PHT), CBZ combination
with PB (CBZ+PB), and CBZ combination with VPA (CBZ+VPA). Patient's age, body
weight, CBZ daily dose per body weight were not significantly different among these 4
groups, but the CBZ daily dose, CBZ level, CBZ level-to-dose ratio and CBZ clearance

were significantly different among the 4 groups.



Table 12: Demographic data of patients (N=82)

Characteristic

Frequency, (mean + SD or median)

% (range)

Number of patients 82 100
Gender
Male 34 41.5
Female 48 58.5
Age (years) (39.70+15.02) (13.87-82.05)
Weight (kgs) ’ ’ 1.60+12.21) (37-104)
Indication of CBZ used ﬁ
Epilepsy 96
—
Neuropathic pain W 4
Type of epilepsy \
Generalized seizure - 16
Localized seizure :ﬂ"*"‘ 84
Combination therapy o
CBZ monotherapy 7 ﬁfj; 44
CBZ+PHT L €Jf; 18
CBZ+PB r j%., 18
CBZ+VPA — 16 20
o ¥ =
Table13: Pharm tients included (N=82)
PK paramete'g(N-SZ) Minimum Maximumm Mean + SD or Median
CBZ do zj A 2000 800
F'T SUANYATNENTe e
CBz Ieve (mg/L) @210 1&30 7.%2.43
AV T HA RN 18
€BZ clearance (L/hr) 1.33 18.10 3.31
(L/day) 31.82 434.48 79.44
(L/kg/hr) 0.022 0.259 0.057
(L/kg/day) 0.53 6.21 1.37
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Multiple comparisons of the pharmacokinetic parameters of CBZ among the 4
groups of different drug treatment in order to identify which group was different from
other group were shown in details in Table 15. The result indicated that the CBZ level-
to-dose ratio in CBZ monotherapy group was significantly higher than all of the other
groups, and this parameter in the CBZ+PHT group was significantly lower than that
observed in all of the other groups. Comparisons of the median of CBZ clearance

(L/kg/hr or L/kg/day) among the 4 groups indicated that the CBZ monotherapy group

groups, but this CBZ cleara was not sic antly different from the CBZ clearance
S /
obtained from the CBZ ' AY " ime, the median CBZ clearance of

t

than | hat of the CBZ+VPA group.

AU INENTNEINS
RINNTNUNINYAY



Table 14: Comparisons of some patient’s characteristics and pharmacokinetic parameters of CBZ among CBZ monotherapy and difference

combination therapy groups

Parameter

CBz

(N=3

Age (years)
(range)
Body weight (kgs) °
(range)
CBZ dose (mg/day) °
(range)
(mg/kg/day)
(range)
CBZ level (mg/L)®
(range)
(mcg/L/mg) °
(range)
CBZ clearance (L/hr)°
(range)
(L/day)

(range)

(Ukg/day

(range)

Y

(L/kg/hr
(range W

43.38 £ 1448

(16585820
58

(40.10 — 89100)

(3.33-29.09

8.18 £ 2.36

(1.33 -6.40),

(31.82-129.63)
0.049

| Bl ddd

1.17
(0.53-3.09)

(2.22-18.10)/

125.87
(53.26 — 434.48)

(0.87-6.21)

CBZ+VPA bvalue
(N=16)
37.02 + 14.80 0.199
(18.35 - 65.51)
64.35 0.113
(43.30 — 104.00)
1,000 0.039
(400 - 1,600) (400 — 1,600)
39 15.27 0.288
6.23 - 30.77) (7.08 - 32.33)
7.41+2.16 8.24 +1.64 <0.001"
10780) (3.70 - 10.90)
8.88 <0.001"
(5.36 — 13.83)
3.42 <0.001"
(2.16 - 7.68) (2.11 - 5.44)
} 03.7 81.86 <0.001"
(51.85-184.21) | (50.60 - 130.67)
S 0.064 S 0,056 0.003"
0 139) .027-0.111)
152 135 0.003 "
(0.83 - 3.34) (0.66 — 2.66)

* Statistical significant difference (p < 0.05), “ one way ANOVA test, ®Median Test.

44
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Table 15: Multiple comparisons of the pharmacokinetic parameters of CBZ between

CBZ monotherapy and combination therapy

CBZ level (mg/L) ® CBZ+PHT | CBZ+PB | CBZ+VPA

CBZ+PHT 0.000*

CBZ+PB 0.667 0.029*

CBZ+VPA 1.00 0.001* 0.714

8.18+2.36 | 5.16x2.24 | 7.41+2.16 | 8.24+1.64

CBZ level-to-dose ratio (mcg/L/mg) ° CBZ+PHT | CBZ+PB CBZ+VP

0.333

6.75 8.88

CBZ Clearance ” CBZ+PB | CBZ+VPA

0.514

(L/hr)

4.32 3.42

(L/day) 125.37 103.70 81.86

CBZ Clearance " CBZ+PHT | CBZ+PB CBZ+VP

0,054

0.341 0.002* 0.252
’ i

: 0.064 0.056
13 1.52 1.35

* Stat|st|cal significant dlffererfces Post Heestest ( Tuk?ﬁHl]Bﬂ, ° Mann-Whitney-

FETANNIUARTINE

The details about the other classical AEDs which used in combination with CBZ are

shown in Table 16.
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Table 16: Pharmacokinetic parameters of other AEDs used in combination with CBZ

L
e

PK parameters of other AEDs Minimum | Maximum | MeantSD or Median
CBZ+PHT (N=15)
PHT dose (mg/day) 200.00 400.00 298.33 + 69.09
PHT dose/BW (mg/kg/day) 3.33 6.67 5.01+1.07
PHT level (mg/L) 4.50 32.20 15.32 + 8.61
CBZ+PB (N=15)
PB dose (mg/day) 180 120
PB dose/BW (mg/kg/d e 153+0.73
PB level (mg/L) " 13.60
CBZ+VPA (N= 16)7
VPA dose (mg/ 1100
VPA dose/BW ( 1 19.25 + 7.68
VPA level (mg/L) , 62.56 + 20.93
=

ﬂUEI’JVIEWliWEHﬂ‘i
ammnmumawmaa
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Therapeutic outcome

Therapeutic outcomes were organized from the evaluations of physicians which
put in the medical records. Among the 36 patients of CBZ monotherapy group, 3
patients used CBZ for neuropathic pain while 33 patients used for epilepsy. Within these
33 epileptic patients, 6 patients (18%) had uncontrolled seizure even though their CBZ
levels were within the therapeutic range. A second drug had been added to 4 patients;
topiramate to 3 patients and the remainder received VPA, their seizures were improved
later. Because of the precipitating factors' (fever, sleep late), two patients still received
the same dosage of CBZ. None of the patienis_in"CBZ monotherapy group showed sign
of noticeable adverse effect.(Table 17). «

Among the 15 patients” of CBZ+PHT combination therapy group, 4 patients
(27%) still had seizure; the desages ofl CBZ were increased in 2 patients and the
dosages of PHT were incrgased in one patient, their seizures were improved later, one
patient still received +the ;Ssame cj_oéage_g Q?_f CBZ+PHT since seizure was due to
precipitating factor (slegp late). There werg-_S patients who had their PHT levels above
the therapeutic range, 2 of them@wafd adve;s?) J(:effects; nystagmus and ataxia, and their

abd % ol
PHT dosages had been decreased (Table 17)s i

Among the 15 patients of CBZ+PB c:qf_n_’gjngtion therapy group, 2 patients (13%)

still had seizure; the-dosage of CBZ was increased in orje_patient, while the rest one

patient still received~the same dosages of CBZ+PB since her seizure was due to
precipitating factor (perimenstruation period). One patient'noticed mild dizziness (Table
17).

Among' the" 16 patients of “CBZ+VPA combination therapy group, 7 patients
(44%) still had seizure; the dosage of VPA was increased. in one_patient and the third
drug (topiramate’or lamotriging) were added in 2 patients, ‘their seizures were improved
later, the remainder 4 patients still received the same dosages of CBZ+VPA since their
seizures were due to precipitating factors (sleep late, stress, perimenstruation period).

One patient had mild tremor (Table 17).



Table 17: Therapeutic outcome of patients

Therapeutic levels

CBZ monotherapy (N=33)
Subtherapeutic range (CBZ level < 4mg/L)
Therapeutic range (CBZ level 4-12 mg/L)
Above therapeutic range (CBZ level > 12 mg/L)

CBZ+PHT (N=15)

48

Efficacy

d seizure

Uncontrolled seizure

Adverse effect

Above therapeutic range (CBZ level > 12 mg/L and/or VPA > 100 mg/L)

CBz PHT
Subtherapeutic range (CBZ level < 4mg/L and/or PHT <10 m 2 2 3 -
Therapeutic range (CBZ level 4-12 mg/L and PHT 10-20 '-"-' ‘-‘; : 1 1 -
Above therapeutic range (CBZ level > 12 mg/L and/or PH- )_‘é,g;' ; - - 2
CBZ+PB (N=15) A0
V;' CBz PB
Subtherapeutic range (CBZ level < 4mg/L and@PB <10 mg - - -
Therapeutic range (CBZ level 4-12 mg/L and PB1(3'4&ﬂ1g/L ary ° 9 2 2 1
Above therapeutic range (CBZ level >ﬁ u %(j/é] q{ll(&jgm 5 w EJ}'] ﬂ ‘j - -
CBZ+VPA (N=16) -
i /s
ANTINe e ™
Subtherapeutic range (CBZ & ﬁn’.lﬁdﬁﬂ j)m 1 - 1 1
Therapeutic range (CBZ level 4-12 mg/L and VPA 50-100 mg/L) 6 6 6 6 -

514
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Part 2 Correlation between pharmacokinetic parameters of carbamazepine and other

classical antiepileptic drugs when used in combination

Data from 46 patients of the 82 patients from previous part (part 1) were
recruited into part 2 of this study.
Demographic data

Data included for analysis were from 46 epileptic patients, 8 had a generalized
seizure and 38 had a localized seizure.! There were 15 patients who used CBZ in
combination with PHT, 15 patients who used €BZ in combination with PB and 16
patients who used CBZ in combination with-VPAT Neither patient had serum albumin

which was lower than thersnormakrange. Demographic data of each combination therapy

group is shown in table™8.

Table 18: Demographic.data

1
" |

(range) '_ -

Body weight (kgs)

(14.13 = 64.90)
61.05 + 14.78

(1381 61.69)
6277 + 9.98

| A
- w Mean £ SD or Median
CBZAPHT CBZ+PB CBZ+VPA
Parameter i Pl
(N=18).7 4, (N=15) (N=16)
Age (years) | 3425+16.32 | MB9.16/13.37 | 37.02+14.80

(18.35-65.51)
67.09 £ 14.48

(range) (37.00 - 82.00) (47.50 —82.00) (43.30 — 104.00)
CBZ dose (mgrday) 900 14000 1,000
(range) (300'-2,000) (400~ 1,600) (400 - 1,600)
CBZ dose/BW (mg/kg/day) 19.15 17.39 15.27
(range) (5119 -27.91) (6.23-30.77) (.08 — 32.33)
CBZ level (mg/L) 516+2.24 7.41+£216 8.24 £ 1.64
(range) (2.10-9.20) (3.80 -10.80) (3.70 - 10.90)
CBZ level/dose (mcg/L/mg) 5.58 6.75 8.88
(range) (1.61-13.14) (3.80 - 13.50) (5.36 —13.83)
CBZ level/dose/BW (mcg/L/mg/kg) 0.12 £ 0.06 0.13+0.05 0.14 +0.04
(range) (0.05-0.23) (0.07 - 0.24) (0.07 -0.22)
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The details of the combination drugs which were used concurrently with CBZ are
shown in Table 19. The mean daily dose per body weight of PHT from 15 patients was
5.01 £ 1.07 mg/kg/day while the mean serum level of PHT was 15.32 + 8.61 mg/L. The
mean daily dose per body weight of PB from 15 patients was 1.53 + 0.73 mg/kg/day
while the median serum level of PB was 13.60 mg/L. The mean daily dose per body
weight of VPA from 16 patients was 19.25 + 7.68 mg/kg/day and the mean serum level
of VPA was 62.56 + 20.93 mg/L.

Table 19: Pharmacokinetic p: ed in combination with CBZ

PK parameters MeanzSD or Median
CBZ+PHT (N=
298.33 + 69.09
5.01+1.07
15.32 + 8.61
PHT level/do y ﬁ' 011 | 008 0.520 + 0.025
CBZ+PB (N=15) o
PB dose (mg/day)d .~ 55 120
PB dose/BW (mg/kg/d‘ = = V 153+0.73
PB level (mg/ A 13.60
PB level ‘;—_T ——————— i:j 0.19 £ 0.07
CBZ+VPA (N=16
VPA dose (mg/day) 1,100
Vﬁﬁ ’ﬁrﬁk% 25+ 7.68
VT‘? 30 1
VPAﬂzvel/dose (mg/L/mg) 0.025 _ 0.053%/0.022
WIS S IR I e ¢
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Table 20 shows pharmacokinetic parameters of each patient in CBZ+PHT
combination therapy group. CBZ clearance ranged from 0.87 — 6.21 L/kg/day (mean
2.45 + 1.28 L/kg/day). PHT Vmax ranged from 4.32 — 9.93 mg/kg/day (mean 6.29 +
1.50 mg/kg/day). The correlation between CBZ clearance and PHT Vmax was
determined using regression analysis. The scatter plot of CBZ clearance versus PHT
Vmax is shown in figure 6, which likely to be a simple linear correlation. The correlation

between CBZ clearance and PHT Vmax was highly significant (r = 0.817, p < 0.001).

There was an outlier data which was thesdata from patient number 2, when we
excluded this data, slightly il arrelation coefficient was found (r =

0.883, p < 0.001) .The i CBZ clearance and PHT Vmax

X

U

AULINENINYINS
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Table 20: Pharmacokinetic parameters of individual patient in CBZ+PI \i t y/n therapy group

52

Patient No CBZ dose CBZ CL PHT Vmax PHT Vmax PHT Vmax
(mg/kg) (L/day) (L/kg/da 1 (mg/day) (mg/kg/day) | (mg/kg/hr)

1 20.90 128.61 451.24 6.73 0.28

2 10.00 200.00 317.82 5.30 0.22

3 20.00 112.90 233.73 4.67 0.19

4 19.15 134.04 325.07 6.92 0.29

5 8.1 95.45 259.10 7.00 0.29

6 26.67 112.00 321.43 714 0.30

7 27.91 125.37 279.22 6.49 0.27

8 25.71 434.48 695.11 9.93 0.41

9 11.14 108.95 413.71 5.76 0.24

10 6.76 159.09 424.29 5.73 0.24

11 519 66.67 332.33 4.32 0.18

12 11.86 53.26 297.67 5.05 0.21

13 19.23 ] 15434 78 8.36 0.35

14 9.76 388.88 4.74 0.20

15 24.69 ah n%@%gﬂ . 6.19 0.26
Mean + SD | 16.47 +7.85 |f7t137e|.8!1 1676 | 629+150 | 0.26+0.06

Range 5.19-27.91 5336 -434.48 0.87 -6.21 0.036 -0.259 | 3.33-6.67 | 233.73-695.11 4.32-9.93 0.18 -0.41

cs
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PHT Vmax (mgAkgMtay)

10.00— 5

9.00—

r=0.883, p <0.001

8.00—

7.00—

6.00—

5.00—

4.00—

8.00

Figure 6: Scatter plo

.4 maximum rate of
1

metabolism (mg/kg/da /) (N=

¥
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Table 21: Regression equations show correlation between PHT maximum rate of

metabolism and CBZ clearance

Regression equation R R Square | P-value

(N=15)
PHT Vmax (mg/day) = 1.064 x CBZ CL (L/day) + 222.802 0.813 | 0.660 < 0.001
CBZ CL (L/day) = 0.621 x PHT Vmax (mg/day) — 88.595

N
PHT Vmax (mg/kg/day) = 0.956 x CE %

CBZ CL (Likg/day) = 0.699 mglk/dayy=10h2 .

0.817 | 0.668 < 0.001

(N=14)°

PHT Vmax (mg/day) = 1. 0.735 < 0.001
CBZ CL (L/day) = 0.652 x PHT Vima

PHT Vmax (mg/kg/day) =4.034 3 /kglday) 0.883 | 0.780 < 0.001

5 excluded 1 patient (No.2 out lier

et
(A4
Table 22 sho f_u. ©

combination therapyg'oup. CBZ cle e ranged from0.83 - 3.34 L/kg/day (mean=

each patient in CBZ+PB

1.68 * 0.77ﬁg/day .“PBuclearance ra? from 0.033 — 0.183 L/kg/day (mean=
t

ollh el bbb ted oo an o o

was determined using regression’ analysis. There were no significant correlation

oo 657 gk Vb b8 e & Fieklo } fbatime e

equations between CBZ clearance and PB clearance were performed and are shown

0.084 = 0.0

in Table 23.



Table 22: Pharmacokinetic parameters of individual patient in CBZ

o,

T

PB combpi therapy group
Sy
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Patient No CBZ dose CBz CL CBZ s =i PB CL PB CL PB CL
(mg/kg) (L/day) (L/day) (L/kg/day) (L/kg/hr)

1 14.55 69.14 4.82 0.088 0.0037

2 16.00 84.85 5.19 0.069 0.0029

3 11.27 58.95 5.10 0.072 0.0030

4 30.19 103.70 3.97 0.075 0.0031

5 30.77 169.70 5.51 0.106 0.0044

6 17.39 80.00 2.28 0.033 0.0014

7 7.14 51.85 412 0.074 0.0031

8 17.86 104.48 3.86 0.069 0.0029

9 6.23 56.00 4.58 0.071 0.0030

10 16.91 101.82 8.64 0.183 0.0076

11 20.00 111.36 4.03 0.058 0.0024

12 12.20 118.64 0.060 7.71 0.094 0.0039

‘ a +

13 17.65 103.70 F uzj ,—J qn gjm = w Eje-] ﬂ ‘j 7.94 0.117 0.0049

14 18.12 18421 1o . 439 | G | A7 | 4.25 0.077 0.0032

15 17.67 127.27 1.87 0%078 £2.65 551 0.081 0.0034

Mean+SD | 16.93+6.82 101N¢ﬁ? 3077 0,070 ;'uf 1564073 m 0.084 +0.034 | 0.0035+0.0014
Range 62330.77 | 518518421 | 0.83-3.34 | 0.035-0.139 0.54-2.68 2.28-8.64 | 0.033-0.183 | 0.0014-0.0076

qg
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Table 23: Regression equations show correlation between PB clearance and CBZ

clearance

Regression equation R R Square P- value

PB CL (L/day) = 0.007 x CBZ CL (L/day) + 4.458 0.155 0.024 0.580
CBZ CL (L/day) = 3.465 x PB CL (L/day) + 83.807

PB CL(L/kg/day) = 0.014 x CBZ CL (L/kg/day) + 0.06 0.332 0.110 0.227
CBZ CL (L/kg/day) = 7.673 x PB CLi(Likg/day) +41.032

o
Table 24 showswspharmacokinetic parameters of each patient in CBZ+VPA

combination therapy-group+CBZ clearﬂnce ranged from 0.66 — 2.66 L/kg/day (mean=
1.37 + 0.52 L/kg/day): VPA" clearance '_rapged from 0.149 — 0.697 L/kg/day (mean=
0.357 + 0.193 L/kg/day). The correlation:between CBZ clearance and VPA clearance
was determined using regressio-'r; analyéai‘sl.; The assumption of the linear regression
was tested when we conducted- the cc')"?-F'eléition equation between CBZ clearance

(L/kg/day) and VPA clearance ZL/kg/dayf "lt was found that when generated the

equation to predict VPA clearance from GBZ clearance the error (observed value —

_"I 1_‘ -

predicted value) Was not normaIIy distributed, theq, the CBZ clearance was

transformed usmg.log transformation (In CBZ cIearance)_and the error was normally
distributed. In contrary, when we generated the equation to predict CBZ clearance
from VPA clearance, the .error showed normal distribution. The scatter plot of In CBZ
clearance versus \PA clearance is shown in figure 7 and ghe scatter plot of VPA
clearance versus CBZ clearance isi'shown in figure 8. The correlation between In CBZ
clearénce'and VPA cledrance was moderately significant (r = 0.661, p = 0.005). The
correlation between VPA clearance and CBZ clearance was moderately significant (r
= 0.642, p = 0.007). The regression equations showed correlation between CBZ

clearance and VPA clearance were generated and are shown in Table 25.



Table 24: Pharmacokinetic parameters of individual patient in CBZ+V

, y)/t%n therapy group
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Patient No CBZ dose CBz CL CBz CL - — PA dose VPA CL VPA CL VPA CL
(mg/kg) (L/day) (L/kg/day) (L/day) (L/kg/day) (L/kg/hr)

1 18.92 108.89 1.47 20.00 0.270 0.0113

2 32.33 115.29 2.66 27.64 0.638 0.0266

3 14.06 78.87 1.39 .57 12.06 0.212 0.0088

4 15.15 76.09 1.15 15 15.38 0.233 0.0097

5 9.30 53.16 0.82 13.26 0.206 0.0086

6 15.38 64.22 0.99 15.38 14.79 0.228 0.0095

7 9.09 57.73 0.66 11.36 14.51 0.165 0.0069

8 21.92 119.15 1.63 20.55 37.78 0.518 0.0216

9 12.90 84.85 1.37'I:l 38.66 0.624 0.0260
10 13.33 71.79 1.20 1~ 18.02 0.300 0.0125
11 30.19 120.43 2.27 ﬁ' 26.36 0.497 0.0207
12 15.87 90.91 1.44 . 34.25 0.544 0.0227
13 9.35 50.60 ﬂ? -ﬁ.. w 10.50 0.164 0.0068
14 7.08 75.68 4]314 EJ ’II] E. w§6 g'J ITJ i 39.37 0.697 0.0290
15 15.38 120.43 1.16 0.15 ¢ 0.048 = 11.54 oS 1552 0.149 0.0062

: a . e
16 17.50 130.67Q Wq@\ ﬂ(@m u MS I w&;r]} a EI.QS 0.274 0.0114
Mean £ SD | 16.11+7.08 88.67126.86q 1.37+0.52 0.25£0.37 0.057+0.022 19.25+7.68 22.50+10.15 0.357+0.193 | 0.0149+0.0080
Range 7.08-32.33 50.60-130.67 0.66 —2.66 -0.42-0.98 0.027-0.111 8.85-39.26 10.50-39.37 0.149-0.697 | 0.0062 —0.0290

AS,
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VPA clearanceBW (LAgMday)

0.700— o
0.600—
0.500—
r=0.661, p = 0.005
0.400—

0.300—

0.200 —

0.100 —

Figure 7: Scatter plot of | e : ersus VPA clearance (L/kg/day).

3.00 —
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r=0.642, p = 0.007
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I I I I I I I
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VPA clearance (LA&g/fay)

Figure 8: Scatter plot of VPA clearance (L/kg/day) versus CBZ clearance (L/kg/day).



Table 25: Regression equations show correlation between VPA clearance and CBZ
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clearance
Regression equation R R Square | P- value
VPA CL (L/day) = 0.154 x CBZ CL (L/day) + 8.882 0.406 0.165 0.118
CBZ CL (L/day) = 1.075 x VPA CL (L/day) + 64.477
VPA CL(L/kg/day) = 0.349x In CBZ €L lll‘ I' jay . 0.661 0.437 0.005
CBZ CL (L/kg/day) = 1.732 x VPA'CL (L/kg/day) + 0.754 0.412 0.007

..i
[
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Part 3 Effect of CYP3A5 polymorphism on CBZ pharmacokinetics

Seventy patients who used CBZ as monotherapy or coadministration with PHT,
PB or VPA and met the inclusion criteria were included into this study. A retro-
prospective data, February 2010 - September 2010, were collected from electronic
database and medical record at the epilepsy outpatient clinic of Prasat Neurological
Institute.

Demographic data

Of the 70 patients inc nosed to be epilepsy and 3 were

neuropathic pain. Of the 6 generalized seizure and 56 had
a localized seizure. A : patients ¢ CBZ as monotherapy, 7 patients
used CBZ combinati ombination with PB and 16

patients used CBZ c 1 patients (76%) among the

TR

de effects; the details are shown

67 epileptic patients ¢ 2gimens. Most of the patients

(83%) used folic acid a
in Table 26.

AULINENINYINS
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Table 26: Demographic data of patients (N=70)

61

Characteristic

Frequency, (mean + SD or median)

% (range)

Number of patients

Gender
Male
Female

Age (years)

Weight (kgs)

Height (cm)

BMI (kg/m®)

Indication of CBZ used
Epilepsy
Neuropathic pain

Type of epilepsy
Generalized seizure
Localized seizure

Seizure controlled
Controlled

Uncontrolled

Combination therapy ah‘ D
CBZ monotherapy 5:
CBZ+PHT
CBZ+PB
CBZ+VPA

Underlying dis
No other disease R
ostdedin5) \ 713
Dyslipﬂdemia
Hypertension
Thalassemia

Smoking status
Never

Ever smoke

AUEINENTNYINS

Smoking

70

31
39

(42.63 + 13.83)

U

MURTINEE

61

100

44
56
(16.53-82.05)
(40.10-104.00)
(145-185)
(16.50-37.53)

96

16
84

76
24

51
10
16
23

L7 67
N &)

19
21

87.14
1.43
11.43




Table 26: Demographic data of patients (N=70) (continue)
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Characteristic Frequency, (mean + SD or median)

% (range)

Alcohol consumption

Never 67
Ever drink 1
Drinking 2

Adverse effect

No adverse effect
Tremor
Dizziness
Ataxia
AST (IU/L), N=29
ALT (IU/L), N=29
Serum albumin (g/dL), N=
Serum creatinine (mg/dL), N2 27
Co-medications
Folic acid
Simvastatin

Calcium carbonate

Enalapril L v A

HCTZ { N RY |

Vitamin B complex E 5 L'J

Multivitamin ¢ . 'Y 5

e UYINUNINYINT
Atenolol ql

Amlodipine, . R D LA/
AHNAINTIUNRINYQY
Rosuaastatin 3

Metformin 2

Ezetrimide 1

Atorvastatin 1

Clopidogrel 1

Aspirin 1

Glibenclamide 1

96

94.3
1.4
2.9
1.4
(9-64)
(3-54)
(2.5-4.7)
(0.50-1.40)

83
14

- w A M N O O N © © 5

-
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Table 27 presents CBZ pharmacokinetic parameters from the total patients included
into the study. All patients included into this part were the same patients that included
into part 1 except for the twelve patients who lack of the genetic data were excluded.
The pharmacokinetic parameters of CBZ from total patients in this part were closed to

previous part.

Table 27: Pharmacokinetic parameters of CBZ from total patients included (N=70)

PK parameters (N=70 Mean + SD or Median

- L
CBZ dose (mg/day) - — 800

(mg/kglday) et~ 333 R 14.59 + 5.90

CBZ level (mg/L) 7.74 £2.39
(mcg/L/mg 9.51+£3.67
CBZ clearance (L/hr 3.15
75.68
0.054
1.29

9
U
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Population allelic frequencies

Genotyping of CYP3AS5 was obtained from 70 patients, 36 patients used CBZ as
monotherapy, 7 patients used CBZ in combination with PHT, 11 patients used CBZ in
combination with PB and 16 patients used CBZ in combination with VPA. When
characterized the patients into 3 groups by CYP3A5 genotyping, there were 8 patients
(11%) with homozygous *1/*1, 28 patients (40%) with heterozygous *7/*3 and 34
patients (49%) with homozygous *3/*3. The allele frequency of CYP3A5*1 was 31% and

”pmm 28,

CYP3A5*3 was 69%. The details w

Table 28: Prevalence of

(70 patients x 2 & m Predicted
%
Alleles | N=140 ,i{/ a1 \ (HWE)
1 3 :

z Il ﬁ\\& s || 7
Iﬂ% RANN2 | o |
3 96 69 '. 5“1}:&‘32 4173/*3 34 49 33
a"@- Eris i Chi-square=0.306, p=0.858

Allelic frequenties of CYP3A5 genotypes were in‘Hardy-Weinberg Equilibrium

M,
(HWE), p =0.858. The were Th HWE:

M1l (20 (eh I
PRSI aY
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The proportion of expected *1/*1, *1/*3 and *3/*3 genotypes could be predicted

from HWE: p+qg = 1 and (p+q)2=1 orp2+2pq+q2=1

p°=0.31x0.31 = 0.0961
2pg =2 x 0.31 x 0.69 = 0.4278
g’ =0.69 x 0.69 = 0.4761

The total number of patients included to this study was 70

1, hypothe

PR
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Seventy patients were categorized by CYP3A5 genotypes into 3 groups;

CYP3A5*1/*1, CYP3A5*1/*3, and CYP3A5%3/*3. Patient’'s age, body weight, BMI, the

frequency of patients when categorized by gender and coadministration drugs were not

significantly different among these 3 groups. The details about demographic data of

patients when categorized by CYP3A5 genotypes are shown in Table 29.

Table 29: Demographic characteristics of patients when categorized patients into 3

groups based on CYP3AS genotypes

2
Demographic data CYP3A5*1/*1. | ©YP3A5*1/*3 | CYP3A5*3/*3 | p-value

No. of patients 8 \ 28 34

Gender (male/female) 315, 4 12/16 16/18 0.602

Age (yr)° 50.96+20:61)" | 88971147 | 43.68£13.16 | 0.078
(range) (16.53-82.05)f__ (18.35-64100) | (17.81-69.77)

Body weight (kg) ° 66.4841251 | 5866£0.04 | 64.95:1289 | 0.061
(range) (52,00:88.00) = (40.10-77.00) | (43.30-104.00)

BMI (kg/m*) ° 24.071%2.26 ;_’_____->q,2_2_.7312.85 24.93:4.79 | 0.093
(range) | (2137-27.85) | (17.26-2934)) | (16.50-37.53)

Coadministration drugé » |
CBZ monotherapy 7 14 15 0.061
CBZ+PHT 0 3 4 0.897
CBZ+PB 0 4 7 0.521
CBZ+VPA 1 7 8 0.660

° Chi-squareftest, ° One-way ANOVA.

Table 30 shows the comparisons of patient's PK parameters of CBZ when

categorized patients into 3 groups based on their CYP3A5 genotypes. CBZ dose, CBZ

level and CBZ clearance were not significantly different among these 3 groups.
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Table 30: Pharmacokinetic parameters of CBZ when categorized patients into 3 groups

based on CYP3A5 genotypes

Mean+SD or Median
Parameter CYP3A5*1/*1 CYP3A5*1/*3 CYP3A5*3/*3 | p-value
(N=8) (N=28) (N=34)
CBZ dose (mg/day) ° 800 800 800 0.366
(range) (400-1,600) (200-2,000)
(mg/kg/day)” 53+6.25 14.53+5.94 0.168
(range) (3.33-32.33)
CBZ level (mg/L)*® 8.00 0.982
(range) (2.20-11.90)
(mcg/L/mg) 9.25 0.512
(range) (3.70-22.00)
CBZ clearance (L/hr)® 3.15 0.512
(range) 1.11) (1.33-7.88)
(L/day) i 75.68 0.518
(range) - 6:113.51), - | (87.63-266.67) | (31.82-189.19)
(Lkg .;__‘ 0.054 0.220
(range 0.185 (0.022-0.111)
(L/kg/daﬂ . 1.3 1.30 0.223
-

4f - _ o ] _ _
(r ) 3_1- _..A. oo 0?;‘4@‘ p (0.53-2.66)
? Kruskal-Wallis H test, ‘way ANO . il d

AN TUNN NN Y
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When we categorized patients into 2 groups based on CYP3A5 genotypes; the
first group was CYP3A5*1/*1 and CYP3A5*1/*3, and the second group was
CYP3A5*3/*3. Patient’'s age, body weight, the frequency of patients based on gender
and coadministration drugs were not significantly different between these 2 groups,
while the mean BMI in the CYP3A5*1/*1 and CYP3A5*1/*3 group was significantly
(p=0.047) lower than that of the CYP3A5*3/*3 group. The details about demographic

data of patients when categorized by CYP3A5 genotypes are shown in Table 31.

Table 31: Demographic characteristics of patients when categorized patients into 2

groups based onCYP3AS genotypes

Demographic data CYP3A5*1/*I*1 and *71/%3 CYP3A5*3/*3 p-value
No. of patients 30 . 34
Gender (male/female) 15/2?4 16/18 0.650
Age (yr) ° 41 .631{’4.56 43.68+13.16 0.541
(range) ’ (1'6.53—82-.'?57 (17.81-69.77)
Body weight (kg) ° 50526 10:2%, 64.95+12.89 0.100
(range) (40.10—88@5? (43.30-104.00)
BMI (kg/m’) ° 23.0142.75 24.93+4.79 0.047
(range) (17.26-29.34) (i6.50—37.53)
Coadministration drugs'”
CBZ monotherapy 21 15 0.234
CBZ+PHT 3 4 0.706
CBZz+PB 4 7 0.276
CBZ+VPA 8 8 0.896

® Chi-square test, ° independent t-test.

Table 32 shows the comparisons of patient's PK parameters of CBZ when
categorized patients into 2 groups based on their CYP3A5 genotypes. CBZ dose, CBZ

level and CBZ clearance were not significantly different between these 2 groups.
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Table 32: Pharmacokinetic parameters of CBZ when categorized patients into 2 groups

based on CYP3A5 genotypes

MeanzSD or Median
Parameter CYP3A5*1/*1 and *1/*3 CYP3A5*3/*3 p-value
(N=36) (N=34)
CBZ dose (mg/day) ° 800 800 0.516
(range) (200-2,000)
(mg/kg/day)® 14.53+5.94 0.940
(range) (3.33-32.33)
CBZ level (mg/L)*® 8.00 0.991
(range) (2.20-11.90)
(mcg/L/mg 9.27+3.44 0.599
(range) (3.70-22.00)
CBZ clearance (L/hr)® 3.15 0.634
(range) 1.33-7.88)
(L/day)® 75.68 0.634
(range) (31.82-189.19)
(L/k 3 0.054 0.991
(range) 0.022-0.111)
(L/kg/olawa 1.30 1.00
¢ 2
S— S L |ﬂ(q§3266)
ann-Whitney U test, ™ independent .

AN TUNN NN Y
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The patient’'s characteristics and PK parameters of CBZ between different
CYP3A5 genotypes were further compared through sub groups analysis based on the
coadministration drugs; CBZ monotherapy, CBZ in combination with PHT, CBZ in
combination with PB, CBZ in combination with VPA and CBZ in combination with
enzyme inducing AED (CBZ in combination with PHT or PB). The details were shown in
Table 33-37.

Among the 36 patients of CBZ monotherapy group, there were 21 patients (58%)
who are CYP3A5*1/*1 and *1/*3, and 15 patients (42%) who are CYP3A5*3/*3. Patient’s
age, body weight, BMI, CBZ dose, CBZ level and CBZ clearance were not significantly
different between these 2-groups of different genotypes (Table 33A).

Among the 36 patienis"0fCBZ monotherapy group, there were 7 patients (19%)
who are CYP3A5*1/*1, ande29 paiients (811%) who are CYP3A5*1/*3 and *3/*3. Patient’s
body weight, BMI, CBZ dosg, CBZ level ‘and CBZ clearance were not significantly
different between these 2 groups‘_.of‘ diffgrept genotypes, while the mean of age in
patients who are CYP3A5*1/%1 (54.33t19.7§5‘t¥rs‘_) was significantly higher (p=0.028) than
the mean of age in patients th Jate CYP=;5"%§§;1/*3 and *3/%3 (40.76+12.46 yrs) (Table
33B). i J

Among the 7 patients.of CBZ in c‘;i:"ntjjnation with PHT group, there were 3
patients (43%) whao. é’_{e CYP3A5*1/*3, and 4 patients (':.':5:7-%) who are CYP3A5*3/*3.

Patient’s age, body -W'éight, BMI, CBZ dose, CBZ level éﬁa CBZ clearance were not
significantly different between these 2 groups of different genotypes (Table 34). Figure 9
shows box and-whisken plotofithe median«CBZ leveli(mcg/l/mg) and Figure 10 shows
box and whisker plot of the median CBZ clearance (L/kg/day) between different

genotypes;
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Table 33A: Comparison of patient’s characteristics and pharmacokinetic parameters of

CBZ in CBZ monotherapy group between CYP3A5*1/*1 and *1/*3 VS

CYP3A5*3/*3
Mean+SD or Median
Parameter CYP3A5*1/*1 and *1/*3 CYP3A5*3/*3 p-value
(N=21) (N=15)
Age (yr) 434741562 43.30+14.25 0.974
(range) (16.53-82405) (17.81-69.77)
Body weight (kg) ° 57.12+936 61.37+11.33 0.227
(range) (40.10-80.50) (45.00-89.00)
BMI (kg/m”?) ° 22.17+2.57 23.33+3.44 0.253
(range) (1__7.26{—22.85) (16.73-30.80)
CBZ dose (mg/day) . 86.Q 800 0.300
(range) ¢ (400-1'-}966) (200-1,400)
(mg/kg/day) * : -13.98¢j§?72: 14.29+5.46 0.871
(range) v "I('6.67-2?§'9{E')-_91)ﬁ (3.33-23.53)
CBZ level (mg/L)* - 8.02:229 8.3942.51 0.645
(range) T (370-11.80) £(4.40-11.90)
(meg/L/mg) ™ 11.0623.92 1 0.6143.65 0.727
(mcg/L/mg)® ; 10.75 _' 9.92 0.619
(range) (5.40-21¢50) (6.75-22.00)
CBZ clearance (L/hr)° 2.96%1.06 2.97+0.76 0.972
(range) (1.36-5.40) (1.33-4.32)
(L/day)® 71.06+25.47 71.32%18.20 0.973
(range) (32.56-129.63) (31.82-103.70)
(L/kg/hr) 0.053%0.023 0.049+0.013 0.552
(range) (0.023-0.129) (0.022-0.071)
(L/kg/day)* 1.28+0.55 1.18+0.32 0.552
(range) (0.54-3.09) (0.53-1.70)

® independent t-test, ° Mann-Whitney U test.
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Table 33B: Comparison of patient’s characteristics and pharmacokinetic parameters of

CBZ in CBZ monotherapy group between CYP3A5*1/*1 VS CYP3A5*1/*3 and

*3/*3
MeanzSD or Median
Parameter CYP3A5*1/*1 CYP3A5*1/*3 and *3/*3 | p-value
(N=7) (N=29)
Age (yr) ° 54.33£19.73 40.76+12.46 0.028*
(range) (16.53-82.05) (17.81-69.77)
Body weight (kg) ° 63.40+9.74 57.80+£10.29 0.201
(range) (52.00-80.50) (40.10-89.00)
BMI (kg/m’) 26.76+2.33 22.38+3.08 0.276
(range) (21 .37—2{.85) (16.73-30.80)
CBZ dose (mg/day) ' 8004 4 800 0.360
(range) (400:800) 4 (200-1,600)
(mg/kg/day)® 11 .4613.5-7 14.74+5.84 0.161
(range) (6 671 538} (3.33-29.09)
CBZ level (mg/L)" 2820 St 8.70 0.263
(range) _(3-.70-9.00;;_ (3.70-11.90)
(meg/Limg) 10,25 4-10.50 0.749
(mcg/L/img)™. 11.1324.90 10°81+3.54 0.844
(range) (6.17-21.50) (5.40-22.00)
CBZ clearance{(L#hn) 2:97 #1:03 2:96+0.93 0.983
(range) (1.36-4.73) (1.33-5.40)
(L/day) 71.32£24 .75 71.13£22.31 0.985
(range) (32:56-113.51) (31-82-129.63)
(L/kg/hr)b 0.046 0.049 0.603
(L/kg/hr) ® 0.048+0.017 0.053+0.020 0.543
(range) (0.023-0.074) (0.022-0.129)
(L/kg/day)” 1.11 1.17 0.617
(range) (0.54-1.78) (0.53-3.09)

* Statistical significant difference, ° independent t-test, ° Mann-Whitney U test.
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Table 34: Comparison of patient’s characteristics and pharmacokinetic parameters of

CBZ in CBZ+PHT group between CYP3A5 *1/*3 and CYP3A5*3/*3

MeanzSD or Median
Parameter CYP3A5*1/*3 CYP3A5*3/*3 p-value
(N=3) (N=4)
Age (yr) : 48.98+15.87 45.36+£9.75 0.721
(range) (35.09-57.97)
Body weight (kg) * 74.00+10.61 0.461
(range) (59.00-82.00)
BMI (kg/m’) 29.47+5.01 0.348
(range) 31- ,__4).;_& - (22.48-34.13)
CBZ dose (mg/day) ° r?@ 5 1,000+678.23 0.788
(range) I(‘_' 1440 (500-2,000)
(mg/kg/day)® iéf 86 L 132757.90 0.984
(range) & {?12’ (6.76-24.69)
CBZ level (mg/L)® 464 5.92+3.05 0.592
. fastmt e 2
(mg/L) _JE;;E*"Z:‘{; 6.15 0.480
(range) L:} ( ;:‘ 2.20-9.20)
(mcg/L/m I £, 6.84+4.32 0.846
(mcg/L/mg)ﬂ ) ﬂ 5.26 0.724
range (2.63-10:50) (3.70-13.14)
CcBZz Clearan(f] Wmmr | i |5.§7iZ.46 0.696
/hr ¢ 5.36 5.70, 0.724
QAN T URNA DY e
(L/day)® 153.98+102.39 128.96+59.11 0.697
(L/day) 128.61 136.69 0.724
(range) (66.67-266.67) (53.26-189.19)

® independent t-test,

° Mann-Whitney U test.
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Table 34: Comparison of patient’s characteristics and pharmacokinetic parameters of

CBZ in CBZ+PHT group between CYP3A5 *1/*3 and CYP3A5*3/*3 (continue)

MeanzSD or Median
Parameter CYP3A5*1/*3 CYP3A5*3/*3 p-value
(N=3) (N=4)
CBZ clearance (L/kg/hr) @ 0.100+0.077 0.071+0.028 0.497
(L/kg/hr)” 0.074 1.00
(range) (0.038-0.097)
(L/kg/day)® - 1.70+0.67 0.495
(L/kg/day)” 1.77 1.00
(range) (0.90-2.34)

* independent t-test, ° Mah

2
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Figure 10: Box and whisker plot of the median CBZ clearance (L/kg/day) between

different genotypes in CBZ+PHT group (N=7).
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Among the 11 patients of CBZ concurrently used with PB group, there were 4
patients (36%) who are CYP3A5*1/%3, and 7 patients (64%) who are CYP3A5*3/*3.
Patient's age, body weight, BMI, CBZ dose, CBZ level and CBZ clearance were not
significantly different between these 2 groups of different genotypes (Table 35). Figure
11 shows box and whisker plot of the median CBZ level (mcg/L/mg) and Figure 12

shows box and whisker plot of the median CBZ clearance (L/kg/day) between different

,Wination with VPA group, there were 8
‘ //} and 8 patients (50%) who are

genotypes.

Among the 16 patients of

patients (50%) who are C

CYP3A5*3/*3. Patient’s 5‘? 'BM , CBZ level and CBZ clearance
were not significantly diffe ps of different genotypes (Table
36). Figure 13 shows bo isker dian CBZ level (mcg/L/mg) and

Figure 14 shows box and whi St of ' clearance (L/kg/day) between
different genotypes.

Among the 18 with enzyme inducing AED
(CBZ+PHT and CBZ+PB) 9%) who are CYP3A5*1/*3, and
e, body weight, BMI, CBZ dose,
ioa tly different between these 2 groups of

hisker plot of the median

hisker plot of the median CBZ

CBZ level (mcg/L/mg :

|
clearance (L/kg/day) bg:veen different genotypes.

AUEINENINYINS
ARIAN TN INAE
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Table 35: Comparison of patient’s characteristics and pharmacokinetic parameters of

CBZ in CBZ+PB group between CYP3AS5 *1/*3 and CYP3A5*3/*3

MeanzSD or Median

Parameter CYP3A5*1/3 CYP3A5%3/*3 | p-value
(N=4) (N=7)
Age (yr) ° 44.91+6.76 45.88+9.19 0.859
(range) (39:26-53.82) (32.58-61.69)
Body weight (kg) ° 59.85+ 1048 63.89+8.32 0.496
(range) (47.3_9—69.00) (55.00-75.00)
BMI (kg/m’) ® 22.65+2.31 23.68+2.30 0.495
(range) (19.94-24.94) (20.20-26.72)

CBZ dose (mg/day) ° 1,__0502_1 91.48 857.14£377.96 | 0.372
(range) (800—1}é00) (400-1,400)
(mg/kg/day)® 17.52%9.%1 13.2945.27 0.078
(range) 4 (16, 914819) (6.23-20.00)

CBZ level (mg/L)® y "“6.60i2;f§§; 7.39+2.35 0.631
(range) _(3.80—10}_—?%{_)# (3.70-9.90)
(mog/Lima)s 628210 £9.28£2.40 0.064
(range) Y (3.80-8.75) :_-(6.29—12.50)

CBZ clearance (L/hr) a{_ 5.14+1.88 3.34+0.89 0.055

(range) (3.33-7.68) (2.33-4.64)

(L/day) 123.82+44.95 80.06:21.46 0.055
(range) (80.00-184.21) (56.00-111.36)

(/KRS 0.089:+0/038 0.053%0.016 0.050
(range) (0.048-0.139) (0.035-0.078)
(L/kg/day)® 2.13+0.91 1.27+0.37 0.050
(range) (1.16-3.34) (0.83-1.87)

* independent t-test.
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Figure 12: Box and whisker plot of the median CBZ clearance (L/kg/day) between

different genotypes in CBZ+PB group (N=11).
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Table 36: Comparison of patient’s characteristics and pharmacokinetic parameters of

CBZ in CBZ+VPA group between CYP3A5 *1/1 and*1/*3 VS CYP3A5*3/*3

MeanzSD or Median

Farameter CYP3A5*1/*1 and *1/*3 CYP3A5*3/*3 p-value
(N=8) (N=8)
Age (yr) ° 32.43£11.65 41.62+16.88 0.226
(range) 18 ffﬁr .65) (23.18-65.51)
Body weight (kg) * 68.09+18.21 0.793
(range) (43.30-104.00)
BMI (kg/m”) ° 25.73 0.529
(range) (16.50-37.53)
CBZ dose (mg/day) ° 1,100+385.45 0.631
(range) (600-1,600)
(mg/kg/day)® 16.72+6.96 0.745
(range) (9.30-32.33)

CBZ level (mg/L)® 7.96+0.93 0.510
(range) (6.60-9.30)
(mcg/L/mgﬁ ) -96:263 0.335
(range) b £ 5.36-13.17)

CBZ clearance (L/hr)i-J ¥ !_fj 3.98+1.13 0.325

(range) ¢ 2 (2.11-5.02) (2.22-5.44)
bt Y V1 HRINUN ATz | o
range (560.60-120.43) 4, (63.16-130.67)
A WA 3T ANBAES | osr
(range) (0.027-0.095) (0.034-0.111)
(L/kg/day)® 1.28+0.52 1.46+0.54 0.511
(range) (0.66-2.27) (0.82-2.66)

* independent t-test,

° Mann-Whitney U Test..
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Table 37: Comparisons of patient's characteristics and pharmacokinetic parameters of
CBZ in CBZ in combination with enzyme inducing AED group (PHT and PB)
between CYP3A5 *1/*3 and CYP3A5*3/*3

Mean+SD or Median
Parameter CYP3A5%1/*3 CYP3A5*3/*3 p-value
(N=7) (N=11)
Age (yr) 46.66+10.56 45.69+8.90 0.838
(range) (33.1664.90) (32.58-61.69)
Body weight (kg) ° 63.34+£9.90 67.56+£10.07 0.396
(range) (47.30-77.00) (55.00-82.00)
BMI (kg/m’) ® 24,13+2.95 25.78+4.39 0.394
(range) (19.941—29.34) (20.20-34.13)
CBZ dose (mg/day) * I, 432 385,23 909.09+478.44 0.768
(range) ; (400—‘?,:40;0) (400-2,000)
(mg/kg/day)” 17.39 11.86 0.497
(range) (5192@}9_(.)) (6.23-24.69)

CBZ level (mg/L)® . 5.7612.78;_{: 6.85+£2.58 0.406
(range) : -(2.10—10@);__ (2.20-9.90)
(mcg/Limg)? 6.21£2.74 /8.40+3.25 0.161
(meg/L/mg)™ 5.50 8.25 0.189
(range) (2.63-10.50) (3.70-13.14)

CBZ clearance<{L/hn)° 5.69+2:88 4:08+1.83 0.164

(range) (2.78-11.11) (2.22-7.88)

(L/day)” 136.46+69.09 97.84+43 96 0.164
(range) (66.67-266.67) (53.26-189:49)

(L/kg/hr)a 0.094+0.052 0.059+0.021 0.139
(range) (0.036-0.185) (0.035-0.097)
(L/kg/day)® 2.25+1.25 1.4340.51 0.139
(L/kg/day)® 1.92 1.35 0.135
(range) (0.87-4.44) (0.83-2.34)

* independent t-test, ° Mann-Whitney U test.




82

14.00—

12.00—

p=0.189

10.00—

8.00—

CBZ-levelfose ratio(mcgAmg)

(N=11)
. T
*3/3
Figure 15: Box and whi T dianEr Z e /mg) between different
genotypes in fitly vith enzyme inducing AED group
(N=18)
g
_g’ 3.0000 —
by
5
3 2.0000 — ﬂ
: e HVIWI e
(N=7) (N=11)
CYP3A5 genotypes

Figure 16: Box and whisker plot of median CBZ clearance (L/kg/day) between different
genotypes in CBZ concurrently used with enzyme inducing AED group

(N=18).



83

Table 38 shows comparisons of PK parameters of other AEDs used in
combination with CBZ when categorized patients into 2 groups based on CYP3A5
genotypes; the first group was CYP3A5*1/*1 or CYP3A5*1/*3, and the second group
was CYP3A5*3/%3. The PK parameters of PHT, PB and VPA (dose, level, PHT Vmax, PB
clearance and VPA clearance) were not significantly different between these 2 groups of
different genotypes.

Table 38: Comparisons of PK parameters of other AEDs used in combination with CBZ

when categorized patients into 2 groups based on CYP3A5 genotypes

. MeantSD or Median
PK parameters of other-”AEDs CYP3A5*1/*1 and CYP3A5*3/*3 p-value
CYPBAS5*1/*3
CBZ+PHT (N=7) &:3) (N=4)
PHT dose (mg/day) ° 5@6" 325 0.150
(mg/kg/day) ° 3.90%:0.5,8 4.40+0.68 0.352
PHT level (mg/L) ° 10 4747.92 15.14+8.31 0.487
(mg/L/mg) ° b.03794_r§.1§_2§9 0.0462+0.0209 0.646
PHT Vmax (mg/day) ° !-_%67.13£;é_.7‘2:q.rﬂ 403.13+84.62 0.583
(mg/kg/day) ° 5.45+7 ? - 5.43+0.66 0.975
CBZ+PB (N=11) PR e (N=7)
PB dose (mg/day)b 120.00+48.99 +88.57+45.71 0.246
(mg/kg/de‘ny)'b 2.06+0.82 1 1.32£0.78 0.173
PBlevel (mg/L)® 22.75+7.24 16.5049.13 0.273
(melLimg) 2 0:22+0:43 0.20+0.02 0.788
PB clearance'(L/day) 2 517+2.67 4.55+0.52 0.677
(L/kg/day) ° 0.0935+0.0633 0.0719+0.0091 0.545
CBZ#VPA/(N=16) (N=8) (N=8)
VPA dose (mg/day) ° 1,137.50+370.09 1,331.25+319.53 0.281
(mg/kg/day) ° 17.6146.93 20.89+8.50 0.412
VPA level (mg/L) ° 56.70+24.57 68.41£16.00 0.278
(mg/L/mg) ° 0.0520+0.0257 0.0545+0.0193 0.828
VPA clearance (L/day) ° 24.12+11.76 20.89+8.75 0.543
(L/kg/day) 0.36 0.27 0.834

*Mann-Whitney U test, ° independent t-test.
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Table 39, 40 show the comparisons of PK parameters of CBZ in the same
genotype groups (CYP3A5*1/*1 or CYP3A5*1/*3 and CYP3A5*3/*3) when categorized
patients into 4 groups based on other AEDs used in combination with CBZ; CBZ
monotherapy, CBZ+PHT, CBZ+PB and CBZ+VPA.

Among the CYP3A5*1/*1 and CYP3A5*1/*3 genotypes group, CBZ dose
(mg/day, mg/kg/day), CBZ level (mg/L), and CBZ clearance (L/kg/hr, L/kg/day) were not

significantly different among the 4 groups categorized based on other AEDs used in

combination with CBZ, while the level-to-dose ratio (mcg/L/mg) and the

median of CBZ clearance ( icantly different (p=0.018) between

cg/L/mg, 2.71 L/hr and 65.12

™ espectively). The details were

se (mg/day, mg/kg/day), CBZ

@ .9{; -.. r 0 )yased on other AEDs used in

CBZ monotherapy grou
L/day VS 6.19 mcg/L/mg,
shown in Table 39.

Among the CYP3
level (mg/L, mcg/L/m -.' L/kg/hr, L/kg/day) were not

significantly different among the 4

combination with CBZ. Thé de ns@ oW in Telple 0.

ﬂﬂﬂ’.]“flﬂ‘ﬂ‘ﬁﬂﬁﬂ‘i
QW']&NﬂifLJ UAIINYAY
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Table 39: Comparisons of pharmacokinetic parameters of CBZ a

(CYP3A5*1/*1 and CYP3A5*1/*3 genotypes)

Parameter CBZ+VPA P- value
(N=8)

CBZ dose (mg/day) ° 1,000 0.169
(mgl/kg/day) 9t -_ﬂ‘_ ¥ 5 0.51 | 15.50+7.63 | 0.687

CBZ level (mg/L) ° 9.25 0.158
(mcg/L/mg) * 9.22 0.030*

CBZ clearance (L/hr) ° 3.16 0.030*
(L/day) ° 75.88 0.028*

(L/kg/hr) 0.052 0.153

(L/kg/day) * P 16 1 92 2.01 1.25 0.153

p*v zthsiK;a; jljnlﬂcant d|ﬁerﬁeﬁ<ﬂa(3v% ﬁmwmcﬂﬁmmey U test between CBZ V'S CBZ+PB group:
q RIAINTUNRINYA Y

g8



Table 40: Comparisons of pharmacokinetic parameters of CBZ a

(CYP3A5*3/*3 genotype)

(L/kg/day) 1.1820. 3‘*,2

Parameter CBZ+VPA P- value
(N=8)
CBZ dose (mg/day) ° 46 +377.96 | 1,100£385.45 | 0.550
(mg/kg/day) ° { | 14.72 0.786
CBZ level (mg/L) ° 7.96+0.93 0.281
(mcg/L/mg) ° 7.34 0.107
CBZ clearance (L/hr) ° : 4.04 0.108
(L/day) ° __—— ; 96.87 0.109
(L/kg/hr) ® 0.0494010 0.053:0.016 0.061+0.023 0.168
1.70=0. 67 1.27+0.37 1.46+0.54 0.170

oo o Y 8 M EJ MINEINI

QW’]&\ﬂﬂ‘iﬂJ NN Y
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Model for prediction of carbamazepine clearance and level-to-dose ratio

Multiple regression analysis with forward-inclusion method was performed to
create the model for prediction of CBZ clearance and level-to-dose ratio (mcg/L/mg)
from demographic data and CYP3A5 genotypes. Among the 70 patients participated in
this study, there were only 4 factors related to CBZ clearance (L/hr and L/day) including
CBZ dose (mg/kg), PHT dose (mg/kg), PB dose (mg/kg) and body weight (kg). It was
found that when generated the equation to predict CBZ clearance from the related
factors, the error (observed value - predicted wvalue) was not normal distribution, when
the CBZ clearance was transformed using lod wransformation (In CBZ clearance), then,
the error was normally distributed. Table 41A shows the entire significant models for
prediction of CBZ clearance_from«forward-inclusion linear regression, the model 4 was
the best fit equation. \

There were only 4 faciors related to CBZ clearance (L/kg/day) including CBZ
dose (mg/kg), PHT dose (mg/kg), PB Bosa(mg/kg) and body weight (kg). It was found
that when generated the‘equation to predlctr CBZ clearance from the related factors, the
error (observed value — predlcted value) w,as not normal distribution, then the CBZ

i vl ok
clearance was transformed Using.leg transf@r_m@tlon (In CBZ clearance) and the error

was normally distributed. Table 418 shows th_—é._gp_ti_re significant models for prediction of

CBZ clearance from-forward-inclusion linear regression, the model 4 was the best fit

equation. — Pt
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Table 41A: Model summary of forward stepwise linear regression for prediction of

In CBZ Clearance (L/hr and L/day)

Model Variable entered R R-square R-square Sig (F change) Model Sig
change (ANOVA)
1 CBZ dose (mg/kg) | 0.502 0.252 0.252 <0.001 <0.001
2 CBZ dose (mg/kg) | 0.646 0.417 0.165 <0.001 <0.001
PHT dose CBZ
dose
3 CBZ dose (mg/kg) 0.685 0.470 0:053 0.013 <0.001
PHT dose (mg/kg) -
PB dose (mg/kg)
4 CBZ dose (mg/kg)™ | 0725 0.525I 0.055 0.008 <0.001
PHT dose (mg/kg) i: .
PB dose (mg/kg) _. l
Body weight (kg) ‘j

i §

v ol

Table 41B: Model summary of fOrWa'rd stepvwﬁgnﬁif%‘rlear regression for prediction of

In CBZ Clearance (L/kg/day)

o i
o el

Variable enfered

1 7Sig (F change)

Model R R-square | R-square Model Sig
change (ANOVA)
1 CBZ dose (mg/kg) 0.639 0.408 0.408 <0.001 <0.001
2 CBZ dose (mg/kg) 01674 0.455 01046 0.020 <0.001
PHT dose CBZ dose
3 CBZ dose (mg’kg) 0714 0.510 0.056 0.008 <0.001
PHT dose (mg/kg)
PB dose (mg/kg)
4 CBZ dose (mg/kg) 0.740 0.547 0.037 0.024 <0.001
PHT dose (mg/kg)
PB dose (mg/kg)
Body weight (kg)
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The coefficients and p-value of each variables which entered by forward-inclusion
method of model 4 to predict CBZ clearance (L/hr and L/day) were presented in Table
42A. Multicolinearity of independent factors was determined (data not shown).

The coefficients and p-value of each variables which entered by forward-inclusion
method of model 4 to predict CBZ clearance (L/kg/day) were presented in Table 42B.

Multicolinearity of independent factors was determined (data not shown).

Table 42A: Coefficients of factors in the best fit equation for prediction of

In CBZ Clearance.(L/hr and L/day)

-
Factor B Sig (p-value) 95% CI

For predict In'CBZ Gk (L/hr) 1
Constant 008 0.964 (-0.436)-(0.457)
CBZ dose (mg/@) - . 0.04 <0.001 0.028-0.051
PHT dose (mg/kg) o™\ %0004 0.062-0.171
PB dose (mg/kg) St} o.1ifzx. 4 \0:0R7 0.04-0.244
Body weight (kg) 40,008/, 0.008 0.002-0.014
For predict INCBZ CL (L/day) o] _-l;'
Constant ATk 3.188;;_5 0.001 2.741-3.635
CBZ dose (_rhg/kg> 0.04 < 0.001 | 0.028-0.051
PHT dose (mg/kg) 0.117 <0.001 -/ 0.062-0.172
PB dose (mg/kg) 0.142 0.007 _- 0.040-0.244
Body weight (kg) 0.008 0.008 0.002-0.014

Table 42B: Coefficients of factors in the best fit equéation for prediction of

In'CBZ'Clearance (L/kglday)

Factor B Sig (p-value) 95% ClI
Constant -0.018 0.934 (-0.458)-(0.421)
CBZ dose (mg/kg) 0.042 < 0.001 0.031-0.054
PHT dose (mg/kg) 0.091 0.001 0.038-0.145
PB dose (mg/kg) 0.138 0.008 0.038-0.239
Body weight (kg) -0.007 0.024 (-0.013)-(-0.001)
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The estimation equations of CBZ clearance were shown below:

In CBZ clearance (L/hr) = (0.04) [CBZ dose (mg/kg)] + (0.117) [PHT dose (mg/kg)] +

(0.142) [PB dose (mg/kg)] + (0.008)(BW) + 0.01

\
v

)
—
)

NN
\ glkg)] + (0.091) [PHT dose (mg/kg)]

042)]CB dose kel + (0.091) (
_ ”", ’\\> (BW) - 0.018
\\_
Y

b
I

s, 4 2

.

AULINENINYINS
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As shown in Figure 17, the correlation between observed In CBZ clearance and
predicted In CBZ clearance (L/hr) was moderately significant (R-square=52.5%,

p<0.001).

2.50

-~
.-
-
-7
-
-7
-

2.00—

-
-
-
-
Pae

1.50

1.00

Pae
-
L--

0.50— R Sq Linear =0.525

Observed In CBZ clearance (LAr)

0.00—

Figure 17: Scatter pIoLmobserve n CBZ clearance and predicted In CBZ clearance
UG INENTNYINT
PAINIUINIINENAY

There were only 4 factors related to CBZ level-to-dose ratio including CBZ dose
(mg/kg), body weight (kg), PHT dose (mg/kg) and PB dose (mg/kg).
Table 43 shows the entire significant model for prediction of CBZ level-to-dose

ratio from forward stepwise linear regression, the model 4 was the best fit equation.
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Table 43: Model summary of forward stepwise linear regression for prediction of CBZ

level-to-dose ratio (mcg/L/mg)

Model Variable entered R R-square | R-square | Sig (F change) Model Sig
change (ANOVA)
1 CBZ dose (mg/kg) 0.527 0.277 0.277 <0.001 <0.001
2 CBZ dose (mg/kg) 0.614 0.377 0.100 0.002 <0.001
Body weight (kg) )
3 CBZ dose (mg/kg) 0. f/ 0.059 0.011 <0.001
Body weight (kg) SR
PHT dose (mg/k "'!
4 | CBZ dose (mg/kg) ;D487 0,051 0.014 <0.001
Body weight (kg N
PHT dose (mg/kg) *I.-L#‘i
PB dose (mg/ AN
g7 Y
g.f:f )Y
The coefficients andip- ue‘.cllg,:r::;xé‘a‘l iable ch entered by forward stepwise
method of model 4 were pr eg‘i@ﬁ.ﬁb colinearity of independent factors

was determined (data not shownﬁ?}_;w ,,,r

diction of CBZ level-to-

‘ﬂ Y NI aW Y
NI NI RSN T =
Constant q" 20.96" < 0.00& 16. 64;25 .286
KRWPANNIE AN VN e
Body weight (kg) -0.084 0.006 (-0.142)-(-0.025)
PHT dose (mg/kg) -0.8 0.004 (-1.33)-(-0.27)
PB dose (mg/kg) -1.254 0.014 (-2.243)-(-0.265)
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The estimation equation of CBZ level-to-dose ratio was show below:

CBZ level-to-dose ratio (mcg/L/mg) =

(-0.382) [CBZ dose (mg/kg)] -

(0.084) [BW (kg)]

- (0.8) [PHT dose (mg/kg)] -

(1.254) [PB dose (mg/kg)] + 20.964

p<0.001).

20.00—

15.00—

(mcgA/g)

10.00— -||
W

Observed CBZ-levelflose ratio

5”ﬂuaqﬂﬁﬂ§ﬁaﬂnﬁ

en observed CBZ level-to-dose ratio

ely significant (R-square=48.7%,

¢0 &
g~

R Sq Linear =0.487

q ’m ANT] ‘Eﬂé N%’%‘%}%ﬂ&ﬂ*ﬁ

Figure 18: Scatter plot of observed CBZ level-to-dose ratio and predicted CBZ level-to-

dose ratio
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Interethnic variability of CYP3AS5 polymorphism in Asia
Allelic frequencies of CYP3AS5 polymorphism in Asian population were different

[17, 34-38]

from Caucasian and African-American population. Among Asian population the

allelic frequencies of CYP3A5 polymorphism were not different (Table 45).

Table 45: Comparison of CYP3AS5 allele frequencies among Asians

Number \ % Allele frequency p-value
Ethnicity

(compared to this study)

Thai (This study)

subject W 5
J

Thai ™" 0.65
Chinese " 0.15
Indian ** 0.14
Malaysian 0.24
Japanese 6! 0.21

ﬂ‘UEl’J‘VIEWlﬁWEJ']ﬂi
’QW’mﬁﬂ‘iﬂJ UAIINYAY




CHARPTER V
DISCUSSION AND CONCLUSION

Part 1 Clinical pharmacokinetics of carbamazepine as monotherapy and in combination

with classical antiepileptic drugs

The mean daily dose of CBZ calculated from the total patients included in this
study was 15.45 + 6.53 mg/kg/day which was within the recommended dose range of
15-25 mg/kg/day for seizure controlled. H Bven though the daily dose of CBZ used in
several patients was lower than that of the recommendation, especially in patients who
used CBZ as monotherapy,..but mostiof the patient's CBZ levels were within the
therapeutic range. The mean«daily dose of PHT from the patients who used CBZ in
combination with PHT was#6.04%1.07 mg/kg/day whiech was within the recommended
dose range of 4-7 mg/kg/day. # he mean«daily dose of PB from the patients who used
CBZ in combination#withs PB iwas 1.53;0.73 mg/kg/day which was within the
recommended dose range of 1:1-2.0 mg/lig/day ' The mean daily dose of VPA from
the patients who used CBZ in Co-rnbination-}\-:/}itﬁ VPA was 19.25+7.68 mg/kg/day, while
the recommended dose range of VPA in tH;:,;EQ,?ence of enzyme inducer drug is 7-18
mg/kg/day. “ This indicated Tt_hj&_lt when VP@%S_ used concurrently with CBZ which is
an enzyme inducer,,the; VPA dose had beeh increased. The median level-to-dose ratio
of CBZ in patients whio,used CBZ as monotherapy was significantly higher than those
obtained after combination therapy with PHT, PB or VPA-even though the median daily
dose per body.weight .of, CBZ .was.not, significantly. different. This indicated that when
CBZ was used with™PHT, PB or VPA the dose of EBZ had'not been changed, even
though the level of CBZ was decreased, especially*when used CBZ with PHT which is
the strongestiinducer.

The CBZ clearance (L/kg/hr) in patients who used CBZ in combination with PB
was 31% increased, which was consistent with previous studies who reported the
increment of CBZ clearance to be within the range of 16-44% when concurrently used

[13, 14, 51, 52]

with PB. The CBZ clearance (L/kg/hr) in patients who used CBZ in combination

with PHT was 98% increased, while previous studies reported the increment to be 42-45
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[13, 51]

%. Previous study reported CBZ clearance in patients who used CBZ as

polytherapy (in combination therapy with enzyme-inducing AED, for instance PHT, PB)

“ " The median of CBZ clearance in patients who used CBZ in

to be 0.1 L/kg/hr
combination with PHT in this study was 0.097 L/kg/hr which was close to that reported in
previous study, however, the median of CBZ clearance in patients who used CBZ in
combination with PB was lower than that reported previously (0.064 L/kg/hr). There are
conflicting results on the effect of VPA on CBZ clearance; increase, decrease, or no

[13, 14, 20, 21, 24, 52]
change.

In this study, we found that CBZ when used in combination with
VPA, the clearance of CBZ, after accounted forthe.body weight of the patients, did not
change significantly. The mean-daily dose of VPAwas greater than 18 mg/kg which had
been claimed by previous study.that this high dose could increase CBZ clearance by
21%. " The average CBZs€learance in patients who received CBZ as monotherapy in
this study was lower thansthose reported by previous studies (Table 46). This can be
attributed to the reasons that CBZ clearar;:ce,_ﬁmight be decreased with increasing age,
while in contrary CBZ .€learance might t;:e. rin(_:reased with the size of the dose, the
average age of patients in previous_jj;‘tudies:j'd\%ggé all lower and the dose size was mostly

higher as compared to this study[“sLM' 2 e 2

There were 19 patients (24%) of thei}’:g',é,pileptic patients who had uncontrolled

seizures and 4 patjepti (5%) had mild adverse effect_q Patients with uncontrolled

seizure without any precipitating factors, the doses of- AEDs were adjusted or the
second or third AED Were added, for instance topiramate, lamotrigine which are the
newer AEDs withgdifferentsmeehanism of-ractions,) then;the: seizures were better
controlled. When considered the levels of AEDs, we found that majority of the patients
had their drug.levels within the therapeuticiranges (58 of the 79 patients, 74%), 16
patients (20%) had "their drug levels”lower than“the ‘therapeutic ranges, while the
remainder 5 patients (6%) had their PHT levels higher than the therapeutic ranges.
Recommended therapeutic ranges are the good guideline especially when the drug is
used as monotherapy, however, when AEDs were used in combination, the therapeutic
ranges might be decreased since the seizures could sometimes be controlled with lower
therapeutic levels of each drug and adverse effect could be found in some patients

even at subtherapeutic or therapeutic ranges.
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Table 46: Overview of CBZ clearance estimations from CBZ monotherapy reported

by different ethnicity
CcBz Characteristics
Population clearance Age Weight Dose
(L/kg/hr) (yrs) (kg) (mg/kg/day)
Chinese ™" 0.0539 23.6 52.3 9.47
American " ’, 75.0 12.90
Japanese 2l """ = 39.3 7.36

=2 16.70

O JE

Singaporean
[54]

Omani
Thai ' 17.03
Thai (This stud 13.33

\

In conclusion the CB @r@ atie \ used CBZ as monotherapy was
significantly lower than tha g ‘ ed CBZ with PHT or PB, but was not
significantly different from patle 'hm----- ed CBZ with VPA. Therapeutic ranges are the

e ..- ".-' - i
good guideline especial ther: ) e fecommended ranges should

be adjusted when thr t'g the classical AEDs has the
role to identify an ind{mjual’s optimu oncentrations ﬂd thus establish a reference

level in that patient.

ﬂﬁﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
QW']ENﬂ‘iELJ UAIINYAY



98

Part 2 Correlation between pharmacokinetic parameters of carbamazepine and other
classical antiepileptic drugs when used in combination

The correlation between PHT Vmax (mg/kg/day) and CBZ clearance (L/kg/day)
was highly significant (R = 0.883, R-square =78%, p < 0.001), while the correlation
between VPA clearance (L/kg/day) and CBZ clearance (L/kg/day) was moderately
significant (R = 0.642, R-square =41.2%, p = 0.007), but the correlation between PB
clearance (L/kg/day) and CBZ clearance (L/kg/day) was not reach statistically
significant level (R = 0.332, R-square =11%, p = 0.227). Since we set the correlation
coefficient to be 0.6 or higher in the part of+calculation for the sample size to find a
significant correlation. Therefore, the correlation cogfficient of 0.332 would require a
bigger sample size to be significant at 0L < 0.05, power = 80% while the sample size of
15 as we could recruit into_tiis pait of study could not.

CBZ is approximatelys 99% . metabolized by oxidation, hydroxylation, direct
conjugation with gluetronic acid, and §u|fur conjugation pathways. Oxidation and
hydroxylation pathway a€count for about 66% of its metabolism. The isoenzymes that
catalyze 10, 11-oxidation: of CBZ in:the I|ver are CYP3A4, CYP3A5, CYP2C8, and

[11, 21]

CYP1A2; CYP3A4 and CYP3AS ate the mosf,important of them.

Phenytoin is

eliminated 90% primarily by hep_atlc metabQJl_srj}_y|a Cytochrome P450 mixed function

[48, 55]

oxidase isoenzymes (QYP 450) (90% by CYP2C9 and 10%, by CYP2C19). PB is

eliminated via hepatic_ metabolism and unchanged in the urine. The isoenzymes
involved in PB elimination are CYP2C9 and CYP2C19. About 20-40% of a dose of PB is
excreted unchanged insthe-urine “ VRA.is primarily eliminated.by hepatic metabolism
(about 95%). '‘Glucuronidation,” oxidation' and “hydroxylation are the main metabolic
pathways of VPA. Approximately 60% of the fecovered dose of VPA in urine is
metabolized Vvia Igldcuronidation ‘which™is ‘'mediated by! UDPGT1A6, - UDPGT1A9, and

[50, 56, 57]

UDPGT2B7. The high correlation between CBZ clearance and PHT Vmax may

attribute to the reason that the elimination process of both CBZ and PHT are involved

hydroxylation by an arene oxidase enzyme which is also the rate limiting step of PHT

[65, 58]

metabolism. VPA appears to competitively inhibit the glucuronidation of CBZ

metabolite (CBZ-10, 11-trans-diol) which might be the reason for detecting moderate

[55, 56]

correlation between CBZ clearance and VPA clearance. While CBZ clearance and
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PB clearance was not significantly correlated, even though PB is metabolized via the
same hepatic isoenzymes as CBZ (CYP 450), but the sub-families are different (PB is
metabolized by CYP2C9 and CYP2C19) and 20-40% of PB is excreted unchanged in
the urine. " *

In conclusion there was highly significant linear correlation between CBZ

clearance and PHT Vmax, while CBZ clearance and VPA clearance was moderately

significant linear correlated, and CBZ clearance and PB clearance was less correlated

of study. The regression -‘__‘:\ Vhic d\wed significant and high correlations

#
between CBZ pharmacokinetic HT or VPA pharmacokinetic

parameters might be use ' 1€ herapeutic drug monitoring, however,
validation of each equatio Jirec \

AU INENTNEINS
RINNTNUNINYAY
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Part 3 Effect of CYP3A5 polymorphism on CBZ pharmacokinetics

This study determined the effect of the polymorphic CYP3A5 genotype on
pharmacokinetics of CBZ in Thai patients. The CBZ level, CBZ clearance were the
pharmacokinetic parameters evaluated in this study. The observed allelic frequencies of
CYP3A5*1 and CYP3A5*3 in 70 patients were 31% and 69%, respectively. These

frequencies are similar to previous study in Thai population and in all Asians, including

[17, 34-36]

Chinese, Indian, Malaysian and Japanese populations , but are different from

those reported for other populations, in¢luding Caucasian and African-American

[37, 38]

populations. The expected allelic fregtiencies of CYP3A5 estimated at Hardy-

Weinberg equilibrium were.quite-similarto the-observed distributions in the population
(Chi-square =0.306, p=0.858):
CBZ is metabolizeddby EYP3A4/5, CYP2C8 and CYP1A2 with CYP3A4/5 play the

[144%20]

most important role. CYP3AS is‘a“hepaitic, intestinal and kidney drug-metabolizing

[11, 20]

enzyme that is closely'related’in s_tructufé and functionto CYP3A4. One of the

4
CYP3A5 polymorphismyg CYP3A5*3 allele that has @ SNP in intron 3 (A6986G) and

causes alternative splicingand protéin truncé{,tio-n, thereby affecting CYP3AS expression.
v ol

903 % The functional deféct/in CYP3AS catse the interindividual variability in the

disposition of various CYP3A subsirates, inclu}ij@g amlodipine, tracolimus, cyclosporine,

[39

. . . ) -44] | .
saquinavir, simvastatin and alprazolam. ‘However, other studies have also shown

that the polymorphic of, CYP3AS is not the major factor-that affects the disposition of
CYP3A substrates, including midazolam, nifedipine, dittiazem and clopidogrel. [o9-621
Previous study by Seo et al. % in Japanese-epileptic patients reported that patients with
CYP3A5*3/*3 exhibited~CBZ clearance which" was*8% higher than patients without
CYP3A5*3/*3;.this result was conflicted. wjth the resutt from. the study by Park et al. " in
Korean ‘epileptic patients who ‘“reporied ‘that 'the’ CBZ'-¢clearance'«in patients with
homozygous CYP3A5*3/*3 was 29% lower than that observed in patients with at least a
CYP3A5*1 allele. Seo et al. " recruited patients who used CBZ either monotherapy or
concurrently with potent inducer of CYP3A, i.e. PHT and PB, into their study which may
confound the effect of CYP3A5 genotypes on CBZ pharmacokinetics; the reason that
CBZ clearance was found to be higher in the CYP3A5*3/*3 group might due to the

number of patients who used CBZ concurrently with potent inducer was also higher in
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that group. Park et al. " included only patients who used CBZ as monotherapy, the
result from their study indicated that CYP3A5*3/*3 would result in lower CBZ clearance
might be more valid.

In this study, when the total patients were categorized into 3 groups based on
their CYP3A5 genotypes, i.e. CYP3A5*1/*1, CYP3A5*1/*3, and CYP3A5*3/*3, CBZ level
and CBZ clearance were not significantly different among these 3 groups. The median
of CBZ clearance in patients with CYP3A5*1/*1 (1.03 L/kg/day) was lower than the
median of CBZ clearance in patients with C¥P3A5*1/*3, and CYP3A5*3/*3 (1.33 and
1.30 L/kg/day, respectively), but not reaching ihe statistically significantly different level
(p=0.223). One of the impertant-confounding facterwas that most of the patients with
CYP3A5*1/*1 used CBZ as mohotherapy, while some of patients with CYP3A5*1/*3, and
CYP3A5*3/*3 used CBZ cencuirently withi enzyme indueing AEDs; i.e. PHT or PB. When
we categorized the total patients'inté 2 groups based on CYP3A5 genotypes; the first
group was CYP3A5*1/*1 and CYP3A5*1/’:{;’, and the second group was CYP3A5*3/%3,
the medians of CBZ level and the mediarf:s. ng_CBZ clearance of these 2 groups were
nearly equal and were not statistical_ly signifi:jtd:;?zw:[ly different.

To avoid the confounding:-effect frdfﬁ;_énzyme inducing factor, the effects of
CYP3A5 polymorphism on CBZ pharmac’q;(_-ihétic parameters were determined by

grouped patients intoi@Z monotherapy, CBZ+PHT, CB_Z+PB, CBZ+VPA and CBZ in

combination with enzyme inducing AED (CBZ in combination with PHT or PB).
Comparisons of CBZ pharmacokinetic parametérs between the 2 groups of
different genotypes among-the 36 patients who used, CBZsas monotherapy, either
categorized patients into 2 groups as CYP3A5*1/*1 and *1/°3 VS CYP3A5*3/*3, or
CYP3ASI1£ 1S, CYP3AS 1 /*3.and *3(*3,,CBZ, level,and, CBZ clearance showed no
significantly different'between the 2 groups of different’'genotypes.“These results conflict
with the results reported by Park et al. rel , they reported that the mean of CBZ level-to-
dose ratio in patients with CYP3A5*1/*1 and *1/*3 (9.94+3.38 mcg/L/mg) was
significantly lower (p=0.032) than the mean of CBZ level-to-dose ratio in patients with
CYP3A5*3/*3 (13.07+4.46 mcg/L/mq), while the mean of CBZ clearance in patients with
CYP3A5*1/*1 and *1/*3 (0.056+0.017 L/kg/hr) was significantly higher (p=0.004) than

the mean of CBZ clearance in patients with CYP3A5*3/*3 (0.040+0.014 L/kg/hr). In our
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study, the mean of CBZ level-to-dose ratio in patients with CYP3A5*1/*1 and *1/*3 was
11.064£3.92 mcg/L/mg, while the mean of CBZ level-to-dose ratio in patients with
CYP3A5*3/*3 was 10.61+£3.65 mcg/L/mg which were nearly equal and were not
statistically significantly different (p=0.727). At the same time, the mean of CBZ
clearance in patients with CYP3A5*1/*1 and *1/3 was 0.053+0.023 L/kg/hr while the
mean of CBZ clearance in patients with CYP3A5*3/*3 was 0.049+0.013 L/kg/hr which
was 8% lower, but was not statistically significantly different (p=0.552) from
CYP3A5*1/*1 and *1/*3. Actually the mean and standard deviation of CBZ level-to-dose
ratio and CBZ clearance obtained from our siudy were quite similar to those from Park et
al. study. However, smallvariationin either group resulted in opposite conclusion which
means that the power of thertest might be low due to the small number of patients
participated in this study. |

Comparisons of CBZ pharmacaokinetic parameters between 2 groups of different
genotypes among the 7 gpatients, who ?,l]se_d CBZ in combination with PHT were
performed by categorized the patients int;ng(oups as CYP3A5*1/*3 VS CYP3A5*3/*3.
The mean of CBZ Ievel-to—dose- r}eiatio in E);aflents with CYP3A5*1/*3 was 6.19£3.99
mcg/L/mg while the mean of CBZ level—to—dééé-{ratio in patients with CYP3A5*3/*3 was
6.84+4.32 mcg/L/mg, which_was 11% hig}léf, .but was not significantly different
(p=0.846) from CYR3AS*1/-3_The mean of CBZ elearancedn/patients with CYP3A5*1/*3
was 0.100+0.077 L/kg/hn while the mean of CBZ clearance in patients with CYP3A5*3/*3
was 0.071+0.028 L/kg/hr which was 29% lower, but was not significantly different
(p=0.497) from~CYP3A5*1/%3, dhe ccomparisons ofy CBZ levelto-dose ratio and CBZ
clearance between these 2 groups of genotype were not significantly different due to
much tee small.aumber.of patients-included, into-the.study.

Comparisons'of CBZ pharmacokinetic parameters between 2 groups of different
genotypes among the 11 patients who used CBZ in combination with PB were
performed by categorized patients into 2 groups as CYP3A5*1/*3 VS CYP3A5*3/*3. The
mean of CBZ level-to-dose ratio in patients with CYP3A5*1/*3 was 6.23+2.10 mcg/L/mg
while the mean of CBZ level-to-dose ratio in patients with CYP3A5*3/*3 was 9.28+2.40
mcg/L/mg which was 33% higher, but was not significantly different (p=0.064) from

CYP3A5*1/*3. The mean of CBZ clearance in patients with CYP3A5*1/*3 was
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0.089+0.038 L/kg/hr while the mean of CBZ clearance in patients with CYP3A5*3/*3 was
0.053+0.016 L/kg/hr which was 40% lower, and was border significantly different
(p=0.05) from CYP3A5*1/*3. The comparisons of CBZ level-to-dose ratio and CBZ
clearance between these 2 groups of genotype were border significantly different,
further study with higher number of patients are required.

Comparisons of CBZ pharmacokinetic parameters between 2 groups of different
genotypes among the 16 patients who used CBZ in combination with VPA were
performed by categorized patients into 2 groups as CYP3A5*1/*1 and *1/*3 VS
CYP3A5*3/*3. The mean of CBZ level-to-dosesratio’ in patients with CYP3A5*1/*1 and
*1/*3 was 9.34+2.87 mcg/leimgwhile thesmean of €BZ level-to-dose ratio in patients with
CYP3A5*3/*3 was 7.96+2.63.mcg/l./mg which was 17% lower, but was not significantly
different (p=0.335) from CYP3AS6*1/%1 and *1/*3. The mean of CBZ clearance in patients
with CYP3A5%1/*1 and *1/:8 was 0.054+0.022 L/kg/hr while the mean of CBZ clearance
in patients with CYP3A5*3/3 was O,.O61t6:02_3 L/kg/hr which was 13% higher, but was
not significantly different(p=0.541) from C;:P345*7/*1 and *1/%3.

Comparisons of CBZ pharmépokine-:t'ié_dp-arameters between 2 groups of different
genotypes among the 18 patients-who used'}CléJZ in"‘combination with enzyme inducing

AED were performed by categorized paﬁi‘éntg_into 2 groups as CYP3A5*1/*3 VS
CYP3A5*3/*3. The mgalof CBZ level-to-dose ratioin-paillents with CYP3A5*1/°3 was

6.21+2.74 mcg/L/mg while the mean of CBZ level-to-dose ratio in patients with
CYP3A5*3/*3 was 8.40%3.25 mcg/L/mg which was 26% higher, but was not significantly
different (p=0.461)from [CYR3A5 17481 Fhe=mean rof €BZ-clearance in patients with
CYP3A5*1/*3 was 0.094£0.052 L/kg/hr while the mean of CBZ clearance in patients with
CYP3A5:3/3was 0:059+0:024.L /kg/hrswihich, was-37 Y%slower ~but-was not significantly
different (p=0.139)from" CYP3A5*1/*3."This study has'not sufficient statistical power to
detect significant different of CBZ pharmacokinetic parameters between different
genotypes, further study with higher number of patients are required.

When compared the CBZ pharmacokinetic parameters between CBZ
monotherapy, CBZ+PHT, CBZ+PB and CBZ+VPA in the CYP3A5*1/*1 and CYP3A5*1/*3
genotypes group, the median of CBZ level-to-dose ratio in patients who used CBZ as

monotherapy (10.75 mcg/L/mg) was significant higher (42%, p=0.018) than the median
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of CBZ level-to-dose ratio in patients who used CBZin combination with PB (6.19
mcg/L/mg), while the median of CBZ level-to-dose ratio in patients who used CBZ in
combination with PHT (5.44 mcg/L/mg) was 49% lower than the median of CBZ level-to-
dose ratio in patients who used CBZ as monotherapy, but was not significantly different
(p=0.067). The median of CBZ clearance in patients who used CBZ as monotherapy
(2.71 L/hr) was significantly lower (76%, p=0.018) than the median of CBZ clearance in
patients who used CBZ in combination with PB (4.77 L/hr), while the median of CBZ
clearance in patients who used CGBZin combination with PHT (5.36 L/hr) was 49%
higher than the median of CBZ clearance in paticats who used CBZ as monotherapy,
but was not significantly~different (p=0.067).-Amoeng the patients with CYP3A5*3/*3
genotype, the pharmacokinetic sparameters of CBZ were not significantly different
among 4 groups (CBZ manothefapy, CBZ+PHT, CBZ+PB and CBZ+VPA). The effects of
enzyme inducing AEDs #(PHT / PB) were® more  potent in the CYP3A5*1/*1 and
CYP3A5*1/*3 genotypes groupias comparc:,;d io the CYP3A5*3/*3 genotype group.
Multiple regression analysis showsi‘.tlha_t the factors related to CBZ clearance
(L/hr, L/day and L/kg/day)were CBZﬁdose (rgg_{kg) PHT dose (mg/kg), PB dose (mg/kg)
and body weight (kg) which produced the best "n'jodel for estimating CBZ clearances (R-
square for CBZ clearance in L/hr-and L/da)»"_-_-.i,52.5%, R-square for CBZ clearance in
L/kg/day = 54.7%, p<0.001)._This study shows thatthe CYP3A5*3/*3 genotype was not
correlate to CBZ clearance, inconsistent to previous- study by Seo et al. who
incorporated CYP3A5*3/*3 genotype into the equation generated to predict CBZ

[15]
clearance.

The linearregressionpmodelngenenated«to spredict CBZ clearance
(L/kg/day) fromg PHT Vmax (part 2; R-square = 78%) showed a better correlation
compared to-the, linear segression-model, which-inclided CBZ.dose (ma/kg), PHT dose
(mg/kg), .PB dose (mg/kg) and body weight (kg) (part'3, which'could-explain 54.7% of
the variance in CBZ clearance). The linear regression model generated to predict CBZ
clearance from VPA clearance (part 2; R-square = 41.2%) showed less correlation
compared to the model which included demographic data.

The factors related to CBZ level-to-dose ratio (mcg/L/mg) were CBZ dose

(mg/kg), body weight (kg), PHT dose (mg/kg) and PB dose (mg/kg) which produced the

best model for estimating CBZ level-to-dose ratio (R-square=48.7%, p<0.001).
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In conclusion CYP3A5 genotype did not substantially affect the

pharmacokinetics of CBZ. However, in patients who used CBZ in combination with

enzyme inducing AED (PHT or PB), individuals carrying CYP3A5*1 allele yielded the

trend toward more susceptible to changes in CBZ clearance and showed lower CBZ-

level-to-dose ratio as compared to individuals carrying CYP3A5*3. The results suggest

that the presence of the CYP3A5*3 allele play a minor role in causing interindividual

variability in the disposition of CBZ.

Limitation

1.

Comparisons of pharmacokinetic.parameters-etween CBZ monotherapy

and combination therapy were performed in different patients groups, variations
among individual dué tortheir genetic and environment factors may interfere with
the result. ' i 4

This study retrieved some _,inform'étiqp from retrospective data especially the
AEDs level, the gxact time and dat{ea_of sample obtaining may be varied and not
So accurate. > f ’

This study included only,ﬁpat-Lénts With?éép;nnal liver and kidney function, therefore,

using the equations obtained from th,g__'giugy should be applied with caution in

patients withpgor liver and kidney function.

The number of patients recruited into the combination therapy of CBZ and PHT
or PB group in“order to study the effect of CYP3A5 on pharmacokinetics of CBZ
was too=few, higher-numbers; of patients are ;needed te.increase the power of

statistical'analysis before anystrong conclusion could' be made.

Further study

1.

Higher number of patients should be recruited for the study about the effect of
CYP3A5 on pharmacokinetics of CBZ when used CBZ in combination therapy
with PHT or PB.

The equations for predict CBZ clearance from demographic data, PHT Vmax or
VPA clearance obtained from this study should be validated and evaluated to

determine the accuracy and precision.
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APPENDIX A
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APPENDIX C
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APPENDIX D

TagMan® Drug Metabolism Genotyping Assays
(TagMan® MGB probes, FAM™ and VIC® dye-labeled)
Assay ID: C_26201809_30
rs: 776746
Chemical and reagents

1. TagMan® Drug Metabohsm Genotyping Assays Mix

Applied
2. TagM typm@

P

A w0 D

iosystems 7500) USA

(fic Plastics USA

3. icropipette 10 mcL Germany

Overviw ﬂumwﬂmwmm

Taql\/lan Drug Metabollsnk Genotyplng Assays con8|suf a 20X mix of
oy RO TR I YA oo
These a&says are designed for the allelic discrimihation of specific Single Nucleotide
Polymorphisms (SNPs) and insertion/deletions (indels). Each assay enables scoring of
both alleles of a biallelic polymorphism in a single well. All assays are optimized to work
with TagMan® Universal PCR Master Mix No AmpErase® UNG (P/N 4324018)t and with
genomic DNA. These products utilize the modified thermal cycling parameters

described below in Table B.
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Procedure

To prepare the reaction components for one reaction refer to the table below.
The ABI PRISM® 7900HT Sequence Detection System uses 5 mcL in a 384 well plate.
The Applied Biosystems 7300 and 7500 Real-Time PCR System and ABI PRISM® 7000

Sequence Detection System use 25 mcL reactions in a 96 well plate.

Table A. Allelic Discrimination PCR Reaction

Reaction Components Volume/Well(10_mecL volume reaction) * Final concentration
TagMan® Universal PCR Master 3 5'mclL 11X
Mix (2 X)
20 X TagMan® Drugmetabelism \ o mBL 1X

—

Genotyping Assay Mix

Genomic DNA (20 ng/mcL) *& = 1'mcL -
dH,0 \ H3emel -
Total _ = 10'mol -

* If different reaction volumes are used, amé_’gpts should be adjusted accordingly.
** 3-20 ng of genomic DNA per welk Al wellsiﬁfé plate should have equivalent amounts

ti

of genomic DNA. L 7E.

Table B. Thermal Cycler Conditions

Timesjand Tempenatunes

Initial Steps Denature Anneal/Extend
HOLD 50,CYCLES
10 min 95 °C 15 sec'92C 90 se€ 60°C

T Note: If using TagMan® Universal Master Mix (P/N 4304437), add a 2 min @ 50°C
HOLD step prior to the initial 10 min @ 95°C HOLD step.

Storage

Store between -15°C and -20°C; minimize freeze thaw cycles.
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Amplification Plot
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Allelic Discrimination Plot
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] Weight BMI - CBZ dose Other AED dose CBZ level CBZ level/dose CBZ CL CBz CL
Patient No Gender CYP3A5 Age (yr) ) Combina
(k@) (kg/m") (mg/kg\% (mg/kg) (mg/L) ratio (mcg/L/mg) (L/day) (L/kg/day)
1 Male 13 33.16 67.00 2431 | 4OBZ+pHT 20,905 4 4.48 7.62 5.44 128.61 1.92
2 Female *3/*3 42.43 49.00 19.63 /BZ} b 633 : 0 10.20 12.75 54.90 1.12
3 Male *1/41 27.33 88.00 2571 |FCB el I o9 EL : 11.36 9.70 12.13 57.73 0.66
4 Male *1/41 56.25 80.50 27.85 fCB;/ 9.4 u 0 8.60 10.75 65.12 0.81
5 Female *3/3 34.97 74.00 29.27 CBifVPA" "48.92 { ¥ %365 9.00 6.43 108.89 1.47
6 Female 13 48.88 77.00 29.34 CBZ+P’H'T ‘ —*‘-'{'5.19 =Y _3%0 4.20 10.50 66.67 0.87
7 Male *3/3 24.05 60.00 2204 | cBzAVPA M S533 Tl 167 7.80 9.75 71.79 1.20
8 Male *3/°3 50.00 64.00 | 25.00 CBZ _ZU12/60/ Nl o 7.40 9.25 75.68 1.18
9 Male *3/°3 57.97 59.00 22.48, L) GBZ+PHT 11.86 ___vy 9.20 13.14 53.26 0.90
10 Male *1/*3 47.42 64.90 23.84 4|4 CBZ 12.33 0 \ 10.40 13.00 53.85 0.83
11 Male 113 18.85 58.00 1894 | 1| cB2 10.34 e o 8.70 14.50 48.28 0.83
12 Female *3/*3 43.07 56.00 2160 | CBZ+PB 17.86 054 6.70 6.70 104.48 1.87
13 Female *1/*1 57.35 60.00 24.34 CBZ 1333 0 6.40 8.00 87.50 1.46
14 Male *1/73 40.13 55.00 20.70 CBZ 29.09 0 10.30 6.44 108.74 1.98
15 Male *3/*3 45.45 54.40 2064 CBZ 22.06 0 11.30 9.42 74.34 1.37
16 Female *3/3 47.11 62,20 6.72" . (CBZ+PB 6.23 1.87, 5100 12.50 56.00 0.87
17 Female 1741 47.22 56.00 23.04 CBZ 14129 0 9.00 11.25 62.22 1.11
18 Female *1/°3 34.60 66.00 2546 | CBZ+VPA 15.15 15.15 9.20 9.20 76.09 1.15

9l
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Patient No Gender CYP3AS Age () Weight BMI2 Combination CBZ dose ; 2ther AED dose CBZ level CBZ level/dose CBZ CL CBz CL
(kg) (kg/m”) (mgrkg) © o (mg/kg) (mg/L) ratio (mcg/L/mg) (L/day) (L/kg/day)
19 Female “1/3 37.02 5500 | 23.81 CBZ 9.09, —" 9.30 18.60 37.63 0.68
20 Female 143 29.19 4420 | 21.02 CBZ 9.051' 0 4.80 12.00 58.33 1.32
21 Female *1/1 16.53 5200 | 21.37 Caga ™ o/ /5% 0 8.00 10.00 70.00 1.35
22 Female *3/3 25.10 6200 | 24.22 ;E}zf 19.35\ 0 8.10 6.75 103.70 167
23 Male *33 34.43 69.00 | 22.02 fé%;/ 17.39% 4 0 11.90 9.92 70.59 1.02
24 Female *1/1 60.39 63.80 | 22.08 /Bi ‘9_.’40 _" 0 3.70 6.17 113.51 1.78
25 Male /1 60.52 7150 | 2207 |1 G z J 1k 0 8.20 10.25 68.29 0.96
26 Male *33 24.62 4330 | 16.50 O{Z+\;}5A / 3233144 39126 8.50 6.07 115.29 2.66
27 Male *3/3 50.83 62.00 | 2277 | CBZAVPA 1290 { ¥ %19 6.60 8.25 84.85 137
28 Male 13 36.27 73.00 | 24.11 CBz+v’PA i R 9.40 5.88 119.15 163
29 Female *3/3 32.58 5500 | 2020 | CBziPB W asi {0 o082 8.10 10.13 69.14 1.26
30 Female 13 29.30 65.00 | 27.06 | CBZ+VPA: 1588 i 81538 10.90 10.90 64.22 0.99
31 Female *33 69.77 7400 | 2891 [} < CBZ 10.81 0 i,f, 10.30 12.88 54.37 0.73
32 Female *3/3 56.41 5500 | 24.12 44 CBZ 10.91 Y ) 5.60 9.33 75.00 1.36
33 Female 13 40.08 4730 | 1904 | “CBziPB 16.91 964 T 5.50 6.88 101.82 2.15
34 Male “1/3 38.19 4930 | 1856 | © CBZ 16.23 o 10.20 12.75 54.90 1.11
35 Male *33 51.03 69.00 | 25.34 C8Z 14,49 0 10.50 10.50 66.67 0.97
36 Male 13 19.85 53.00 |120.70.4 (CBZ+VPA 30.19 30.19 9.30 5.81 120.43 227
37 Male *1/3 24.07 60.00 | 22.04 cBZ 13.33 0 8.40 10.50 66.67 1.11
38 Male *33 39.11 700} Off 24.57 (CBZ+PB 1127 1.69 950 11.88 58.95 0.83
39 Male *3/3 61.69 70000 | 23391 ‘cBz+rB 20l00 0.86 880 6.29 111.36 1.59
40 Female 13 54.65 6420 | 2539 | CBZ+VPA 9.35 15.58 8.30 13.83 50.60 0.79
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. Weight BMI o CBZ dose r Other AED dose CBZ level CBZ level/dose CBZ CL CBz CL
Patient No | Gender CYP3A5 Age (yr) ,. | Combination i 4 ]
(kg) (kg/m”) (mgrkg) © o (mg/kg) (mg/L) ratio (mcg/L/mg) (L/day) (L/kg/day)
41 Female /43 51.71 56.00 22.15 OBZ 1429 —" 9.90 12.38 56.57 1.01
42 Female /41 82.05 60.00 25.63 CBZ 6.6{ 0 8.60 21.50 32.56 0.54
43 Female *3/+3 65.51 64.50 26.17 | CBZRA 4" 980 15.50 7.90 13.17 53.16 0.82
44 Female *3/*3 40.98 51.00 20.96 ;E}zf 23.53\ 0 9.70 8.08 86.60 1.70
45 Female *3/+3 45.60 62.00 24.84 eﬁ'ztgﬂ? ‘6._76‘ 4 5.41 7.30 9.13 76.71 1.24
46 Female *3/3 53.47 56.90 | 2529 | G +\A/£F3A. ‘1506_" 17,57 7.10 8.88 78.87 1.39
47 Female *1/3 50.13 40.10 1831 | ngzrif" I, 1995 EL - 0 9.90 12.38 56.57 1.41
48 Male *3/+3 38.94 59.40 21.82 féB?/ 8.3 u 0 4.40 11.00 63.64 1.07
49 Female *1/*3 39.07 63.00 2556 | CBZEVPA | ”15.87 { ¥ %l 7.70 7.70 90.91 1.44
50 Male *3/+3 23.18 104.00 | 34.35 CBz+v’PA JE Sk e 9.30 5.81 120.43 1.16
51 Female *3/*3 47.20 82.00 3413 | CBZ+PHT - 222976 ;_-_f,‘ 3.96 4.90 6.13 114.29 1.39
52 Female |  *1/3 46.49 55.20 | 2156 | CBZ+PB.t 41842 4l 217 3.80 3.80 184.21 3.34
53 Male 1743 18.35 56.50 20.02, L) GBZ+VPA 7.08 8.85 i,f, 3.70 9.25 75.68 1.34
54 Male *3/*3 35.09 81.00 31.64 4| JCBZ+PHT 24.69 T A 7.40 3.70 189.19 2.34
55 Female *3/3 47.61 60.00 2177 | 7 cB2 3.33 r 7 4.40 22.00 31.82 0.53
56 Male *3/°3 54.95 89.00 3080 | CBZ 15.73 o 10.70 7.64 91.59 1.03
57 Female *1/3 27.74 60.00 22.04 CBZ 6.67 0 3.70 9.25 75.68 1.26
58 Female 1743 37.78 42.00 17.26 CBZ 23.81 0 5.40 5.40 129.63 3.09
59 Female /43 39.26 67.90 24,94 CBZ+PB 17.67 2.65 6.60 5.50 127.27 1.87
60 Female *3/+3 53.91 45,00 16.73 CBZ 17,78 0 8160 10.75 65.12 1.45
61 Female /43 4467 63.20 25.32 CBz 18199 0 7o 6.42 109.09 1.73
62 Male *3/3 50.70 75.00 25.95 CBZ+PB 16.00 0.80 9.90 8.25 84.85 113
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Patient No Gender CYP3AS Age () Weight BMI2 Combination CBZ dose j,gther AED dose CBZ level CBZ level/dose CBZ CL CBz CL
(kg) (kg/m”) (mgrkg) o __f(rr]g/kg) (mg/L) ratio (mcg/L/mg) (L/day) (L/kg/day)
63 Female *3/°3 46.92 56.00 23.31 CBZ+RB 714 e 3.70 9.25 75.68 1.35
64 Female *3/+3 17.81 52.00 23.11 CBZ 11.5:{ 0 6.90 11.50 60.87 1.17
65 Male 1743 47.27 57.00 22.83 g@z. . 10.53: 0 5.40 9.00 77.78 1.36
"
66 Male /43 53.82 69.00 24.16 CBAZ?P{ 17.39\ 0.87 10.50 8.75 80.00 1.16
67 Female 1743 38.33 51.00 2237 f'c':B/z/_ 19._61" 4 0 11.80 11.80 59.32 1.16
68 Male /43 64.90 60.00 24.65 C}aé%/r r 173‘.33_*' 3.33 2.10 2.63 266.67 4.44
69 Male *3/43 20.69 6770 | 2288 [ ?‘zr jﬁ s 1182 i 0 5.90 7.38 94.92 1.40
70 Female *3/+3 56.30 80.00 37.53 OB’Z+\//£A“.‘" #4150 u 18,75 7.50 5.36 130.67 1.63
71 Female - 17.56 50.00 - CB PHFT ""g:o.oo f %00 6.20 6.20 112.90 2.26
72 Female - 15.06 47.00 - CBz+PF|’T _ s‘-'{19.15 -'E:A', 6.38 470 5.22 134.04 2.85
73 Female - 15.92 37.00 - CBZAPHT W= el o4 2.20 7.33 95.45 2.58
74 Female - 35.77 45.00 - CBZ+PHI 4~ 426,67 ;:f,gu_-_ 6.67 7.50 6.25 112.00 2.49
75 Female - 37.27 43.00 - | JAGBZ+PHT 27.91 5.81 jf 6.70 5.58 125.37 2.92
76 Female - 14.39 70.00 - \[/CBZ+PHT 25.71 A 2.90 1.61 434.48 6.21
77 Female - 35.29 71.80 - TORZ+PHT 11.14 w7 5.14 6.43 108.95 1.52
78 Male - 14.13 52.00 - “CBZ+PHT 19.23 625 4.40 4.40 159.09 3.06
79 Female - 28.96 53.00 - CBZ+PB 3049 113 10.80 6.75 103.70 1.96
80 Female - 29.88 52.00 . CBZ+PB 30.77 1.15 6.60 413 169.70 3.26
81 Male - 13.87 82.00 i CBZ+PB 12.20 1.46 5.90 5.90 118.64 1.45
82 Male - 14.79 68,00 . CBZ+PB 17(65 1.76 8410 6.75 103.70 1.53
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