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Abstract:

Introduction: Phenytoin is a commonly used anticonvulsant for the prophylaxis and treatment of generalized and partial
seizures. Therapeutic drug monitoring of phenytoin is required as the drug has a narrow therapeutic range, long duration to
achieve steady-state plasma concentration, wide range of pharmacokinetic parameters, and nonlinear pharmacokinetics.
Objectives: To compare the predictability of the two methods, Bayesian method (non steady-state assumption) and mass-

balance algorithm (steady-state assumption), used for predicting serum phenytoin concentrations.
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Materials and methods: A prospective study was conducted on adult epileptic out-patients who were treated with phenytoin at
Maharaj Nakhon Sri Thammarat Hospital from April 2005 to August 2005. The patients were aged 18-60 years, had no liver
dysfunction (serum albumin 3.6-5.0 g/d/L, AST < 42 Units/L, ALT < 50 U/L), had no renal dysfunction (creatinine
clearance (Clcr) > 30 ml/min), had not been given drugs that could interact with phenytoin, and had taken phenytoin regularly
for at least 30 days. The study exclusion criteria were pregnancy, and co-administration of drugs potentially interacting with
phenytoin. Three blood samples were drawn from each patient for phenytoin blood level measurement. Two blood samples were
collected on the first visit; the first one was collected at least 8 hours after the last phenytoin administration and the second one
was collected 4-6 hours apart. Two predicted steady-state serum phenytoin concentrations obtained from using Bayesian
method and mass-balance algorithm were compared with the actual blood levels collected 6 weeks thereafter. The proportions
of error prediction (the difference between the predicted and the actual values exceeding +5 mg/L) of the two methods were
compared using chi-square test. Mean phenytoin concentration predicted by each method was compared with the mean actual
value using Student’s t-test.

Results: Of 80 patients included in the study, 21 patients dropped-out. The reasons were: liver dysfunction (3 patients);
phenytoin blood level > 40 mg/L (1 patient), phenytoin blood levels < 2.5 mg/L (3 patients) and drug non-compliance (14
patients). The proportion of predicted error in serum phenytoin using Bayesian method and mass-balance algorithm were 0.22
and 0.24, respectively. The mean (S.D.) serum phenytoin concentration predicted from Bayesian method, mass-balance
algorithm and the actual serum phenytoin concentrations were 8.69 (6.58) mg/L, 13.40 (7.20) mg/L and 12.07 (6.63)
mg/L, respectively. There was no statistically significant difference in proportions of predicted error in serum phenytoin
between Bayesian method and mass-balance algorithm (p=0.157). There were statistically significant differences between
mean actual serum phenytoin concentration and predicted value obtained from Bayesian method (p<0.005) and that obtained
from mass—-balance algorithm (p=0.048). We observed that Bayesian method seemed to underestimate while the other seemed
to overestimate the phenytoin concentrations. When the predicted values obtained from both prediction methods were averaged,
i.e., linearly combined, they were not significantly difference from the third actual serum phenytoin concentrations (p=0.384)
and had a low percentage of predicted error (11.86% )

Conclusion: Bayesian method and mass-balance algorithm could not provide the good prediction of steady state serum pheny-
toin concentrations. The mass-balance algorithm was biased towards overestimation, while the Bayesian method was biased
towards underestimation of the actual values. The results suggest that averaging, i.e., a linear combination, of prediction from
both methods might improve the prediction. This study implies that the pharmacokinetic parameters used in each method may
not be at their optimal values, thus limiting the predictability of these methods. It is suggested that further study is needed to

clarify the proper values of the pharmacokinetic parameters.
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M0 1 u,amﬁ"agaﬁ'ﬂﬂmmnémﬁ%aén (N=80)
auils MeantS.D. Min Max Median

LAY - - - -
LWAVEIN - - - -
ﬂjﬂﬂﬂlﬂ (kg) 56.07£10.57 35.00 90.0 55.00
ﬂ‘)uéjﬂ (cm) 160+£6.95 148.00 177.0 155.00
BMI (kg/m®) 21.55+4.68 15.50 35.5 20.95
a1 (years) 37.79£13.18 18.00 60.0 35.00
UIOET phenytoin (mg/day) 287.5+69.60 100.00 550.0 300.00
AST (U/L) 26.0£15.00 14.00 180.0 24.00
ALT (U/L) 29.0+11.00 5.00 164 28.50
Albumin (g/dL) 4.43+0.32 3.80 5.0 4.50
Ser (mg/dL) 0.86+0.25 0.07 2.4 0.80
Cler (mL/min) 98.34£27.30 49.18 175.6 90.00

5197 2 KMaNITINUITZAUE) phenytoin 1uLldanlna Bayesian method A% mass-balance algorithm NUsEAUE lUIAAN

MA39A59N 3

UdYD N MeanzS.D. Min Max Median
S£AUENA5IN 3 MNMIMlaeis Bayesian (mg/L) 59 8.6916.58 1.28 42.28 7.82
S2AUENA5IN 3 NNMIMINlaeis Mass-balance (mg/L) 59 13.4047.20 1.73 38.68 12.21
seauludaniinasensah 3 (mg/L) 59 12.0746.63 1.16 40.02 10.61

mamdaanauiiainiai 1 wasasad 2 yihe
sulwalynamnaiy 4l waeamsasaszeuenly
daamugheiissduenludanguiu 40 mg/L 3101 1
(APRBNNMTIAY) ﬁamﬁaﬂéuﬁaaﬂ'w 76 918 zAUL)
Tuidannseit 1 oglusg 1.73-38.69 me/L 1naei 14.29
me/L seduenludanadait 2 agisl,u‘th 1.51-42.92 mg/L
W@AsH 13.10 mg/L wupjﬂwﬁszé’ﬂmﬁaﬂﬁmiﬂ 2.5 mg/
L 3 918 (§n2anNN5IaY) pjﬂwﬁmﬁa 73 98 WU
nawasszauenludennsan 1 nnnnasd 2 lquﬂaﬂnnsw
LLazwusjﬂw%’uﬂsxmusﬂﬁaﬁwLaua 14 98 lagasadau
Nnmstudes UAunssulsemuesiuaznssauniy
lnassdagiheisulssmunluahiaussennnaise
3n 14 18 Juvdenquinasnagnslumsiemzue 59 g
Tagiiszauenludaamuiiuaash lumsei 2

NnnramsHiTe msvhnesziuenludanecaads
finamsssuifisudasiumeainneiionarazesssauen

Tudoan 2 53 (F9n5797 3) WU Bayesian method Sidaau
msv‘imwﬁ'ﬁﬂwam 0.22 e mass-balance algorithm
fidasumeimneiiionain 0.24 Fluuanmatumesdo
(chi-square test; p=0.157) uaztiiaisuifisumimasyas
msvneszauenludeadussauenludeaiinasinsed 3
Iﬂﬂi‘g student’s t-test WU)'"lﬂ“li‘ﬁﬁu"IEIIﬂEl Bayesian method
Tnfenasszauenlu@eaumiu 8.69+6.58 me/L lunait
ms1inelag mass-balance algorithm Iviet2asszaULN
Tuidanumau 13.40+7.22 mg/L Feszduenlu@aniiinads
A% 3 fieneanmiy 12.07+6.63 mg/L wamsisauinau
WU mass-balance algorithm fAmaeasszauenludan
éjﬁﬂiﬂ Bayesian method aﬂﬁﬂﬁﬁﬂﬁﬁﬁm YNED (student's
t-test; p=0.005) Tag 959% CI My (-6.2, -3.1) MNaIRU
waznaSsuifisummasmsruneseausnlui@an Bayesian
method fuszduenludaniiiaasensed 3 wumn mwasszey
iludaniiinasndsii 3 gannemdsmahnessaun



- i3
ANYIUAIUNIITANT
i 25 aUui 3 w.n.-4.6. 2550

206

mImmneszaueniliilnduludan
a 4 g 4 o o a 4 o L4
Jus NAISHY, 3350 SUNANs, Iwen WAYITY Uy

Twdanlae Bayesian method pEnaiiiedAaymaadn (student’s
t-test; p < 0.005) 95% CI tMAU (-4.0, 2.1) UazAILAAE
FBmevmneszduenluidon mass-balance algorithm g4n
mwagszauenlu@eaiiinasin 3 penafitiEaAamMeaan
(student’s t—test; p=0.048) § 95% CI imfu (0.3, 2.8)

M5191 3 FOFIUNANITMUIBNHANSINYDITEAUE
phenytoin Tuidanlae Bayesian method Wag

mass—-balance algorithm

8N IMuUg ANNANMUNE gaaIunIsMug
HANaIN Plianan

Bayesian 13759 0.22

mass—balance 14/59 0.24

500

mswSsuifisudasumsriineiiawmevasszauen
Tudaan 2 38 wuniidasumsineifiewmeliuanms
AUNNEDG (chi-square test; p=0.157) WUNARREYBIMS
yneszausnluidanais Bayesian method 2zil@1a1nN
ARagraensTngseausnludani Talaasensadi 3
(student’s t-test; p<0.005) LLazﬂlwLa?i'ﬂwaqmsﬁmﬂsxﬁum
13008 mass-balance algorithm Tonamsinneiimnas
szauenludeaginmeindsssduanludaniinaiendei 3
(student’s t-test; p=0.048)

flaadunan MnRaamshinensandis (linear

combination of prediction 1N Bayesian method (8¢ mass—

balance algorithm wneefy msvneszauenludoaasdl
mmmius‘hgmiwmﬂg Bayesian method Lt8¢ mass-balance
algorithm (e9aLien Tasranmswssudiausewing linear
combination of prediction ﬁmzé’uaﬂmﬁam%ﬁ 3
Tauaneafiumasda (student’s t-test; p=0.384) Tagiidnshu
anuRawaNaLiEs 0.11 Watiumnmsymneifawaaluiu
+2 mg/mL (M7 4 wae gﬂﬁ 1) Saiisadiasniiaiunadl
msdnsiiisdnas lnfennamgle
Tsadasuiulsainaslasumssnmuassulssmuen
pEenaLias wuNMsSulszmusfiaianeinanams
Snwuazaumniiouasgihe  uailgidewumgheilosy
nam3ulsA3nse @y phenytoin Waz theophylline naz
Sutlsemuen lushiaatesesas 63°, ;;ﬂw epilepsy BENALGEN
nazfulszmuenluasianasasar 13-61 (Lﬂﬁlﬁl;aila::
24)° uaztheiflam lumhiaualumnsamuguanmsinla’
mnmsﬁﬂwﬂuﬂ%ﬁsjﬂwmgmﬁ'uﬁn phenytoin SUUsEMUEN
Tnashiananusasas 19.20 Ha0aAaadfUHaMSANAL
%ﬂﬁﬂﬁaauuawaﬁ% mass-balance algorithm IﬂﬂﬁﬂLLﬁu
dmdumslanuasasasimelalofmu uaznnmsdumue
(wladiusumilanasnside) Wuiwjﬂaﬂmﬁwazﬁmm
alalunssusemuenIvasiane (compliance) 3ndu
dlaunmsinm iesmnnmeiseiimsanmumssulssmuen
MNajﬂw‘[mﬂgﬂﬁﬁuLﬁamnmi%'uﬂizmumﬁaﬁwLaua
wazmsasaulasdlafeinia saunemsuuzims
%’uﬂszmumﬁgﬂGT@Nu,aza%mﬂLﬁ'mﬁ'uwaﬁl,ﬁﬂmﬂmﬂgm

vy v

Twananalvyhauazandienladslse axmsuazanuaiy
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Tumssudssmueniainane mivghawasandnssvind
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AN 4 ANuduanIsMuIeNdanalalae Bayesian method, mass-balance algorithm Wa¢ linear combination of

prediction
AaMIMuUg ANNANMUNE ANNANMUNE ANNdNMINE dnaIunITMUY
HANAIA £5 mg/L HANAIA £3 mg/L HAWAIA £2 mg/L iliawa1n +5 mg/L
Bayesian 13759 25/59 31/59 0.22
mass—balance 14/59 28/59 34/59 0.24
linear combination of prediction 7/59 13759 22/59 0.11
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1. éﬂmﬁl@iy%'mn phenytoin filMsAne @1ziEen
Saszauen 3 ade
aYeR 1 zudanndiSulsemu phenytoin
i 8 Hli
A% 2 zmennadausn 6 Flu
A% 3 zmennasausn 45 Su
2. ﬁm’;mﬂ'w volume of distribution (V)
nadlgtheliann: v = 0.65 L/kg (TBW)
ndigiheaiu > 1209 w89 IBW:
V = 0.65 L/kg [BW + 1.3(TBW-IBW)]
IBW (tWAze) = 50 + (2.3 NN (53)
> 60)
IBW (WWA%N) = 45 + (2.3 AN (f:a)
> 60)
Total body weight (TBW) tae Ideal body
weight (IBW) wweiu Alan3u
3. WdanmamiamasnansNme (R,):
> SFD-(C,-C, )V
- t

out

R = 805IMIMAAEN08NNINTHME W8 me/
hr,

C, =enuauasenludeamneaiaf 1

C, =anuuumasnludoamzai 2

S =fraction ?lE]\iEl’lﬁLﬁu acid phenytoin (pheny-

toin capsules LLA¢ i.v. injection = 0.92, phenytoin oral
suspension and chewable tablets = 1)
F = bioavailability (1.0 WUU oral W8z i.v.)
D =dose (mg)

t na () sErENe C, uaz C,

4. MNUMANNNIUREY (C,):

3 C, +C,
th' 2

5. ¥A maximum metabolic capacity (V,_ ):
— Rout (KM + Cav )
max
Cav

@ Michaelis-Menten constant (K,,) = 4 mg/L

6. MUIUM loading dose (LD) (U128 mg) N3z

laszavenluidonnnasns plasma concentration (C

B Cobserved )V
(SXF)

7. AUIUW maintenance dose 1a (D) tiNa lnszaU

targel) :

LD = (Clarget

819 steady-state (c Ne89IMs

(Vi XC X7)

(K, +C)S)F)

Mmeunn 2 mshnassauelagly Bayesian method
gammuazasmaiiivzayaiiudeaaluil
1. ;jﬂmﬁléy%'um phenytoin Anmsine zdan
Saszauen 3 a%e
a%eR 1 zudanndiSulsemumn phenytoin
WM 8 il
A% 2 zmennadausn 6 Hlu
A% 3 zwennadausn 45 Su
2. 1{[’ Michaelis—Menten elimination model Iﬂill"l%%
nonlinear regression LLa::s[,”g Bayesian objective function L‘ﬁ'a
MM K,,, Vi 289uaazauuazine K, Vi lalumsyine
seauen luldan
Tusunsulums@muine nonlinear regression Iﬂﬁlel?;l
Bayes objective function Waninlag: 5.3ua 1AQITNY
Tumw Basic Taeladutanmsn QuickBASIC 3 (Microsoft
Corp.) FeanansanenluszuudfiGinms: WinME n3e
WinxP la
nsauwAnzaelusunsy:
1. Module %#an
dmfuSunayaemuianauiinans | umdenly
module §1%5UMIAUI nonlinear regression Lﬁmﬂ%mtgﬁ
?\'NLLamimmw{ﬁwwmﬁma%ﬁﬁﬁqﬂﬁﬁﬂﬁéw Bayes objec-
tive function Hmengaumitaziulile
2. Module Tun15@Muas nonlinear regression
Tushumsendl medsmmiimassaasznns
luﬂéuﬂulwamﬂmuﬁﬁ'ﬂ (@iwamﬁaﬂluémmiwumu
II5UNTIN) TuuaarseumsainaiingazBandai ao
2.1 namwninasBuaunnd niladion
agﬂm}aa 0.01-120 %ﬂLﬁuﬂﬁwﬂlwﬁmauﬂquﬁuawﬁaumq
ANHD
2.2 ﬂ%’uéwwwwﬁmaﬁﬁaﬁlﬁtﬁmﬂﬁgjlﬁwméw

Gi’liqiﬂ?lm Bayes objective function (1uﬁ'uﬁ @84(58n 1% module
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U Bayes objective function BNADNIN) Togly

wnAavansaensnuiilulusunsuitalugunm local optima
1 dlesnnuindedla@eulusunsuluaansadulssiy
lomasgunmmiiaigaauell insizanagimaacge
DWUN (local minima) 284 Bayes objective function &
FURUMIAMIBENALAIEY FNINTTUIUMSHINEITINIY
200 saulasguenizuauiivanuans umdauAnsdinaiye
anlsieansdiiien  Feasnlwinenudululalumsmwy
Qﬂ@qummﬁwm (global minima) 284 Bayes objective
function WAy unlumansadulssiumasiugamaanes
avaie uafiazlagamaammzusiiawaanans Taglanm
ﬁm’;mﬁammauma (aidu 5 i)
3. Module §m5uMiuIN Bayes objective function
i (1_71 _IA’i)Z +i (C_pz _épi)z
i=1 O-,zn‘ i=1 zpi

Bayes objective function = Minimize

P = population parameter
= @1 parameter ﬂBQQ‘U”Jﬂ
= ﬂaﬂa‘\ﬂﬂﬂ"liﬁ'lu"lﬁl
= gayaduresIzaueluGEen
2 ﬂl‘ -~ e
O ,,; = standard error 2B3LATDNNDIN
2 ' I
O, = @ standard error pharmacokinetics para-—

meter
o o ' a ¢ o o
Togagy tWamvuamwinieasuaziluving
wWumenusaureseual (lasdenlsny module §1wsu
¥ a L o’d ! Aﬁ! o
UNFNNT LNBYNWUTDNADNLN) nmMnlag Bayes objective

a o v Jo ! N 74 o ¥
function LIWBAUIMWIAIEINIT WITINLABITTNKUA LY

! a 4 =
LANANDNNITNNDI29UsETINTINNN LNl wazAN

v

wnuiimvualuanasnnenuwanuiialaasiesle
Tooth standard error 2B4WISINLADIUALYBIAMNLY N1
wnrwlalumsimnumugasdanan
4. Module dw¥uunanmsiiaayus

ﬁagaﬁuﬁaéwﬁaﬂ 2 i}(ﬂﬁLﬁu post absorption phase
Fatu szuvaziuamsminmannlagluiidasasuniuain
maqgaduen Seaansalaaunisuas Michaelis-Menten
wesnesasHlumsmiamle

-dCsdt = Vm*C/(K,,+C)

duMIGINa mmsﬂu,hyaumil,%\aaqﬁuﬁmﬂ%
581596182 (numerical method) 319 Ale Feunazduia
Fennaluenn waazvhauminauszdsulusunsylaazann
ielumamnanety Selisunaumsiayiusaanan
nau laduaumsiizadiodaglusduuuianiulosysos
(implicit function) %ﬁzmmsﬁ%ﬂtﬁmﬁtﬁumamamaqaums
Lmauwuﬁ%wiyuﬂa

tVm = K,, In(C,/C) + (C,-C)

dlommuam C, Vi, K, T azdtlusninsounum
t umunwen C lalasase uaazanansaldiamsmuatais
‘[ﬂﬂmsﬂumuuummﬂ (binary search) ‘[ﬂﬂaaumum C
dowm t fazvlvlam ¢ assenueasns eme C
ifienuuaui 8 wanzaueuisddglasmsaasiaassgn
Lilee 30 A3a mslmaﬁmmsn’lgmiﬂyumLL‘uw?mﬂlGT
WNesIINmAasHaATNMaBsaywus iz duaniy
MaLdien (monotonic function) LEND IWTIESHMEMIAEN
A88ANA

Tossiuua Wamwuammnninasuazinue
anuENIuENay sinsadeulusunsulurhnemeny
waruiinmle g Weansnummninesuazmanuuay
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