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Abstract

The thesis considers the bioequivalence (BE) test between the test drug and
patent drug under a 2x2 crossover design. The bioavailability (BA) parameters
under study are, for example, the overall drug concentration in blood (AUC) ,
the maximum drug concentration (Cmax) , and the time to reach the maximum
drug concentration. Note that the two one-sided tests (TOST) suggested by U.S.
FDA that are constructed under the assumption of lognormal distribution for
the estimated BA parameters may not be practical. Therefore, this article
constructs a random effect model for the estimated BA parameters by assuming
that the logarithm of the estimated BA is distributed according to a
skew-normal distribution. The parameters of the random effect model are
estimated by using the EM algorithm, a robust TOST is then conducted for the
BE between the two drugs. A simulation study is implemented to investigate
the type | error rate and power of the two different BE tests. The result show
that the two BE tests are similar on holding their type | error rates, but the
robust BE test has a better power performance than the conventional TOST.
Finally, analyze a real data set is illustrated to demonstrate the application of

the proposed random effect model and the bioequivalence test.

Keywords: Bioavailability; Bioequivalence test; 2x2 crossover design; EM

algorithm; Skew-normal distribution
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4 ok o

AEEtY 0 AR F RFa=005T > A [ FAF R aiREEAL S

/0.05 X 0.95/1000 = 0.007 » #7143 f 3 42 #10.037 % 0.064 » % 7 &
R Fgra = 0.05 -
Al iEes G o d AP FEIL 6% BIFDAS 2 2 A TR
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2 A BHEEKRTATY[FLFPLARIITHE ¥ 4200375 0.0642 F -
AT A s (=) BA#n=10 P> A2 A D 2 A A
425 PE B FDAB A 2 > @ Atk Alicn= 20 Pk T4 o F R
et s e B AR odens R ariad onts 24 BB SFDAB AL 2

A don=30 PF o H A 0a A end AR ARIT -
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FIF RUAH
WA TR T A %R ) 4 (Theophylline) #4 £ F £ 2 4

R Fi AL F A PSRRI R o 28 A TR

i

202 39 > 23 A 1762 191 2~ HMEFFOE 2 83 27 « &
JR* e isen¥ 1,2,3,4,5,6,7,8,10,12, 14, 16, 18, 20, 22, 24, 28, 36,
40, 44, 48, 60 -] PFi& T8tk 0 18 =% ;éi—%‘!}ij;’%r BAE 2 PIRE L DE

ER -2 G 4B = o

Reference Drug Test Drug

12

10

W= 5 RIREE R R ZlogAUC ~ logCmaxfrlogTmaxhg B » ¥ %
FlogTmaxiks # § T BTy > T A EH/HR* BAT LS
kg itiptt 4 BT F K Ll @ A S BB R E iRl F1ogAUC

logCmaxfrlogTmaxT 3oiE 2 8 £ > 7 % kg (7 & | &2 pRE o
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BOXPLOT
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o~ I%‘ -
. i
| | | | | |
logAUCR  logAUCT logCmaxR logCmaxT logTmaxR  logTmaxT
W= ¥R MT 7 F fde R
FI* % - F 02 K FlogAUCH90% 7 #7 T ¥ 4 (—0.095,—0.005)

¢ 7 % FDA #7442 (—0.223,0.223) 2 p - F]t o BB F ok B
a=0.0527T > RIFAUCHE - Tz f» BEEL G 2 FHE P
logCmax fr logTmax 2 90% # # % FF 4 % i (—0.304,-0.136) fr
(—0.415,-0.161) > % # & 7 ** FDA #7342 (—0.223,0.223) 2. pr - F]2* >
AR F R Ea=0052 7 {3pCmaxfrTmaxH¥ - > 7 o9 f
B B4 RS B s A BER T L2 PR (R

) o
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P LG d Shapiro — Wilk'sip|z& (6 #7#8 D ehp @73t 4w > H P R
K% crlogCmaxfrlogTmax i/t fr & % Bl3FEchp E% 1 0.05> @ =»
FHRR R EACRFE & B4z k5 > logAUC, logCmax, logTmax # p &

005 Bt FARF B ETEAFTER - BF 0 L HETPESHE
AL ¥ i~ # i Kolmogorov-Smirnov # &> ¥ # L= a4 7 * 5 Lk
IpE Y x 3005 (Rw) &z BFHRT L BAY G F KpE
FIPLE R A et 2 AL E AL A T Ry i RE M TR T 2 REH TR
B K s 47 o 125 % = o7 2 oY 0 6 EM w2 e
Friaip il 28R EZ2 SdeaniE R L hip- @2 % AIC
(Akaike information criterion) kX ;i #- 3] chig ¥ 73t & = > JEKAICE T
B 24 WYY F AR A s s on i kfeg 2
AICE & -] & * & 507 HAICE - 4% ¥ 19 95 logAUC, logCmax,
logTmax#7 {8 ¥|2. $¥c iz -8 > & > logur — logug “1100(1 — 20)%
B R o & logAUC 2. > 11 & 2 ai i sc st frad 2 i i R B
% (—0.091,—-0.008) ; % logCmax 2 T > @ 3| eh i 4 % ¥ 5
(—0.284,—0.157): flogTmaxz = » 1% ¥| chiz 4§ & B 5 (—0.376,—0.199) -
e R A 8 5 5 logAUCE & ~ g > e ficst ™ #raE i ah
% B e 73v-0223102234F 2 > @ logCmax fr logTmax & # ~
RE TR T A E R A ¢ 33002232 02235 B2 p 0 H
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A A BEAIIR R HE S

AR
=

REHEFVEERT FR
BHE - BEFER-FF2G &3 logAUC ~ logCmaxfrlogTmax % -
TREFEAFDER - F A~ T g yticiid 2 S8k 5 ma Y
BT ER T o - BRER RS T E R A RS BE AT

R FERT Y B BE R R

AR PRRFASFELEERE T E K

\\\?{r

HFcont w5
B 0.8 125 mRA I FApF - 8 % BAFDA> 22 A2 #713k 2
BHERTHLRIAP TN LEITRABTERBATLELFT T
il et AR AR LA MR ANEPRFIE e T DI IR AP A -
FIb 0 WO R R A TR T o g A v R R R R 2
FHEER -

Bidohv 3 A BRI e Ao X 3 F lmax 2 Tmax®

o R Ft o N B T Y g

BB B o B R
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Ao FRTHLA T e
S Hc EE3 R Ry %
T o 4. 94 4.99
logAUC
L 0.40 0.34
T i 1.95 2. 17
logCmax
TR 0.29 0. 29
T i 4. 94 2.43
logTmax
TR 0.39 0. 30
Lz FHMTHA TR LD
S #ic L PR R R %
logAUC WA 0.067 0.138
T B ¥ A 0.880 0.932
logCmax WA 0.220 0.002
(R 1 0.810 0.468
logTmax WA 0.005 0.018
A F 0.268 0.317

# i : Shapiro — Wilk's test

& F & ¢ Kolmogorov-Smirnov test
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e FRHEHFLB2 IUGHERFEDE

SHc it — fR 90% % ¥ ® I
oA logAUC —0.050 (—0.095,—0.005)
logCmax —-0.221 (—0.304,-0.136)
logTmax —0.288 (—0.415,-0.161)
=P i P logAUC —0.050 (—0.091,—-0.008)
logCmax —0.224 (—0.284,—0.157)
logTmax —0.292 (—=0.376,—0.199)
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+ -
a

1~

wt

i PR BB AR A AR 2 SRR L T A T %

B m F P S Oy Oe A AIC
logAUC SN for random effect  4.962 —0.025 0.036 —0.078 0.278 0.209 0.002 —8.938
(0.072) (0.013) (0.014) (0.084) (0.045) (0.044) (0.010)
FDA 4,964 —-0.025 (0.035) —0.078 0.339 0.075 —4.896
(0.086) (0.015) (0.013) (0.086) (0.068) (0.014)
logCmax SN for random effect 2.064 —-0.112 0.006 —0.112 0.185 0.180 0.027 —-7.772
(0.052) (0.022) (0.028) (0.062) (0.034) (0.035) (0.010)
FDA 2.059 —0.110 0.006 —0.112 0.216 0.141 4.454
(0.060) (0.025) (0.025) (0.060) (0.055) (0.027)
logTmax SN for random effect  2.281 —-0.146  —0.001 0.074 0.074 0.220 0.011 —-6.111
(0.086) (0.011) (0.152) (0.080) (0.056) (0.012) (0.007)
FDA 2.283 —-0.144 -0.001 —0.065 0.095 0.212 8.532
(0.044) (0.037) (0.037) (0.044) (0.036) (0.030)
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5 BEOREL0.057 T F i3

SN for random

logpr — logug N Oy FDA
effect
log(0.8) 10 1.5 0.043 0.063
A=0.03 2 0.043 0.061
20 1.5 0.049 0.062
2 0.045 0.063
30 1.5 0.047 0.049
2 0.052 0.058
log(0.8) 10 1.5 0.054 0.062
A= 2 0.042 0.061
20 1.5 0.046 0.061
2 0.055 0.039
30 1.5 0.058 0.055
2 0.055 0.063
log(1.25) 10 1.5 0.056 0.057
A=0.03 2 0.064 0.062
20 1.5 0.037 0.059
2 0.042 0.061
30 1.5 0.051 0.048
2 0.049 0.057
log(1.25) 10 1.5 0.053 0.057
A=5 2 0.054 0.060
20 1.5 0.063 0.052
2 0.053 0.054
30 1.5 0.063 0.054
2 0.053 0.063
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L= BEREL0.05 kAt B
SN for random

logpr — logug N Oy FDA
effect
log(0.9) 10 1.5 0.284 0.400
A=0.03 2 0.296 0.392
20 1.5 0.555 0.623
2 0.530 0.609
30 1.5 0.719 0.758
2 0.681 0.728
log(0.9) 10 1.5 0.271 0.404
A= 2 0.277 0.402
20 1.5 0.577 0.610
2 0.565 0.597
30 1.5 0.718 0.760
2 0.713 0.740
log(1.0) 10 1.5 0.484 0.614
A=0.03 2 0.481 0.591
20 1.5 0.917 0.943
2 0.912 0.946
30 1.5 0.987 0.993
2 0.989 0.995
log(1.0) 10 1.5 0.460 0.620
A= 2 0.485 0.613
20 1.5 0.907 0.937
2 0.917 0.934
30 1.5 0.987 0.995
2 0.986 0.993

34



KUt — UR Oq FDA skewnormal
log(1.1) 10 1.5 0.366 0.396
A=10.03 2 0.365 0.414

20 1.5 0.632 0.640

2 0.637 0.642

30 1.5 0.791 0.800

2 0.794 0.805

log(1.1) 10 1.5 0.330 0.387
A= 2 0.317 0.386
20 1.5 0.634 0.650

2 0.627 0.662

30 1.5 0.752 0.781

2 0.768 0.804

log(1.2) 10 1.5 0.103 0.137
A =0.03 2 0.115 0.156
20 1.5 0.137 0.171

2 0.139 0.170

30 1.5 0.189 0.203

2 0.183 0.201

log(1.2) 10 1.5 0.113 0.150
A= 2 0.102 0.130
20 1.5 0.147 0.183

2 0.158 0.176

30 1.5 0.191 0.213

2 0.171 0.207
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