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Development of K-BEtest®, a Computer Program for
the Analysis of Bioequivalence
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A computer program for personal computers, K-BEtest®, was developed to analyze bicequivalence
data in accordance with Korean Guidelines for Bicequivalence Test (KGBT). This program is user-
friendly, interactive, Hangul-compatible and supports 2X2 cross-over design as well as 2X2 Latin
square design with various significance levels. This program is able to calculate AUC, Cpax and Tis
parameters from the blood drug concentration-time profile of individual subjects and evaluate the
parameters statistically for the bicequivalence by +20% rule, the F-test, the Non—centrality test and
90% confidence intervals. All procedures are supported with graphic interface, interactive menu and
outputs in Korean. In this paper, two experimental data sets were analyzed by the program and
detailed process was demonstrated. The K-BEtest® program appears to be very effective for
analyzing bicequivalence data and can be widely used with convenience and accuracy.

Keywords : Bioequivalence, Computer Program, K-BEtest®, Personal Computer, Bioavailability
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Figure 1—Diagram for statistical evaluation of bioce-
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Table 1— Acceptable Range of the Difference(%) of
Bioavailabifity Parameters between Formulations

IXT;(“I X 100 < 20(%)

R

X, =Mean bioavailability parameter for reference

formulation
X, =Mean bioavailability parameter for test

quivalence data. formulation
Table I— ANOVA Table for 2x2 Latin Square Model
%gl;gt?i o(:f %ﬁ%gg%lgf Sum of squares Mean squares F
Inter-subjects
Sequence dfg 1 SSq 2 MSg SSe/dfa Fe MSo/MSsa
Y G 2n|-CF
&=
Subject/group  dfsis 2(n-1)  SSgic SSsSSa MSgy/a SSs/ia/dfsic Fse  MSsa/MSr
Intra-subjects
Period dfp 1 SSp 2 - MSp SSp/dfp Fp MSp/MSgr
Y W2/ 2n|-CF
=1
Drugs dfp 1 S T, 7 MSp SSp/dfp Fp  MSp/MSg
Y T/ 2u(~CF
=}
Residual dfr 2(n-1) SSp  SSTSSeSSp-SSp MSg SSg/dfr
Total dfr 4an-1 SSr N 2 ]
>3 -cr
==l

Xix : bioavailability parameter for a subject of ith number and kth period
Gi * sum of biocavailability parameters for subjects of ith group

Wi : sum of bioavailability parameter for subjects of ith group

Ti : sum of bioavailability parameter for subjects of ith group

n ! number of a group
CF=X%/4n
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Table II— Calculation of Power, Minimum Detectable
Difference and Confidence Intervals in 2x2 Latin
Square Model

Power and minimum 90% Confidence

detectable difference intervals
A = %% 5
v.e  g/\n |XT_XR| it(ngnlﬂlz—z)x o,
_ XA a1 peos 11
u, X nl n2

Mv1, o) - noncentrality

o.: level of significance

1-B : power

8" : detectable difference of bioavailability parameter
at power= 0.8, equal to (0.2xX)

n : number of subject in each group

o population variance of biocavailability parameter,
substituted by MSg in ANOVA table

K1 © population mean of bioavailability parameter, sub-
stituted by mean of BA of reference formulation fR

A : minimum detectable difference

X_, X =means of bicavailability parameter for the test
and reference formulations

t(e. nin22) : t-distribution at significance o and degree
of freedom nl+n2-2. o is set at 0.05 (90% confi-
dence intervals)

nl, n2 : number of subject in each group

o , -pooled sample variance of period difference from

\]MS
both sequence, which is equal to 5 R
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Statistical
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Figure 2—Flow chart of K-BEtest®, a program for
the bioequivalence test.
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Figure 3—Screen output of a plot of drug concentra-
tion-time data to calculate A.
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Figure 4—A screen output of K-BEtest® at the
Sequential Auto Mode (A:launch window, B:a
model structuring box, C:a data input window).
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Figure 5—A result window of K-BEtest® The do-
cument in this window contains information on the
evaluation of bioequivalence (i.e., acceptable range,
power, minimum detectable difference and con-
fidence intervals of bioavailability parameters)
between the reference and test drug preparations.
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Table IV— AUC Parameters Used in Evaluation of Bioequivalence for Test(T) and Reference(R) Formulations of

Cyclosporin A and Nabumetone

Cyclosporin A Nabumetone
. AUC (ng - h/mi) . AUC (ug - h/mD)
Subject Sequence 1% Period 2™ Period Subject Sequence 1* Period 2™ Period

Al RT 7574.6 6856.4 Al RT 461.35 762.95
A2 RT 3144.6 2935.9 A2 RT 929.19 1142.66
A3 RT 5800.5 4235.2 A3 RT 550.25 1200.39
A4 RT 5340.7 5731.8 Ad RT 599.74 877.48
A5 RT 4854.0 4282.4 A5 RT 1120.01 1386.56
A6 RT 4789.0 4183.7 A6 RT 1557.70 2271.35
AT RT 2863.5 2266.2 A7 RT 2038.87 1698.74
A8 RT 3355.3 3327.7 A8 - RT 1375.12 2359.26
A9 RT 4097.8 4258.8 Bl TR 703.63 879.31
Al10 RT 5307.9 4344.1 B2 TR 1042.02 1294.44
All RT 2942.3 2589.6 B3 TR 964.41 1379.63
Al2 RT 4201.7 4315.5 B4 TR 1253.86 1364.71
B1 TR 5048.8 4920.5 B5 TR 2545.04 2586.79
B2 TR 3691.5 3327.8 B6 TR 1744.94 2162.70
B3 TR 3697.0 3189.5 B7 TR 1547.82 1683.21
B4 TR 3702.1 4126.7 B8 TR 2305.29 1942.30
B5 TR 4524.3 4838.2 B9 TR 1669.30 1498.29
B6 TR 3880.3 3119.7

B7 TR 4445 4 4179.1

B8 TR 3827.7 4206.0

B9 TR 3167.4 2356.7

B10 TR 6130.6 6144.1

Bl1 TR 4826.6 4482 .6

B12 TR 4996.4 5073.6
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Table V— Bioequivalence Evaluation for Cyclosporin A
Formulations
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Table VI— Bioequivalence Evaluation for Nabumetone
Tablet Formulations
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