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Statatistical Analysis of Three Sequence-Three Periods
Bioequivalence Study : Application to Bioequivalence Test of
Ondansetron Formulations
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A 3X3 Latin square crossover study for the bioequivalence of three ondansetron formulations
was conducted. Test products were Vominon® 8 mg and Vominon® 4 mg tablets and reference
product was Zofran® tablet. Twenty one healthy Korean male subjects received each formulation
at the ondansetron dose of 8 mg and plasma concentrations of ondansetron were monitored by
HPLC for over a period of 12 hr after the oral administration. Statistical procedure for
bioequivalence evaluation of AUC {e.g., analysis of variance (ANOVA), multiple comparison and
confidence intervals} was carried out. There were no significant differences in AUC among the
formulations. The confidence intervals for the AUC of Vominon® 8 mg and Vominon® 4 mg were
between -0.24 and 15.54% and between -2.41 and 13.36% respectively, within a range that
proposed by the Korea Food and Drug Administration Guidelines for Biocequivalence. These
statistical procedure could be standardized and generally applicable for the assessment of
bioequivalence for multiple (more than two) formulations.

Keywords— Latin square method, Bioequivalence, Multiple comparison, ANOVA, Ondansetron
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Table I-—Common Latin Square Method of Dosing
Schedule

Subject No.

Al
A2
A3
Ad Ref.
Ab
A6
A7

B1
B2
B3
B4 Test 2 Ref.
B5
B6
B7

Cc1l
C2
C3
C4 Test 1
Ch
C6
C7

Period 1 Period II - Period III

Test 1 Test 2

Test 1

Test 2 Ref.
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Table II— Typical Presentation of Bioavailability Data in 3X 3 Latin Square Design

37

. Period
Group Subject Sum
I 11 IIT
1 X111 X122 X133 S
1 i i1l Xi22 Xi33 Si
Ref. : Test 1 : Test 2 -
n Xnll Xn22 Xn33 Sn
Subtotal X.11 X.22 X.33 G1
ntl X(n+1)31 X(n+D)12 X(n+1)23 Se1)
2
: Test 2 Ref. Test 1
2n X(2m)31 X(@n)12 X(20)23 Seen)
Subtotal X.31 X.12 X.93 Go
2ntl X(2mD)21 X(2n+1)32 X(2n+1)13 Ston1)
3 : Test 1 Test 2 Ref.
3n X(3m21 X(3n)32 X(3n)13 S(3n)
Subtotal X.21 X.32 X.13 Gs
Sum of period Wi Wy W3 X
Sum of drug T1=(x. 11+X. 12+X. 13) T2=(x. 21*X. 92+X. 23) T3=(x.31*X. 32"X. 33)
T1 ™ T3
Average of drug <n v Txn

Xijk : Bioavailability parameter for ith subject jth formulation and kth period

n=Number of group
SEXI(DIFRi 24 Xi(i3)3

Table I— Acceptable Range of Bioavailability (BA) Para-

A% ¥ 8% F

L2 AHesPA Table VI 2

e o & 7 AgdigRtel AUC 488 18R, A7)
e o we Felaied 2 A7 SHAE IAE ok A
&%) &;_X_) X 100 < 20(%), A AUCY BHaAAE FarHTable [X). 22|3
s X 100 < 20(%) X %) o] WTAZ A3 Table [Ie] F2of whe} th 2ok
“ TR WOSM® s gek 1, hzeke Aget 2 2] AUCH BEA
X, : Mean bioavailability of reference formulation o g T
X, : Mean bioavailability of test formulation Al&ek 1
X,, - Mean bicavailability of test formulation 1 | 14396.2-13372.7 | X 100 =7.65(%) D
X_, : Mean bioavailability of test formulation 2 133727 o 0
2 A} Aldel 2
n | 14104.8-13372.7 | % 100 =5.48 (%
a & 133727 /% @
WENN SN 1A (1), (2) 2lolirel o] tzefel] it AldeF 17

19 ZA A2} 2190A 2 AAE 13] BTF

Aok 29] AUC Aol 247t BF 20% wwole
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Table IV— A Typical Presentation of ANOVA Results in k Xk Latin Square Mode/

"S"g}l{;g 0‘;{ Dfigregglgf Sum of squares Mean squares F
Inter-subjects
Kk
Sequence dfa k-1 SSe [E Giz/kn:, ~CF MSg S8¢/dfa Fe  MSe/MSsc
i=1 .
Sebject/Group  dfg/s k(n-1) SSs/c S8 MSe SSyc/dfse  Fse  MSgo/MSgr
Intra-Subjects
K
Period dfp K-1 SSp {wa/kn}—cm MSp  SSp/dfp Fp  MSp/MSR
i=1
K
Drugs dfp K-1 SSp > T/kn | -CF MSp  SSp/dfp Fp MSp/MSk
=1
Residual dfg  (kn-2)x(k-1) SSg  SSTSSs-SSp-SSp MSgr SSr/dfr
N k
Total dfr kkn-1 SSr pHRIE
i=1 j=1

Xix=Bioavailability parameter of ith subject at kth period

CF=X%kkn
Other symbols were described in Table II.

Table V— Companision of Calculation of Critical Value
for Multiple Comparisons. Dunnett Method is Adapted
in a Typical Bioequivalence Test

Table VI— Comparison of Calculation of Power and Min-
imum Detectable Difference(4) in 2x2 Lat/n Square and
kxk Latin Square Models

Dunnet method Tukey method 2% 2 model kxk model (k=3 at 3X3 model)
fzmsR ,MS]; - v 2(o*) __Y¥kXxn
Ls“:d(a.kq,vz) X N Lsu:q(agk—l,vz) x N ;"’ “)l o/ mue g V2 X (k-n)
re o r 7 o e (M, 01-8=08) X Wt _p=08) V2 X {(k—n)
18«=Critical value of statistical significance PR " o

d(a, k-2, voValue for Dunnetts multiple comparison at
significance o and degree of freedom of k-2 and v 2.
v 2-Identical to that described in Table VI

Qe, k2 vp<Value for Tukeys multiple comparison at
significance o and degree of freedom of k-2 and v 2.

N=k Xn, Number of total subjects

MSg=Mean square of residual in ANOVA table

22 JEIH 5549 3 24 138 =35
weEb {953 a=0.05 ZHGNA BN (Table
V)& AAlsE o] we] 2= Table Xoll 829Fs
o] g}, WA FXF HE(Sequence)el] ¥ Rl A}
ol7} Q1A ol A EFHsequence effects) S ¥4
g 4 et o9 tizFez AR WElsub-
jects/group)ll= frel® Aol7h EAFCEN wAHA]
o] 2 A, APEULo] ALY tigt A1
E3Hperiod)7} FZA Aoz yeptor} ik
A ol R £ A7) &= £3] FolE %l
o2 BS540 siMoid] Z oulg AUA| ek’
yhA AAE =ol(drug)oll it frelde AF=EA &
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A, o) Wovt, v2, aNoncentrality

o=Level of significance (0.05 or 0.1)

1-B=Power

8*=Detectable difference of BA at power—O 8. equal
to (0.2xXR)

n=Number of subjects in each group

02=Population mean of BA, substituted by MSg in
ANOVA table at this condition. B

p=Population mean of BA, substituted by Xg at this
condition.

v1, v=Degree of freedom, vi=2(n-1) in 2x2 model and
vizk-1, vos(kn-2)(k-1) in 3%3 model. Vi in 2x2
model and vy in 3X3 model were equal to degree
of freedom for residual(error) in ANOVA

Awi, o, 1-p=0.sFNoncentral t-distribution at Power=0.8,
degree of freedom v; and level of significance o

W, v2, o, 1-ppgFNoncentral F-distribution at Power=0.8,
degree of freedom vi, vz and level of significance o

go2M A7H wE AgerEst iz A
24 ol felo] ge-g Mol Fick. Teh et
w12 23, AAE o)k AP Dunnett
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Table VII— Comparison of Calculation of Confidence Intervals in 2x 2 Latin Square Model and k xk Latin Square Mode!

2% 2 model kXk model (k=3 at 3x3 model)
l_ _ | ‘ZXMS‘1
X -X|xd X
X -X +t x & x| L4+ L "o (e N

T TR (anl+n2-2) % nl n2 '\/Z_Xﬁg‘
X _.% R
X=X} £d,, ., X N

)—( =Mean AUC for the test and reference formulations
X »~Mean AUC for the test 1 and test 2 formulations

to n1m2_2)=’1‘—distribution at significance o and degree of freedom nl+n2-2
nl, n2=Number of subjects in each group.
N=kxn, Number of total subject
de, k1. vo=Value for Dunnet's multiple comparision at significance @ and degree of freedom k-1 and v2.
MSg=Mean square of residual in ANOVA table S i
\’ —— at this condition

X,
X,

©,=Pooled sample variance of period difference from both sequences, which is equal to

Table VIIi— Mean Plasma Ondansetron Concentration(ng/ml) Following Single Oral Administration of Ondansetron
Tablets to 21 Subjects at the Dose of 8 mg

Zofran® 4 mgXx2

Time(h) 0.5 1 1.5 2 3 4 6 9 12
NLOQ) 14 21 21 21 21 21 21 21 21
Geom. nélgan 9.9 30.3 33.0 33.1 28.2 25.0 17.5 11.0 7.1
“‘ea"jSD 23.0 53.7 49.3 46.1 36.5 32.9 3.4 15.2 10.7
gl 4.3 17.1 22.0 23.7 21.9 19.0 12.1 8.0 4.1
N 21 21 21 21 21 21 21 21 21
Median 10.8 39.6 34.8 33.5 29.2 2.6 18.5 106 7.9
Min @ 6.4 8.6 15.3 16.4 12.8 9.6 6.6 4.0
Max 98.4 67.8 57.9 69.4 41.8 41.0 28.9 21.7 15.6
Vominon® 8 mg
Time(h) 0.5 1 1.5 2 3 4 6 9 12
N(LOQ) 15 21 21 21 21 21 21 21 21
Geom. mean 7.3 29.5 36.4 35.8 28.5 26.2 18.2 12.0 7.3
meansh 20.6 48.3 53.5 47.3 38.4 35.8 25.5 17.6 1.2
gmeantsD 2.6 17.9 24.8 27.1 21.2 19.2 13.0 8.2 4.8
N 21 21 2 21 21 21 21 21 21
Median 7.1 30.1 41.0 35.6 29.0 26.0 17.8 11.2 7.2
Min 12 11.2 11.2 16.6 13.4 12.8 8.3 5.4 2.9
Max 62.3 70.4 60.5 55.5 47.0 41.5 33.1 25.9 19.6

Vominon® 4 mgx2

Time(h) 0.5 1 15 2 3 4 6 9 12
N(LOQ) 13 21 21 21 21 21 21 21 21
Geom. mean 7.2 23.6 37.2 36.3 31.0 26.5 18.7 11.9 7.4
meantSD 25.7 48.0 53.6 48.8 43.9 36.6 26.4 17.9 12.9
gmeanSD 2.0 11.6 25.9 27.0 21.9 19.2 13.3 7.9 4.2
N 21 21 21 21 21 21 21 21 21
Median 7.8 24.9 37.8 34.8 32.0 26.9 20.1 12.5 6.8
Min Q@ 5.0 19.9 21.8 1.7 13.8 9.3 6.0 2.2
Max 36.5 76.7 62.9 57.4 51.7 42.3 36.7 23.9 22.8

LOQ-=Limit of quantitation (2 ng/ml)

N(LOQ)=Number of data above LOQ

geansd —Upper limit of mean: mean and SD were obtained from logarithmically transformed data
mean-

e 4. ower limit of mean: mean and SD were obtained from logarithmically transformed data
N=Total number of observation

J. Kor. Pharm. Sci.. Vol. 28, No. 1(1998)
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Table IX— Summay of AUC Values for ANOVA in 3x3 Latin Square Design

Period
Group Subject Sum
1 il i3
Al 12176 : 11424 14319 37919
A2 10913 12114 11640 34667
A3 11004 11802 11234 34040
1 A4 Ref. 14377 Test 1 15322 Test 2 13700 43399
A5 15110 18308 18598 52016
A6 21644 23917 24176 69737
AT 11367 10524 13224 35115
Subtotal 96591 103411 106891 306893
Bl 12153 9771 12794 34718
B2 14121 12292 18396 44809
B3 6339 7860 7907 2106
2 B4 Test 2 20062 Ref. 17667 Test 1 23253 60982
B5 12306 17170 15114 44590
B6 19123 15472 17058 51653
B7 20043 15816 19540 55399
Subtotal 104147 96048 114062 314257
C1l 8261 11015 9030 28306
Cc2 16785 15493 19305 51583
C3 14847 13936 12399 41182
3 C4 Test 1 6692 Test 2 6938 Ref. 7677 21307
C5 11060 13337 12348 36745
Cé 13196 11538 12685 37419
Cc7 14008 12906 14744 41658
Subtotal 84849 85163 88188 258200
Sum of period 285587 284622 309139 86933.8
Sum of drug T1 280827 T2 302322 T3 296201
Average of drug Ref 13372.7 Test 1 14396.3 Test 2 14104.8
Table X— Analysis of Variance for AUC
Source of variation dF Sum of squares Mean squares F-test
Inter—subjects
Sequence 2 88374808 44187404 0.904(n.s.)
Subject/group 18 88.241152 48902288 22.057(P<0.05)
Intra-subjects
Period 2 18362856 9181428 4.141(P<0.05)
Drugs 2 11679744 5839872 2.634(n.s.)
Residual 38 84251160 2217135
n.s.=Non-significant at 0=0.05
dF=Degree of freedom

Holut Tukeyd T2 Tl i€ ol83d BAYl  SH|ae2 F2 Dunnetts |83 Hed,
el F=gE Al dizelsl 2 Agefte] Kol Table V] 2ol wiet 8.8 AT 3 F dizoit 4 A
o} vlmaled At 1, 2 5 ol Ao} thzekat felx geRlel WEAe Role} ulmsiol Pt of W BEA
Aolg vehlieAE dotrolol 12 ABAA B5 o Aol7} J 0T E A, vizok A el &
A Mol Bt o] thzo] 93] FAE AT 2 A7t YE-E Egh

J. Kor. Pharm. Sci., Vol. 28, No. 1(1998)
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Table XI— Summary of Bioequivalence Test Results for AUC

Test 1 formulation

Test 2 formulation

Difference in mean AUC from the reference
ANOVA
Power
Confidence intervals

7.65(%)

—0.24%~15.54%

5.48(%)
non significant
20.99
-2.41%~13.36%

HE32 Table V19| 4o oj&j Alxtar},

HV‘\:}E : ‘P(vl, V2, )

_(BRIx02)  BXT oo
2217135 2x(3-1)

@)HollM et Zo] HIAEE 4116 clomR Ho
FE 0=0.05 A 19 A= 2, A 29) 285 38 21
A 1-BE ¥iA FREERGE FR)E o1& Jaks}
B 0.99 ol de Axtdrt. wEhA o] AlfelMe] A&
He A 71ES USSn UG Aol Y=
== AT F Ak A A2GEA9) BS a=
0.05, A 19 AH{= 2, Al 29) A= 38, 1 B=08 =
ZAolMe) v FEERE Az vAert 22802
HeR}BE 2 o] & Table VIo} 2o digsha

HAAEL A
_ V2217135 x 2.280 N \2(2-1)
133727 V3 x 7
=0.1108 =11.08% 4@

7F et o] HAl 71EA] 20%E EA St

ek 7 AlgdeRE ke BA Abe] Agzke
Table VIIelA{el Zo] thgH|mol AHEE SAXE
o]l ATt FAEAdMe} mlarA 2
Dunnett < 71$2.2 ANt Alget 2zt st
of thzofate] BAAS] Algl 7Rk

Agek 1

114396.2-13372.7 | + 2.296 X \/ &2;11@

=—31.55 ~ 207855 ®)

APk 2

114104.8-13372.7 | + 2.296 x \/2)(*22211713_5

=-322.95~1787.15 (6
2 Ak =9 olg tizodol] tiFt %2 A AL 242t

AlRoF 11 -0.24%~15.54% @)

A&k 21 -2.41%~13.36% ®

2 e} Aok 1, 2 25 73l Attt

b AUC Z3eA 3 71X AAlE 1. iz
Algozte] BAS] Hite] Aoz} vlRee) 20% v
o190 (7.65%, 548%), 2. BAEA Az} oA HH
= 71749 53 AAL fd Alole gila
(020.05) 0=0.05 fF)FEdM A28 1§ =3 71E
2] 0.8 °13el212™ (00.99) AA2AEAR =3 20 % 1l
o] HTH11.08%). 3. ek} z+ AJRef 7te] Alg
T7H tlzeke) 20% vTH-0.24%~15.54%, —2.41%
~13.36%)224 73& WE3T. o)) A3
FY HES] £ u) AUC SHA F 7Ix] LHHER
Al ke dizol BE HESH R F5e B
g & JAHTable XI).

L~

RETH T4 A BH& N2 43 38 A
£33 2 Ao| dAslE AlAlEe] M2 YEHoz
FE3ths AL BEshs vd) Qo ABsHo=
53k A2 A8 57 WHellA wteA] FEslte
AL dujsiAle FAT AAEH F4e neE u)
At AA kg frEAde HME BB 55
39 A5E B3l dARSE & AUke Ao &
U & 7P ®

7R 9] AETE 554 AIEE 7130 de) A}
SEAD iz 153 ojol] g Zxiekl Algefk 15
o] AEH AL AN 2x2 B WAy
o e WEI}HE 54 Ade] FEL o1F T, =S
A A ANF7IRI5e2 AhAe] Eo| 19y 7
-, unbalanced 2x2 DAYl 2% HBFH F
B4 Ago] a7 = it o]d% 2x2 w4
3 mdo] 7392 F] AAll disiA g 54E @
g & Jvhs B E E7eta Fuld AESE §
S AR BF w2 da] PolEo|A] gt}

a2y 3 7Ex] o)de] AlAlel] M= 3x 3 ehel
2y EL #8329 2= A (randomized
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