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Abstract

The Korea Food and Drug Administration(KFDA) recommends the use of a 2x2 crossover design to assess
the bioequivalence of generic drugs. However, a standard 2x2 crossover design for bioequivalence trials is
often considered problematic due to ethical and economic issues as highly variable drugs are usually required
by large numbers of subjects when designing the trial. To overcome this problem a 2x4 crossover design
has been a recommended option as per US regulations; in addition, a 2x3 crossover design has also recently
drawn special attention as an efficient alternative. The current KFDA regulation requires an ANOVA table
for every bioequivalence study; however, ANOVA tables of 2x4 and 2x3 crossover designs have never been
published in the literature. This study shows the derivation of tables of analysis of variance for a 2x4
cross-over design and a 2x3 cross-over design. We also suggest a sample size formulas for 2x2, 2x4 and

2x3 crossover designs to provide information on the selection of efficient designs for highly variable drugs.

Keywords: Bioequivalence, Highly variable drugs, 2x2 cross-over design, 2x4 cross-over design, 2X3 cross-

over design, sample size.
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AR ARAA ARSI S A E ook A AFS 3 QLI ARNAE 2x2 BAAY
< 58 LA ok A Y o kFe] A o)8F Ax H|7} (80%, 125%) Atolell EATS &
AZRo R JF3teiof strt. o] 7]A AA| o] &-F (bioavailability) o] 2= 212 /]C’k“A 5L Y=
Aol shpw FAR EE T AUAAZL AAZEE ANEBEE FoEE 49t 90 nE'E
Aoye otk AlES o Ao F ARG AAol&E AE T AUCt(%E%%E—/\lZ}-—T%*d 3F WA,
Area Under Concentration-time curve) @} Chax (21855 %, the peak concentration)®] 271 H3+
zke] ztololl tht 90% AlZEF7ro] (log(0.8),log(1.25)) ¢kl Z3H W F AAl= AETHo 7 F531
Ao g gAert
3 KFDAA AME3L = A5 F7PHHS F AAY F7e 7123 ok SAFez F A
A S5 A3 A9 194 21 A 4 LA A4 W A9 Aol e
Atk e S@A) 2707 U W o] ARE okl w7t 2e)d BA B A7 0
o] o] 289+ AAA EAE 7V th. 53] "EAdol 2 AAS A AAR P =7 EACH
ﬂ = A7 3A ke 2] ¢EA JdJolE EFst (Benet 2006), W2 FJARE F3l AE4E A
o] AAFE = AL EA|7F Qtiy QA o] gt} 1HE A (Highly Variable Drugs; HVD) @ 3]
?:]Z]' Yl W% (within—subject variability)o] 2 AAE& %6]—_1__7, EARCZE AAY AAo)LE AE
9] W5 A4 (Coefficient of Variation; CV)7} 30% ©]4<l F$-E olusit). wWe x5 53 A%
4 Aol A== 2] FAZF vkl A s x1]xﬂ~ &0 AR AT AP T A5
T AAY B5AE A5 oH7] diEel A2 & F7F] FDAoA &= IHFA AAE A5 A
A4 7kl teFel 71& B uxp A xEAHS e ?5]-5’_ At} (Endrenyi®} Tothfalusi, 2009; Baek 5,
2009; Jeongil} Park, 2011).
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2. 2x2 WAMEHAIY (2x2 crossover design)=2 0|30t s HIL
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Table 2.1. Analysis of variance table for 2x2 crossover design

29l AHr = Al B AFF] /1At
SEAL AT
A& 1 SSseq 02 + 202+ 2MI2 (G — Ga)?
j,]%d;(].ﬂ— ;ﬂ"]' ni +mng —2 Ssl'nter 034—203
SRAN BE
Zﬂxﬂ—\‘:—j’]’ 1 SSDrug Ug + ,2:1%.”22 (FT - FR)2
7] Z}ET’]' 1 SSPeriod Ug + Z’T}!:fz (Pl - P2)2
Q’J@Z]—Lﬂ ;ﬂ'i} ni +nz — 2 Sslnt'l'a 03
9% 2(n1 +ng2) —1
M AAIste]oF Fthe 5 AAIES] BEAE B7F e HASkL ok o] e FAA HAde
BAMAE $E 9 A7 24 29 2x2 LALAS nel2 ) A 27) 2% Solth. oy
AEE NEE T3l AATY AZHFL 4 T2 SET FAA =27t o] Fo|A Y], & AT} 2
e HAEAE FE9 934 27] ANE aejditt
2x2 AAHAANE 7IRke & 3 B4 AIEY BAA 2 e (2.1) 2t
K]k:/4’/+Gk+szk+Pj+F(gk)+61]k, (21)
Sk N N(0,02), eyr N N(0,02), i=1,2,...,n, jk=1,2
BEYA i = 1,2,...,np01W, AA71A nps kAR SAol e Fo e AFAY Folal, 7
J=12, TAe k= 1,20tk Yipe iAA JA7F 3 7120, kAR A9 jeAA AAES Fof i

2 o] AUC: TEE Chax 59 223 & AA 0] L-E2] 7h2 ou]sic}t. ue= AA AA| o] &-F Fhol
gt BEE JeR L, Gi, Goe MEH, Py, P 71VES, Fr, Fre AAESE Jeide B
oln, o] 7 thg3} 2 27 (2.2)F WESHh

2 2 2
FR(k) = (17 1)7 (272)7
S G=0, S P=0, SN Fum =0, Fp=14 F0 (2.2)
=’ ' o . Frege =(1,2),(2,1).

M

k=1 j=1k=1 ) ) )
E Sps kAR ATl &3 iiA) B Aol Al BHEEE SR MBS oJushs BEwso
], s KA EA, JRA 717E oA @Al AN BEHE AR WEAL oujshs BEwso)
otk o71A St e BARCE ZHUS FHATTE 028 50 Balog 3} 7913 S
oul 8, o2 €0 BAroZ AA o] 7]ols WELS ofm 3.
A BY (2.1)0] BHE RARAEE Table 217} 2t} EARAE $59 Bad® B} 2
g W8-S Chows} Liu (2008)8 #ws7] ulgdth. B AFTS AFHS AHER Lol doj

grolw, B AFe 1AL AlFdtel Adxe sAA et F-72A guE st 5+
HE AFdct FARARA AFEE @AY 2t ol AAY MBS Jusis OV of =
log(1 + CV?) =~ CVZ2] #A 7} 9lem (JeongT} Park, 2011), KFDAo|A =

CVE Hus=E 3t Qith

FEvEt 2 v5E vRS i RR2Y FTtelA dibd e AAY AE4E ket 90% A=
e ol gsta Stk &, AFAANL} 2 AR 2po] Fr — Frell tigh 90% A= 3ke] 54 71+
9l (log(0.8),log(1.25))0ll Z3= W AJHA| A= =AY} 553 ez AHHr}
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Table 3.1. Experiment structure of 2x4 crossover design

712k
1 FoF 2 ok 3 ok 4
1 R T R T
Pyt Yi11 Yio1 Yis1 Yia1
v 5 T R T R
Yi12 Yioo Yis2 Yiao

AAZES BE8 APS AAT W 4 23 PR 5 Hoe A2 wl¢ T3ttt KFDAS o okE
B AB7E AL3RAME “AlBog= AT FAAET) st dF2A FAAEY S0 net
HA3] Mg, HA T 129 oS 9= rpr et YA Holodth 2x2 AAFEARES B4
2 51y A (2.1)0 7erst F5E aollA e = F Q& @AY A7 A3t
U 5531 Zlo g del % Schuirmann (1987)©] A|<Hs TOST (Two One—Slded Test)o] AAQH g
ol&3slo] ALtE 4 glom A (2.3)3 2t} A9 FEof AAS ApA| S W82 Park (2007)S 3

N

2
2 Oe
n > {t(a,2n — 2) + t(B,2n — 2)} (bg 125 [Fr = FR\) . (2.3)

) Ag o8l Fold AAYL WEFE Hao) ng A Arh YA 2x2 AALAYE o]
t a=0.05, 8 =0.065 Wo] 8831, Fr — Fr¥ ol I L& ou)i

sto] BEA Alde AAT )
YollA A2 = AT

3. 2xk AW 018 WS B

A5 NP HIES B A FA A A AHL wo] Eg5 o] AT (Jonesy} Kenward,
2003), HAHEA EE oFR FAA ] AAE T Q1A gty 53] KFDA+ 5743 A8 e FA4A &
o o]} #HHE g2 v Bask Aol
2x4 AAEAANL 2x2 TAAAEES T ¥ w123 Jelg A4F TR Table 3.13 Z2on EA4d 1

j=1,...,47k At} Aol sk 242 (3.1)%} 2t}

2
F 1,1),(3,1),(2,2), (4,2
> Gk =0, ZP =0, F(akro Fup = 4 Frow = (L1, (3,1),(2.2),(4,2), 4,
k=1 j=1k=1 FT(JJC) 2,1 7(47 1)7( s )7(3 2)
234 WALANE Mo 3 AFH BYo] o BARAEE 122 4 (32)9] BaF E5) 2ol

2 4 ny 2

4
SSTotal:ZZZ(Yijk*T = Z Yijk — szrsz*Yi)

k=1j=11i=1 k=1 j5=1 =1
2 4 k

_ZZZ Yijk — zk) +4i2(yk—f)2

k=1j=1 i=1 =11i=1

= SSwithin + Ssbetween- (32)
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Table 3.2. Contrasts sum of square and coefficient of Y j, for 2x4 crossover design

SSp, SSp, SSp, SSp

713k 712k 713k 713t
=4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 4
1 1 -1 0 0 -1 -1 0 1 1 -3 1 -1 -1
2 1 -1 0 0 -1 -1 2 0 1 1 1 -3 -1 1 -1 1

B2 7+ ME SSpetweents AT 93 M5 (sequence effect variability) SSseq 2t I A} 7F 2
Z}H(inter-subject residual) SS;nter 2 3% W 2 (3.3)3} Zt)

2 4 np
SSbetween - Z Z Z (m — Yi)z

k=1j=1 i=1

2 4 ny 2 4 ng
B ) S St N 3 9) SYe sl e}
k=1 j=1 i=1 k=1 j=1 i=1
- Ssseq + Ssinterv (33)

A W HE SSwithin 71HET ] &8 W5 (period effect variability) SSperioa, AIAE T}l <] sk
5 (drug effect variability) SSarug, AA ] W2 32} Y ZrX}(intra-subject residual) SSintra & =
=™ A (3.4)eF 2T}

4 ng

2
SSuwithin = Z Z Z (Yijr — m)Q

k=1j=1 i=1

2 4 mnyg 2 n
=23 (V=Y TN (Vi =V = Yik V)
k=1j=11i=1 k=1j=11i=1
= SSpe'riod + (Ssdrug + SSintra)- (34)

SSperiodt SSarug= Table 3.20 AIAIE 2w thH] (orthogonal contrast)E o] &34 Foj&

P
52,
o

nin2z > - v o v o o o \2
SSperiod = 1o | (Vit + Va1 — Va1 — Va1 + Viz + Va2 — Yo - V.
period 16(n + 112) ( 11 + Y21 31 41+ Y2+ Yoo 32 42)
(Vi 4 Yo + Vo — Var — Yio 4+ Vo 4 Vi — Vi)
(Vo1 — Vi 4 o1 — Var 4 Vi — Vo 4 Vi — V)]
SSarug = e [(Yll —Yo1+ VY1 — Y42) + (—Y12 + Yoo — Y32 + Y42)]2.
g 4(7’L1+’I’L2) . . . . . . . .

L3 AlA O] w9 @A W AR ot 2ol AL 4
Ssintra = stithin - Ssperiod - Ssd'rug
2 4 ny 2 nyg ., 2 4 . 2 .
S5 3) DTS 3 BT 3) DR NS St g
k=1j=11i=1 k=11i=1 k=1 j=1 k=1

o] £ Ae|std Table 3.33% 22 ZAEAEE ¢

%+ ek

it
flo
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Table 3.3. Analysis of variance table for 2x4 crossover design

29 ARE AT 37 Awae AR
S @ARE A%
=X EFH 1 SSseq 3(02 +402) + M2 (Gy — Ga)?
PR ™A n1+n2—2  SSrnter o2 + 407
@A HE
Al A & 7} 1 SSDrug 02 4 Amn2 (pp - pr)?
A7+ a ) 3 SSperioa %%, + Eongrm [P =P+ (P = Py (P = a7
+ (P2 — P3)” + (P2 — Py)” + (Ps — P1)7]
HAYPAY ZaF 3(n1 +n2) —4  SSrntra o?
FHE 4(ny +n2) —1

Table 3.4. Experiment structure of 2x3 crossover design

Eds
1 Sl 2 el 3
1 R T T
£ A Yi11 Yio1 Yis1
= ) T R R
Yi12 Yioo Yiza

B AR g AR 2 HBA 5 1, neE FASA noleh 347, 2x4 TAAA W] H-gatw
2 Park (2007)0l) AAE W&} SA5 S22 4 Ak

n > [t(a,6n—4)+1t(8,6n—4)] (mx(log1.2§—|FT—FR|)) . (3.5)

3.2. 2x3 WAMAAY

oA AT 2x4 RAEAN Y B Ao R Aeds ATkl A 57t Sl Bl
QAR F 3G} 7 4717 5k A5F0] AasH HuR A@7|Zte] oA, AfHEE 5718t
€ wo] lrk. o]9h 22 WS B 9 @A} Fe] S BHE Heety] $)ste] US FDAS] 2001 FDA
7hel=efelof A thho = 2x3 WA AIE S AlHstar Tk

2x3 WAAAYE 2x2 WAEA M T2 F2 AFkE A A o B8eh= Ay 72= A
o 717 = i} $AE 2t AAlolth (RTT, TRR) %2 (RTR, TRT)S d@<sAe 29 dAN
o2 tixof A ke £847F Sdsitt. o] dellAE (RTT, TRR)S Al 71k & 5414
RS A

2x3 wAAA YO tdt A3 F2E Tabel 3.49F 2}, o] A@7xo tizt BAH 232 (2.1)% &
o, j=1,...,3° ek Aol vz =242 4 (3.6)2 &

k=1 J=1 j=1k=1
F('k) = FR(j’k) - (1’1)’(272)a(372 ) (3 6)
J’ N .
Frig =(2,1),(3,1),(1,2
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Table 3.5. Contrasts sum of square and coefficient of Y., for 2x3 crossover design

SSp, SSp, SSp
717+ 717 717
<A 1 2 3 1 2 3 1 2 3
1 -1 0 -1 -1 2 2 —1 —1
2 1 -1 0 -1 -1 2 -2 1 1

Table 3.6. Analysis of variance table for 2x3 crossover design

£ Afe  AER 37 AFE Ak
@AY ¥E
=AM & 1 SSseq 02 + 302+ :3222 (G1 — Go)?
E] ﬁux}ﬂ %}‘]' ny+ng —2 SSInter Ua + 305
@AY HE
AlA =2 1 SSDrug 02 + FEmr2 s (F — Pr)?
7]2}_@;1} 2 SSP@W'iod 0‘2 —+ % [(Pl _ P2)2 + (Pl _ P3)2 + (P2 _ P3)2]
@AY A 2(n1+n2) =3 SSrntra aZ
e iR 3(n1 + ’I’Lg) —1

SAAANT FASA 2ol

2x3 LAGAYe ﬂ%%ﬂ% —Er*&—l% x4 4~ 9t
3500 ANE Amehlsh 1 A2 25 B 5 ek

oF AA B tht 2
71t E ] wE WE
< WE, AAE ] 9 } WHE S ot 2ol 711]*&%L T &’li}-

L i
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];01,
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2
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SSperiod = % (Fir — Va1 + Yz~ V22)” o+ (Vo1 — Vo + V2~ Vi)
+ (Vir = Yar + Via - Va2)*]
SSarug = ﬁ [(2V1 — You — Yaa) — (22 — Yoz — V)],

Ssintru = stithin - Ssperiod - Ssdrug

2 3 ng 3
DD RCE P ITED D WS Nt
k=1 j=1 i=1 k=1 i=1 k=1 j=1

2 V3o ’
n > [t(a,4n —3) +t(6,4n — 3)] ( )) .

V4n x (log1.25 — |Fr — Fg|
4. 2 x k WAFAAIZOIA TSR} 5= AL

AAZE B S A5 A BEAH ARl 223 BEFE AT A= Table 4.1 2
o Zpzre] WA ol (a)2 0.050]aL, AAH(1 - )L 0.834 0.9, FF9] Ael(0 = Fr —
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Table 4.1. Minimum subject numbers of group for each experiment

1-8=0.8 1-8=0.9
Oe [Z] 2x2 2x4 2x3 2%x2 2x4 2x3
A4AYN nAEAN aAEAN IAAAY  DAEAY aAEAN
0 3 2 2 4 2 3
5 4 2 3 4 2 3
10
10 5 3 4 7 4 5
15 13 7 10 17 9 13
0 8 4 6 10 5 8
20 5 10 5 13 7 10
10 18 9 13 24 12 18
15 47 24 36 65 33 49
0 17 9 13 21 11 16
5 20 10 15 27 14 20
30 10 38 19 28 52 26 39
15 106 53 79 145 73 109
0 29 15 22 36 18 27
40 5 35 18 26 47 24 35
10 67 33 50 92 46 69
15 186 93 140 257 129 193
0 44 22 33 56 28 42
50 5 54 27 41 73 37 55
10 103 52 77 142 71 107
15 290 145 218 401 201 301

Fr)t 4% 0914 20%, F87 U 9% 0.9 $2& 10%14 50%7A2 shof Bad @A) 42
A ¥steie

Table 4.1€ A518@ AR 02 AA%] AFA AFel BT Hade] B4 S+ A 27,
e Aol, PA W) AFAGT 252 FAhks ATl 92 5 Ak 3 AT (o) AR
+% 9 BAe] o /M) 2x2 WAAAGNA 2x3 LALAY, 2x4 LALAY 202 AAE 2
2 HAF 5 Atk 53] W] 4L A9 2 Aolsh A AR, WEol 2 A AH 952 9
o ALT ALT AGAS 22 TAGAU W 23 TALAI 24 TALAYE 25
A AARE 01§ A% A Bt AL FAT 4 Utk F. aWEA A A5HE YFH]
S 262 HARAY BT} 2k SAANE LB Aol EEAVE U+ o) £ 2k A
AW FAE 24 BAGAYe) Hao) AYAE LTI Y/ AW AW/l Dk DAL
A AL Qo] 4ol neh 2x3 AALANS B Rol BUHOE YT 5 ke RS @
% gt

5. Al

U2 2x2 WA SR 38 AETH 554 A8 Aot tiFE =71 A58 AlE =
o] 29 128 o7 AFH 2x2 ﬂﬂ@?ﬂl%‘ﬂw AAZY] 853 H717)
S 7S v AATY B F7F ADA LR =AE AFED
s E7F & AUCE 71Asich

%d 2%2 ;ﬁ}*éﬂ Hoz SHE AUCHS 2awssty AsA H71E o 23 F AATE] 90% Al
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Table 5.1. AUC data of 2x2, 2x3, 2x4 crossover trials

717H2x2, 2x3, 2x4)

A~
€A 1 2 3 4

87.43 158.14 67.04 65.19

87.36 51.25 66.27 87.42

110.45 131.69 139.99 125.87

98.84 145.80 146.13 86.08

67.06 126.26 97.95 108.04

. 99.55 93.94 97.55 67.63
153.21 87.92 61.05 95.57

69.53 104.59 123.88 64.21

54.07 167.19 158.53 52.34

53.71 92.21 75.42 54.21

128.54 157.85 79.88 135.99

156.70 53.18 130.64 114.84

122.12 85.17 59.98 84.87

85.12 95.75 106.38 77.45

226.44 146.94 126.91 130.09

71.90 130.83 157.31 97.06

99.50 234.7 73.48 114.53

) 138.26 148.59 86.16 68.44
211.84 88.14 92.49 121.35

161.78 127.48 63.03 108.21

63.24 147.63 94.27 93.68

108.61 58.25 47.17 58.50

63.22 104.72 145.82 104.07

206.58 74.61 205.86 83.94

Table 5.2. ANOVA Table of 2Xx2 crossover design

29l A= A a3 AFATE F5A = Pr(> F)

AL HE
A& 1 0.2787 0.2787 2.214 0.151
Dl P e o 22 2.7694 0.1259

@AY HE
A A & 7 1 0.120 0.1196 0.597 0.448
71z &= 3 0.035 0.0349 0.174 0.680
@AW A} 68 4.410 0.2004

ik 95

F7F (—0.3217, 0.1221)0] AF5A 7129 (—0.2331, 0.2331)& 233t AA 7S] BEA 0l AAH

A &gttt 2x2 WAEAY o2 S Ap5e] 2424 R Table 5.28 #Asto] Hd 9H 2t

oA HolxE CVZEol & 44.7% HAE QoA Table 4.10] 2]&H H 4 73 309 oo g $35 =

LAl AEHEE & 5 Atk

TheF & & F718ke] 2x4 AN R Sy ATHE Table 537 22
3 B7Fe & A F AATY 90% A# 7 (-0.1382, 0.0997)0] BEA 71E (-0.2331,

0.2331)ll 3= o] AAE] AFEE AT + vk FuAsE AH8E 5
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Table 5.3. ANOVA table of 2x4 crossover design

29 A= Al F3 BaAFE FEA Pr(> F)
@A HE
=X a3t 1 0.220 0.00430 1.279 0.270
93 27 2= 22 3.782 0.14213
@AY WHE
A A & 7} 1 0.009 0.00890 0.069 0.794
712+ & 3 3 0.629 0.20850 1.612 0.195
3 @A A} 68 8.794 0.12932
95 95

Table 5.4. ANOVA table of 2x3 crossover design

89 AH= A5 BoAF3 F3A Pr(> F)
@2z HE
&N EF} 1 0.016 0.1597 1.108 0.304
Dl P P e o 22 3.172 0.1442
P2 HE
A A & 7} 1 0.016 0.0156 0.092 0.763
a3 2 0.172 0.0860 0.510 0.604
3 2 b 45 7.597 0.1688
ik 71

ol

gk 3] @ArE ] AAlY] BHOR Jls) wE SRS UA BT ¢ Uk fel4Q
¥ 3750l 2x3 WALAMOE Y GArhA Table 5,49} 2 RARAT
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