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e FrAMor EAGHA gevhal JPgehs ART IRAEFAE APEHA Wds
g3 oF stthe =97} o] £ 2 Ut} (Ocana 5, 2015).

FIF
oft
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»
kg
ot
ttlo

AREIE A5A F7F 2o Tshe 7P A ae S 2x3 T2 2x4 59 1A mA)
AAE gl Folth. &, A ZAEAAE T AAET} E H AREINE J7HE F =
E szke Zlojth. AFA Frlo] Qo] T wAEAE 8 A e e EHE AFL 1
HEA AAY FHE A5 TS o] 8T £ Qi Aolt} (Jeong Park, 2011; Woo =, 2017)
Z, MFDSY] 9|25 5AAIE 72 A1T2E AMEA F718hdA 14 ;szy:n A NP
AP A YA o] §& 5 Cmaxol = *JJ% 718 e B8 5 A S Aotk o]FA
TAY IAAA 7L AATY B4 Bkl FHA Lz AAFH I Jent X&wz{ﬂrv}ﬂ AA~HA 1
g e AAE FFHoz 83 7101 2 ﬁ‘}D} 3Tt

I AAAAA F P wo] 8E T Qe 2x4 WA (o]3F 2x4 HHE A= ZF A A
Haste £ AAE T Ay wEsiA TO%PU?L Z+ AAEL HEAL I SAHE 5 U= Ao
AR T, 4717k AA JYE 7] W Eol AAEANAE J2AE & 5 ' FHo] At (Noh9} Park,

2013). olell 7172 stk EEAI 2x3 WAEA (o] 2x3 o]F AA)7}F Kk FAlH el gAY
T Atk =EEo] A= ok (Park3} Park, 2016; Woo 5, 2017).

2 AFolAE 2804 2x3 o]F AAE 8T AT Woo T (2017)°] AT BYP | JIFEAES
Fhe mRo RSl BAM FES =51, 3ROIAL 2x4 W2 AL 25T 1) AL 5
£ol e 5 UFE, Al 48oAE= AHEIE F3l 2x3 olF AAE §3 7 A5 HUF AAE, 5%
ANA AFZAT}Y ool F AA T

2. 2x3 0|% AAA EAH 28

2x3 )% AAE AR ZWNA B o) NBAAY N2AA T T Aol YolA] RS o2

Lo, 717kl WiAEE Al e} (TRR, RTT), (TRT, RTR) E+ (TTR, RRT) 522 449

S 9k of| w4z WA tekE AR $54 B/ SA5H o] R0l 7] mhEo] Table 2.13%
%ol (TRR, RTT)®] 392 37 454 FEa

Table 2.1 2x3 dual design

Period
1 2 3
T
Sequence R washout ? washout ?

Woo 5 (2017)141 2@ vhske &) 93 712e] Fopr| el s ek AA ol e 25 E347
A8 gheths 7192 2837 olel A9 Table 219 2x3 013 AA0) 3 94 57 =3
ches) ek

rlo

Yijk =f + g + Sik + pj + TGk F G-k + Eijk, (2.1)
Sik ~ iidN (0,0%), €iji ~ #dN (0,07),
i=1,2,. ..k, j=1,2,3, k=1,2,

e kA A, JAR 120 (4, k)W
5l

Yis AAE FoAgh idA 7R ANAN D2 YA o)
Fre 2SS ol pe AA B, v b kil

g £
R AR, p;e jHA 1R 1 nE (G, k)"
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A AAED, ¢;_10E (j — 1, k)R BFAIIT). €AE, 7ETH, AAED, FRETE T
272 BEFT)
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ng—O ZP;—(% > 7w =0,
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o714 B4 B nE ket 2ok
oit+os 0% 0%
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0:17101]/‘:' E}'/\] 7HZ‘HZ_].— Eﬁ% SSBetweenx.. /\/‘13-‘4' SSS&quenBe, 7Hxﬂ7]— ;fl' }' SSInte'r —'_sﬁﬂ:ﬂ—y 7Hi'“LH
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SSBﬁtweﬁn = SSSequence + SSI’VltE’V‘7
SSWithin = SSPe'riod + SSDTug + SSCaTry + SSInt'ra~

Zy aEo) tist AlgEde 47] A% A xuv]E Table 2.29} Table 2.33 Table 2.48} Z+o] A e]3}
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Table 2.2 Orthogonal contrasts for SSsecquence

SSSequence
Period
Sequence 1 2 3
1 1 1 1
2 -1 -1 -1

Table 2.3 Orthogonal contrasts for SSperiod

SSp1 SSpa
Period Period
Sequence 1 2 3 1 2 3
1 1 -1 0 1 1 -2
2 1 -1 0 1 1 -2
Table 2.4 Orthogonal contrasts for SSprug and SScarry
SSDrug SScarry
Period Period
Sequence 1 2 3 2 3
1 2 1 1 1 1
2 -2 1 1 0 -1 1
SSSequence = %(ﬂu + Y21 +¥y31— Y12 — Y22 — 3132)2,
SS[nter = SSBetween - SSSeque7Lc67
SSperiod = %(3}11 — Y21+ Y12 — 17.22)2,
+ﬁ(g.11 4§21 — 231 + G2 + G2z — 25.32)%,
SSprug = m@yn — Y21 — Y.31 —2y12+y22+y32) s
SScarry = %@21 — G31 — G2 + F32)°,
SSI’rLtrtL = SSWith'Ln - SSPe'riad - SSDT'ug - SSCm'ry-

Table 2.5& ©o|FA Aed AFTE= Aelst B4tdAzo ]D}.

Table 2.55 AsEd JF{Fa77} 7| 7&3?}01] FEFS FI YA, xﬂ%ﬂﬁ#Oﬂ% FFE T A
RS2 & 4 Utk F, 2x3 o|F AA AN E FRrAHNI} EAGE A FE AAZHE HA1E 5 9
e 9] °l t}.

MFDS 9] ¢Z 558 772N F AR 4543 F7He F AN 21kt H74 212 90%
AFFZHE o] &3t 2x3 o]F AAE AEA AZAA 90% AF P v 2ol & 4~ Qi

F AAS HER 2} =, F AAY B 2} wr — R FAZE Table 2.1004 7+ Ao &2 HF
= g et T ol thaat o] vk 4 Qi

. . 1 _ _ _ _ _ _
T — TR = {(2G.11 — F.21 — §.31) — (20,12 — G222 — §.32) } - (2.6)
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Table 2.5 Analysis of variance table for 2x3 dual design

sources df mean SS E(mean SS)

Between subjects

2
ingng {(91 —9g2) — 7(7@37'13) } +30% + o2

Sequence effect 1 MSsequence (nitng)
Inter-subjects residuals (n1 +ng) —2 MSrnter 30% + G'z
Within subjects
nin epte 2
Period effect 2 MSperiod (n11+732) {(1)1 ~P2) - : T3 R)} 5
52 { (o1~ pa — 2py) - L2 gem) } +ol
Drug effect 1 MSpDrug % (7 — 71'R)2 + a'?3
1 MSours R (er —en)? +02

Carryover effect

2

Intra-subjects residuals 2 (ny + ng) — 4 MSnter ol

Total 3(n1+mn2)—1

A7 A (26021 fr — e % ALl Aol 3 wr — wns] A% 4
unbiased estimator, BLUE)2 & &&]# 13 (Kershner?} Federer, 1981),
4 (2.3), 4 (24), 4 (2:5)0] 2A31o] %4 2},

E(fl’T—ﬁ'R) =TT — TR,
a3 (L 1Y
Var (fir — Tr) = 3 <7L1 nQ)oe.

= AAe] &3] 2 nr — 7o) 0% AHTRE AMY HE 02 o] &5te] The3} Zo] BAT &

St} (Chow$} Liu, 2008).

. N 3 1 “ R 3 1
<7T — £(0.05,2(n14+n2)—4)0c § (* - ;2)57T+t<0.05,2(n1+n2)74)0-€ g (* - m)) s (2~7

AZIA & = A — RROIIL, 1(0.05,2(n; +n2)—4) & AHFEZF 2(n1 + n2) — 490 -2 9] 5% HEH
o|t}. 6. Table 2.5 %_'—&H@.E ANA AW HAF W5 MShina o] AlFTolth
3 Li(2014) & 7170 31 AAHEAAE =2t AA I FAHFS thedt o] Foleta 8

shair).

~—

N | _ _ _
T —TTr = g{(y 11+ Go2+7s32) — (Ja2 + Jo1 +yA31)}7

Ak Ak 1
E(7rT—7rR):(WT—WR)—§(91—92)7

e ey 111 1
Var (75 — 7)) = 3 (nT + 772) (03 + ggg) ) (2.10)

B LY 4 QO 4 OWN Rk AATA Ao} ERLE AIAA K, 4
7 Aol o) zste] BAS FEoE FAARS ¢ 4 9
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3. 2x4 WHE AAlelA $AH 22
o7 7| wiAEHE Aol wet
Aedl, 2 AFoA= Table 3.1} 7ol

2x4 W HdAE FF 2x2 ZAPEAES F A
(TRTR, RTRT) =+ (TRRT, RTTR) &
(TRTR, RTRT)9] A& 23] 2t}

Table 3.1 2x4 design

Period
1 2 3 4
Sequence ; E washout T washout E washout ?
Table 3.19] 2x4 WHE AA A ZAFaH7HA] 123 4d 54 gL o33 2o}
Yijk =W + gr + Sie + pj + TGr) + CG-1k) T Eijk, (3.1)

Sik ~ iidN (0,0%), €iji ~ #dN (0,07),
i=1,2,...,nk j=1,2,34, k=12

EIAAR AAAO|GE K it B EFE2 2x3 o5 AAl Fdst, th, £A 8, 73t

&3, AAES, AREIE 020 2AL BEFc)
2 4 2 4
ng—o ZPJ—()’ DD TG =0 DD coim =0, (32)
k=1j=1 k=1j=2
mr, (k)= (1,1),(2,2),(3,1), (4,2
(k)
TR, (Jk) (72)7(2ala 372)7(7la
CT7 (-] 1,k)_ 271 ’ 3?2 b
CG-1.k) =
CR, (.]_Lk): (252 ) 371 7(47 2)
2x3 °o]F AACNAN BARARE FET WA v et 22 Huthu|RE ©]83 4] Table
359 & HARARE BE 4 At}

Table 3.2 Orthogonal contrasts for SSsequence

SSsequence

Period
Sequence 1 2 3
1 1 1 1 1
2 -1 -1 -1 -1

Table 2.52} Table 3.55 H|ZHE A FHFEA7} 2A5H= AF 2x4 HFE A A= JFHET7} A
AETE WESte] £ARI, ATED 53} BF asle] THE BAH FE0] 94 S ¢ 5
Stk AT 2x3 0% AANA L FRETE EAGRE L AAZAE FrAsHed BA oS @
& gt

=
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Table 3.3 Orthogonal contrasts for SSperiod

SSpi1 SSpa SSps

Period Period Period
Sequence 1 2 3 4 1 2 3 4 1 2 3 4
1 1 1 -1 -1 1 -1 1 -1 -1 1 1 -1
2 1 1 -1 -1 1 -1 1 -1 -1 1 1 -1

Table 3.4 Orthogonal contrasts for SSprug and SScarry

SSDrug SSCarv‘y
Period Period
Sequence 1 2 3 4 1 2 3 4
1 1 -1 1 -1 0 1 -2 1
2 -1 1 -1 1 0 -1 2 -1

Table 3.5 Analysis of variance table for 2x4 design

sources df mean SS E(mean SS)

Between subjects
2
Sequence effect 1 MSsequence % {(91 —g2)+ (67“4761:{)} + 40% + Ug

Inter-subjects residuals (n1 +ng) —2 MSrnter 40% + Ug

Within subjects

%[{(m +p2 —Pp3 — pa) — M
Period effect 3 MSperiod + {(Pl —p2 +p3 —pa) — M
+ {(—m +p2+ps —pa) — M}Q]“‘“g
Drug effect 1 MSprug % {(7\'T —TR) — S(CT%:CR)}Q + o2
Carryover effect 1 MSCarry 3(87:‘117_*_’;2/2) {(er — ¢cr) — (70 — 7Rr)}? + o2
Intra-subjects residuals 3 (nqy +n2) — 5 MSinter ol
Total 4(n1 +n2) -1

4. 2x3 o]F AA A A=l

Woo 5 (2017)ell4] AIAH 2x3 o]F @74] Cmax A8 A2E F8357, FREaHE 235 78S
223t Table 4.19] BEARAEE Woo 5 (2017)0] AAE BAHRA o] J{a =o] 2719
Zlolth. o 5%olA FRET= "ZHEW AS FAHCE AT 5 AA T, 2% AAE
AR 7] Wil AAF JREFHVL EXSteete IR EA o Fo}k dEglel T AIATY] A
SA J7E £33 4 k.

= AAL BEA 2] 90% AFFZH (-0.0460, 0.2546) 02 FAHT. JIFAEIAS 1A
23S 0]23 Woo 5 (2017)0)4] A4HE A= 77k (-0.0489, 0.2575)9} W wa| R 25
o) [e]

3}917] W2l SI@AN A7 FolBo] Mt FE AHAT WAS 2 4 9SS T 4 At
| el o SFESEAA Y

A7
T AA AEA FrlolE 1 AAAA 2x3 o]F AAE o] &3
B

71E ATzl 2% 2gE A e 28 vk h2AA HEAS ol oF 38%= el Al



1572 Hwa Hyoung Woo - Sang-Gue Park - Woori Ko

AlE g3E §8 A= (-0.2791, 0.2791) 2 ARHEE, 90% A7 873k ol 2¥¢F S &
S 93 F AAY A5 A3 5 Ak
Table 4.1 Analysis of variance table for 2x3 dual design
sources degrees of freedom  sums of squares  mean squares F statistics Pr(> F)
Between-subjects
Sequence effect 1 0.1668 0.1668 1.576 0.223
Inter-subjects residuals 22 2.3288 0.1058
‘Within-subjects
Period effect 2 0.327 0.1636 1.277 0.289
Drug effect 1 0.174 0.1740 1.359 0.250
Carryover effect 1 0.357 0.3573 2.790 0.102
Intra-subjects residuals 44 5.634 0.1280
Total 71
5. 2&

A2 22Aa oJorEe] WEAel 2 Aol BobluA 2 22 AAAAE B APL e 7
T+ AE4 A5l Aafste ARZE ok AL Adnk. AAY BEE 5ol Adishs ¥ F st AlA
o] 5ol 71dshs 2US Atz wkgsiA] Zef WEge] AAA He Aoz 43A Yok H2 AF
A J5= =951 gA| T

7oA AR S4o] e IREAE Yol ARE wejslof Hris Ba A
(Cavana 5, 2015), FFEHE 13t 454 W7l 2o 3t EAH 222

®

AAZ AEA BrtA IFEARE T EE 2x2 AAEARE oJF 7] wjRo)| 2xk 1A}
AHAAE B8alok BhaL, 2x4 ¥hE AAY 2x3 o]F AAZF tite® wEE 4 k. 2 AF=RolA
© AFEAE 18T of 2x3 o]F AAG) 2x4 W A SAH FES AL, AAEAE FE
st 2x3 o5 AAZE Hok a3k AL 5 e He =osiith B 2x3 o)F AAle &F
2x2 AAEA R § 710E FUREA R N E S EE S AR IS SeiA Ak wApE A

A 485 = B4 AR T2 B8 4 ks AAR T fel 4 BRE WA =oseh
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Abstract

A 2x2 crossover design is the traditional statistical design for assessing bioequiva-
lence between original drug and generic drug. Recently 2xk higher crossover designs
are getting popular for assessing the bioequivalence of highly variable drug. Higher
order crossover designs allow inference of drug effect even in the presence of a carryover
effect. 2x3 crossover design is preferred for economical and ethical reasons compared to
2x4 crossover design, and it provides the inference of drug effect effectively with carry-
over effect. An illustrated example is also discussed with standard on pharmaceutical
equivalence study of MFDS.

Keywords: 2x3 dual design, bioequivalence assessment, carryover effect, generic drug,

highly variable drug.
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