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Assessment and Interpretation of Bioequivalence for Two Drug
Formulations using Crossover Design

Seoung-gon Kol), Hyun Sook Oh?

Abstract

Crossover design is officially, except for special occasions, recommended by KFDA
and FDA for assessing Bioequivalence between two drugs, one for reference and the
other for innovator. Such design is regarded as a special case of latin square, split-plot
or repeated measurement design and its main difference with other designing methods
is that each subject in an experiment is exposed two drugs in sequence. Therefore
general statistical analysis is not suitable since the model for this experiment includes
carryover effect in addition to period and sequence effect. In this paper, analysis for
crossover model with two drugs and its interpretation are mainly discussed and an
example is given for illustration.
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REe] AESHY F5A4 AFAA F *% A A (drugs) I+ BE Y AAg M2 g
Al (drug formulations) 2Fe] o]zt vtm & & Jertes AEFH B 3ol ol2ld A5
Ae s AP AAE S 24T Aoy, 7 AE thdde] ot HEEnA she
A ade FARo HelZ AFY 4 dvie AME 2t Pl=e FDA(Food and Drug
Administration, 1989)¢} 3= ¢] KFDA(Korean Food & Drug Administration, 1998)ol A& 53
A7 e 3 wx A4S AR : v A geld AFdAAEC AE AlAltest drug;
)9+ thE A Al (reference drug; R) % 31 S HA Fo wa A A o] & & (bioavailability) &4 A
g #Ed o, %1/‘4 A zko]l At & Um R AAE Fo wol 1 AE vl AR oy
7+ Ay QARELS F &4 FoAAd & A AFEA wix At = [E L1AAM AAG net
2ol 5 7h9 —‘r"ig} F e 7ztel e AS, A HA &4 “HX]Q AFudaed A A
1Zbell AA TE o wied, 38, 5 HA FA wixd
A3 EH’E}X}%% A AR 71k AA TE a8 F OHA 3 AARE Fo ‘“741 Hrh o
Agozrnge ATE U Mo Acel) HFow AP, wats Hd U A BErs 3
& 4 A At 28y, #AJYE 2 d2A4 "3, oM 29, 71 &9, A4 &9, a8
AR AYgFHeg, F71HQ 7H glo] o] RFE AHsA FAQ3= Erbsd e o
Ao AL BAA Z@Ae WY sFHolgel] 4F 3} e WHAN #HE F de F
7} 7tAR o] BRstA Hu ole FAIFoE EYo AA (reparameterization)® EIHI o]F 7|E
oz A7 1 sfMo] 9-drh
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Ao 2d& Aofstd (L)% 2o

Vie = H + Gk + S,‘k +P,' + F(j,k) + C(jwlvk) + E ik,
Sp ~ NO0,0D , ez ~ #dNO,05, i = 1,2,3,...,m, j = 1,2, b = 1,2 (1.1

A 2R G), 71BEARP), AA EHX(F), TFEIH}(C)
o

g e
3G, =0, ZP; =0, EXF4n =0, ZXCy10 =0 (1.2)
. Crn (,B=(2,1)
Fr, (G, RA=(1,1),(2,2), _ A A
Foo = \Ff Gp=p @D 297 Cow = | Cr GA=2.2)

Tg zk )i x e 29" 48 gAREY BE 372 y,0n £
pp Bt Ao, olE (12)9 =z wet (1.3)% Zo Zd 2 F oy, o" Ex X9
Echelon HHj24 AAYZE X7t A PBAA, =, 2t ZFE] 2
Zt} (Elswick et al.(1991)).
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(13)o4 AAE E9 s v, %5 37 £49 A 2o 2 F(confounding) ol 3
o] Bo HAAE FAXE EAA o AL L F Ak oG olF 2, AA F AAl
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washout periods)22 MAEE Ay AL o) &t E =& A 3 Ao =od A} 2o
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89 b N = EMS F-1A

q43d9s

vE 57 ! MM (0 Ct 420+ o Fo = MSJMS e
n1+n2

c}]}(g,;;‘{e%}i} nt+n,—2 202g+026

g ¥

xﬂxﬂ v—§.31} 1 %%[(FT_FR)+(CR“CT)/2]2+O€ FD = MSD/MSIntm

A7 &% 1 2mm p _ py2i g Fp = MSp/MSpn,
n1+n2

Wc{;ﬁrgﬂ mtn—2 o

(22)9) (X/X) 'l A} RFEF] FERA] AFE BRE JF R/ FAHAE AA &
sto] AXET 2 o AARYL L 5 AT, o8 FAZ AME AA Adst RREIHY F
B2 zre] FBASE F 07072 WS TS AL L F Aok wHA (28 g )84T B, A
Aol mzel AYolde AFaRs F¥E FPde AL WS oAFSH, o) A5 AA aFHe
B FAHE Aol o) AA R BF B BT fFolsA gk ZEe =2 sl
e}, oleld AdE AFAFIE A HA EHAA BEHE T IBEd FFRES F A
MM BEHE T 775t HFFEDY Aol HYHAA e ARE EF o]§d=
v AA G599 EAHdE A WA Ty A9E ol&3A €& BRAgFE [E 21]12FHE
oF 2= oty @3, BARMFE EMSTA & & A%, IRHIAAI KAT B¢, AA &
o] SoALe [H22]F ol&d HWAY 4 A Foh 0)EF ol fE, A APS Ao AUt
Grizzle(1965)& A Al adel IF &7 FA2F AZFEve oy 2L 204 7MEHA 2xE
Atk gl

(1) BFEHY F94 A8E FA

(2) (1] ZelA

CRABFEIHI F A, A WA 73 Fete ARUeR AA FHAE FA
- RAEEN) §95A 2 AE FFREFAE B Asi £

e AoHE [28 1] BAL B8 #FEad7 fvn AdsEHE 245 g 23S 1LDE

e Hostn 1 BA wHe nyd REE
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AEe AAFE Wy B4 FFEH FAY weige Falo) gl
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A AR F A1Be A gel Feld gl BF AR WA
o selof @tk 13 S Ao

ol el 7|7to. 2 stojof 39, o ItFE
o Fof 7|7+ FE AHE wizkrle] HA3H 5l o] Abo]of of s}

.‘?_fg II y,,»k = M + Gk + S,‘k +Pj + F(j'k) -+ E,‘jk,
Su ~ NO,0D , ey ~ #dNO0,0D, i = 1,2,3,....,m 7 = 1,2, k= 1,2

(28 mMeld A 137 Q2% =3¢ $9¢ wde 183w G292 Yehd & 93, 4 &
7ol HaAS 2AAE [X 3112 o) gste 7 & glon oo RAEMEE [F 3.2]¢ 20l
Holgy,

“11 1 1 1 iAWy 0.25 0 0
vl — 1 1 =1 —1{{G| = . -1 _ 0 0.25 0 0
e 1 -1 1 —1|| A, Xub, (Xy'Xm 0 0 0.95 0 (3.2)

r G 12 F
71%k 712k 713t 713k

1 2 1 2 1 2 1 2

24 1 1/4 1/4 1/4 1/4 1/4 -1/4 1/4 -1/4

. 2 1/4 1/4 -1/4 -1/4 1/4 -1/4 -1/4 1/4

[E 3.1] 2% FAANA 24 B2 3F y,9 A5 ZFEAAN 9= 3%
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K9l A% EMS F-3A
a4 i1
. I 2711712 _ 2 _
&A &3 1 Tn 4y (Gy— G +26%+ & Fs = MSs/MS per
m%ﬁegﬂ nytn,—2 20>+ o>
gy dF
. 2nymy 2 -
A A & 1 (n1+n2) (FT FR) +0€ Fp = MSD/MSIntm
A 3 1 _Imm_p  pyry Fp = MSy/MSp,
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ny+ny—2 o
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2(n1+n2)—1

[& 31] 2FE37 s 459 2UEAR

AA A By Fro Ak FHAAE B8 S A5E o822 A 2 A9 [ 11F 4
2 W ¢ AL EAE MR FZE 5 o, o] g dig HAL gl X (residuals
within subjects)l] &3] ARFHDZ A 2atol o8 HAHE A a3 AAH ZAid 9%
& A @A Ho vj$ » i F Atk 2 (XyXp A @ F URe], BE
EE AR At ooz U g3Ee] FAHA 9] H4A4 Addus FHe e

og71A Fodiolr & He [ 19 #Faxe AFge (F 19 &4 239 A a
e T, UmA AA &y, 7|1z 23] ik AFge gk A 5Usd, T BAREA R
FA AR e Z2ohe Aeolth. a1 siAd oM e & Aot dEH, 2 F e BAF
F Y3, F HAAZE F 2y BARAMFM A &3

st Ho A Y 7)o ft(expected mean squares; EMS)
g2 N2 24 HAgEde RS & 5 Aok oo g HAS AA QAE Fal A 42AM =

=

4. 9 A : Liu and Chow

[E 4112 Liu & Chow(1992)7F A|AIg 249 o] A7k AE tde=z £F 2x2 ua Ay
HAIGE AEEAM, 5d AA M2 & 2 digh A q & AEstnA 2AE A
71 71E9 AA FA 2 50mle] gl Heloln, Y &% FHe FHE AY AAR 3o,
Zk AAE wx T o, A A Ay WY A AHE T OAFH 3221307}
A9 A % AZF-F M (plasma or blood concentration-time curve; AUC)«] #& F3 Aol

= |
234 554

oJd @ Ux Ao BAHlA FDA £ KFDASIM ARsE Mg Wl 345 282 59
#on Sttt 3 /129 AA FAol W@ AA W BF A NFo2 FE K /0
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o Squ SueE, Aee A == AA DA g AH U BE Aol JE AA Ex A
A WA o)t A & Qome WA [wd e T BREH §5E  welder @
(E 421 asazte] f7d e AR 98 BARgEeln
B e A T R T BTl e I I P S R P
H3 w3
1 1 74.675 73.675 2 2 74.825 37.350
1 4 96.400 93.250 2 3 86.875 51.925
1 5 101.950 102.125 2 7 81.675 72175
1 6 79.050 69.450 2 8 92.700 77.500
1 11 79.050 69.025 2 9 50.450 71.875
1 12 85.950 68.700 2 10 66.125 94.025
1 15 69.725 59.425 2 13 122.450 124975
1 16 86.725 76.125 2 14 99.075 85.225
1 19 112675 114.875 2 17 86.350 95.925
1 20 99.525 116.250 2 18 49925 67.100
1 23 89.425 64.175 2 21 42700 59.425
1 24 55175 74575 2 22 91.725 114.050

(¥ 41] =9 A& E 5AA(ZEH: Liu and Chow, 1992)

29 Ap A 5 & B A F-g

gt HE

2 &2s 1 276.0° 276.0 0.375
gz A 22 16211.5 736.9

q3d WE

AA & 1 62.8 62.8 0.375

71y &% 1 36.0 36.0 0.215
o R B 5 22 3679.4 167.2
TAd FUE 23 20265.7

‘RE ge BHE AA5AA #ey =
(¥ 42] AFa5%e) fo4 3¢ 9% ¥ARAu

[ 4208 o838 ¥4 B4e A%, AFEINT FIFE 005 £X 01stelq fFoldtx gon
2, 494% (29 Mg A48 & Atk g, P& BFEA} EASA guds A 3§
AA B ABRY FEHE AN B 5 b, 4 §

_!___':__
54 A% 9@ FAN /T obehst RrH(FHTAFFPU9W), LBE (1999).
L dizebs Algerel M %o PEA Aol thxokel 20% olfelofor #rh g :m

ki
ol
o
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2. BARMLe dxHow foFfFE 5~10%2 dt, 71 AHE(precision)Z2A HAEE (1- )L
082 Tgx HA HAEA 4& 020]3t= §o] vl s (FFe FF/ol wal HarHE9
olug nFY "oyt o) £k

3. F AAY A o) &ES Ao HF FAE T 29 AHA} §X HUME 4.1

A2 oo Ha3 FeAe] HT AUCE AAFSHH, Zhzb 82.5594 98 80.27197F =ojM F n)
w FEe] HFA Aoy (42)d o wiEeke] 20% oluld ez, (419 #A 7F 1 &
&3 RS E UG

1 A8 AA - 71 AA

A <100 = 2.77 < 20(%) 4.2)
293, @ Al =oE (28 05 (29 Mo 2ARAES] EMSTS vnstd Z3a9%o),
(28 I]& o83 AFaN HAANAN #AFaAr #9931 HA$ole [F 22]F o839 73 [X
4219 B2t RAEE ol et AA EHel Aolrt A=AE ARY & glov}, B oA A, &
A AEE vt Zol FHEAI FAFH fKogFStAAM fFolstA g, (2 [ [ MolA
AR AFEE Fobe dol BYsn, T wMEH AREH AFHE Tohe Aol B
e [F 42)% o)8atd AA BHe Aol ARY + AUtk ARHE FoFE 5-10%01A
Fe8x @A degonz 4De By s1Fd 2 B2 BRIty & & Aok bz gEds
AALsE7] Y3k A EE (43)% #Zow, olF TAR AtdE HAEHL 0984} HJE2g, O 2HE
WERGT T+ ATk BB o — 0.05, ARE 2, BEY 1-4 — 0.8 ZANH My ¥
EE 23, HAZE AtsidE, 2.93217°] FHo HALFEAE Ao gaf 016110 =iz, ol&
02 Bt} =z}
MAE AN Amem = 7'%**'*“¢94M§E%fﬂx0-2 = 83?334271022 = 4.4291 (43)
VMSEXA (4. a1-p=08)  _  VI167.2%2.9322

SES — — -
BBEN A= S weaeva O wssonz OBl “a

=

83 %48 71 @D 338E 98 F AAd YA ol&EY Ao Wi 90%AH FIHE (459
2a, olE E5A 71Fo wet wiws] B (—8.20%, 13.75%) C(—20%,20%) 7} =Ho 20/20 F%F

o

a0, gebd, nRE T oAM 985S 4B $Esvm: g & Qv

rﬁ

909% N TFZ 1 Fr—Fr * tgp oV 2MSE/n = (—6.77815, 11.3531) (45)
5. 4 &

AFAA, mA AAS 2Pl x7hst BARYS Y ez A4 A
g3 A2%E F54 23049 1 0]§2 Loiu gk A N 2@ (28 03 A 330
N 2AY (28 Mo BARARANE AA 5% AFEE T FAAAL, 2 A
RoIAE 2 Aol7}t Yee EMSE B3 FWsHth Z, (29 DA &7 &7t f98 F3
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L Zojzl EARMEE olgate] AA Lol Aol 28 FAW £ flor], o B AA TH
of ZAol glol R WA V17l BHAVL A Hol FHeE EE HE(variability)d]
Aee Axn 248 o @ BFEAG AR Dol ArAFT A AN T aIHe
Aole FRey WER A Dol B Ba FH P 5 Qo)A AA AEAHo2 FFAA
e ASeE S0y 4vd & QA= LFE WD sbsAel wopdn wd, 48%E B
Sael ARAME JH5e @ Fob0e FRE A, AREIT TS FES FH= A
o ZasAw, ooy (¥ & 5% ARadel 43 4FAaE & Aok o) =dE u%

X

3 S 2 A5 S

ol (nonstatistician)? #H E£& i}ﬂoﬂ/‘i By guryow HESH FoAH AFAA A
dE (=¥ s 7HAsE, &4 2y Fade Axgy (28 109 ¢4 &
7o) A Feo] FL3trte o 3743}@1, B B A fEA g AxE A4 aRE A
Z-&fjof 3th

FaR B BAEE ol &ste AA ARE HITT
A

okl —trH aAnrt §9ost A g3t AA a2HE ASE F glo=
2 @ 1 77+ zAewrs ojgsld 7+ AA AHE FAHEL o)F AR AA AR FoA o
nz Az,

B A2 £54 A2 A 4 oA dZ9 utsh o] AAlEE EAFA AN AA E=
WA Dol HFge AZol F2 o)F: YA, 1A guje AFHRH FFAH AFTE MM
= olol Axo] st #E FA msof s (Chow & Lu(1992)) Uolrt @y BAES FA
o] =8 % 9l wyo] mAlFojol gk EF Q&4 5(1999)0] = e uheh Zeo], A2 o}
Aol A EAS AAe &% L= A, AE, 9, 7HFS %91 TQF ezt o2 98 7HA A A
Halo] sjure] Bk 9 o7 AA EE AA FAL ANE AAG vwEe], T £ @d
Ao o, WESNY TEHS AEF F dE FelHola BAAQ WRe]l BAH il Frt
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