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Bio-Equivalence Analysis using Linear Mixed Model
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Abstract

Linear mixed models are commonly used in the clinical pharmaceutical studies to analyze repeated measures
such as the crossover study data of bioequivalence studies. In these models, random effects describe the
correlation between repeated outcomes and variance-covariance matrix explain within-subject variabilities.
Bioequivalence analysis verifies whether a 90% confidence interval for geometric mean ratio of Cmax and
AUC between reference drug and test drug is included in the bioequivalence margin [0.8, 1.25] performed
using linear mixed models with period, sequence and treatment effects as fixed and sequence nested subject

effects as random. A Levofloxacin study is referred to for an example of real data analysis.
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1. M2

&7 F5A (bio-equivalence, ©]st AFA)olet F4d&o] A

£ ookl isle] 9 FHEE PR Y Foldzd T AA} MBI F4EE S=
ko] H]g, = A o] (bioavailability) o] gloiA] EAEH o=

2014). <F%3}H(pharmacokinetics) 222 AA 0|25, & AU =22 that kB9 49 ARE 747}
gD 2R 8% 27 E(Cmax)2} HE-A
curve; AUC) 2.2 AAHT} (Figure 1.1).

B BAL ov] 37HE Wk 71E9 okE (reference drug)y} AW o] okFol thdte] F ok
Cmax®} AUCS] 7]} 4] (geometric mea ratio)oll thal 90% AZ]F7ro] [0.8, 1.25] S <ol &
W FE otk gt (MFDS, 2014). o] 22 Fejx 7 9] Fa7t 55TS Holetl oA
U Sk Ao oz 3 &34 AR 2aen 530l ofd, o] A =Evs ¥l
AT RN F oFFo| AL Ao 7IE2E Wolso AL Qi
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Figure 1.1. The plasma concentration-time profile (including Cmax and AUC).

dutror AE AP wAAT (crossover study)o] Fej2 P v, o]2]dk WAt A (crossover
design) ] A=+ zF A} A (subject) ol THa) w) Al7](period) B= ¥HEElo] #EF B2 7| A- W (within-
subjects) £35S 7FX| 3 31, 3 3 A Ul FEE A= A2 FA7F o] (correlated) JoEZ
A 53%}7;‘51_33 (linear mixed model)-& ©]g3to] BA3= Zo] A A3t} (Lairde} Ware, 1982). o] &
ol A Ag gy} (random effect)E o] &3l 7NA U] &= A5 Abol] ARAAAE W3, FEA
B %t AA-W H5S Aot

o] =RoAE= 2 olA AP EF Y (linear mixed model)o] tfsle] 273k, 3% Lkl AEA
BAo] 2tz 129 28, 81 AR AN, 404 AA AEE o]R3F A= Ko, 1
Ato g 57 A A8S AlAlgT

-

23 (mixed model)°]3 1A EFE 3 (fixed effects model) o] :H 7} (random effect) 7} H3] 3
< @it o] o, WheW S (response) Yt WHETS] BEJ} RE AFEIE 2t J9S A3
_‘?_f‘é (linear mixed model)o]2} 3ty AFEFRYGNA MA i2 FEZA yi = (Yir, .-, Yin,) " ©l

B4 et 2k

~

i B2k
o ool ofh 1o

yij:$£ﬂ+zij;vi+eij, 'UiNN(O,)\), 62‘ij 0,0

2)7

(
AZNA B = (B1,...,B)TE p7hY RAEHY A5 (coeffeciients) o], AHDEH v; = (vit, ..., Vig)"
2} B} e AE SHoITh
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Figure 3.1. The design of 2 X 2 crossover study.
3. 459 24
3.1. dsd Al K2 &
el BEd AP Figure 3.13 o] 27§2] A]7](period) e} 27]9] <A< (sequence) & 7HA+=

2 x 2 W2 (crossover study) Z P A cE 2+ FPA= A WA A7)0l 7]52] & (Reference drug;
R)of AV ] o (Test drugs T) & 48915 2 8 212 A2 . F 20 A7l i ol
< 5835, o]y B8 A= APsHA mjAE 7—} AT FPA H 4 129 o)H(F 241
oJ)olofok atal, wj Al7]9] FE-AIZFACRHEE AL Cmaxst AUCE 7+t 2704 ZHA] ")

Cmax®} AUCE A} k9] gholur 22207 WmE7} 7 (right-skewed) XS 7R 22 dubEog
23X PEE (log-normal distribution)& wWEtia 7143t} {—H—‘#(seq) k(k=1,2) o &3 93d=x}
i(i=1,...,np)°0 t3te] j (5 = 1,2)9H A]7](prd)o] FZH Cmax(E= AUC)S 23S vl
%tﬁ"jf— yz‘jk‘j/]' 3]"3,

Yijk = 1+ prd; + seqy + trt, (k) + Vi) + ik, Vi) ~ N(0,N), eije ~ N (0,0%), (3.1)

AZNA (4, k)= AT kO] JHA A7)0 B&3 7)E AE(R) B AV H 4E(T)E 2 nshe A
Al8h4= (indicator function) o], HBET} v, 2} T2} e M2 S o|th

3.3. MSH 2Al0| JHZH
BT RS 71ZkET AR R FFA B4 Aol T o14S WolAW fA EE
HAY WL 45T 4 gt od WARG 4L 39E 717 554 (equivalence) ol ehe )

R

o F Holstry. aelal o]#et SAE ‘BS54 % (equivalence margin)’2f3 FE2c}. 2]ZF o] oFE ot
XJ(KFDAMI Al e SR AR ARl T4 Al 20% 2, Tl W 2 M

Hy : (trtr — trtr) <log(0.8) or (trtr — trtr) > log(1.25),
v.s.  Hp :1log(0.8) < (trtr — trtr) < log(1.25).
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Figure 4.1. The mean concentration-time profile of Levofloxacin data.

o] Z5A0 et F=AAHL ot F Mo B=A A (Two one-sided tests; TOST)S S Ao AA|&k
X 2t} (Schuirmann, 1987).

Ho1 : (trtr — trtg) <log(0.8)  v.s. Hip: (trtr — trtg) > log(0.8),
and Hog : (trtp — trtr) > log(1.25) v.s. Hig: (trtr — trtr) < log(1.25).

wetA] AEAAAFANA F FEe] Cmax@t AUCS] 7133 7H] exp(trtr — trtg)oll o3t 90% AlZ]+7F
o] BF 554 g W9l [0.8,1.25]00 23 = Gl F SFEo| AR 5530 HFE 5
Al 7 AA o] 95% AFFE e ® O]—roi;q o #ete], A B4 90% A=
£ 7HIA 99 7HEE AATE Ak TOST W2 Intersection-Union Tests(IUT)2] S¥3F A
2 AFE 90% A=T & AHEsH] 58S 13?'5]’% A%, o] AR A= 73 AR e
90% 1ol wkate] o527} size= 0.10] ok 0.050]th (Kang, 2008). wabx] Zujele] 454 AH
o Tt Zhol=eQl2 90% AF7HE o] &3t AFd A4S Asta Atk (MFDS, 2014).

4. dEEZSA A2| HIOE2A

YRZZA}A (Levoﬂoxacin)—% I FA(Gram-positice pathogens)¥ 13-4 (Gram-negative
pathogens) B0 FEA 2role FAAAoltt. ojw] AR e HEZEA] 7|2 FEA ALk

F(F) ZEPIEA T AV H Y E FUMHE(F)e] e Ae] AEde Hel7] fste], A,
T3] Fo], x| 2 x 2 AAATF7E AFH Tt (Chung 5, 2014). & 2678¢] 3] @20l thsto]
ZF Aol 1394 72 WA=, §F £ 17]0] 71Ee] ok, 27]0 A g Es, the ¢ 72
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Table 4.1. The analysis results of Levoflocxacin data

Response Parameter Estimate Std.Error DF t-value p-value
log(Cmax) trtp — trtg 0.0062 0.0436 24 0.14 0.8878
log(AUC) trtp — trtp —0.0190 0.0203 24 —0.94 0.3583
Geometric Mean Ratio (exp(trty — trtg)) 90% Confidence Interval
Cmax 1.0060 (0.9339-1.0842)
AUC 0.9810 (0.9476-1.0159)

1710l Al g e k=, 27]0 7]5—9] oh%% 77}t 250mgA] Fof Wit} weba Zzke] sl F o=
9] Cmax®} AUCE BT 7HX|1L 9o, o]& 3§ 7HA] WollA dHEste] 49 X
A A E T SR BF 5 Al A9 A B ALE Hof AFA

THe £38 5 Aot
23 A3 Cmax9} AUCE 29 (3.1)9 #1868 d¥h Table 41914 213 4 ik 712
23 AlgelokEe] Cmaxs} AUCS] 7)skgaulo] tish 90% 2177k B5 S543A 3 [0,

1.25]%89)0] T g T oF2o] ABH o7 ES5riy 75T 4 gk

Pt AYEFRPL ol ATH BAY ARTE, EARY, Teln A0 o]

Blo] AuE Al HlolHE 83t B4 AL8int. <
geFel st —E*OF oA e AP 22 wAATY AmE g ROl skl Al7]o] wep of W gt
ot SAH = WESHARE AA-W Bt A8 AAAA EAGER APEFRIS o]
&ote] EASh= Zo] Bl o]ef 22 NPTHRPL AT A7 29 ope} vl ksd A
- (comparative pharmacokinetics study), &4 & 28 <95 (Drug-drug interaction study), 4=
FEFF7E A+ (food effect study) 5 WHESHASE AMSsH B Ao &85 It Cmaxs}

AUC ©]9]9] o584 W4 (pharmacokinetic parameter) ¢l 85 5= 3= A7 Tmax)d}
0% 24N (112 IIACR ATRE 5L LIAFRES B4 Qeoha LA Ak o
o} Zro] kST HAGFEELE 2 A, YA P EFE Y (generalized linear mixed effect
model; Breslow®?} Clayton, 1993)¢]u ThhA L us}A & 2 & (hierarchical generalized linear model;
Lee2} Nelder, 1996)= 883 24 0] Zasirt. olzfst £4& o R ATHAA R AZHE 4 Ut
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