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Analysis of Bioequivalence Study using a Log-transformed Model
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Abstract — Logarithmic transformation of pharmacokinetic parameters is routinely used in bioequiv-
alence studies based on pharmacokinetic and statistical grounds by the United States Food and Drug
Administration (FDA), European Committee for Proprietary Medicinal Products (CPMP), and Japanese
National Institute of Health and Science (NTHS). Although it has not yet been recommended by the Korea
Food and Drug Administration (KFDA), its use is becoming increasingly necessary in order to harmonize
with international standards. In the present study, statistical procedures for the analysis of a bioequivalence
based on the log transformation and a related SAS procedure were demonstrated in order to aid the under-
standing and application. The AUC parameters used in this demonstration were taken from the previous
bioequivalence study for two aceclofenac tablets, which were perforined in a single-dose crossover design.
Analysis of variance (ANOVA), statistical power to detect 20% difference between the tablets, minimum
detectable difference and confidence intervals were all assessed following log-transformation of the data.
Bioequivalence of two aceclofenac tablets was then estimated based on the guideline of FDA. Considering
the international effort for harmaonization of guidelines for bioequivalence tests, this approach may require
a further evaluation for a future adaptation in the Korea Guidelines of Bioequivalence Tests (KGBT).
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o  :level of significance, 0.05
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Table I - Estimations of individual aceclofenac AUC (mg/m/ hr) values in normal and logarithmic scales

Subject Sequence AUC . Log AUC,,
R=Ref, T=Test (normal scale) Ratio (log scale)
1% period 2" period (T/R) 1* period 2" period
Al RT 26.3 27.0 1.027 3.270 3.296
A2 RT 21.6 22.0 1.019 3.073 3.091
A3 RT 20.7 19.9 0.961 3.030 2991
Ad RT 25.0 28.8 1.152 3.219 3.360
A5 RT 189 - 18.0 0.952 2.939 2.890
A6 RT 174 18.6 1.069 2.856 2.923
A7 RT 19.8 19.8 1.000 2.986 2.986
A8 RT 17.0 20.0 1.176 2.833 2.996
A9 RT 254 249 0.980 3.235 3215
Bl TR 214 21.6 0.991 3.063 3.073
B2 TR 26.1 32.6 0.801 3.262 3.484
B3 TR 353 219 1.612 3.564 3.086
B4 TR 17.2 22.1 0.778 2.845 3.096
B5 TR 19.6 255 0.769 2.976 3.239
B6 TR 134 119 1.126 2.595 2477
B7 TR 242 244 0.992 3.186 3.195
B8 TR 14.3 17.6 0.813 2.660 2.868
B9 TR 28.7 256 - 1.121 3.357 3.243
Geometric 1.003
mean
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Table II-Summary of geometric means for log trans-
formed AUC with lower and upper limits of the
mean

Formulation 1% period 2™ period Both periods

Geom. Geom. Geom. mean * DU

Mean  Mean Mean
Reference 21.09 21.85 2147 (17.16, 26.87)
Test 21.25 21.83 2154 (16.78, 27.64)

D gmean = 5D+ Jower and upper limit of mean; mean and SD
were obtained from log transformed data

Table III — Point estimate and 90% confidence intervals of
AUC parameters. Log transformed AUC was
used for statistical procedure

90% confidence
interval?

Test/Reference
point estimate

1.003 0.9315 1.080
DShould be 0.8~1.25 to claim bicequivalence™™
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Table IV -ANOVA table for log transformed AUC parameter

Analysis of variance

Log transformed data, «=0.05

Source of variation Degree of freedom  Sum of square Mean square F-test
Sequences 1 0.00017528 0.00017528 0.002 (»=0.9676)
Subject(SEQ) 16 1.64667075 0.10291692 6.350 (»=0.0003)
Periods 1 0.00865490 0.00865490 0.534 (p=0.4755)
Drugs 1 0.00008802 0.00008802 0.005 (p=0.9422)
Residual 16 0.25931026 0.01620689

Total 35 1.91489921
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Box 1 — A representative SAS procedure for the evaluation of bioequivalence using log transformed bioavailability parameters

Data Ydata;
dlolg 9y Infile ‘aceclofenac.dat’;
Input group subject period tmt ny;

Data transY;set Ydata;
dlo]El el 2 awE y=log(ny);
keep group subject period tmt ny y;

Proc sort Data=transY; by group period subject tmt;
Proc means n noprint Data=transY; by group;
var y;
Hole 3 output out=no n=n;
Data no; set no;
n=n/2;
Proc sort Data=no; by group;

Title 'Anova test’;

Proc glm Data=transY outstat=Ranova;

class tmt period group subject;

model y=group subject(group) period tmt/ss3;
test h=group e=subject(group)/htype=3 etype=3;
Ismeans tmt period/stderr pdiff out=Ismeani;

Data error; set Ranova; if SOURCE_='ERROR};
mse=ss/df;

e BERE ssess
id=1;

keep id mse sse df;
Proc sort Data=error; by id;

e
2
M
1

Data nol; set no; if group=1;

nl=n; id=1;

keep nl id;

Proc sort Data=nol; by id;

Data no2; set no; if group=2;

n2=n; id=1;

keep n2 id;

Proc sort Data=no2; by id;

Data Ismeanll; set lsmeanl; if tmt=1;
Ref=Ismean;

d=1;

keep id Ref;

Proc sort Data=lsmeanll; by id;

Data Ismeanl2; set lsmeanl; if tmt=2;
Test=Ilsmean;

id=1;

keep id Test;

Proc sort Data=Ismean 12; by id;

B A

Title Mean and Power’,
Data power; merge Ismeanll lsmeanl2 nol no2 error; by id;
) G_Ref=exp(Ref);
&9 At G_Test=exp(Test);
D=2*(log(1.2))**2/(mse*(1/N1+1/N2));
Power05=1-probF(Finv(0.95,1,df,0),1,df, D);
Power10=1-probF(Finv(0.90,1,df,0),1,df,D);
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Box 1 - Continued

Hadz2 AR

D_05=Sqrt((Fnonct(Finv(0.95,1,df,0),1,df,0.2))*MSE*(1/N1+1/N2)/2);
Delta05=exp(D_05)-1;
D_10=Sqrt((Fnonct(Finv(0.90,1,df,0),1,df,0.2))*MSE*(I/N1+ 1/N2)/2);
Deltal0=exp(D_10)-1;

Proc print;

var G_Ref G_Test Delta05 Deltal0 Power05 Powerl0;

Data twoside; merge Ismeanll Ismeanl2 nol no2 error; by id;

Title '90% confidence intervals';
spool=mse*(0.5)*((1/n1)+(1/n2));

se=sqrt(spool);
diff="Test-Ref;
ct=tinv(0.05,df,0);
absct=abs(ct);

90% AT A Ratio=exp(dif;

lower=(Test-Ref)-(absct *se);

upper=(Test-Ref)+(absct *se);

plower=exp(lower);

pupper =exp(upper);

Proc print Data=twoside;
var Ratio plower pupper;

Run;
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