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Abstract: The Logarithmic Transformation is widely used to address the skewness and assumes the normality
assumption of the bioequivalence data but this may not be true in all cases unless the underlying assumption is taken
into account and verified that the randomly generated data is normally distributed in the BE studies. Instead of restoring
the normality in the data, the Log-Transformation may introduce new problems like inducing skewness with an increase
in variability, which are even more difficult to deal with, then the original problem of non-normal distribution of data.
Pharmacokinetic parameters, derived from the real biodata of the bioequivalence study of Glimepiride 4mg tablet was
statistically analyzed, with and without, Log-Transformation through ANOVA and the two were compared for normality
assumption through the standard testing for normality like Shapiro-Wilk and Q-Q Plots. The comparison of the conclusive
results from both approaches, linear and log-transformed data, does not conclude any significant difference. A further
investigation is required to strengthen this notion and to identify the circumstances and situations where the deterministic
parameters are ascertained to select a suitable model for the data analysis and conclusion. The alternative analytic
methods that eliminate the need of transforming non-normal data distributions prior to analysis, like Wilcoxon-Mann-
Whitney two one-sided test which has been recommended by Hauschke et al., Hodges-Lehmann estimator or the other
newer analytic distribution-free methods, that are not dependent on the distribution of data like the generalized

estimating equations (GEE) are recommended.
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INTRODUCTION

The randomly generated data in any bio-medical
event like scientific experiment, survey or a clinical
study, are mostly assumed and considered to be
normally distributed. Normal Probability Distribution
(NPD) is the most common amongst the continuous
distributions and enjoys a prominent place in the bio-
medical research. Yet the attributes in all bio-medical
researches or events are not distributed normally and
in many cases, instead of a bell-shaped normal curve,
the data show skewness in the mechanisms of
distributions. Many a times, such departure from
normality can be corrected by applying a standard
practices of data transformation, like the logarithmic or
square root but all important variables cannot be
normalized or transformed to normality this way.

The Logarithmic Transformation (LT) is commonly
used in biodata to deal with its skewness in order to get
the distribution closer to symmetric or Normality, prior
to t-testing. The LT is used in evaluating the majority of
random variables and concluding their statistical
inferences but it's usefulness is based on the
fundamental assumption that the generated biodata is
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distributed normally. Yet it is not guaranteed that LT
will assume normality and will not induce a skewness
which might worsen the situation as the LT may not
only induce skewness but also increase the variability
of the data. In addition, the results obtained in a
standard statistical test performed on log-transformed
data are sometimes not relevant to the original, non-
transformed data.

The Bioequivalence Studies (BE) are conducted
with an objective of evaluating the equivalence of Test
to Reference drug products, mainly for the switchability
and interchangeability of generic copies with the
innovator’s brands. The selected Pharmacokinetic (PK)
parameters are computed from the biodata generated
during the study and required to be Log.Transformed
prior to the statistical analysis. It is generally
acknowledged that the validity of such inferences can
never be ascertained if the inter-subject or intra-subject
variabilities of such data are not distributed normally.
Such variabilities represent a case-in-point for BE data.

It has been conventionally assumed that since the
decay of plasma drug levels of bio-data, or plasma
concentration-time data is exponential and is linear on
the logarithmic scale, hence the probability distribution
of any PK metrics, extracted from such data will be
normal on such scale. Accordingly, the distribution of
the variability of main PK metrics such as the area
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under the plasma concentration-time curve (AUC) and
the maximum plasma drug concentration level (Cpax) is
likely to be normal on such scale. LT of the bio-data is
mandatorily required prior to the statistical analysis, by
almost all regulatory guidances with the aim of
assuming normality of the probability distribution [1-4].

OBJECTIVE

The aim of the present work is to assess the impact
of log-transformation in assuming normality of data,
generated during a Bioequivalence (BE) study. The
main focus of this research is to examine whether the
log-transformation removes the skewness of data and
succeeds in the restoration of normality in a
distribution. Another prime objective of this research is
to demonstrate the intrusive nature of log-trans-
formation and its impact on the dispersion of real data.

METHODOLOGY

The real data for a 2 x 2 BE study of Glimepiride
(active pharmaceutical ingredient) 4mg tablet, were
used in this research, with the generous permission of
JPM [5]. Both products, Glitra (JPM) as Test and
Amaryl (Aventis) as Reference product, satisfied the
official requirements with regards to their
pharmaceutical characteristics. The data, carrying
unknown Probability Distribution, were assessed for the
normality testing, in accordance with the officially
approved statistical procedures using Biostat®, a
software, similar to SAS programme. The results of
originally generated and log-transformed data of the BE
study were compared. The impact of LT on the several
known normality indicators, Skewness and Kurtosis, as
well as on the outcome of other test procedure and
estimates like the width of shortest 90% Confidence
Interval (Cl) and the outcome of the two-one sided test
(TOST) procedure were examined.

Study Design Features, Statistical Evaluation and
Bioequivalence Conclusion

The data used in this research work was taken from
Glitra (Glimepiride) BE study, which was conducted on
thirty six, healthy, male volunteers, as per the protocol,
approved by the Ethics Committee. After the drug
administration, the blood samples were collected on
pre-determined intervals and the plasma Glimepiride
levels were determined by a fully validated analytical
procedure.

For the BE evaluation, two procedures,
recommended by the worldwide regulatory authorities,

the 90% classical Confidence Interval (Cl) and the two-
one sided testing of hypothesis (TOST) were
employed. These two procedures are generally
operationally equivalent to one another since they are
supposed to arrive to, more or less, the same decision
with regards to concluding bioequivalence or bio-in-
equivalence. Needless to say that both procedures
have to be conducted on the Log-scale, despite the fact
that the variance of all components of ANOVA was
found insignificant on either scale.

For the purpose of concluding equivalence,
statistical evaluation of the plasma drug concentration-
time data was conducted on the Log-transformed data,
included the analysis of the variance (ANOVA) for the
area under the plasma conc.-time profile from time zero
to the last measureable plasma levels (AUCq_), from
time zero to infinity (AUCo_.) and the maximum
plasma concentration (Cnax). The intra-subject residual
component of ANOVA was used to construct the
shortest classical 90% CI, as well as Schuirmann’s
Two One-Sided Test (TOST) procedure was adapted.
Nevertheless, BE could only be concluded by the three
statistical procedures, used for BE testing, as
demonstrated in Tables and Figures, coming ahead.

Notwithstanding, since the prime objective of the
present work was to assess the impact of Log-
transformation on the results of biodata, the statistical
evaluation of data was also performed on the linear
scale so that a comparison between the two
approaches is established.

RESULT AND DISCUSSION

The results, presented in this work provide
preliminary evidence of the weaknesses and
shortcoming of the statistical procedures that are
presently used to assess BE data. Some suggestions
may also be proposed to address this problem.

Details of the BE study including the features, data
for individual volunteer, analytical results, main
pharmacokinetic metrics and the graphic presentation
of the plasma concentration-time profile for the test and
reference products are presented in Tables 1 & 2, and
Figures 1 & 2 respectively. Detail of the ANOVA on
linear-linear and linear-log scale is presented in Tables
3 & 4, graphical presentation of the 90% Cl is given in
Figure 3, assessment of the restoration of Normality by
Shapiro-Wilk test and Q-Q plots of the studentized intra
and inter- subject residuals is given in Table 5 & 6, and
the statistical inference of the results, according to the



Impact of Logarithmic Transformation on the Restoration Journal of Basic & Applied Sciences, 2017, Volume 13 599

Table 1: Glitra Bioequivalence Study — Sample Points, Sequence, Period and Blood Levels

Hapsed Time:( 0.0 [ 0.5 | 10| 15| 20| 25| 30|35|40|45|50|55|60]|65]| 7.0]90|12.0{16.0(24.0 30.0'

Per| Seq| Tre|SubjiC01|C2 |C3|C4|CS5|C6[(CT7|C8|CHY|C10[C11|C-12|C13|C-14|C-15]C-16|C-17|C-18|C-19 c20]
I I 1 00 | 104 | 398 [ 587 | 703 | 763 | 073 | 194 | 1616 | 1809 | B32 | 918 | 603 | 610 | 460 | 525 | 425 | ©9 [ 103 | 6.1

2 0.0 16 | 363 | 636 | 699 | 66.0 | 73.7 | 713 | m24 | 484 | 972 | 738 | 645 | 604 | 615 | 771 | 864 | 408 | D7 | 13
5 00 | 24 | 412 | 430 | 381 | 245 | 279 | 293 | 325 | 634 | 592 | 488 | 343 | 263 | 162 | u6 | n2 | 88 55

] 0.0 0.0 M1 | 346 | 427 | 46.1 | 509 | 569 | 602 | 918 96.1 | 794 | 702 | 59.5 | 489 | 345 | 252 10.2

7 0.0 139 | 486 | 683 710 | 606 511 | 459 | 447 | 1641 | 2469 [ 2424 | 203.1| 1850 | 180.7 | 897 | 52.7 | 425 132 938
3 0.0 D6 | 344 | 434 | 555 | 449 | 478 | 548 | 739 | 1825 | 174.1 | 1577 | 1164 | 813 629 | 255 9.0

11 0.0 83 250 | 640 | 59.0 | 657 | 688 | 765 | 882 | B19 | 426 | 1166 | 938 | 78.0 711 441 | 228 D4 7.6 6.4
12 0.0 84 349 | 410 | 469 | 438 | 629 | 1043 | 762 | 2095 | 421 | 240 | 983 | 783 610 | 449 | 341 3.6 8.8
0.0 273 | 820 | 777 | 1068 | 968 | 1587 | 3123 — 3315 | 2355|1763 | 1531 | 1164 | 237 | 711 317 187 88 6.0
15 0.0 790 1581 | 486 | 1018 971 96.0 641 521 491 377 369 36.7 380 357 371 562 us 69 59
16 0.0 152 | 500 | 675 | 83.6 | 8906 | 1090 | 997 | 6.7 | 164.7 | 1706 | 1243 | 102.2 | 815 76.1 ] 299 | 265 5.2 7.7 5.3
17 0.0 209 | 213 | 1594 | 136 | 853 910 | 607 | 818 | 560 | 787 | 760 | 701 | 641 | 980 | 1092 | 824 | 412 102 7.1
19 0.0 103 | 264 | 239 | 228 | 214 221 | 224 | 319 | 968 | 1845 | 1926 | 1613 | 1359 | 321 | 589 | 238 115 6.3
21 0.0 00 409 351 200 215 831 1041 | 259 | 1557 823 478 375 257 226 91
23 0.0 372 97.1 | 99.1 | 718 392 | 522 610 | 567 | 18.1 | 680 | 67.0 | 27.2 217 17.8 9.3 5.4
28 0.0 125 | 437 | 676 | 533 | 503 | 390 | 423 | 488 | 444 | 342 | 296 | 268 231 | 245 215 322 | 368 | 186 | 302
&l 0.0 0.0 272 466 48 6 376 385 497 623 661 | B50 | 1616 | 1409 | 1276 874 325 2.0 91
BS] 0.0 28 | 833 | 227 | 382 | 145 80.1 | 63.1 | 57.1 | 85.0 | 228 | 1237 | 1247 | 1282 | 1505 | 107.3 | 545 9.2 74

SN I =Y S IR N I ') [0 [ [ Fy P oy ey py

SN I =Y S IR N I ') [0 [ [ Fy P oy ey py

AR A R el LR R R R R R R R e
I

3 0.0 74 46.6 | 1166 | 283 | 152.3 | 2557 | 306.5 | 3417 | 3195 | 2332 | 1996 | 1706 | 442 | 34.1] 728 | 434 | 279 0.6 7.3
4 0.0 53 81 124 26 209 249 250 251 368 512 758 655 860 | 1027 411 263 17.0 116 7.0
9 0.0 0.0 00 6.0 50 6.7 95 583 M72 | 960 | 635 | 265 | 1000 729 521 249
10 0.0 0.0 1.6 18.0 15.6 152 179 | 528 | 219 | 2390 | 1514 | 1026 | 718 601 | 644 | 445 | 272 B9
13 0.0 62 B4 137 155 B0 139 185 329 777 1415 | 2105 | 1845 | 1925 | W75 955 749 | 1040 3 69
18 0.0 0.0 207 | 220 | 204 | 279 | 238 13 541 ] 726 | 441 | 256 | 983 | 79.3 | 822 | 447 | 305 .6 59
20 0.0 0.0 B.1 169 17.8 214 341 | 449 | 772 | 656 | 492 | 842 | 056 | 773 | 655 | 328 | 227 B.8 53
22 0.0 113 30.0 | 37.1 | 36.0 | 36.0 | 313 | 294 | 368 73.1 | 900 | 814 | 738 | 694 | 810 | 820 | 175 | 806 | 399 164
0.0 0.0 B0 15.1 1o 79 938 9 .o 180 15 1 1017 708 616 574 342 300 280 83

0.0 54 218 320 48 4 1159 | 997 | 2633 | 3788|4724 | 4102 | 3633 | 3557 | 3274 | 3616 | 2685 | 2036 | 1235 513 421

6 0.0 142 | 620 | 899 713 727 | 731 | 487 |2498]3240 | 1530 | 255 | 1236 | 132 | D56 ] 76.1 | 369 | 266 118 87
27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 101 | 453 | 950 | 133 | 7.8 | 10.0 | 89.9 312 6.4
9 0.0 0.0 5.8 8.9 10.4 B0 43 | 286 | 460 | 385 | 478 | 379 | 322 28.1 | 236 | 284 | 844 | 401 72

30 0.0 72 252 | 372 | 480 | 669 | 464 | 565 | 542 | 495 | 723 | 1065 | 1026 | 916 | 706 | 430 | 903 | 329
32 0.0 0.0 0.0 7.5 5.0 103 6.4 | 395 79.1 | 584 | 544 | 1069 | 885 | 56.5 | 454 76 | 379 | 266 3.2 59
33 0.0 0.0 0.0 92 4.1 13 118 114 8.4 0.7 240 22 4 242 212 16 3 “.0o 470 203
34 0.0 0.0 0.0 7.7 7.7 8.8 6.8 7.3 5.3 5.5 4.5 6.4 11 23 D7 | 202 | B35 | 950 | 356 no
36 0.0 75 426 | 69.1 | 808 | 795 | 762 | 893 | B66 | 1982 | 2047 | 1673 | 1568 | 1652 | 1825 | 3590 | 1558 | 805 | 352 104

HiE|E|=(H|H[HE[EH|=|H[(=|H[=]E|=]=
S I I I I CI I I I e
o |®

0.0 75 2235 36.1 | 38.1 | 469 | 615 | 987 | 108.1 | 133.0 | 847 | 638 | 514 | 46.6 | 416 414 318 253 u.1 9.7
0.0 B.1 | 447 | 585 | 69.7 | 681 | 632 | 580 | 694 751 | 143 | 1053 | 126 | 904 | 1047 | 496 | 762 | 366 Do 10.0

%]

om

0.0 9.1 368 | 458 | 417 56.1 | 312 818 | ¥70 | 1757 | 26.7 | 774 | 576 | 429 | 436 8.2 1“4 9.0 56
0.0 0.0 83 135 9.4 210 212 | 302 | 673 | 645 | 353 | 25.0 | 217 8.9 182 .5 102 5.7

[

7 0.0 10.7 234 262 289 367 823 1226 | 257 | 2071 | 1766 | 1614 | 1602 | 1469 1131 777 409 239 3 105
3 0.0 0.0 B3 B0 | 232 1.7 7.3 183 248 | 1044 | 1748 | 369 | 107.2 | 87.0 | 866 | 352 | 243 8.1

11 0.0 18.0 514 | 609 | 435 | 451 | 445 | 389 | 356 | 360 | 289 | 246 | 235 | 227 199 158 159 15.2 83 72
12 0.0 0.0 15 18.6 319 | 358 | 66.6 | 1022 | 1099 | 105.0 | 1101 | 909 | 937 | 663 | 69.7 | 580 | 05.0 ] 338 179 6.2
0.0 52 B8 | 265 | 33.0 | 247 | 315 217 | 394 | 297 | 176.7 | 419 | 352 | 887 | 946 | 49.0 | 412 348 04 154
15 0.0 175 | 407 | 453 | 435 | 433 417 | 335 | 374 | 522 | 423 | 452 | 49.7 | 521 | 635 | 46.1 | 466 18.9 7.0 6.1
16 0.0 0.0 0.0 77 228 17 08 17.0 88 1.9 143 245 | 440 | 1349 | 1772 | D45 | 756 | 235 82
17 0.0 14 4 724 118.0 274 | 027 713 529 501 390 321 295 310 397 476 1713 687 2135 62 5.1
19 0.0 55 102 114 10.2 2.9 79 5.5 17.1 | 375 | 669 | 796 | 100.2 | 1019 | 925 | 69.8 | 319 B.7 6.0
21 0.0 6.6 160 | 323 | 288 | 340 | 375 | 505 | 289 | 208 | 288 B.6 142 B3 B4 | 222 157 72
23 0.0 0.0 9.1 179 7.9 186 243 | 204 | 398 | 726 | M5 | 957 | 62.8 | 454 | 345 B2 112 74
28 0.0 0.0 no 249 430 541 549 469 483 585 474 593 976 | 1277 | 1609 | 1096 | D89 874 224 108
31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.1 B.O | 1172 | 1650 | 348 | 100.2 | 955 | 763 | 344 17.0 .6 7.0
5] 0.0 102 | 300 | 425 | 652 | 636 | 613 615 562 511 717 | 2274 | 2406 | 1806 | 1564 | 613 329 u3 77

HIRIEHIEE=E(E=("R(EEEEEHE
S I I I I I e e
=

& 0.0 157 | 585 | 792 | 9219 | 1040 | 194 | 1514 | 2144 | 2758 [207.3 | 1719 | 150.2 | 202 | 958 | 576 | 323 5.7 6.7
4 0.0 16.0 | 507 | 775 | 826 | 754 | 748 | 63.0 | 454 57.1 | 462 | 1064 | 1158 | 106.0 | 962 | 342 18.5 .3 6.9
9 0.0 6.6 244 | 267 | 388 | 443 | 788 | 1310 | 1649 — 1738 | B60 | 970 | 645 | 405 17
10 0.0 BOB | 1850 | ©65 | 1737 | H04 | 990 923 788 62.1 411 273 259 201 202 7.7 1°4 3
13 0.0 5.1 72 8.0 8.6 8.0 10.8 105 9.4 383 | 1814 | 1855 [ 1726 | 1362 | 363 | 546 | 1557 | 1074 | 1BS 10.6
18 0.0 213 | 324 | 467 | 538 | 536 | 517 | 308 | 401 | 662 | 1162 | 929 | 710 | 608 | 53.7 | 495 | 340 18.8 58
20 0.0 0.0 n.1 20.1 | 288 | 242 | 238 16.7 B4 213 15.3 181 | 384 | 966 | 403 | 1083 | 55.7 16.7
22 0.0 68 377 542 455 464 442 501 598 1042 902 675 67.4 887 927 76.7 955 732 335 216
24 0.0 82 216 215 9.2 162 10.8 9.3 8.9 564 | 214 | 10.1 [ 103.7 | 745 | 59.7 | 285 | 92.0 | 235

& 0.0 82 350 | 472 | 648 | 641 | 743 | 633 | 670 761 | 879 | 1550 | 2168 | 2568 | 2751|2563 (2182 | 9907 | 383 | 268

6 0.0 56 2.0 12 4 109 93 87 8.4 2.4 5.5 12 2.9 457 597 749 927 | 2602 | 1080 17 4 109
27 0.0 0.0 Dn.g 32.1 | 358 | 289 | 215 9.0 B2 6.6 | 288 | 66.8 | 1053 | 109.0 | 89.8 34.1 7.0

o 0.0 5.7 16.2 23.1 19 .4 17.0 16.5 198 | 983 | 22842093 | 1718 | 1333 | 1118 | 1032 | 648 [ 230 119 59
30 0.0 0.0 286 | 432 | 419 | 345 418 | 529 | 597 | 56.0 | 458 | 1035 | 856 | 717 | 545 | 357 | 402 | 567 5.8
&Pl 0.0 56 27 17.7 24 1438 15.0 4.1 18 289 618 36.1 348 222 09 85 9.6
33 0.0 0.0 178 | 298 | 275 | 247 | 203 | 200 | 414 | 524 | 478 | 475 | 429 | 419 | 392 | 225 16.5 53
34 0.0 0.0 101 162 15.6 151 43 1.7 .7 213 728 | 799 | 880 | 677 | 693 | 896 | 1093 | 868 164 58
36 0.0 0.0 0 504 515 508 497 718 | 2435|2288 | 2799 | 2788 |2076 | 1721 | 139.1 | 894 708 358 169
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Table 2: Estimates of the Pharmacokinetic Metric of Glimepiride BE Study

Subj| Seq| Per | tmt | AUC: | AUCo.. | Cmax | Tmax | Az tos |MRTg.
1 1 1 R 1,142 9 1,201.9 180 9 45 0.104 6 658 10172
2 1 1 R 1,414.5 1,519.1 148 4 45 0.108 6428 12 463
5 1 1 R 403 2 496 1 634 45 0.059 11.784 13.995
6 1 1 R 607 2 665 5 96 1 50 0174 3975 8.046
7 1 1 R 1,733.6 1,825.0 246 9 50 0107 6. 458 10912
8 1 1 R 695 5 7171 182 5 45 0417 1.661 5536
11 1 1 R 935.0 1,009.4 142.6 5.0 0.087 8.009 10.735
12 1 1 R 980 2 1,051 .4 209 5 45 0.124 5. 591 8 969
14 1 1 R 1,733.6 1,788.2 3315 45 0111 6 267 8042
15 1 1 R 985.2 1,041.2 158.1 1.0 0.106 6.546 9.746
16 1 1 R 1,066.0 1,127.5 170.6 5.0 0.086 8.025 9.597
17 1 1 R 1,567 .4 1,617.7 159 .4 1.5 0.140 4.943 10.328
19 1 1 R 966.1 1,002.7 192.6 55 0.171 4.042 8613
21 1 1 R 427 .2 446.8 155.7 4.5 0.467 1.485 4.553
23 1 1 R 513.1 533.6 156.7 4.0 0.264 2.628 4.351
28 1 1 R 2,196 4 2,329.0 136 8 16 .0 0228 3.042 18 561
31 1 1 R 7459 7802 161 6 55 0266 2610 6 975
35 1 1 R 1,420.3 1,461.7 1505 70 0178 3. 900 8 344
3 2 2 R 1,378.1 1,422.0 2758 45 0.154 4 508 7473
4 2 2 R 830 4 8809 1158 60 0137 5046 8 649
9 2 2 R 640.8 657.6 173.8 50 0.695 0.997 4.764
10 2 2 R 798 6 1,068.6 196 5 15 0.046 15216 12712
13 2 2 R 2,048.5 2,143.0 1855 55 0112 6198 13 583
18 2 2 R 814.3 856.6 116.2 5.0 0.136 5.096 9.557
20 2 2 R 841.2 903.3 140.3 7.0 0.269 2.578 9.419
22 2 2 R 1,762.1 2,070.7 104 .2 4.5 0.070 9917 17.580
24 2 2 R 805.9 1,119.8 121.4 50 0.075 9.251 14.643
25 2 2 R 3,303.0 3,536.2 275.1 7.0 0.115 6.028 13.469
26 2 2 R 2,150.7 2,215.5 260.2 12.0 0.168 4.138 13.895
27 2 2 R 455 9 469 6 109 0 65 0511 1.358 6475
29 2 2 R 1,004 .8 1,039.7 228 4 45 0.168 4117 8381
30 2 2 R 994 1 1,044 .6 103.5 55 0.115 6.043 11.528
32 2 2 R 204 6 2519 618 50 0204 3.398 7.785
33 2 2 R 3810 407 3 52 4 45 0207 3342 7.700
34 2 2 R 1,558 .9 1,589.1 109 3 120 0.194 3580 13.175
36 2 2 R 1,779 0 1,917 6 2799 50 0122 5 690 10.289
1 1 2 T 945 8 1,087.7 1330 45 0.0685 10.1130 | 14 9293
2 1 2 T 1,576.3 1,662.7 149 6 90 01154 60083 11 5388
5 1 2 T 703.8 755.1 175.7 4.5 0.1085 6.3905 8.5211
6 1 2 T 274.0 320.1 67.3 4.0 0.1235 56118 8.9575
7 1 2 T 1,394 2 1,508.3 207 1 45 0.0922 75188 11 5570
8 1 2 T 670.2 702.7 174.8 5.0 0.2483 2.7916 7.5517
11 1 2 T 527.5 693.5 60.9 1.5 0.0433 16.0227 | 20.5603
12 1 2 T 1,367.9 1,419.9 110.1 50 0.1188 5.8340 11.9652
14 1 2 T 1,210.0 1,479.5 176.7 5.0 0.0572 12.1198 | 17.9250
15 1 2 T 810.3 865.5 63.5 7.0 0.1097 6.3213 11.8568
16 1 2 T 1,126.6 1,171.2 177.2 7.0 0.1846 3.7547 10.8420
17 1 2 T 1,306.0 1,341.6 1713 90 0.1431 4 8442 9 8317
19 1 2 T 744 9 7809 1019 65 01659 4 1770 10 1229
21 1 2 T 304.5 420.9 50.5 3.5 0.0623 11.1317 | 13.7547
23 1 2 T 402 4 443 4 1115 50 01797 3. 8564 7. 7943
28 1 2 T 2,005.5 2,186 .4 1609 70 01095 63298 14 5577
31 1 2 T 660 4 7155 1650 50 01273 5 4448 10 4668
35 1 2 T 1,161.3 1,207.4 240.6 6.0 0.1669 4.1526 8.5788
3 2 1 T 1,976.1 2,042 .1 341.7 4.0 0.1099 6.3044 8.4194
4 2 1 T 7555 845 8 1027 70 0.0780 8 8893 14 2932
9 2 1 T 5408 594 2 196 0 45 04662 1.4867 58105
10 2 1 T 7553 8419 2390 45 0.1609 4 3079 84402
13 2 1 T 1,883.0 1,932.8 2105 55 0.1383 50120 12 1930
18 2 1 T 7706 809 4 144 1 50 01519 4 5617 9 4333
20 2 1 T 650 6 689 0 105 6 60 0.1380 50225 9 7406
22 2 1 T 1,847.2 1,992.8 117.5 12.0 0.1124 6.1642 15.2641
24 2 1 T 693.0 774.7 115.1 50 0.1016 6.8221 12.8009
25 2 1 T 4,559 6 5,011.2 472 4 45 0.0932 7. A4372 13.4473
26 2 1 T 1,504 .9 1,593.9 324.0 4.5 0.0982 7.0554 10.2931
27 2 1 T 4457 458.0 117.8 6.0 0.5213 1.3298 6.8929
29 2 1 T 874.9 905.0 84 .4 12.0 0.2396 2.8927 12.5293
30 2 1 T 959.7 1,422.4 106.5 55 0.0711 9.7422 15.4526
32 2 1 T 764.8 852.6 106.9 55 0.0672 10.3179 | 15.1606
33 2 1 T 346.2 443 1 47.0 12.0 0.2096 3.3074 12.3515
34 2 1 T 1,433 .1 1,524 4 133 5 120 01415 4 8993 17 0483
36 2 1 T 2,635 9 2,718.2 2047 50 01260 55015 11 8550
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Figure 1: Plasma Concentration -Time Profiles of

Glimepiride Test Product (Glitra).
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Figure 2: Plasma Concentration-Time profile of Glimepiride
Reference Product (Amaryl).

Table 3: Analysis of the Variance (ANOVA) on Linear and Linear Scale (Glitra)

| df SS MS=SS/df | E(MS) | F-value p-value
Inter-Subject
Subject 35 35131490 1003757 0.9995 0.5013 **
Sequence 1 985648 985648 4946883 0.9814 0.3288 **
Subj(Sequence) 34 34145842 1004289 1004289 15.7089 0.0000
Intra-Subject
Treatment 1 6736 6736 1219277 0.1054 0.7475 **
Period 1 220756 220756 284688 3.4530 0.0718 **
FError 34 2173668 63931
Total 71 37532650
% CV= 22.24 (ISV) ** =Not Significant
| df SS MS=SS/df | E(MS) | F-value p-value
Inter-Subject
Subject 33 39750468 1135728 1.0042 0.4957 **
Sequence 1 1298515 1298515 6324999 1.1482 0.2915 **
Subj(Sequence) 34 38451953 1130940 1130940 15.6480 0.0000
Intra-Subject
Treatment 1 0 0 1369287 0.0000 0.9981 **
Period 1 191104 191104 263377 2.6442 0.1132 **
Error 34 2457310 72274
Total 71 42398882
% CV= 21.89 (ISV) ** =Not Significant
| df | SS MS=S5/df | E(MS) | F-value p-value
Inter-Subject
Subject 35 328044 9373 0.9834 0.5201 **
Sequence 1 4007 4007 25558 0.4204 0.5211 **
Subj(Sequence) 34 324037 9530 9530 4.0881 0.0000
Intra-Subject
Treatment 1 1132 1132 11731 0.4857 0.4906 **
Period 1 9037 9037 11368 3.8765 0.0572 **
Error 34 79264 2331
Total 71 417477
% CV = 29.92 (ISV) ** =Not Significant
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Table 4: Analysis of the Variance (ANOVA) on the Linear and Log Scale (Glitra)

| df | SS MS=SS/df | E(MS) | F-value p-value
Inter-Subject
Subject 35 23.27929 0.66512 0.9816 0.5223 **
Sequence 1 0.24020 0.24020 1.63844 0.3545 0.5555 **
Subj(Sequence 34 23.03909 0.67762 0.67762 11.6334 0.0000
Intra-Subject
Treatment 1 0.05066 0.05066 0.56973 0.8697 0.3576 **
Period 1 0.17929 0.17929 0.23754 3.0781 0.0884 **
Error 34 1.98043 0.05825
Total 71 25.48967
% CV = 24.49 (ISV) ** = Not Significant
df SS MS=Ss/df | E(MS) | F-value p-value
Inter-Subject
Subject 35 21.70115 0.62003 0.9847 0.5186 **
Sequence 1 0.29227 0.29227 1.79877 0.4642 0.5003 **
Subj(Sequence 34 21.40887 0.62967 0.62967 12.6743 0.0000
Intra-Subject
Treatment 1 0.01524 0.01524 0.49065 0.3067 0.5834 **
Period 1 0.11565 0.11565 0.16533 23278 0.1363 **
Error 34 1.68916 0.04968
Total 71 23.52119
% CV= 22.57 (ISV) ** = Not Significant
| df | SS MS=S5/df | E(MS) | F-value p-value
Inter-Subject
Subject 35 12.09435 0.34555 0.9731 0.5323 **
Sequence 1 0.02137 0.02137 0.44055 0.0602 0.8077 **
Subj(Sequence 34 12.07299 0.35509 0.35509 3.5821 0.0002
Intra-Subject
Treatment 1 0.17003 0.17003 0.41106 1.7152 0.1991 **
Period 1 0.34214 034214 0.44127 3.4514 0.0719 **
Error 34 3.37041 0.09913
Total 71 15.97693
% CV = 32.28 (ISV) ** = Not Significant
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Diagramatic presentation for the 90% confidence interval (linear-scale)
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Figure 3: Point estimators and the upper and lower 90% Confidence Intervals on Linear and Log scale (Glitra BE study).

Table 5: Assessment of the restoration of Normality by Shapiro-Wilk Test (Reference & Test Products)
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Table 6: Q-Q Plots for AUC (Reference and Test Products)
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Table 7: Hypothesis Testing According to Schuirmann and Anderson Hauck Procedures

Schuirmann's Two One-sided Test

AUC). 3.524 4173 0.0014 0.0004 \ i
AUC.., 3878 3873 0.0007 0.0007 \ v
Cnax 0397 -0.647 0.3484 0.2634 X X

Anderson & Hauck's Test

AUCy4 0.325 3.849 0.00052 \
AUG,.. 0.002 3.876 0.000003 N
Cunax 0.697 2.906 0.01651 \

TOST or Anderson & Hauck's test methods are
presented in Table 7.

Log-Transformation and Normality Assumptions

Detail of the impact of Log-transformation on the
normality indicators for both, Test and Reference
products of Glitra data, is presented in Table 5. The
contents demonstrate that for PD approximated
normality for both products, according to Shapiro-Wilk
(SW) test procedure, despite the fact that the PD of
Cmax data did not attain normality according to SW test.
However, in spite of the fact that SW test is based on
the intra-subject variability, the studentized Q-Q plots of
this variability (studentized intra-subject residual)
contradicted the outcome of SW test procedures in
most of the examined metrics of Glitra study.

A tentative conclusion, may be drawn from these
observations is that LT is likely to produce inconsistent
outcome with regard to the restoration normality. Whilst

the impact of LT on the PD is construed as the
restoration of normality, an increase in the values of
TOST is indicative of failure to reject the bio-in-
equivalence hypothesis which favors the conclusion
that both products are bioequivalent.

Shapiro-Wilk Statistics and Normality Evaluation

SW test is considered by many scholars as the
most robust procedure for the assessment of departure
from normality, or the proximity, of probability
distribution for any set of random variables. Hence, it
was adopted in this work, together with other test
procedure for this purpose. As per this test, 50% of the
data in question should have a value of SW statistic
that is higher than the null hypothesis cut-of value. This
situation is exemplified in the Table 5.

CONCLUSION

Though Log-Transformation is assumed to restore
or improve normality in the biodata yet it may not
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achieve the intended purpose as it is not guaranteed
that log transformation will assume normality and will
not induce a skewness and variability to deteriorate the
situation. Using log-transformation may be somewhat
problematic and if used at all, its limitations should be
carefully considered, particularly when interpreting the
relevance of the analysis of transformed data for the
hypothesis of interest about the original data.

If the basic assumptions of normality restoration are
not observed, in many circumstances, the log
transformation does not restore normality or reduce the
variability but introduce skewness in the data.
Moreover, the inferences concluded from log-
transformed data may not usually characterize the
original data, since it does not share much with the
original data.

It is also concluded that if the data can be
reasonably modeled by a parametric distribution such
as the normal distribution, it is preferable to use the
classic statistical methods because they usually
provide more efficient inference but if log-
transformation is inevitable and used at all, it must be
applied very cautiously. On contrary, in case of skewed
data, instead of finding an appropriate statistical
distribution or transformation to model the observed
data, it may be more appropriate to switch to the other
distribution-free methods like Wilcoxon-Mann-Whitney
two one-sided test [6] which has been recommended
by Hauschke et al. [7], Hodges-Lehmann estimator [8]
or the other newer analytic distribution-free methods,
that are not dependent on the data distribution like the
generalized estimating equations (GEE) [9, 10]. The
GEE approach ignores the distribution assumption and

provide valid inference irrespective of the probability
distribution of data, nevertheless, it is applicable only in
case of the skewed data.
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