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I. INTRODUCTION 59 
 60 
A. Objective: 61 
 62 
This guideline is intended to harmonize the data requirements associated with in vivo blood level 63 
bioequivalence (BE) for veterinary pharmaceutical products.  To meet this objective, the 64 
guideline addresses the following topics: 65 
 66 

• A harmonized definition of BE. 67 
• Factors/variables that need to be considered when developing scientifically sound blood 68 

level BE study designs. 69 
• Information that should be included in a blood level BE study report. 70 

 71 
The International Cooperation on Harmonisation of Technical Requirements for Registration of 72 
Veterinary Medicinal Products (VICH) strives to eliminate repetitious and unnecessary testing 73 
through harmonisation of regulatory requirements for the registration of veterinary products, a 74 
goal that undoubtedly leads to a reduction in the number of animals used for product 75 
development and registration. 76 
 77 
B. Background: 78 
 79 
Within the context of this guideline, BE is defined as the absence of a difference (within 80 
predefined acceptance criteria) in the bioavailability of the active pharmaceutical ingredient 81 
(API) or its metabolite(s) at the site of action when administered at the same molar dose under 82 
similar conditions in an appropriately designed study.  When using blood drug concentrations as 83 
a surrogate for demonstrating product BE, there is an underlying assumption that two products 84 
having an “equivalent” rate and extent of drug absorption, as measured in the blood, will be 85 
therapeutically indistinguishable and therefore interchangeable in a clinical setting. 86 
 87 
The determination of product BE in animal species can present numerous statistical, logistical, 88 
and regulatory challenges.  International differences in addressing these challenges and in the 89 
respective criteria for defining product BE can lead to barriers in data exchange and scientific 90 
confusion.  Therefore, the development of a harmonized guideline will unify the global veterinary 91 
community understanding of the basic pharmacokinetics (PK), study design considerations, and 92 
statistical principles upon which BE determinations are based.  By their nature, guidelines 93 
address most, but not all possible eventualities.  Alternative approaches can be used when 94 
scientifically justifiable. 95 
 96 
C. Scope: 97 
 98 
This guideline focuses on the study designs and principles specific to the determination of in vivo 99 
blood level BE for veterinary drug products.  The following topics are outside the scope of this 100 
guideline: 101 
 102 

• Biowaivers 103 
• Biomass products 104 
• Therapeutic proteins or peptides 105 
• Medicated premixes 106 
• Pharmacological endpoint studies 107 
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• Clinical endpoint studies 108 
• In vitro dissolution tests 109 
• Human food safety 110 
• Products where the blood concentrations may not be indicative of drug levels at the site of 111 

action.  Examples include topically active formulations, intramammary products, and 112 
intravenous administration of complex drug delivery systems that release the API directly 113 
at the site of action. 114 

• The potential need for supportive studies, such as palatability or licking studies (e.g. 115 
transdermal products, medicated blocks). 116 

• Animal species from which multiple blood sampling is difficult (e.g., fish, honeybee etc.). 117 
 118 
BE is relevant not only for the comparison of generic (test) and reference products, but also in 119 
product development.  For example, BE or relative bioavailability assessments can be used to 120 
bridge between different formulations, pharmaceutical forms, routes of administration, and 121 
comparison of formulations used in pivotal versus early clinical trials. 122 
 123 
The glossary provides a definition of the various terms used in this guideline and provides some 124 
synonymous terms that may be applied in guidelines available in local jurisdictions. 125 
 126 
An appendix is provided as additional clarification for the scientific and statistical concepts 127 
described in the guideline.  Other relevant International Cooperation on Harmonisation of 128 
Technical Requirements for Registration of Veterinary Medicinal Products (VICH) guidelines 129 
should be consulted. 130 
 131 
A sample exercise describing sample size estimation BE data statistical analysis, and a sequential 132 
analysis is provided in a separate, supporting document titled:  “Supplemental Examples For 133 
Illustrating Statistical Concepts Described in the VICH Guideline #XX.”  This can be found at 134 
the following URL: 135 
English version 136 
Japanese version 137 
 138 
Please note the examples provided in the supplemental material are intended solely for 139 
informational purposes and therefore should not be interpreted as guidance.  140 
 141 
Throughout this guideline, the terms blood, plasma and serum can be used interchangeably. 142 
 143 
II. IN VIVO PROTOCOL DEVELOPMENT 144 
 145 
All BE studies must be conducted in a manner that assures the reliability of the data generated.  146 
To be internationally acceptable, BE studies should be conducted in accordance with Good 147 
Laboratory Practice (GLP) or Good Clinical Practice (GCP) as detailed in the Organization for 148 
Economic Cooperation and Development “Series on Principles of Good Laboratory Practice” or 149 
the VICH, “Consensus Guideline” (VICH Topic GL9). 150 
 151 
A. Product Selection: 152 
 153 
Whereas the product selection for BE or relative bioavailability studies conducted during 154 
reference product development is not defined, the following conditions generally apply for 155 
product selection in BE studies supporting approval of generic veterinary drug products: 156 
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 157 
• BE studies are performed on test and reference products that contain the same API. 158 
• The test product should be representative of the final formulation of the product to be 159 

marketed.  160 
• The reference product must be from a lot associated with a veterinary medicinal product 161 

that has been granted approval within the jurisdiction for which the generic product 162 
approval is being sought. 163 

• The API content of the test and reference products should be assayed prior to conducting 164 
the BE study.  To be internationally acceptable1, it is recommended that the assay content 165 
of the batches from which test and reference products were obtained should differ by no 166 
more than ±5% from each other. 167 

• The test product should originate from a batch of at least 1/10 of production scale, unless 168 
otherwise justified. 169 

• The characterization and specification of critical quality attributes of the API, such as 170 
dissolution, should be established from the test batch for which BE has been 171 
demonstrated. 172 

 173 
The study report should include the reference product name, strength (including assayed content), 174 
dosage form, batch number, expiry date, and country of purchase.  The test product name, 175 
strength (including assayed content), dosage form, composition, batch size, batch number, 176 
manufacturing date, and expiry date (where available) should be provided. 177 
 178 
B. Dose Selection: 179 
 180 
For blood level BE studies, do not dose animals according to the assay content of the test and 181 
reference batches but rather to the labeled dose. 182 
 183 
The blood level BE study should generally be conducted at the highest labeled (e.g., mg/kg) dose 184 
approved for the reference product.  By using the highest approved dose, significant formulation 185 
differences are more easily detected in most cases.  However, if it can be substantiated that the 186 
reference product exhibits linear PK across the entire dose range, then any approved dose may be 187 
used if a scientific justification is provided as to why the highest dose cannot be used.  In 188 
exceptional cases where a batch of reference product with an assay content differing less than 5% 189 
from the test product cannot be found, the data could be dose normalized.  In such cases, the 190 
procedure for dose normalization should be pre-specified and justified by inclusion of the results 191 
from the assay of the test and reference products in the protocol. 192 
 193 
A BE study conducted at a higher than approved dose may be appropriate when a multiple of the 194 
highest approved dose is needed to achieve measurable blood levels.  In general, the maximum 195 
dose would be limited to 3x the highest dose approved for the reference product.  The reference 196 
product should have an adequate margin of safety at the higher than approved dose level and 197 
should exhibit linear PK (i.e., there are no saturable absorption or elimination processes).  In this 198 
case, a scientific justification should accompany the choice of the dose. 199 
 200 
For reference products with less than proportional increase in AUC with an increase in dose 201 
(nonlinear kinetics) across the therapeutic range, the following should be considered: 202 

                                                 
1 Where this phrase is used, it indicates that within some jurisdictions, requirements may be less stringent.  This 
difference may be a consideration if a study is to be submitted to support product marketing solely within a specific 
region.  
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 203 
• When there is evidence indicating that the product absorption may be limited by saturable 204 

absorption processes, this can lead to two formulations appearing to be bioequivalent 205 
when administered at the highest labeled dose but fail to be bioequivalent when 206 
administered at lower approved doses.  To avoid this situation, use of a dose that is less 207 
than the highest approved dose is preferable.  In this case, a scientific justification should 208 
accompany the choice of the dose (showing that the dose is within the linear range). 209 

• If there is nonlinearity over the therapeutic range due to low solubility, then BE should be 210 
established at both the highest labeled dose and at the lowest labeled dose (or a dose in the 211 
linear range), i.e. in this situation, two BE studies may be needed. 212 

 213 
In crossover studies, the same total dose should be administered to each animal in all study 214 
periods.  The use of dose adjustments in those rare situations where large weight changes are 215 
anticipated (e.g., studies conducted in rapidly growing animals) will need to be considered on a 216 
case-by-case basis.   217 
 218 
Where relevant, doses should be rounded up based on the available strength of the solid oral 219 
dosage form, or to the nearest upper division on the dosing equipment. 220 
 221 
Solid oral dosage forms should not be manipulated in a way that could bias the study, e.g., by 222 
grinding or filing to achieve equal doses.  Breaking tablets along score lines may be acceptable if 223 
the uniformity of the scored sections can be supported by pharmaceutical/manufacturing data 224 
(e.g., content uniformity of the halves). For reference products, in the absence of manufacturing 225 
or pharmaceutical data, the information included in the product labeling can be used as a guide 226 
for allowable tablet manipulation. 227 
 228 
The study report should include the labeled dose administered to each animal in each period of 229 
the study.  230 
 231 
C. Route of Administration Selection: 232 
 233 
Unless otherwise justified when conducting an in vivo BE study:  234 
• The same route and site of administration should be used for the test and reference products.   235 
• Separate BE studies should be submitted for each route of administration approved for the 236 

reference product.  237 
 238 
D. Study Design Considerations: 239 
 240 
1. Crossover versus parallel study design: 241 
A two-period, two-sequence, crossover study is commonly used in blood level BE trials because 242 
it eliminates a major source of study variability: between subject differences in the rates of drug 243 
absorption, drug clearance, and the volume of drug distribution.  The study design is as follows: 244 
 245 
  Sequence A Sequence B 
Period 1 Test Reference 
Period 2 Reference Test 

 246 
Note that to eliminate potential confounding by period effects, there needs to be two sequences 247 
included in the design of a two period crossover study. 248 
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 249 
Due to the potential risk of invalidating the crossover design, the treatment administered in 250 
Period 1 should not affect the PK associated with the treatment administered during Period 2.  251 
For this reason, the duration of the washout interval needs to ensure that the drug and its 252 
metabolites are essentially cleared from the body, and there are no residual physiological effects 253 
that will alter how the drug administered in Period 2 is processed by the study subjects.  254 
Therefore, in addition to proof of absence of pre-dose concentrations, it is recommended that the 255 
duration of the washout interval should be at least 5 times the blood terminal elimination half-life 256 
of the API and its metabolite(s). 257 
 258 
When dealing with endogenous substances, the presence of carry-over effects is very difficult to 259 
quantify.  Therefore, caution should be exercised to ensure that the washout period is of an 260 
adequate duration.  The length of the washout period should be addressed and justified a priori in 261 
the protocol.  For endogenous substances the predose (baseline) drug concentrations for Period 1 262 
should be comparable to the pre-dose concentrations for Period 2. 263 
 264 
A parallel study design may be preferable in the following situations:  265 

• The parent compound and/or its metabolites induce physiological changes in the animal 266 
(e.g., liver microsomal enzyme induction, altered blood flow) that can alter the 267 
bioavailability of the product administered in Period 2.  268 

• The parent compound/metabolites, or drug product (e.g. flip flop kinetics) has a terminal 269 
elimination half-life so long that a risk is created of residual drug present in the blood at 270 
the time of Period 2 dosing (i.e., a wash-out period is not practical). 271 

• The duration of the washout for the two-period crossover study is so long as to result in 272 
significant physiological changes in the study subjects.  273 

• The total blood volume of the species precludes the capture of blood concentration-time 274 
profiles for more than one period. 275 

 276 
Alternative study designs can be considered.  For example: 277 

• Replicate study designs (See subsection II. D. 2) 278 
• Sequential study designs (See subsection II. D 3) 279 
• To obtain approvals in multiple regions, a 3-treatment crossover or a multiple reference 280 

parallel study design may be considered when performing one study with two different 281 
reference products, depending on the products registered in the respective regions.  282 

 283 
Alternative designs and corresponding proposed method of statistical analysis can be discussed 284 
with the regulatory authority prior to conducting the BE study.  Pilot data or literature may be 285 
used in support of alternative study designs. 286 
 287 
Regardless of how the study will be conducted, the design should be described a priori in the 288 
protocol. 289 
 290 
2. Replicate study design: 291 
A replicate study design is an investigation where at least one of the treatments is repeated. 292 
 293 
If it is estimated that a traditional crossover design would not be feasible without the inclusion of 294 
a very high number of animals, replicate study designs can be considered using three (partial 295 
replication where for example, the reference is replicated in all subjects) or four (full replication, 296 
where each subject receives the test and reference products twice) periods within each group. 297 
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 298 
 299 
3. Sequential study design:  300 
It is acceptable to use a sequential approach when attempting to demonstrate product BE. When 301 
employing a sequential study design, an initial group of subjects can be treated and their data 302 
analysed. If bioequivalence has not been demonstrated, an additional group can be recruited and 303 
the results from both groups combined in a final analysis.  304 
 305 
If this approach is adopted, appropriate steps must be taken to preserve the overall Type I error of 306 
the experiment and the stopping criteria should be clearly defined prior to initiating the study. 307 
The analysis of the first stage data should be treated as an interim analysis and both analyses 308 
should be conducted at adjusted significance levels (with the confidence intervals corrected 309 
accordingly using an adjusted coverage probability that will exceed 90%). The plan to use a two-310 
stage approach must be pre-specified in the protocol along with the number of animals to be 311 
included in each stage and the adjusted significance levels to be used for each of the analyses. 312 
 313 
4. Single dose versus multiple dose study design:  314 
In most situations, a single dose BE study is recommended for both immediate- and modified-315 
release drug products because single dose studies are generally the more sensitive approach for 316 
assessing differences in the release of the API from the drug product into the systemic 317 
circulation.  318 
 319 
For extended release formulations intended for repeated dosing, demonstration of BE should be 320 
based on multiple dose studies if there is accumulation between doses.  In such cases, the Ctrough 321 
could be an important parameter to consider, in addition to Cmax and the AUC.  It should be noted 322 
that Ctrough may not be equal to Cmin in the case of products with a lag time.  If there is no or 323 
negligible accumulation, single dose BE data could also be sufficient for extended release 324 
formulations intended for repeated dosing. 325 
 326 
Furthermore, a multiple dose study may also be appropriate when: 327 

• There are saturable elimination processes. 328 
• The assay sensitivity is inadequate to permit drug quantification that sufficiently 329 

characterizes the AUC after administration of a single dose (see section II. I. Blood 330 
Sampling Schedule). 331 

 332 
Both single and multiple dose studies can be conducted using a crossover study or parallel 333 
design. 334 
 335 
E. Subject and Species Selection:  336 
 337 
The animals to be studied must be of the target species.  For each jurisdiction within which 338 
registration is sought, the BE studies must be performed on each of the major target animal 339 
species included on the approved reference product label.  Extrapolation of results from a major 340 
species in which BE has been established to minor species could be acceptable if valid scientific 341 
arguments are provided to support such extrapolation, taking into account species anatomy and 342 
physiology, and properties of the API and formulation.  343 
 344 
The experimental animals should be free of any drug treatment for a minimum of two weeks 345 
prior to the in vivo phase of the study (a longer drug-free period may be necessary, depending on 346 
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the half-life of the drug and/or its metabolites and physiological impact of the drug product used 347 
in prior investigations). 348 
 349 
Studies should be conducted with healthy animals that are representative of the target population.  350 
Especially for parallel design studies, the animals/treatment groups should be homogeneous and 351 
comparable in all known and prognostic variables that can affect the PK of the API, e.g. age, 352 
body weight, gender, nutrition, physiological state, and level of production (if relevant).  353 
 354 
Animals should be randomized and an equal number of animals should be assigned to each 355 
sequence (crossover design) or each treatment (parallel study design). 356 
 357 
A complete description of the above information should be included in the study report. 358 
 359 
F. Prandial State: 360 
 361 
For all species prandial state and exact timing of feeding should be consistent with animal 362 
welfare (e.g., ruminants would not be fasted) and the PK of the API. 363 
 364 
For canine and feline drug products administered via the oral route, studies should be conducted 365 
in fasted animals unless the approval for the reference product recommends administration in the 366 
fed state only, in which case the study should be conducted accordingly.  Fasting should be a 367 
minimum of 8 hours prior to dosing and 4 hours after dosing.  368 
 369 
For orally administered modified release formulations intended for non-ruminants, BE normally 370 
needs to be established under both fed and fasted conditions unless adequately justified. 371 
 372 
The study protocol and study report should contain the rationale for conducting the BE study 373 
under fed or fasted conditions and should describe the diet and feeding regimen. 374 
 375 
G. Exclusion of Data from Analysis: 376 
 377 
There are numerous situations that may occur that will necessitate removal of all or a portion of 378 
an animal’s data from the study.  When this occurs, adequate justification for removal should be 379 
provided in the study report, and decisions to eliminate data should be made prior to analysis of 380 
blood samples to avoid bias. 381 
 382 
There are situations that occur with sufficient frequency to require stipulation in the study 383 
protocol.  For example, because there is the risk of losing all or part of the administered dose for 384 
oral formulations, the criteria for removal of subject data from analysis due to vomiting are 385 
expected to be specified a priori in the study protocol.  Aspects to consider when defining such 386 
criteria are: 387 

• What is an acceptable time between drug administration and a vomiting event (taking into 388 
account e.g. the expected time for the drug to exit the stomach, the prandial state of the 389 
animal)? 390 

• What will be considered an allowable amount of material lost in the vomitus? 391 
 392 
In addition, when re-dosing after vomiting is considered to be an option in the study, the criteria 393 
for re-dosing must be specified a priori in the study protocol.  It is important that all available 394 
data be included in the statistical analysis.  If for example, an animal is excluded from Period 2, 395 
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the data gathered from that animal in Period 1 should not be excluded from the statistical 396 
evaluation. 397 
 398 
H. Sample Size Determination: 399 
 400 
Pilot studies are useful for estimating the appropriate sample size for the pivotal BE study. 401 
 402 
Sample size calculations assume that the estimates used (e.g., treatment differences and 403 
variances) will be realized in the future study. Additionally, sample sizes are generally estimated 404 
as the “minimum number” needed to demonstrate BE if those estimates are realized.  For that 405 
reason, the sponsor should calculate a sample size for multiple scenarios (larger variances and 406 
differences than expected) and consider if more animals should be included.  A reference is 407 
provided that describes sample size calculations. 408 
 409 
Sample size for a BE study should be based upon the number of subjects needed to achieve BE 410 
for the PK parameter anticipated to have the greatest magnitude of variability and/or difference in 411 
treatment means (e.g., Cmax).  Equations and examples are provided in the Appendix.  412 
 413 
It should be noted that for a study to be internationally acceptable, a minimum of n=6 is 414 
necessary (i.e., the total number of study animals in a two-period, two-sequence crossover study, 415 
N, should be equal to or greater than 12). 416 
 417 
When the risk of subject loss is a concern, the sponsor may elect to design the study to include 418 
additional animals.  In this situation, if animals are removed as the study progresses (due to 419 
vomiting or dosing errors or death/injury), the additional animals placed on study may allow 420 
appropriate statistical power to be maintained.  421 
 422 
Sample size selection should be justified a priori in the study protocol. 423 
 424 
I. Blood Sampling Schedule: 425 
 426 
The sampling schedule should include frequent sampling around Tmax to provide a reliable 427 
estimate of Cmax.  For routes of administration other than intravenous injection, the sampling 428 
schedule should avoid situations where the first sampling time corresponds with Cmax.  The 429 
duration of blood sampling should provide a reliable estimate of the extent of exposure which is 430 
achieved if AUC0-LOQ is at least 80% of AUC0-∞.  At least 3 samples are needed during the 431 
terminal log-linear phase in order to reliably estimate ke and obtain an accurate estimation of 432 
AUC0-∞. 433 
 434 
For an API with a long terminal elimination half-life, BE may be based on AUC values that are 435 
less than 80% of total systemic exposure (in addition to Cmax) as long as the absorption phase has 436 
been completed during the applied sample collection period.  437 
 438 
In multiple dose studies, the pre-dose sample should be taken immediately before dosing and the 439 
last sample is recommended to be taken as close to the end of the dosing interval as possible to 440 
ensure an accurate determination of AUCτ.  Sampling should also be performed to show that 441 
steady state conditions are reached (i.e. trough concentrations should be sampled sequentially 442 
until Ctrough is stable).  443 
 444 
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For endogenous compounds, the predose sampling schedule should be consistent with the method 445 
of baseline correction (see section II. J. Blood Level BE Parameters). 446 
 447 
The planned and actual timing of blood sample collections for each individual should be included 448 
in the study report. 449 
 450 
J. Blood Level BE Parameters: 451 
 452 
The following parameters should be collected.  Some of these parameters will not be used for the 453 
statistical BE parameters (see section II. D. Study Design Considerations). 454 
 455 
In single dose studies, Cmax, Tmax, AUC0-LOQ, and AUC0-∞ should be determined. 456 
 457 
In multiple dose studies, the AUCτ, steady state Cmax values (Cmax ss), steady state Cmin values 458 
(Cmin ss), and steady state Tmax values (Tmax ss) should be determined. 459 
 460 
If the API is an endogenous compound, the calculation of BE parameters should include a 461 
correction for baseline concentrations.  The method for baseline correction should be specified 462 
and justified a priori in the study protocol.  The recommended method of baseline correction is 463 
subtraction of the mean endogenous concentrations obtained from the pre-dose concentrations 464 
estimated at the same time on three consecutive days.  If diurnal variations in the concentrations 465 
of the endogenous compound are anticipated, profiles characterizing this variation may be 466 
appropriate. 467 
 468 
Additional parameters that may be relevant to report include ke, terminal elimination half-life and 469 
Tlag. 470 
 471 
Non-compartmental methods should be used for the determination of PK parameters in BE 472 
studies. 473 
 474 
The study report should state the method used to derive the PK parameters from the raw data. 475 
 476 
K. Defining the Analyte: 477 
 478 
In principle, BE evaluations should be based upon measured concentrations of the parent 479 
compound because the Cmax of a parent compound is usually more sensitive to differences 480 
between product absorption rates as compared to the Cmax of a metabolite.  In general, product BE 481 
will be determined on the basis of total (free plus protein bound) concentrations of the API. 482 
 483 
1. Pro-drugs 484 
BE demonstration should be based upon the parent compound unless the parent compound is a 485 
pro-drug and that pro-drug is associated with negligible blood concentrations.  In cases where 486 
there are negligible systemic concentrations of the pro-drug, the active metabolite (the compound 487 
formed upon absorption of the pro-drug) should be measured.  Sponsors should provide scientific 488 
rationale for the compound to be quantified in the study report. 489 
 490 
2. Enantiomers 491 
Under most situations, use of an achiral assay will suffice for the assessment of product 492 
bioequivalence. However, the use of an enantiomer-specific analytical method) will be necessary 493 
when all of the following conditions are met: 494 
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 495 
• The enantiomers exhibit different PK. 496 
• The AUC of the enantiomers is modified by a difference in their respective rates of 497 

absorption. 498 
• The enantiomers have different pharmacodynamics characteristics. 499 

 500 
If all three conditions are met, chiral (stereospecific) analytical methods will be needed.  In 501 
addition, chiral methods may be necessary when the test or reference products include the use of 502 
a stereospecific (chiral) excipient that can selectively alter the absorption of one or both 503 
enantiomers.  It may also be needed when a drug is a single enantiomer that undergoes in vivo 504 
chiral conversion.   505 
 506 
L. Bioanalytical Method Validation: 507 
 508 
The bioanalytical phase of the BE study must be based upon an appropriately validated 509 
bioanalytical method.  The following aspects of bioanalytical method validation and performance 510 
should be summarized in the study report:  511 
 512 

• Concentration range and linearity 513 
• Matrix effects 514 
• Limit of detection (LOD) 515 
• Limit of quantitation (LOQ) 516 
• Specificity 517 
• Accuracy 518 
• Precision 519 
• Stability of analyte and internal standard 520 

 521 
The following data from quality control (QC) samples obtained during in-phase analytical runs 522 
containing incurred samples should be provided: 523 

• Precision 524 
• Accuracy  525 

 526 
III. STATISTICAL ANALYSIS: 527 
 528 
The statistical BE evaluation is best generated by the use of 90% confidence intervals (i.e., the 529 
two-sided confidence interval approach).  The two-sided confidence interval for the ratio of the 530 
treatment parameter means can be characterized as follows:  “If an investigator repeatedly 531 
calculates these intervals from many independent and random samples, 90% of these intervals 532 
would correctly bracket the true population ratio”.  533 
 534 
The confidence interval approach should be applied to the individual parameters of interest, 535 
typically AUC and Cmax.  The sponsor should use the natural logarithmic transformation (Ln-536 
transformation) of the parameters prior to statistical analysis.  537 
 538 
A. The Statistical Model: 539 
 540 
The precise model to be used for the Analysis of Variance (ANOVA) should take into account 541 
sources of variation that can be reasonably assumed to have an effect on the response variable. 542 
 543 
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For a two-period, two- sequence, two-treatment crossover study, model terms usually include 544 
(but are not limited to) sequence, animal within sequence; period and treatment:  Fixed effects, 545 
rather than random effects, should be used for testing of period and treatment effects.  When 546 
using a parallel study design, the treatments are generally compared using a one-way ANOVA 547 
(i.e., treatment is the sole effect being tested by the statistical model).  Accordingly, the residual 548 
error (random effect) is the appropriate error for statistically comparing the test and reference 549 
products. 550 
 551 
Other statistical methods may be appropriate, depending upon study design. 552 
 553 
The statistical model and randomization process should be defined a priori in the study protocol. 554 
 555 
B. Ln-Transformation: 556 
 557 
Ln transformation should be used for BE evaluation because it generally improves our ability to 558 
meet the assumptions of the ANOVA.  Reasons for this include: 559 
 560 

• PK models are multiplicative rather than additive 561 
• Ln transformation stabilizes the variances 562 
• BE comparisons are generally expressed as ratios rather than differences 563 

 564 
Other types of data transformation will be difficult to interpret. 565 
 566 
C. Dose Normalization: 567 
 568 
Dose normalization is not appropriate, except as described in section II. B. Dose Selection. 569 
 570 
D. Confidence Interval Acceptance Criteria: 571 
 572 
To be internationally acceptable: 573 
 574 

• The acceptance criteria for AUC and Cmax should be 0.80 to 1.25, and 575 
• In cases where multiple dose studies have been employed for extended release 576 

formulations and there is drug accumulation, these criteria will also be applied to Ctrough 577 
values. 578 

 579 
In cases where a sponsor intends to use an alternative study design to allow for an adjustment to 580 
the acceptance criteria based upon the variability of the reference product, the regional authorities 581 
could be consulted about appropriate statistical methods and study designs. 582 
 583 
E. Statistical Report: 584 
 585 
At a minimum, the study report should include the individual subject concentration versus time 586 
data for each study period (indicating period and treatment associated with each blood level 587 
profile), subject allocation to sequence, individual parameter estimates, methods used for 588 
parameter estimation, summary statistics, and the statistical output (e.g., ANOVA).  This would 589 
enable regulatory authorities to perform PK and statistical analyses if necessary. 590 
IV. GLOSSARY 591 
 592 
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• Acceptance criteria (syn: confidence bounds): The upper and lower limits (boundary) of 593 
the 90% confidence interval that is used to define product BE. 594 
 595 

• Active pharmaceutical ingredient (API) (syn: active substance): A substance used in a 596 
finished pharmaceutical product, intended to furnish pharmacological activity or to otherwise 597 
have direct effects in the diagnosis, cure, mitigation, treatment or prevention of disease or to 598 
have direct effect in restoring, correcting or modifying physiological functions of the body. 599 
 600 
Note: Due to international differences in the interpretations of what is considered to be the 601 
“same API” when considering, for example, different salts and esters, no agreed upon 602 
definition is provided.  Sponsors should consult with the local regulatory authority for that 603 
jurisdiction’s interpretation of what could be considered the “same API”. 604 
 605 

• Area under the curve (AUC): Area under the plasma drug concentration versus time curve, 606 
which serves as a measure of drug exposure.  It includes several different types of AUC 607 
estimates: 608 

o AUC0-LOQ: AUC to the last blood sampling time associated with quantifiable drug 609 
concentrations.  The last quantifiable concentration (the limit of quantification, LOQ) is 610 
determined by the sensitivity of the analytical method.  The last quantifiable drug 611 
concentration may occur prior to the last blood sampling time.   612 
o AUC0-∞ AUC0-LOQ with the addition of the extrapolated area from the last quantifiable 613 
drug concentration to time infinity.  The terminal area from the last quantifiable drug 614 
concentration to time infinity is estimated as Clast/λe, where Clast is the last quantifiable 615 
drug concentration and λe is the terminal slope of the Ln concentration-time profile. 616 

o AUCtau (AUCτ): AUC over one steady state dosing interval.  Mathematically, the 617 
quantity equals AUC0-∞ of the first dose if there is linear (non-saturable) PK. 618 

• Assay content: The amount of the analyte in a sample. 619 
 620 
• Bioavailability: The rate and extent to which the API or active metabolites enters the 621 

systemic circulation. 622 
 623 
• Bioequivalence: the absence of a difference (within predefined acceptance criteria) in the 624 

bioavailability of the API or its metabolite(s) at the site of action when administered at the 625 
same molar dose under similar conditions in an appropriately designed study. 626 

 627 
• Biomass: Crude products of fermentation, where the fermentation derived product is not 628 

extracted or purified; rather the resulting fermentation mixture, including the API and 629 
fermentation broth, is dried and used as is in the manufacture of medicated feeds or feed 630 
additives. 631 

 632 
 633 
• Biowaiver: A waiver of the requirement to demonstrate in vivo BE between a test and 634 

reference drug product. 635 
 636 

• Blood: Within this guidance, the terms blood, plasma, and serum are used interchangeably. 637 
 638 
• Cmax: The maximum (or peak) concentration of API or its metabolite(s) in blood. 639 
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 640 
• Cmin: The minimum concentration of the API or its metabolites in blood at steady state.  641 

When there is no measurable lag time between administrations, Cmin equals Ctrough. 642 
 643 

• Ctrough: The concentration of API or its metabolite(s) in blood at steady state immediately 644 
prior to the administration of a next dose. 645 
 646 

• Dosage form (syn: pharmaceutical form): The physical form of a dose of a medication 647 
such as tablet, capsule, paste, solution, suspension, etc. 648 

 649 
Note: Due to international differences, what is considered to be the “same dosage form” in 650 
some jurisdictions may be considered as different dosage forms in other jurisdictions.  Drug 651 
sponsors should consult with the local regulatory authority for that jurisdiction’s 652 
interpretation of what could be considered the “same dosage form”.  653 
 654 

• Drug product (syn: medicinal product): A finished dosage form that contains the API 655 
usually in association with one or more excipients. 656 

 657 
• Elimination rate constant (ke): The first-order rate constant describing drug elimination 658 

from the body.  Although the amount of drug eliminated in a first-order process changes 659 
proportionally with concentration, the fraction of a drug eliminated remains constant.  The 660 
elimination rate constant is, then, a fraction of a drug that is removed from the body per unit 661 
of time. 662 

 663 
• Excipient (inactive ingredient):  A substance other than the API that has been appropriately 664 

evaluated for safety and is included in a drug product to either aid in its manufacturing; 665 
protect, support or enhance stability, bioavailability, or target animal acceptability; assist in 666 
product identification; or enhance any other attribute of the overall safety and effectiveness of 667 
the drug product during storage or use. 668 

 669 
• Extended release formulation: A dosage form that is deliberately modified to protract the 670 

release rate of the API compared to that observed for an immediate release dosage form.  This 671 
term is synonymous with prolonged or sustained release dosage forms. 672 

 673 
• Finished dosage form: A dosage form of the API which is intended to be dispensed or 674 

administered to the animal and requires no further manufacturing or processing other than 675 
packaging and labelling. 676 

 677 
• Good Clinical Practice (GCP): An international ethical and scientific quality standard for 678 

designing, conducting, monitoring, recording, auditing, analyzing, and reporting clinical 679 
studies designed to evaluate the effectiveness of drug products. 680 

 681 
• Good Laboratory Practices (GLP): Quality standards for conducting non-clinical laboratory 682 

studies and field trials.  Regional standards/regulations are specified by each regulatory 683 
jurisdiction. 684 

 685 
• Highest labeled dose: The highest approved dose of the reference product as indicated on the 686 

label (usually defined as strength per unit body weight, e.g., mg/kg).  If there is an approved 687 
dose range, the highest labeled dose would be the highest dose in that range. 688 
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 689 
• Linear pharmacokinetics: When the concentration of the API or its metabolite(s) in the 690 

blood increases proportionally with the increasing dose, and the rate of elimination is 691 
proportional to the concentration, the drug is said to exhibit linear PK.  The clearance and 692 
volume of distribution of these drugs are dose-independent. 693 

 694 
• Modified release formulation: Drug products where the rate and/or place of release of the 695 

API(s) is different from that of an immediate release dosage form administered by the same 696 
route.  This deliberate modification is achieved by a special formulation design and/or 697 
manufacturing method. 698 

 699 
• Medicated Premix: A veterinary medicinal product which has been granted marketing 700 

authorization and is intended for oral administration following its incorporation into animal 701 
feedstuffs. The medicated premix frequently consists of the API, a carrier, and a diluent.   702 
 703 

• Nonlinear pharmacokinetics: As opposed to linear PK, the concentration of the API or 704 
metabolites in the blood does not increase proportionally with the increasing dose.  The 705 
clearance and volume of distribution of these may vary depending on the administered dose.  706 
Nonlinearity may be associated with any component of the absorption, distribution, and/or 707 
elimination processes. 708 

 709 
• Pharmacokinetics (PK): The study of the absorption, distribution, metabolism, and excretion 710 

of an API and/or its metabolite(s). 711 
 712 
• Reference product: The drug product to which the in vivo BE and, in some instances, the in 713 

vitro equivalence of the test drug product is compared. 714 
 715 
• Replicate study design: an investigation where at least one of the treatments is repeated.   716 
 717 
• Relative bioavailability: The bioavailability of a drug product when compared with another 718 

formulation of the same drug administered by an extravascular route.  719 
 720 

• Steady state (ss): The condition where the API input rate is in dynamic equilibrium with its 721 
output (elimination) rate.  722 

 723 
• Strength: The amount of API in a drug product expressed in specific unit of measurement 724 

(e.g., 10 mg/mL, 25 mg/tablet). 725 
 726 
• Test product: The drug product used for BE comparison to the reference product. 727 

 728 
• Tlag: The duration of time between drug administration and the appearance of the API in the 729 

systemic circulation. 730 
 731 
• Tmax: Time to the Cmax. 732 
 733 
• Transdermal product: A dosage form designed to be applied to intact skin for the purpose 734 

of delivering the API for absorption through the skin and into the systemic circulation. 735 
 736 

737 
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V. APPENDIX 738 
 739 
An example of the sample size needed to attain a power of 80% at α = 0.05 for a single variable 740 
in the case of the multiplicative model is provided in Table 1 below.  Since the BE assessment is 741 
based upon the two one-sided tests procedure, the sample size calculation is based upon α = 0.05 742 
per tail, which translates into as a 90% confidence interval (2α = 0.10).  The number of subjects 743 
provided in the table (N), is the total number of subjects required in a two-period crossover 744 
design (where N = 2n and n = the number of subjects per sequence) for a given ratio of the 745 
test/reference product.   746 
 747 
Table 1:  An example of sample size estimates based upon a given ratio of test and reference 748 
treatment means and within subject variability where the confidence bounds (acceptance criteria) 749 
are 0.80 to 1.25. 750 
  Ratio Test/Reference Products 
%CV 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 
12.5 56 16 10 8 10 14 30 118 
15 78 22 12 10 12 20 42 170 

17.5 106 30 16 14 16 26 58 230 
20 138 38 20 16 18 32 74 300 

22.5 172 48 24 20 24 40 92 378 
25 212 58 28 24 28 50 114 466 

27.5 256 70 34 28 34 60 138 >500 
30 306 82 40 34 40 70 162 >500 
35 414 112 54 44 52 96 220 >500 
40 >500 146 70 58 68 124 288 >500 
50 >500 226 108 88 104 192 446 >500 

 751 
If, for example, a multiplicative model is used, where the within-subject %CV is 20 and the ratio 752 
of the test/reference products = 0.95, the equation results in an estimate of 20 subjects (10 in 753 
Group 1, 10 in Group 2). In this example, if the %CV reflected the between-subject error in a 754 
parallel design study, the estimate would be 10 subjects per treatment (N = 20). 755 
 756 
Sample Size Estimation  757 
 758 
Ln-Transformed Data (based upon Hauscke et al., 1992). 759 
 760 
In a crossover study, the number of subjects needed to achieve a 1-β power at the α nominal level 761 
is termed N, and N = 2n, where n is the number of subjects required per sequence. For the 762 
multiplicative model, the number of subjects can be estimated as follows: 763 
 764 
If θ= 1, then: n > [t(α, 2n-2) + t(β/2, 2n-2)]2 [CV/ ln1.25]2 765 
If 1< θ< 1.25, then: n > [t(α, 2n-2) + t(β, 2n-2)]2 [CV/ (ln 1.25 – ln θ)]2 766 
If 0.8 < θ< 1, then: n > [t(α, 2n-2) + t(β, 2n-2)]2 [CV/ (ln 0.8 – ln θ)]2 767 
 768 
Where: 769 
n = the number of subjects per sequence 770 
t(α, 2n-2) = t-value associated with the estimated confidence interval 771 
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α = Type 1 error = 0.05 for a one tailed test or 0.10 for a two-tailed test. For example, for a two 772 
tailed test (α = 0.05 per tail) and with 10 degrees of freedom, the corresponding value from a 773 
T distribution table = 1.812 774 

2n-2 = the error degrees of freedom used to estimate the confidence interval 775 
β = Type II error (usually 0.20). For example, with 10 degrees of freedom, the corresponding 776 

value from a T distribution table = 0.879.  Similarly, β/2 (used when θ= 1) = 1.372. 777 
µT = the expected population mean for the test product (log-transformed value) 778 
µR = the expected population mean for the reference product (log-transformed value) 779 
θ = (µT- µR) 780 
CV = coefficient of variation. This is calculated as the square root of the variance (i.e., the 781 

standard error) divided by the mean of all of the study observations  782 
 783 
This same equation can be applied to situations when a parallel rather than a crossover design 784 
study is used.  However, when this equation is applied to a parallel study design, n = the number 785 
of subjects per treatment.  Therefore, N =total number of subjects = n (test) + n (reference).  786 
 787 
Note: this is an iterative equation.  Because of the potential for greater differences and variances 788 
to occur when the pivotal study is performed, it may be prudent to repeat sample size estimates 789 
using both greater variability and both higher and lower estimates of ratios between treatment 790 
means.  Based upon this additional information, the number of animals can be selected that will 791 
provide the best chance for success using the resources available. 792 
 793 

794 
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