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EXECUTIVE SUMMARY 33 

This guideline defines when bioequivalence studies are necessary and formulates requirements for 34 
their design, conduct, and evaluation. The guideline focuses primarily on bioequivalence for 35 
immediate release dosage forms with systemic action. 36 

1. INTRODUCTION (background) 37 

Two medicinal products containing the same active substance are considered bioequivalent if their 38 
bioavailabilities (rate and extent) after administration in the same molar dose lie within acceptable 39 
predefined limits. These limits are set to ensure comparable in vivo performance, i.e. similarity in 40 
terms of safety and efficacy. 41 

In bioequivalence studies, the plasma concentration time curve is used to assess the rate and extent of 42 
absorption. Meaningful pharmacokinetic parameters and preset acceptance limits allow the final 43 
decision on bioequivalence of the tested products. AUC, the area under the concentration time curve, 44 
reflects the extent of exposure. Cmax, the maximum plasma concentration or peak exposure, and the 45 
time to maximum plasma concentration, tmax, are parameters that are influenced by absorption rate.  46 

It is the objective of this guideline to define when bioequivalence studies are necessary and to 47 
formulate requirements for their design, conduct, and evaluation. The possibility of using in vitro 48 
instead of in vivo studies is also addressed. 49 

The concept of bioequivalence forms the basis for approval of generic application, but it may also be 50 
applicable to hybrid application, extensions and variations applications, and to different formulations 51 
used during the development of a new medicinal product containing a new chemical entity. 52 

For generic applications, the purpose of establishing bioequivalence is to demonstrate equivalence in 53 
biopharmaceutic quality between the generic product and a reference medicinal product in order to 54 
allow bridging of clinical data associated with the reference medicinal product. The current definition 55 
for generic products is found in Directive 2001/83/EC, Article 10(2)(b). In general, a generic product 56 
is a product which has the same qualitative and quantitative composition in active substances as the 57 
reference medicinal product, the same pharmaceutical form as the reference medicinal product, and 58 
whose bioequivalence with the reference medicinal product has been demonstrated by appropriate 59 
bioavailability studies. By definition it is considered that different salts, esters, ethers, isomers, 60 
mixtures of isomers, complexes or derivatives of an active substance are considered to be the same 61 
active substance, unless they differ significantly in properties with regard to safety and/or efficacy. 62 
Furthermore, various immediate-release oral pharmaceutical forms are considered to be one and the 63 
same pharmaceutical form. It is also stated in the Directive that bioavailability studies need not be 64 
required if it can be demonstrated that the generic medicinal product meets the relevant criteria for a 65 
biowaiver.  66 

Hybrid applications rely on the results of preclinical tests and clinical trials of an approved reference 67 
medicinal product and include new data. These new data may include bioequivalence or comparative 68 
bioavailability data.  69 

Also applications for extensions such as additional dosage forms, new strengths, new routes of 70 
administration often need support of bioequivalence in order to bridge data from the authorised 71 
reference medicinal product.  72 

Variations for a change in composition or for significant manufacturing changes which may affect 73 
drug bioavailability may also require support of bioequivalence studies. 74 

During development of a new chemical entity, the principles of bioequivalence may be applied in 75 
order to bridge data between different formulations e.g. between a formulation used in the pivotal 76 
clinical studies and the to-be-marketed formulation. In such situations however, wider acceptance 77 
limits may be acceptable if these are justified based on data provided with a complete application, 78 
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adequately addressing the clinical relevance of the widening from both a safety and efficacy 79 
perspective. 80 

2. SCOPE 81 

This guideline focuses on recommendations for bioequivalence studies for immediate release 82 
formulations with systemic action.  83 

Specific recommendations regarding bioequivalence studies for modified release products, 84 
transdermal products and orally inhaled products are given in other guidelines (see section 3).  85 

Recommendation for the comparison of biologicals to reference medicinal products can be found in 86 
guidelines on biosimilar products. Recommendations for pharmacokinetics of therapeutic proteins are 87 
also described in a specific guideline (CPMP/EWP/89249/04). 88 

In case bioequivalence cannot be demonstrated using drug plasma concentrations, in exceptional 89 
circumstances pharmacodynamic or clinical endpoints may be needed. This situation is outside the 90 
scope of this guideline and the reader is referred to therapeutic area specific guidelines. 91 

Furthermore, this guideline does not cover aspects related to generic substitution as this is subject to 92 
national legislation. 93 

3. LEGAL BASIS 94 

This guideline applies to Marketing Authorisation Applications for human medicinal products 95 
submitted in accordance with the Directive 2001/83/EC as amended, under Art. 8(3) (full 96 
applications), Art 10b (fixed combination), Art. 10 (1) (generic applications), Art 10(3) (hybrid 97 
applications), and also for line extension and variation applications in accordance with Commission 98 
Regulations (EC) No 1084/2003 and 1085/2003.  99 

This guideline should be read in conjunction with the Annex I of Directive 2001/83/EC as amended, 100 
as well as European and ICH guidelines for conducting clinical trials, including those on: 101 

− General Considerations for Clinical Trials (ICH topic E8, CPMP/ICH/291/95) 102 
− Guideline for Good Clinical Practice (ICH E6 (R1), CPMP/ICH/135/95) 103 
− Structure and Content of Clinical Study Reports (ICH E3, CPMP/ICH/137/95) 104 
− CHMP guidance for users of the centralised procedure for generics/hybrid applications 105 

(EMEA/CHMP/225411/2006) 106 
− Modified Release Oral and Transdermal Dosage Forms: Section II (CPMP/EWP/280/96) 107 
− Requirements for clinical documentation for orally inhaled products (OIP) including the 108 

requirements for demonstration of therapeutic equivalence between two inhaled products for 109 
use in the treatment of Asthma and Chronic Obstructive Pulmonary Disease (COPD) 110 
(CPMP/EWP/4151/00 rev 1). 111 

− Fixed Combination Medicinal Products (CPMP/EWP/240/95) 112 
− Clinical Requirements for Locally Applied, Locally Acting Products containing Known 113 

Constituents (CPMP/EWP/239/95) 114 
− Good manufacturing practice (Eudralex volume 4). 115 

The guideline should also be read in conjunction with relevant guidelines on pharmaceutical quality. 116 
The test products used in the bioequivalence study must be prepared in accordance with GMP-117 
regulations. 118 

Bioequivalence trials should be conducted in accordance to Directive 2001/20/EC of the European 119 
parliament and of the Council. 120 

Companies may also apply for CHMP Scientific Advice, via the EMEA, for specific queries not 121 
covered by existing guidelines. 122 
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4. MAIN GUIDELINE TEXT 123 

4.1 Design, conduct and evaluation of bioequivalence studies  124 

In the following sections, requirements for the design, conduct and evaluation of bioequivalence 125 
studies investigating immediate release formulations with systemic action are described.  126 

The formulation and the characteristics of the active substance can affect the requirements for 127 
bioequivalence studies. When the test product contains a different salt, ester, ether, isomer, mixture of 128 
isomers, complex or derivative of an active substance than the reference product, bioequivalence 129 
should be demonstrated in appropriate bioavailability studies. However, when the active substance in 130 
test and reference products are identical or contain comparable salts, in vivo bioequivalence studies 131 
may, in some situations, not be required as described in APPENDIX II (bioequivalence study 132 
requirements) and III (biowaiver). 133 

The pharmacokinetic and physico-chemical properties of the substance affect the number of studies 134 
needed and the design of the studies. The choice of number of studies and study design should be 135 
thoroughly justified based on the physico-chemical characteristics of the substance and its 136 
pharmacokinetic properties, discussing especially linearity in pharmacokinetics, activity of 137 
metabolites, contribution of metabolites to the effect, the need for enantioselective analysis, and 138 
solubility of the active substance. In the context of this guideline, high solubility and low solubility is 139 
defined according to the Biopharmaceutics Classification System (BCS) definition of high and low 140 
solubility, as defined in APPENDIX III. 141 

The clinical overview of an application for marketing authorisation should list all studies carried out 142 
with the product applied for. All bioequivalence studies comparing the product applied for with the 143 
reference product of interest must be submitted. 144 

4.1.1 Study design 145 

The study should be designed in such a way that the formulation effect can be distinguished from 146 
other effects. 147 

Standard design 148 

If two formulations are going to be compared, a two-period, two-sequence single dose crossover 149 
design is the design of choice. The treatment periods should be separated by an adequate wash out 150 
period.  151 

Alternative designs 152 

In general, single dose studies will suffice. However, in case of dose or time-dependent 153 
pharmacokinetics, resulting in markedly higher concentrations at steady state than expected from 154 
single dose data, a potential difference in AUC between formulations may be larger at steady state 155 
than after single dose. Hence, a multiple dose study may be required in addition to the single dose 156 
study to ensure that the products are bioequivalent regarding AUC also at steady state. However, if the 157 
single dose study indicates very similar PK profile for test and reference (the 90% confidence interval 158 
for AUC is within 90-111), the requirement for steady-state data may be waived.  159 

In certain cases when a single dose study cannot be conducted in healthy volunteers due to tolerability 160 
reasons, and a single dose study is not feasible in patients, conduct of a multiple dose study in patients 161 
may be acceptable (see also section 4.1.6 Strength and Dose).  162 

A multiple dose study as an alternative to a single dose study may also be acceptable if problems of 163 
sensitivity of the analytical method preclude sufficiently precise plasma concentration measurements 164 
after single dose administration. As Cmax at steady state may be less sensitive to differences in the 165 
absorption rate than Cmax after single dose, bioequivalence should, if possible, be determined for Cmax 166 
after the single dose administration (i.e. after the first dose of the multiple dose study) as a measure of 167 
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peak exposure while extent of exposure can be based on demonstration of bioequivalence of AUC at 168 
steady state. 169 

In steady-state studies the administration scheme should preferably follow the highest usual dosage 170 
recommendation (see also section 4.1.6 Strength and dose).  171 

Under certain circumstances, provided the study design and the statistical analyses are scientifically 172 
sound, alternative well-established designs could be considered such as parallel design for substances 173 
with very long half-life and replicate designs e.g. for substances with highly variable pharmacokinetic 174 
characteristics (see section 4.1.10). 175 

4.1.2 Reference and test product 176 

For Article 10(1) and 10(3) applications the chosen reference medicinal product must be a medicinal 177 
product authorised in the Community, on the basis of a complete dossier in accordance with the 178 
provisions of Article 8 of Directive 2001/83/EC, as amended. The product used as reference product in 179 
the bioequivalence study should be part of the global marketing authorisation of the reference medicinal 180 
product (as defined in Article 6(1) second subparagraph of Directive 2001/83/EC). The choice of the 181 
reference medicinal product should be justified by the applicant in Module 1.2, and Module 1, section 182 
1.5.2. 183 

Test products in an application for a generic product are normally compared with the corresponding 184 
dosage form of a reference medicinal product.  185 

In an application for extension of a concerned medicinal product and when there are several dosage 186 
forms of this medicinal on the market, the dosage form used for the initial approval of the concerned 187 
medicinal product (and which was used in clinical efficacy and safety studies) should be used as 188 
comparative product, unless otherwise justified.  189 

For variations of a concerned medicinal product, the comparative medicinal product for use in 190 
bioequivalence and dissolution studies is usually that authorised under the currently registered 191 
formulation, manufacturing process, packaging etc.  192 

When variations to a generic product are made, the comparative medicinal product for the 193 
bioequivalence study should be the reference medicinal product. 194 

The reference and test products should be packed in an individual way for each subject and period. 195 
Packaging, which is a manufacturing operation, should be performed and documented in accordance 196 
with good manufacturing practice, including Annex 13 to the EU guide to GMP. It should be possible 197 
to identify unequivocally the identity of the product administered to each subject at each trial period. 198 
Packaging and administration of the products to the subjects should therefore be documented in detail. 199 
This documentation should include all precautions taken to avoid and identify potential dosing 200 
mistakes. 201 

Batch control results of the test and reference products should be reported. The assayed content of the 202 
batch used as test product should not differ more than 5% from that of the batch used as reference 203 
product determined with the test procedure proposed for routine quality testing of the test product. In 204 
order to demonstrate that a representative batch of the reference product with regards to dissolution 205 
and assay content has been selected, the applicant should present dissolution profiles and content 206 
analysis of at least 3 batches of the reference product, unless otherwise justified. 207 

The test product used in the study should be representative of the product to be marketed and this 208 
should be justified by the applicant. In the case of oral solid forms for systemic action the test product 209 
should usually originate from a batch of at least 1/10 of production scale or 100,000 units, whichever 210 
is greater, unless otherwise justified. The production of batches used should provide a high level of 211 
assurance that the product and process will be feasible on an industrial scale. In case of a production 212 
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batch smaller than 100,000 units, a full production batch will be required. If the product is subjected to 213 
further scale-up, this should be properly validated. 214 

Samples of the product from full production batches should be compared with those of the test batch, 215 
and should show similar in vitro dissolution profiles when employing suitable dissolution test 216 
conditions (see Appendix I).  217 

The study sponsor will have to retain a sufficient number of all investigational product samples in the 218 
study for one year in excess of the accepted shelf life or two years after completion of the trial or until 219 
approval whichever is longer to allow re-testing, if it is requested by the authorities. 220 

4.1.3 Subjects 221 

Number of subjects 222 

The number of subjects to be included in the study should be based on an appropriate sample size 223 
calculation. The minimum number of subjects in a cross-over study should be 12. 224 

Selection of subjects 225 

The subject population for bioequivalence studies should be selected with the aim to permit detection 226 
of differences between pharmaceutical products. In order to reduce variability not related to 227 
differences between products, the studies should normally be performed in healthy volunteers unless 228 
the drug carries safety concerns that make this unethical. This model, in vivo healthy volunteers, is 229 
regarded adequate in most instances to detect formulation differences and the results will allow 230 
extrapolation to populations in which the reference product is approved (the elderly, children, patients 231 
with renal or liver impairment, etc.).  232 

The inclusion/exclusion criteria should be clearly stated in the protocol. In general, subjects should 233 
preferably be between 18 - 55 years old and of weight within the normal range according to accepted 234 
normal values for the Body Mass Index. The subjects should be screened for suitability by means of 235 
clinical laboratory tests, an extensive review of medical history, and a comprehensive medical 236 
examination. Depending on the drug’s therapeutic class and safety profile, special medical 237 
investigations and precautions may have to be carried out before, during and after the completion of 238 
the study. Subjects could belong to either sex; however, the risk to women of childbearing potential 239 
should be considered on an individual basis. Subjects should preferably be non-smokers and without a 240 
history of alcohol or drug abuse. If moderate smokers are included (less than 10 cigarettes per day) 241 
they should be identified as such and the consequences for the results should be discussed. 242 
Phenotyping and/or genotyping of subjects may be considered for safety or pharmacokinetic reasons.  243 

In parallel design studies, the treatment groups should be comparable in all known prognostic 244 
variables that affect the pharmacokinetics of the active substance (e.g. ethnic origin, smoking status, 245 
extensive/poor metabolic status). This is an essential pre-requisite to give validity to the study results. 246 

If the investigated active substance is known to have adverse effects and the pharmacological effects 247 
or risks are considered unacceptable for healthy volunteers, it may be necessary to use patients, under 248 
suitable precautions and supervision, instead. In such case the applicant should justify the alternative. 249 

4.1.4 Study conduct 250 

Standardisation 251 

The test conditions should be standardised in order to minimise the variability of all factors involved 252 
except that of the products being tested. Therefore, it is recommended to standardise diet, fluid intake 253 
and exercise.  254 

The time of day for ingestion should be specified. As fluid intake may influence gastric passage for 255 
oral administration forms, the test and reference products should be administered with a standardised 256 
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volume of fluid (at least 150 ml). All meals and fluids taken after the treatment should also be 257 
standardised in regard to composition and time of administration during the sampling period. As the 258 
bioavailability of an active moiety from a dosage form could be dependent upon gastrointestinal 259 
transit times and regional blood flows, posture and physical activity may need to be standardised. 260 

The subjects should abstain from food and drinks, which may interact with circulatory, 261 
gastrointestinal, hepatic or renal function (e.g. alcoholic or xanthine-containing beverages or 262 
grapefruit juice) during a suitable period before and during the study. 263 

Subjects should not take any other concomitant medication (including herbal remedies) for an 264 
appropriate interval before as well as during the study. In case concomitant medication is unavoidable 265 
and a subject is administered other drugs, for instance to treat adverse events like headache, the use 266 
must be reported (dose and time of administration) and possible effects on the study outcome must be 267 
addressed.  268 

In case the study is to be performed under fasting conditions, subjects should fast during the night 269 
prior to administration of the products, unless otherwise justified. 270 

Sampling times 271 

A sufficient number of samples to adequately describe the complete plasma concentration-time profile 272 
should be collected. The sampling schedule should include frequent sampling around Cmax to provide a 273 
reliable estimate of peak exposure. The sampling schedule should be planned to avoid Cmax being the 274 
first point of a concentration time curve. When partial AUC is to be determined, frequent early 275 
sampling is recommended with preferably at least two quantifiable samples before expected tmax. The 276 
sampling schedule should also cover the plasma concentration time curve long enough to provide a 277 
reliable estimate of the extent of exposure which is achieved if AUCt is at least 80% of AUC∞. At least 278 
three to four samples are needed during the terminal log-linear phase in order to reliably estimate the 279 
terminal rate constant (which is needed for a reliable estimate of AUC∞). 280 

A sampling period longer than 72 h is not considered necessary for any immediate release 281 
formulation. Hence, for drugs with a long half-life, comparison of extent of exposure using truncated 282 
AUCs at 72 h is acceptable.  283 

Fasting or fed conditions 284 

The study should be conducted during fasting conditions unless the SPC recommends intake of the 285 
originator product only in the fed state. If the recommendation of food intake in the SPC is based on 286 
pharmacokinetic properties such as higher bioavailability, the bioequivalence study should be 287 
conducted in the fed state. Also if the recommendation of food intake is intended to decrease adverse 288 
events or to improve tolerability, it is recommended to conduct the bioequivalence study in fed state, 289 
although a bioequivalence study under fasting conditions could be acceptable if this has been 290 
adequately justified. 291 

For products with enhanced release characteristics differing from conventional immediate release 292 
formulations (e.g. microemulsions or solid dispersions), bioequivalence studies performed under both 293 
fasted and fed conditions are required. 294 

In cases where information is required in both the fed and fasted states, it is preferable to conduct a 295 
four-period single dose crossover design study (both products fed and fasted) rather than conducting 296 
two separate bioequivalence studies in fed and fasted state, respectively. In a four-period crossover 297 
design study, the food effect on test and reference product can be evaluated which is not the case when 298 
conducting two separate two-period, two-sequence single dose crossover design studies under fasting 299 
and fed conditions, respectively. In addition to the bioequivalence evaluation of test/reference in 300 
fasting and in fed state, the food effect can be presented for test and reference, i.e. the ratio 301 
food/fasting and 90% confidence interval for test and reference, respectively. 302 

In studies performed under fed conditions, the composition of the meal should be according to 303 
recommendations in the SPC of the reference product. If no recommendation on the composition of 304 
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the meal is given in the reference product SPC, the meal should be a "standardized non high-fat meal" 305 
(about 650 kcal with about 30% of calories derived from fat). The composition of the meal should be 306 
described with regard to protein, carbohydrate and fat content (specified in grams, calories and relative 307 
caloric content (%)). 308 

4.1.5 Characteristics to be investigated 309 

Pharmacokinetic parameters 310 

In studies to determine bioequivalence after a single dose, AUCt, AUC∞, Cmax and tmax should be 311 
determined. Additional parameters that may be reported include the terminal rate constant, λz, and t1/2.  312 

For products where rapid absorption is of importance, partial AUCs can be used as a measure of early 313 
exposure. The partial area can in most cases be truncated at the population median of tmax values for 314 
the reference formulation. However, an alternative time point for truncating the partial AUC can be 315 
used when clinically relevant. The time point for truncating the partial AUC should be pre-specified 316 
and justified in the study protocol.   317 

In studies to determine bioequivalence at steady state, AUCτ, Cmax,ss, Cmin,ss, tmax,ss and fluctuation 318 
should be determined.  319 

Definitions of the pharmacokinetic parameters are given in section 6. 320 

Additional parameters may be presented. The methods of estimating parameters should be specified. 321 
The use of compartmental methods for the estimation of parameters is not acceptable.  322 

Parent compound or metabolites 323 

Recommendations for measuring parent compound and metabolite(s) depend on the contribution of 324 
parent compound and metabolite(s), respectively, to activity as detailed below and in Appendix IV. 325 

In principle, evaluation of bioequivalence should be based upon measured concentrations of the parent 326 
compound. The reason for this is that Cmax of a parent compound is usually more sensitive to detect 327 
differences between formulations in absorption rate than Cmax of a metabolite.  328 

Also for inactive prodrugs, demonstration of bioequivalence for parent compound is the preferred 329 
option when the pharmacokinetics of pro-drug and active metabolite(s) is linear. In this situation, the 330 
active metabolite does not need to be measured. However, in case the pro-drug or active metabolites 331 
display non-linear pharmacokinetics (or it is difficult to conclude linear pharmacokinetics from 332 
available data), it is recommended to demonstrate bioequivalence for the main active metabolite. In 333 
such case, the parent compound does not need to be measured provided that it is inactive from efficacy 334 
and safety perspectives. Moreover, some pro-drugs may have low plasma concentrations, be quickly 335 
eliminated and have high variability, resulting in difficulties in demonstrating bioequivalence for 336 
parent compound in a reasonably sized bioequivalence study. In this situation it is acceptable to 337 
demonstrate bioequivalence for the main active metabolite without measurement of parent compound. 338 
Furthermore, in situations where the pro-drug exposure is low and exposure to active metabolite is 339 
very much higher, it is acceptable to demonstrate bioequivalence for the main active metabolite 340 
without measurement of parent compound. 341 

The use of a metabolite as a surrogate for an active parent compound can only be considered if the 342 
applicant presents convincing arguments demonstrating that it is not possible to reliably measure the 343 
parent compound after single dose administration or at steady state. However, as Cmax of the metabolite 344 
is usually less sensitive to differences in the absorption rate than Cmax of the parent drug, 345 
bioequivalence should, if possible, be determined for Cmax of the parent compound as a measure of 346 
peak exposure while extent of exposure can be based on demonstration of bioequivalence of AUC of 347 
metabolite. Furthermore, when using metabolite data as a substitute for parent drug concentrations, the 348 
applicant should present any available data supporting the view that the parent drug exposure will be 349 
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reflected by metabolite exposure and that the metabolite formation is not saturated at therapeutic 350 
doses. 351 

In exceptional cases, bioequivalence of active metabolite(s) may need to be demonstrated in addition 352 
to parent drug. This is applicable if the metabolite has a major contribution to clinical efficacy of an 353 
active substance and metabolite concentrations may reflect differences in formulation which may not 354 
be detected in parent compound, such as drugs with linear pharmacokinetics for parent compound and 355 
where the active metabolite shows non-linear pharmacokinetics caused by significant saturation of 356 
formation and/or elimination.  357 

When evaluating the significance of the contribution of an active metabolite to the clinical efficacy, 358 
available information on differences in AUC and pharmacodynamic activity between parent 359 
compound and metabolite should be taken into account. Depending on how pharmacodynamic activity 360 
has been determined, differences in protein binding between parent compound and metabolite may 361 
also need to be taken into account. 362 

Enantiomers 363 

The use of achiral bio-analytical methods is possible when it is demonstrated that both enantiomers 364 
show at least one of the following characteristics: 365 

• the same pharmacokinetics,  366 
• the same pharmacodynamics or  367 
• the concentration ratio of enantiomers is not modified by a change in the rate of absorption.  368 

If none of these characteristics is fulfilled or can be asserted with confidence, enantiomeric bio-369 
analytical methods are required. If one enantiomer is pharmacologically active and the other is 370 
inactive or has a low contribution to activity, it is sufficient to demonstrate bioequivalence for the 371 
active enantiomer. If both enantiomers contribute significantly to activity, bioequivalence should be 372 
demonstrated for both enantiomers. 373 

The use of achiral bio-analytical methods is also possible when both products contain the same single 374 
enantiomer and there is no inter-conversion in vivo. 375 

The use of urinary data 376 

The use of urinary excretion data as a surrogate for a plasma concentration may be acceptable in 377 
determining the extent of exposure in case it is not possible to reliably measure the plasma 378 
concentration-time profile of parent compound.  However, the use of urinary data has to be carefully 379 
justified when used to estimate peak exposure. If a reliable plasma Cmax can be determined, this should 380 
be combined with urinary data on the extent of exposure for assessing bioequivalence.  381 

4.1.6 Strength and dose to be investigated 382 

The strength(s) and dose(s) to evaluate depend on the linearity in pharmacokinetics of the active 383 
substance, its solubility, the proportionality in composition between the different strengths and other 384 
product related issues described below and in Appendix V. 385 

If a test product constitutes several strengths, it is sufficient to establish bioequivalence with only one 386 
strength, provided that all of the below conditions are fulfilled.  387 

a) the pharmaceutical products are manufactured at the same site by the same manufacturer and 388 
manufacturing process, 389 

b) linear pharmacokinetics, i.e. proportional increase in AUC and Cmax with increased dose, over 390 
the therapeutic dose range, 391 

c) the qualitative composition of the different strengths is the same, 392 
d) the composition of the strengths are quantitatively proportional, i.e. the ratio between the 393 

amount of each excipient to the amount of active substance(s) is the same for all strengths (for 394 
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immediate release products, coating components, colour agents and flavours are not required 395 
to follow this rule),  396 

e) appropriate in vitro dissolution data should confirm the adequacy of waiving additional in 397 
vivo bioequivalence testing (see section 4.2). 398 

If all above conditions are fulfilled, and the drug substance has a high solubility, the dose (and 399 
strength) to be tested may be selected based on safety and analytical grounds as the sensitivity to 400 
detect a potential difference between products is similar over the dose range. 401 

However, in case of low solubility drug substances, the bioequivalence study should be conducted at 402 
the highest dose, using the highest strength, as these conditions are most sensitive to detect a potential 403 
difference between products. 404 

For both high and low solubility drug substances, some deviations from condition d) may be accepted 405 
as detailed below, provided that the bioequivalence study has been conducted with the highest dose 406 
using the highest strength. If the below stated conditions are fulfilled, additional bioequivalence 407 
studies at lower strengths can be waived. 408 

• in case the amount of the active substance(s) is less than 5 % of the tablet core weight or the 409 
weight of the capsule content and 410 

• the amounts of the different core excipients or capsule content are the same for all strengths 411 
and only the amount of active substance is changed or 412 

• the amount of a filler is changed to account for the change in amount of active substance. The 413 
amounts of other core excipients or capsule content should be the same for all strengths. 414 
However, for BCS class III compounds it should be reassured that the change in filler will not 415 
affect the solubility or absorption of the substance (see Appendix III, section IIIb Excipients). 416 

The conditions should be fulfilled for all active substances of fixed dose combinations. 417 

If all conditions except b) above are fulfilled, i.e. pharmacokinetics are non-linear over the therapeutic 418 
dose range, bioequivalence between test and reference formulations should be established at the 419 
strength(s) and dose(s) most sensitive to identify formulation related differences. Data on linearity in 420 
pharmacokinetics is sometimes limited or it may be difficult to conclude linear PK from the available 421 
data. If evidence of non-linearity is available or the available data suggest non-linear 422 
pharmacokinetics, the strength(s) and dose(s) to be used in the bioequivalence study(s) can be selected 423 
as follows: 424 

• the highest dose (using the highest strength) for drugs with a demonstrated greater than 425 
proportional increase in AUC or Cmax with increasing dose.  426 

• the lowest strength (or a dose in the linear range) for drugs with a demonstrated less than 427 
proportional increase in AUC or Cmax with increasing dose, e.g. if this phenomenon is due to 428 
saturable absorption. However, if this phenomenon is due to limited solubility of the active 429 
substance, bioequivalence should be established also with the highest dose (using the highest 430 
strength), i.e. in this situation two bioequivalence studies are needed. 431 

If it cannot be determined which strength(s) and dose(s) are most sensitive to identify formulation 432 
related differences based on available data, it is recommended to establish bioequivalence at both the 433 
lowest dose using the lowest strength and the highest dose using the highest strength, if possible. 434 

When the pharmacokinetics is non-linear and studies are warranted at the high dose range, they should 435 
preferably be performed at the highest commonly recommended dose. If this dose cannot be 436 
administered to volunteers, the study may need to be performed in patients. If the study is conducted at 437 
the highest acceptable dose in volunteers, the Applicant should justify this and discuss how 438 
bioequivalence determined at this dose can be extrapolated to the highest commonly recommended 439 
dose. Conduct of the bioequivalence study at a lower dose could be justified if data from this study 440 
indicate very similar PK profile for test and reference (the 90% confidence intervals are within 90-441 
111) so that it is unlikely that there will be a risk for non-equivalence at the most sensitive dose.  442 
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4.1.7 Chemical analysis 443 

The bioanalytical part of bioequivalence trials should be conducted according to the principles of 444 
Good Laboratory Practice (GLP). However, as such studies fall outside the formal scope of GLP, the 445 
sites conducting the studies are not required to be certified as part of the GLP compliance certification 446 
scheme. 447 

The bioanalytical methods used must be well characterised, fully validated and documented to yield 448 
reliable results that can be satisfactorily interpreted. The main objective of method validation is to 449 
demonstrate the reliability of a particular method for the quantitative determination of an analyte(s) 450 
concentration in a specific biological matrix. The main characteristics of a bioanalytical method 451 
essential to ensure the acceptability of the performance and the reliability of analytical results are: (1) 452 
stability of the stock solutions and of the analyte(s) in the biological matrix under processing 453 
conditions and during the entire period of storage; (2) specificity; (3) accuracy; (4) precision (5) limit 454 
of quantification and (6) response function.  455 

The validation of a bioanalytical method should comprise two distinct phases: (1) the pre-study phase 456 
in which the compliance of the assay with the characteristics listed above is verified and (2) the study 457 
phase itself in which the validated bioanalytical method is applied to the actual analysis of samples 458 
from the bioequivalence study in order to confirm the validity of the determinations.  459 

Pre-study phase 460 
As validation involves documenting that the performance of characteristics of the method are suitable 461 
and reliable for the intended analytical application, commercial kits need to be re-validated for their 462 
use in bioequivalence studies. Similarly, demonstration of stability based on literature data only is not 463 
acceptable. The Applicant should discuss the ability of the analytical method to distinguish between 464 
the analyte (e.g. parent) and other related substances (e.g. metabolites or co-medication during study 465 
phase) that may be formed after the drug administration but are not present in the spiked samples 466 
employed in the pre-study phase of the validation. The risk of back-conversion of a metabolite into the 467 
analyte during the successive steps of the analysis should also be addressed. 468 

Study phase 469 
A calibration curve should be generated for each analyte in each analytical run and it should be used to 470 
calculate the concentration of the analyte in the unknown samples in the run. A sufficient number of 471 
separately prepared Quality Control samples should be analysed with processed test samples at 472 
intervals based on the total number of samples. In addition, it is necessary to validate the method of 473 
processing and handling the biological samples. 474 

The Applicant should discuss the number of samples (and percentage of total number of samples) that 475 
have been re-analyzed, the initial value, the reason for reanalysis, the values obtained in the 476 
reanalyses, the finally accepted value and a justification for the acceptance. Similarly, the Applicant 477 
should discuss the number of chromatograms (and percentage of total number of chromatograms) that 478 
have not been automatically integrated, the reason for a different method of integration, the value 479 
obtained with the automatic integration and the non-automatic integration and a justification for the 480 
acceptance of each individual chromatograms that has not been automatically integrated. Any other 481 
deviation of the analytical protocol should also be discussed in the Analytical Report. 482 

All procedures should be performed according to pre-established Standard Operating Procedures 483 
(SOPs). All relevant procedures and formulae used to validate the bioanalytical method should be 484 
submitted and discussed. Any modification of the bioanalytical method before and during analysis of 485 
study specimens may require adequate revalidation; all modifications should be reported and the scope 486 
of revalidation justified. 487 

4.1.8 Evaluation 488 

The primary concern of bioequivalence assessment is to compare the bioavailability between a test 489 
and a reference product. Two products are considered bioequivalent if their bioavailabilities (rate and 490 
extent) after administration in the same molar dose lie within acceptable predefined limits. 491 
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The pharmacokinetic parameters should not be adjusted for differences in analysed content of the test 492 
and reference batch, i.e. content correction is not accepted, in the evaluation of bioequivalence studies 493 
included in applications for generic products. 494 

Statistical analysis 495 

The assessment of bioequivalence is based upon 90% confidence intervals for the ratio of the 496 
population geometric means (test/reference) for the parameters under consideration. This method is 497 
equivalent to two one-sided tests with the null hypothesis of bioinequivalence at the 5% significance 498 
level. 499 

The pharmacokinetic parameters under consideration should be analysed using ANOVA (or 500 
equivalent parametric method). The data should be transformed prior to analysis using a logarithmic 501 
transformation. A confidence interval for the difference between formulations on the log-transformed 502 
scale is obtained from the ANOVA model. This confidence interval is then back-transformed to obtain 503 
the desired confidence interval for the ratio on the original scale. A non-parametric analysis is not 504 
acceptable.  505 

The precise model to be used for the analysis should be pre-specified in the protocol. The statistical 506 
analysis should take into account sources of variation that can be reasonably assumed to have an effect 507 
on the response variable. For example, if a two-period, two-sequence crossover design has been used, 508 
the terms to be used in the ANOVA model are usually sequence, subject within sequence, period and 509 
formulation. The presentation of the findings of a bioequivalence trial should include a 2x2-table that 510 
presents for each sequence (in rows) and each period (in columns) means, standard deviations and 511 
number of observations for the observations in the respective period of a sequence. In addition, tests 512 
for difference and the respective confidence intervals for the treatment effect, the period effect, and the 513 
sequence effect should be reported for descriptive assessment. A test for carry-over should not be 514 
performed and no decisions regarding the analysis (e.g. analysis of the first period, only) should be 515 
made on the basis of such a test. The potential for carry-over can be directly addressed by examination 516 
of the pre-treatment plasma concentrations in period 2 (and beyond if applicable). If there are any 517 
subjects for whom the pre-dose concentration is greater than 5 percent of the Cmax value for the subject 518 
in that period, the statistical analysis should be repeated with those subjects excluded. Results from 519 
both analyses should be presented, but the analysis with the subjects excluded should be considered as 520 
primary. 521 

However, if the substance being studied is endogenous, the calculation of pharmacokinetic parameters 522 
should be performed using some form of baseline correction so that the calculated pharmacokinetic 523 
parameters refer to the additional concentrations provided by the treatment. The method for baseline 524 
correction should be pre-specified and justified in the study protocol. In this situation it cannot be 525 
directly assessed whether carry-over has occurred, so extra care should be taken to ensure that the 526 
washout period is of an adequate duration. 527 

Evaluation of data from several bioequivalence studies 528 

If the application contains some studies which demonstrate bioequivalence and others that do not, the 529 
documentation must be considered as a whole. The existence of a positive study does not mean that 530 
negative studies can be ignored. In this situation the interpretation of the overall documentation is not 531 
straightforward but there are three distinct situations which can be considered: 532 

1. If after the failed trial or trials, some well justified modifications have been made to the product that 533 
address the deficiencies that were revealed, then a subsequent bioequivalence study can be assessed 534 
without reference to the previous results. A positive study in this situation is not downgraded by the 535 
previous negative results.  536 

2. If the failed trial was ambiguous e.g. the confidence intervals were wide and were consistent with 537 
both possible bioequivalence and lack of bioequivalence, then a subsequent positive study can be 538 
convincing. This is because the new study does not contradict the previous study, but it provides 539 
additional information that allows us to be confident that the previous failure was because of lack of 540 
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information rather than lack of bioequivalence. It is not acceptable to pool together two ambiguous 541 
studies to reach a positive conclusion. 542 

3. If the failed study(s) clearly shows that the test product is bioinequivalent with the reference, a 543 
subsequent positive trial will then be a contradictory finding. In this situation, additional study(s) will 544 
be needed until the evidence for bioequivalence clearly outweighs the evidence against, indicating that 545 
the failed study(s) were simply unlucky chance findings. It is not acceptable to pool together positive 546 
and negative studies in a meta-analysis.  547 

Acceptance limits 548 

In studies to determine bioequivalence after a single dose, the parameters to be analysed are AUCt and 549 
Cmax.  550 

For these parameters the 90% confidence interval for the ratio of the test and reference products 551 
should be contained within the acceptance interval of 80-125%.  552 

Confidence intervals should be presented to two decimal places. To be inside the acceptance interval 553 
the lower bound should be ≥ 80.00 and the upper bound should be ≤ 125.00.  554 

For products where rapid absorption is of importance, equivalence between test and reference should 555 
be supported by demonstration of bioequivalence for partial AUC as a measure of early exposure. The 556 
same acceptance interval as for Cmax applies to partial AUC. 557 

For studies to determine bioequivalence at steady state AUCτ, Cmax,ss, and Cmin,ss should be analysed 558 
using the same acceptance interval as stated above. 559 

In specific cases of products with a narrow therapeutic range, the acceptance interval may need to be 560 
tightened (see section 4.1.9). Moreover, for highly variable drugs the acceptance interval for Cmax may 561 
in certain cases be widened (see section 4.1.10). 562 

Two-stage design 563 

It is acceptable to use a two-stage approach when attempting to demonstrate bioequivalence. An initial 564 
group of subjects can be treated and their data analysed. If bioequivalence has not been demonstrated 565 
an additional group can be recruited and the results from both groups combined in a final analysis. If 566 
this approach is taken appropriate steps must be taken to preserve the overall type I error of the 567 
experiment. The analysis of the first stage data should be treated as an interim analysis and both 568 
analyses conducted at adjusted significance levels (with the confidence intervals accordingly using an 569 
adjusted coverage probability which will be higher than 90%). The plan to use a two-stage approach 570 
must be prespecified in the protocol along with the adjusted significance levels to be used for each of 571 
the analyses. 572 

Subject accountability 573 

All treated subjects should be included in the statistical analysis, with the exception of subjects in a 574 
crossover trial who do not complete at least one period receiving each of the test and reference 575 
products (or who fail to complete the single period in a parallel group trial).  576 

The data from all treated subjects should be treated equally. It is not acceptable to have a protocol 577 
which specifies that ‘spare’ subjects will be included in the analysis only if needed as replacements for 578 
other subjects who have been excluded.   579 

Unbiased assessment of results from randomised studies requires that all subjects are observed and 580 
treated according to the same rules, rules that should be independent from treatment or outcome. In 581 
consequence, the decision to exclude a subject from the statistical analysis must be made before 582 
bioanalysis. Ideally all treated subjects should be included in the analysis provided that the necessary 583 
number of treatment periods has been completed. Exclusions can only be made based upon reasons 584 
that have been defined in the protocol. Acceptable reasons to exclude a subject are events such as 585 
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vomiting and diarrhoea which could render the plasma concentration-time profile unreliable. In 586 
exceptional cases, the use of concomitant medication can be a reason for excluding a subject. The 587 
search for such explanations must apply to all subjects in all groups. Exclusion of data can never be 588 
accepted on the basis of statistical analysis or for pharmacokinetic reasons alone, because it is 589 
impossible to distinguish the formulation effects from other effects affecting the pharmacokinetics. 590 

Presentation of data 591 

All individual subject data should be provided. These presentations should include available data from 592 
subjects who eventually dropped-out from the study. Drop-out and withdrawal of subjects should be 593 
fully documented.  594 

All individual concentration data and pharmacokinetic parameters should be listed by formulation 595 
together with summary statistics such as geometric mean, median, arithmetic mean, standard 596 
deviation, coefficient of variation, minimum and maximum. Individual plasma concentration/time 597 
curves should be presented in linear/linear and log/linear scale. 598 

For the pharmacokinetic parameters that were subject to statistical analysis, the point estimate and 599 
90% confidence interval for the ratio of the test and reference products should be presented.  600 

For single dose studies, the percentage of AUC∞ that is covered by AUCt should be reported for each 601 
subject in each period if the observation period is shorter than 72 hours. Subjects should not be 602 
excluded from the analysis on the basis of this calculation, but if the percentage is less than 80% in 603 
more than 20% of the observations then the validity of the study could be questioned. 604 

The report should be sufficiently detailed to enable the pharmacokinetics and the statistical analysis to 605 
be repeated, e.g. data on actual times of blood sampling, drug concentrations, the values of the 606 
pharmacokinetic parameters for each subject in each period and the randomisation scheme should be 607 
provided.  608 

The analytical report should include a detailed description of the bioanalytical method used, a detailed 609 
pre-study validation report and a detailed description of the in study validation results including the 610 
results for all standard and quality control samples. A representative number, of chromatograms or 611 
other raw data (e.g. for the first 5 subjects) should be included covering the whole concentration range 612 
for all standard and quality control samples as well as the specimens analysed. Any manual integration 613 
of chromatograms should be justified and listed together with values from the automatic integration.   614 

4.1.9 Narrow therapeutic index drugs 615 

In specific cases of products with a narrow therapeutic index, the acceptance interval may need to be 616 
tightened. For the purpose of bioequivalence requirements, narrow therapeutic index drugs (NTIDs) 617 
may be considered to be those for which there is a risk of clinically relevant difference in efficacy or 618 
safety between two products even when the conventional criteria for bioequivalence (i.e. 90% 619 
confidence interval for test / reference ratio for AUC and Cmax within 80-125%) are met. NTIDs 620 
often have steep concentration response relationships for efficacy, toxicity, or both. Dosing generally 621 
needs to be individualised based on plasma concentration monitoring or titrated according to clinical 622 
response and there may be a potential for serious clinical consequences in the event of too low or high 623 
concentrations. It is not possible to define a set of criteria to categorise drugs as either NTIDs or not 624 
and a judgement must be made in each individual case. Likewise, the need for narrowing the 625 
acceptance interval for both AUC and Cmax or for AUC only should be determined on a case by case 626 
basis. 627 

In cases where the acceptance interval needs to be tightened, the acceptance interval for concluding 628 
bioequivalence should generally be narrowed to 90-111%. In individual cases alternative or additional 629 
requirements might be set. 630 
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4.1.10 Highly variable drugs or drug products 631 

In certain cases, Cmax is of less importance for clinical efficacy and safety compared with AUC. When 632 
this is applicable, the acceptance criteria for Cmax can be widened to 75-133% provided that all of the 633 
following are fulfilled: 634 

• the widening has been prospectively defined in the study protocol  635 
• it has been prospectively justified that widening of the acceptance criteria for Cmax does not 636 

affect clinical efficacy or safety 637 
• the bioequivalence study is of a replicate design where it has been demonstrated that the 638 

within-subject variability for Cmax of the reference compound in the study is >30%.  639 

This approach does not apply to AUC.  640 

It is acceptable to apply either a 3-period or a 4-periodcrossover scheme in the replicate design study.  641 

4.2 In-vitro dissolution tests  642 

4.2.1 In-vitro dissolution tests complementary to bioequivalence studies 643 

The results of in vitro dissolution tests at least at pH 1.2, 4.5, 6.8 and the media intended for drug 644 
product release (QC media), obtained with the batches of test and reference products that were used in 645 
the bioequivalence study should be reported. The results should be reported as profiles of percent of 646 
labelled amount dissolved versus time. 647 

Unless otherwise justified, the specifications for the in vitro dissolution to be used for quality control 648 
of the product should be derived from the dissolution profile of the test product batch that was found 649 
to be bioequivalent to the reference product, which would be expected to be similar to those of the 650 
reference product (see Appendix I). In this way biorelevance of the chosen in vitro dissolution method 651 
may be demonstrated. 652 

4.2.2 In-vitro dissolution tests in support of biowaiver of strengths 653 

Appropriate in vitro dissolution should confirm the adequacy of waiving additional in vivo 654 
bioequivalence testing. Accordingly, dissolution should be investigated at different pH values as 655 
outlined in the previous section unless otherwise justified. Particular dosage forms may require 656 
investigations using different experimental conditions. Similarity of in vitro dissolution should be 657 
demonstrated at all conditions 658 

♦ within the applied product series, i.e. between additional strengths and the strength(s) used for 659 
bioequivalence testing, and 660 

♦ between additional strengths of the applied product and corresponding strengths of the 661 
reference product. 662 

At pH values where sink conditions may not be achievable for all strengths in vitro dissolution may 663 
differ between different strengths. However, the comparison with the reference medicinal product 664 
should then confirm that this finding is drug substance rather than formulation related. In addition, the 665 
applicant could show similar profiles at the same dose (e.g. two tablets of 5 mg versus one tablet of 10 666 
mg). 667 

4.3 Variations 668 

If a product has been reformulated from the formulation initially approved or the manufacturing 669 
method has been modified by the manufacturer in ways that could be considered to impact on the 670 
bioavailability, a bioequivalence study is required, unless otherwise justified. Any justification 671 
presented should be based upon general considerations, e.g. as per APPENDIX III, or on whether an 672 
acceptable in vivo / in vitro correlation has been established. 673 
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In cases where the bioavailability of the product undergoing change has been investigated and an 674 
acceptable correlation between in vivo performance and in vitro dissolution has been established, the 675 
requirements for in vivo demonstration of bioequivalence can be waived if the dissolution rate in vitro 676 
of the new product is similar to that of the already approved medicinal product under the same test 677 
conditions as used to establish the correlation (see APPENDIX I). In all other cases bioequivalence 678 
studies have to be performed. 679 

As stated in section 4.1.2 Reference and test product, the comparative medicinal product for use in 680 
bioequivalence and dissolution studies in support of a variation of a concerned medicinal product is 681 
usually that authorised under the currently registered formulation, manufacturing process, packaging 682 
etc. 683 

When variations to a generic product are made, the comparative medicinal product for the 684 
bioequivalence study should be the reference medicinal product. 685 

4.4 Study report 686 

The report of bioequivalence study should be written in accordance with the ICH E3 guideline. The 687 
authenticity of the whole of the report should be attested by the signature of the principal investigator 688 
in accordance with Annex I of the Directive 2001/83/EC as amended. 689 

Names and affiliations of the responsible investigator(s), the site of the study and the period of its 690 
execution should be stated. Audits certificate(s), if available, should be included in the report. 691 

The study report should include evidence that the choice of the reference medicinal product is in 692 
accordance with Article 10(1) and Article 10(2) of Directive 2001/83/EC as amended. This should 693 
include the reference product name, strength, pharmaceutical form, batch number, manufacturer, 694 
evidence of purchase including date and place of purchase and vendor. 695 

Certificates of analysis of batches used in the study, including batch size of the test product, should be 696 
submitted and comparative dissolution profiles should be provided. The manufacturing date and, if 697 
possible, the expiry date of the test product and the expiry date of the reference product should be 698 
stated. In addition, the applicant should submit a signed statement confirming that the test product has 699 
the same quantitative composition and is manufactured by the same process as the one submitted for 700 
authorisation. 701 

Concentrations and pharmacokinetic data and statistical analyses should be presented in the level of 702 
detail described above (section 4.1.8 Evaluation Presentation of data). 703 

All individual data (concentrations, pharmacokinetic parameters, randomisation scheme etc.) should 704 
be available in electronic format (e.g. as comma separated and space delimited text files or Excel 705 
format) to be provided upon request. 706 

DEFINITIONS 707 

Cmax: maximum plasma concentration; 708 

Cmax,ss: maximum plasma concentration at steady state; 709 

Cmin: minimum plasma concentration; 710 

Cmin,ss: minimum plasma concentration at steady state; 711 

tmax: time until Cmax is reached; 712 

tmax,ss: time until Cmax,ss is reached; 713 

AUCt: area under the plasma concentration curve from administration to last observed 714 
concentration at time t; 715 
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AUC∞: area under the plasma concentration curve extrapolated to infinite time; 716 

AUCτ: AUC during a dosage interval at steady state; 717 

Partial AUC: AUC truncated at the population median of tmax values for the reference 718 
formulation; 719 

t1/2: plasma concentration half-life; 720 

λz: terminal rate constant; 721 

Cav: average steady state concentration (AUCτ/τ); 722 

Fluctuation: (Cmax-Cmin)/Cav; 723 

SPC: Summary of Product Characteristics. 724 
725 
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APPENDIX I 725 

Dissolution testing 726 

During the development of a medicinal product a dissolution test is used as a tool to identify 727 
formulation factors that are influencing and may have a crucial effect on the bioavailability of the 728 
drug. As soon as the composition and the manufacturing process are defined a dissolution test is used 729 
in the quality control of scale-up and of production batches to ensure both batch-to-batch consistency 730 
and that the dissolution profiles remain similar to those of pivotal clinical trial batches. Furthermore, 731 
in certain instances a dissolution test can be used to demonstrate bioequivalence. Therefore, 732 
dissolution studies can serve several purposes:  733 

i – Testing on product quality  734 

• To get information on the test batches used in bioavailability/bioequivalence studies and 735 
pivotal clinical studies to support specifications for quality control. 736 

• To be used as a tool in quality control to demonstrate consistency in manufacture 737 
• To get information on the reference product used in bioavailability/bioequivalence studies and 738 

pivotal clinical studies 739 

ii - Bioequivalence surrogate inference 740 

• To support the assumption of similarity between reference products from different Member 741 
States provided that the manufacturing process, composition and specifications are similar. 742 

• To demonstrate in certain cases similarity between different formulations of an active 743 
substance and the reference medicinal product (biowaivers e.g., variations, formulation 744 
changes during development and generic products) 745 

• To investigate  batch to batch consistency of the products (test and reference) to be used as 746 
basis for the selection of appropriate batches for the in vivo study 747 

The test methodology should be in accordance with pharmacopoeial requirements unless those 748 
requirements are shown to be unsatisfactory and/or do not reflect the in-vivo dissolution (i.e. 749 
biorelevance). Alternative methods can be considered when justified that these are discriminatory and 750 
able to differentiate between batches with acceptable and non-acceptable performance of the product 751 
in-vivo. 752 

The recommendations as briefly outlined in the following should be noted as being basic regarding the 753 
development of meaningful in vitro dissolution methods. However, current state-of-the-art information 754 
must always be considered. If an active substance is considered highly soluble, it is reasonable to 755 
expect that it will not cause any bioavailability problems if, in addition, the dosage system is rapidly 756 
dissolved in the physiological pH-interval expected after product administration and the excipients are 757 
known not to affect the dissolution, stability and absorption processes. A bioequivalence study may in 758 
those situations be waived based on similarity of dissolution profiles which are based on 759 
discriminatory testing, provided that the other exemption criteria in Appendix III are met. The 760 
similarity should be justified by dissolution profiles, covering at least three time points, attained at 761 
three different buffers (normally pH 1.2, 4.5 and 6.8). 762 

If an active substance is considered to have a low solubility, the rate limiting step for absorption may 763 
be dosage form dissolution. This is also the case when one or more of the excipients are controlling 764 
the release and subsequent dissolution step of the active substance. In those cases a variety of test 765 
conditions is recommended and adequate sampling should be performed until either 90% of the drug is 766 
dissolved or an asymptote is reached. Knowledge of dissolution properties under different conditions 767 
e.g. pH, agitation, ionic strength, surfactants, viscosity, osmotic pressure is important since the 768 
behaviour of the solid system in-vivo may be critical for the drug dissolution independent of the 769 
physico-chemical properties of the active substance. An appropriate experimental statistical design 770 
may be used to investigate the critical parameters and for the optimisation of such conditions. 771 
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The similarity may be compared by model-independent or model-dependent methods e.g. by statistical 772 
multivariate comparison of the parameters of the Weibull function or the percentage dissolved at 773 
different time points, or by calculating a similarity factor e.g. the f2 similarity factor defined below. 774 
Alternative methods to prove similarity of dissolution profiles are accepted as long as they are 775 
justified: 776 
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In this equation ƒ2 is the similarity factor, n is the number of time points, R (t) is the mean percent drug 778 
dissolved of e.g. a reference product, and T(t) is the mean percent drug dissolved of e.g. a test product. 779 

The evaluation of the similarity factor is based on the following conditions: 780 

• A minimum of three time points (zero excluded) 781 
• The time points should be the same for the two formulations 782 
• Twelve individual values for every time point for each formulation 783 
• Not more than one mean value of > 85% dissolved for any of the formulations 784 
• The relative standard deviation or coefficient of variation of any product should be less than 785 

20% for the first point and less than 10% from second to last time point. 786 

An f2 value between 50 and 100 suggests that the two dissolution profiles are similar. In cases where 787 
more than 85% of the drug is dissolved within 15 minutes, dissolution profiles may be accepted as 788 
similar without further mathematical evaluation, except in the case of gastro-resistant formulations 789 
where the dissolution takes place in the intestine and the 15 minutes for gastric-emptying lacks of 790 
physiological meaning. 791 

For immediate release dosage form comparison a sample at 15 min is essential to know if complete 792 
dissolution is reached before gastric emptying, i.e. a mathematical calculation is not necessary. In case 793 
more than 85% is not dissolved at 15 minutes but within 30 min, at least three time points are 794 
required: the first time point before 15 minutes, the second one at 15 minutes and the third time point 795 
when the release is close to 85%. For gastro-resistant formulations frequent sampling (e.g. every 5 796 
minutes) is required during the rapid dissolution phase. 797 

In general five to eight sampling times within a 0-60 minutes interval are recommended to achieve 798 
meaningful dissolution profiles. 799 

800 
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APPENDIX II  800 

Bioequivalence study requirements for different dosage forms 801 

Depending on the type of formulation, there are different requirements regarding support of data from 802 
bioequivalence studies as described below.  803 

As stated in section 4.1, when the test product contains a different salt, ester, ether, isomer, mixture of 804 
isomers, complex or derivative of an active substance than the reference product, bioequivalence 805 
should be demonstrated in appropriate bioavailability studies. However, when active substance in test 806 
and reference products are identical or contain comparable salts, in vivo bioequivalence studies may in 807 
some situations not be required as described below. 808 

Oral immediate release dosage forms with systemic action 809 

This section pertains to dosage forms such as tablets, capsules and oral suspensions. For these 810 
formulations, bioequivalence studies are required unless a biowaiver is applicable (see APPENDIX 811 
III). For orodispersable tablets specific recommendations, as detailed below, apply. 812 

Orodispersible tablets 813 

An orodispersable tablet (ODT) is formulated to quickly disperse in the mouth. Placement in the 814 
mouth and time of contact may be critical in cases where the active substance also is dissolved in 815 
the mouth and can be absorbed directly via the buccal mucosa. Depending on the formulation 816 
swallowing of the e.g. coated substance and subsequent absorption from the gastrointestinal tract 817 
also will occur. 818 

If the ODT test product is an extension to another oral formulation, the requirements for 819 
bioequivalence studies depend on the SPC-claims for the orodispersible tablet. A 3-period study 820 
may be required in order to evaluate administration of the orodispersible tablet both with and 821 
without concomitant fluid intake. 822 

If the ODT is a generic to an approved ODT reference product, the following recommendations 823 
regarding study design applies: 824 

• if the reference product can be taken with and without water, bioequivalence should be 825 
demonstrated without water as this condition best resembles the intended use of the 826 
formulation. This is especially important if the substance may be dissolved and partly 827 
absorbed in the oral cavity. If bioequivalence is demonstrated when taken without water, 828 
bioequivalence when taken with water can be assumed.  829 

• if the reference product is taken only in one way (e.g. only with water), BE should be 830 
shown in this condition (in a conventional two-way crossover design).  831 

• if the reference product is taken only in one way (e.g. only with water), and the generic 832 
applies for additional ways of administration (e.g. without water), the conventional and 833 
the new method should be compared with the reference in the conventional way of 834 
administration (3 treatment, 3 period, 6 sequence design) 835 

In studies evaluating ODT without water, it is recommended to wet the mouth by swallowing 20 836 
ml of water directly before applying the ODT on the tongue. It is recommended not to allow fluid 837 
intake earlier than 2 hours after administration. 838 

Non-oral immediate release dosage forms with systemic action  839 

This section applies to e.g. rectal formulations. In general, bioequivalence studies are required. A 840 
biowaiver can be considered in the case of a solution with the same qualitative and similar quantitative 841 
composition in active substance and excipients. 842 
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Oral solutions 843 

If the test product is an aqueous oral solution at time of administration and contains an active 844 
substance in the same concentration as an approved oral solution, bioequivalence studies may be 845 
waived, if the excipients contained in it do not affect gastrointestinal transit (e.g. sorbitol, mannitol, 846 
etc.), absorption (e.g. surfactants or excipients that may affect transport proteins), solubility (e.g. co-847 
solvents) or in-vivo stability of the active substance. Any differences in the amount of excipients 848 
should be justified either by reference to other data or by a bioequivalence study. The same 849 
requirements for similarity in excipients apply for oral solutions as for Biowaivers (see Appendix III, 850 
Section IVb Excipients). 851 

In those cases where the test product is an oral solution which is intended to be bioequivalent to 852 
another immediate release oral formulation, bioequivalence studies are required. 853 

Modified release and transdermal dosage forms 854 

Bioequivalence studies are required in accordance with the guideline on Modified Release Oral and 855 
Transdermal Dosage Forms: Section II (Pharmacokinetic and Clinical Evaluation) 856 
(CPMP/EWP/280/96). 857 

Fixed combinations dosage forms  858 

Bioequivalence studies are required unless a biowaiver is applicable (see APPENDIX III). 859 

Bioequivalence should be established for all individual active substances. Biowaiver for an additional 860 
strength may be applicable when the conditions detailed in section 4.1.6 are fulfilled for all individual 861 
active substances. 862 

For generic fixed dose combinations, the reference product in the bioequivalence study should be the 863 
originator fixed combination product. 864 

Parenteral solutions 865 

Bioequivalence studies are not required if the test product is to be administered as an aqueous 866 
intravenous solution containing the same active substance as the currently approved product. 867 
Moreover, the excipients, pH and osmolality have to be the same or, at least, comparable and should 868 
not interact with the drug substance (e.g. complex formation).  869 

In the case of other parenteral routes, e.g. intramuscular or subcutaneous, and the test product is of the 870 
same type of solution (aqueous or oily), contains the same concentration of the same active substance 871 
and the same excipients in similar amounts as the medicinal product currently approved, 872 
bioequivalence studies are not required. 873 

Gases 874 

If the product is a gas for inhalation, bioequivalence studies are not required. 875 

Locally acting locally applied products  876 

For products for local use (after oral, nasal, inhalation, ocular, dermal, rectal, vaginal etc. 877 
administration) intended to act without systemic absorption, the approach to determine bioequivalence 878 
based on systemic measurements is in general not applicable and pharmacodynamic or comparative 879 
clinical studies are in principle required (see specific Note for Guidance). In the case of solutions for 880 
topical use, e.g. eye drops or cutaneous solutions, and if the test product is of the same type of solution 881 
(aqueous or oily), contains the same concentration of the same active substance and the same 882 
excipients in the same amounts as the medicinal product currently approved, a biowaiver is 883 
acceptable. In certain cases quantitative differences in excipients may be acceptable for these products, 884 
if adequately justified.   885 
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If the extent of absorption and the bioanalytical method are such that a pharmacokinetic approach is 886 
reliable, then a bioequivalence study might provide the best data for the approval of a locally 887 
applied/locally acting generic medicinal product. 888 

Whenever systemic exposure resulting from locally applied, locally acting medicinal products entails a 889 
risk of systemic adverse reactions, systemic exposure should be measured. It should be demonstrated 890 
that the systemic exposure is not higher for the test product than for the reference product, i.e. the 891 
upper limit of the 90% confidence interval should not exceed the upper bioequivalence acceptance 892 
limit. 893 

894 
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APPENDIX III 894 

BCS-based Biowaiver 895 

I. Introduction 896 

The BCS (Biopharmaceutics Classification System)-based biowaiver approach is meant to reduce in 897 
vivo bioequivalence studies, i.e., it may represent a surrogate for in vivo bioequivalence. In vivo 898 
bioequivalence studies may be exempted if the equivalence in the in vivo performance can be justified 899 
by satisfactory in vitro data. Provided certain prerequisites are fulfilled as outlined in this document 900 
comparative in vitro dissolution could be even more discriminative than in vivo studies.  901 

Applying for a BCS-based biowaiver is restricted to highly soluble drug substances with known 902 
human absorption and considered non-critical in terms of therapeutic range. Hence, those drugs for 903 
which tighter acceptance ranges of 90 – 111 % would apply in in vivo bioequivalence studies are not 904 
eligible for the BCS-based biowaiver approach. Furthermore the concept is applicable to 905 
pharmaceutically equivalent immediate release, solid pharmaceutical forms for oral administration and 906 
systemic action. However, it is not applicable for sublingual, buccal, orodispersible, and modified 907 
release formulations.  908 

BCS-based biowaiver are intended only to address the question of bioequivalence between a test and a 909 
reference product. Hence, respective investigations may be useful to prove bioequivalence between 910 
early clinical trial products and to-be-marketed products, generics and innovator products, and in the 911 
case of variations that require bioequivalence testing.  912 

II. Summary Requirements 913 

BCS-based biowaiver are applicable for an immediate release drug product if  914 

� the drug substance has been proven to exhibit high solubility and complete absorption (BCS-915 
class I; for details see section III) and 916 

� very rapid (> 85 % within 15 min) in vitro dissolution characteristics of the test and reference 917 
product have been demonstrated considering specific requirements (see section IV.1) and 918 

� excipients are not suspect of having any relevant impact on bioavailability (see section IV.2). 919 

BCS-based biowaiver are also applicable for an immediate release drug product if  920 

� the drug substance has been proven to exhibit high solubility and limited absorption (BCS-921 
class III; for details see section III) and 922 

� very rapid (> 85 % within 15 min) in vitro dissolution of the test and reference product has 923 
been demonstrated considering specific requirements (see section IV.1) and 924 

� excipients are qualitatively the same and quantitatively very similar (see section IV.2). 925 

Generally the risks of an inappropriate biowaiver decision should be more critically reviewed (e.g. 926 
site-specific absorption, risk for transport protein interactions at the absorption site, excipient 927 
composition and therapeutic risks) for products containing BCS class III than for BCS class I drug 928 
substances. 929 

III. Drug Substance 930 

Generally, sound peer-reviewed literature may be acceptable for known compounds to describe drug 931 
substance characteristics particularly required in this biowaiver concept.  932 

Biowaiver may be applicable when the active substances in test and reference products are identical or 933 
belong both to the BCS-class I (high solubility and complete absorption; see sections III.1 and III.2) in 934 
case of different salts. However, biowaiver may not be applicable when the test product contains a 935 
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different ester, ether, isomer, mixture of isomers, complex or derivative of an active substance than the 936 
reference product since these differences are likely to lead to different bioavailabilities not deducible 937 
by means of experiments used in the BCS-based biowaiver concept. 938 

The drug substance should not belong to the group of ‘narrow therapeutic range’ drugs (see section 939 
4.1.9 on narrow therapeutic index drugs) 940 

III.1 Solubility 941 

The pH-solubility profile of the drug substance should be determined and discussed. The drug 942 
substance is considered highly soluble if the highest single dose administered as immediate release 943 
formulation(s) is completely dissolved in 250 ml of buffers within the range of pH 1 – 6.8 at 37±1 °C. 944 
This demonstration requires the investigation in at least three buffers within this range (preferably at 945 
pH 1.2, 4.5 and 6.8) and in addition at the pKa, if it is within the specified pH range. A minimum of 946 
three replicate determinations at each pH condition is recommended (e.g. shake-flask method or other 947 
justified method). Solution pH should be verified prior and after addition of the drug substance to a 948 
buffer. 949 

III.2 Absorption 950 

Complete absorption (i.e., extent of absorption ≥ 85 %) in humans is preferred for BCS-based 951 
biowaiver applications. Complete absorption is generally related to high permeability. 952 

Complete drug absorption should be justified based on reliable investigations in human. Data from 953 
� absolute bioavailability or  954 
� mass-balance 955 

studies could be used to support this claim.  956 

The data should be obtained at the highest therapeutic dose in case of nonlinear PK. However, in case 957 
of linear PK data from lower doses are acceptable.  958 

Data from mass balance studies support complete absorption if the sum of urinary recovery of parent 959 
compound, Phase 1 oxidative, and Phase 2 conjugative drug metabolites account for ≥ 85 % of the 960 
dose. It has also been demonstrated that high Phase 1 (oxidative) and Phase 2 (conjugative) 961 
metabolism would support the evaluation of complete absorption if the recovery in urine and faeces 962 
account for > 85 % of the dose. 963 

In addition highly soluble drug substances with incomplete absorption, i.e. BCS-class 3 compounds, 964 
could be eligible for a biowaiver provided certain prerequisites are fulfilled regarding product 965 
composition and in vitro dissolution (see also sect. IV.2 Excipients). The more restrictive requirements 966 
will also apply in cases where complete absorption could not convincingly be demonstrated. 967 

Reported bioequivalence between aqueous and solid formulations of a particular compound 968 
administered via the oral route may be supportive as it indicates that absorption limitations due to 969 
(immediate release) formulation characteristics may be considered negligible. Well performed in vitro 970 
permeability investigations including a reference standard may also be considered supportive to in 971 
vivo data. 972 

IV. Drug Product  973 

IV.1 In vitro Dissolution 974 

IV.1.1 General aspects 975 

Investigations related to the drug product should ensure immediate release properties and prove 976 
similarity between the investigative products, i.e. test and reference have a similar in vitro dissolution 977 
considering physiologically relevant experimental pH conditions. However, respective results are not 978 
an acceptable way to establish an in vitro/in vivo correlation. The pH conditions to be employed are at 979 
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least pH 1.2, 4.5, and 6.8. Additional investigations may be required at pH values in which the drug 980 
substance has minimum solubility. The use of any surfactant is strictly discouraged. 981 

Test and reference products should meet requirements as outlined in the EU guidance on 982 
bioavailability and bioequivalence. It is advisable to investigate more than one single batch of the test 983 
and reference products in order to ensure that respective results are representative.  984 

Comparative in vitro dissolution experiments should follow current compendial standards. Hence, 985 
thorough description of experimental settings and analytical methods including validation data should 986 
be provided. It is recommended to use 12 units of the product for each experiment to enable statistical 987 
evaluation. Usual experimental conditions are e.g.: 988 

� Apparatus: paddle/basket 989 
� Volume of dissolution medium: 500 ml  990 
� Temperature of the dissolution medium: 37±1 °C 991 
� Agitation: paddle apparatus - usually 50 rpm 992 
 basket apparatus - usually 100 rpm 993 
� Sampling schedule: e.g. 10, 15, 20, 30 and 45 min 994 
� Buffer: pH 1.2 (0.1 N HCl or SGF without enzymes), pH 4.5, and pH 6.8 (or SIF without 995 

enzymes); (pH should be ensured throughout the experiment; Ph.Eur. buffers recommended) 996 
� Other conditions: no surfactant; in case of gelatin capsules or tablets with gelatin coatings the 997 

use of enzymes may be acceptable. 998 

Complete documentation of in vitro dissolution experiments is required including a study protocol, 999 
batch information on test and reference batches, detailed experimental conditions, validation of 1000 
experimental methods, individual and mean results and respective summary statistics. 1001 

IV.1.2 Evaluation of in vitro dissolution results 1002 

Drug products are considered ‘very rapidly’ dissolving when more than 85 % of the labelled amount is 1003 
dissolved within 15 min. In cases where this is ensured for the test and reference product in all 1004 
requested media the similarity of dissolution profiles may be accepted as demonstrated without any 1005 
mathematical calculation. Discussion of dissolution profile differences in terms of their 1006 
clinical/therapeutical relevance is considered inappropriate since the investigations do not reflect any 1007 
in vitro/in vivo correlation. 1008 

IV.2 Excipients 1009 

Although the impact of excipients in immediate release dosage forms on bioavailability of highly 1010 
soluble and completely absorbable drug substances (i.e., BCS-class I) is considered rather unlikely it 1011 
can not be completely excluded. Therefore, even in the case of class I drugs it is advisable to use 1012 
similar amounts of the same excipients in the composition of test like in the reference product. 1013 

If a biowaiver is applied for a BCS-class III drug substance excipients have to be qualitatively the 1014 
same and quantitatively very similar to exclude different effects on membrane transporters.  1015 

As a general rule, for both BCS-class I and III drug substances well-established excipients in usual 1016 
amounts should be employed and possible interactions affecting drug bioavailability and/or solubility 1017 
characteristics should be considered and discussed. A description on the function of the excipients is 1018 
required with a justification whether the amount of each excipient is within the normal range. So-1019 
called ‘active’ excipients, like e.g. sorbitol, mannitol, sodium lauryl sulfate or other surfactants, should 1020 
be identified as well as their possible impact on 1021 

� gastrointestinal motility  1022 
� susceptibility of interactions with the drug substance (e.g. complexation) 1023 
� drug permeability 1024 
� interaction with membrane transporters 1025 

In cases where critical excipients are relevant the same amount should be used in the test product as in 1026 
the reference product.  1027 
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V. Fixed Dose Combinations (FDCs) 1028 

BCS-based biowaiver are applicable for immediate release FDC products if all combinational drug 1029 
substances belong to BCS-class I or III considering specific formulation considerations (see IV.2). 1030 
Otherwise in vivo bioequivalence testing is required.  1031 

 

References 1032 

1 Amidon G.L., Lennernäs H., Shah V.P., Crison J.R.: A theoretical basis for a biopharmaceutic 1033 
drug classification: the correlation of in vitro drug product dissolution and in vivo 1034 
bioavailability. Pharm Res 12 (1995) 413. 1035 

2 Chen M.-L., Straughn A.B., Sadrieh N., Meyer M., Faustino P.J., Ciavarella A.B., Meibohm 1036 
B., Yates C.R., Hussain A.S.: A modern view of excipient effects on bioequivalence: case 1037 
study of sorbitol. Pharm Res 24 (2007) 73. 1038 

3 Guidance for Industry: “Waiver of in vivo Bioavailability and Bioequivalence Studies for 1039 
Immediate-Release Solid Oral Dosage Forms Based on a Biopharmaceutics Classification 1040 
System”. U.S. Food and Drug Administration, Center for Drug Evaluation and Research, 1041 
2000. 1042 

4 Gupta E., Barends D.M., Yamashita E., Lentz K.A., Harmsze A.M., Shah V.P., Lipper R.A.: 1043 
Review of global regulations concerning biowaivers for immediate release solid oral dosage 1044 
forms. Eur J Pharm Sci 29 (2006) 315-24. Epub 2006 May 10. 1045 

5 Kortejärvi H., Urtti A., Yliperttula M.: Pharmacokinetic simulation of biowaiver criteria: The 1046 
effects of gastric emptying, dissolution, absorption and elimination rates. Eur J Pharm Sci 30 1047 
(2007) 155. 1048 

6 Multisource (Generic) Pharmaceutical Products: Guidelines on Registration Requirements to 1049 
Establish Interchangeability. Working document AS/04.093/Rev. 4; WHO 2005. 1050 

7 Polli J.E., Rekhi G.S., Augsburger L.L., Shah V.P.: Methods to compare dissolution profiles 1051 
and a rationale for wide dissolution specifications for metoprolol tartrate tablets. J Pharm Sci 1052 
86 (1997) 690. 1053 

8 Wu C.-Y., Benet L.Z.: Predicting Drug Disposition via Application of BCS: 1054 
Transport/Absorption/Elimination Interplay and Development of a Biopharmaceutics Drug 1055 
Disposition Classification System. Pharm Res 22 (2005) 11. 1056 

9 Yu L.X., Amidon G.L., Polli J.E., Zhao H., Mehta M.U., Connor D.P., Shah V.P., Lesko L.J., 1057 
Chen M.L., Lee V.H., Hussain A.S.: Biopharmaceutics classification system: the scientific 1058 
basis for biowaiver extensions. Pharm Res 19 (2002) 921. 1059 

10 Benet L.Z., Amidon G.L., Barends D.M., Lennernäs H., Polli J.E., Shah V.P., Stavchansky 1060 
S.A., Yu L.X.: The use of BDDCS in Classifying the Permeability of Marketed Drugs. Pharm 1061 
Res 2008 (DOI: 10.1007/s11095-007-9523-x). 1062 

 



28/29 

APPENDIX IV 

Decision tree on measurement of parent compound or metabolite 
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APPENDIX V 

Decision tree on selection of dose and strength in bioequivalence studies 

 


