Comments on FDA Draft Guidance for Industry:

Bioavailability and Bioequivalence Studies for Orally Administered Drug Products – General Considerations [Docket No. 02D-0258]
General Remarks

Overall, the guidance is of a high standard and represents an improvement over previous draft guidances, most notably recommending the use of average bioequivalence methodologies for all bioequivalence determinations.  Further this draft guidance further clarifies the FDA’s recommendations on the type of study to be used in establishing bioequivalence as well as recommendations on design and analysis methodology.

The following comments are provided.

Specific Comments 

In each comment below, reference text from the guidance is provided; page number refers to the PDF version of the document.  Our comments follow the reference text.

1. II. Background, C. Bioequivalence, 1. IND/NDAs (page 5): In some cases, nondocumentation of BE may arise because of inadequate numbers of subjects in the study relative to the magnitude of intrasubject variability, and not because of either high or low relative BA of the test product.

Where BE has failed because of high variability, it should be stated that it is appropriate to re-run the BE study with a more appropriate number of subjects.

2. II. Background, C. Bioequivalence, 1. IND/NDAs (page 5): When the variability of the test product rises, the regulatory concern relates to both safety and efficacy, because it may suggest that the test product does not perform as well as the reference product, and the test product may be too variable to be clinically useful.
Where variability of the test product is high the concern relating to efficacy and safety might not primarily be because the test will perform less well than the reference product, but rather because the confidence in the suitability of the efficacy and safety data of the reference product to the test product is reduced.

3. II. Background, C. Bioequivalence, 1. IND/NDAs (page 5): A test product may fail to meet BE limits because the test product has higher or lower measures of rate and extent of absorption compared to the reference product or because the performance of the test or reference product is more variable.

It is stated that a test product may fail to meet the BE limits if the performance of the test or reference product is more variable.  No mention is made of how the difference in variability should be assessed.  One might say that the test product being less variable than the reference is not a failure issue.

4. II. Background, C. Bioequivalence, 3. Postapproval Changes (page 6): In the presence of certain major changes in components, composition, and/or method of manufacture after approval, in vivo BE should be redemonstrated.

It is suggested that “in vivo” be deleted as BE may be demonstrated in vitro for major changes of BCS Class I compounds

5. III. Methods to Document BA and BE (page 6): In descending order of preference, these include pharmacokinetic, pharmacodynamic, clinical, and in vitro studies.

It is suggested that “In descending order of preference,” be deleted.  For ethical (reducing unnecessary exposure of drugs to healthy volunteers), scientific (a more sensitive measure of in vivo performance), and economic reasons it is more appropriate to use in vitro studies for BCS Class I compounds.  As written the sentence would likely be interpreted as a method of last resort. Parts A-D of this section adequately describe when each of the study types is appropriate.

6. III. Methods to Document BA and BE, A. Pharmacokinetic Studies (in general):

Are there any instances where PK testing for BA and BE is inappropriate e.g. certain patient groups, topical formulations?  In these cases are there any suitable alternatives e.g. validated PD comparisons?

7. III. Methods to Document BA and BE, A. Pharmacokinetic Studies, 4. Study Designs (page 6): Nonreplicate study designs are recommended for BE studies of immediate-release and modified-release dosage forms. However, sponsors and/or applicants have the option of using replicate designs for BE studies for these drug products. Replicate study designs offer several scientific advantages compared to nonreplicate designs …

It seems awkward that nonreplicate designs are recommended, and then the rest of the section discusses the advantages of replicate designs. It would be better to state why nonreplicate designs are recommended and then in a separate paragraph state when and why replicate designs might be appropriate.

8. III. Methods to Document BA and BE, A. Pharmacokinetic Studies, 4. Study Designs (page 6): The advantages of replicate study designs are that they (1) allow comparisons of within-subject variances for the test and reference products, (2) indicate whether a test product exhibits higher or lower within-subject variability in the bioavailability measures when compared to the reference product, …
Merits (1) and (2) for a replicated design appear to be the same.  Suggest deleting (1). Additionally suggest “bioavailability measures” be changed to “pharmacokinetic measures” to be consistent with III.8. Also this will insure  that readers do no misconstrue this as referring to F itself.

9. III. Methods to Document BA and BE, A. Pharmacokinetic Studies, 5. Study Population (page 8): If the drug product is to be used predominantly in the elderly, the sponsor should attempt to include as many subjects of 60 years of age or older as possible.

Is the definition of elderly used (60) an example of a definition of elderly, or a formal definition.  For many, 60 would not be considered “elderly”.

10. III. Methods to Document BA and BE, A. Pharmacokinetic Studies, 6. Single-dose/multiple-dose studies (page 8): However, this guidance generally recommends single-dose pharmacokinetic studies for both immediate- and modified-release drug products to demonstrate BE because they are generally more sensitive in assessing release of the drug substance from the drug product into the systemic circulation (see section V).

Given that all current guidances use 80% to 125% confidence criteria, the recommendation of the use of single dose studies seems inappropriate with drugs with nonlinear pharmacokinetics and a narrow therapeutic range when the dosage regimen is likely to be multiple dosing (e.g. Neurology 2001; 57:582-589). For this type of drug, either confidence interval criteria should be tightened or multiple-dose studies should be required.

11. III. Methods to Document BA and BE, A. Pharmacokinetic Studies, 8. Pharmacokinetic measures of systemic exposure, a. early exposure (page 9): An early exposure measure may be informative on the basis of appropriate clinical efficacy/safety trials and/or pharmacokinetic/pharmacodynamic studies that call for better control of drug absorption into the systemic circulation (e.g., to ensure rapid onset of an analgesic effect or to avoid an excessive hypotensive action of an antihypertensive). In this setting, the guidance recommends use of partial AUC as an early exposure measure. The partial area should be truncated at the population median of Tmax values for the reference formulation.

A. More guidance needed on when partial AUC should be used at all.  As noted above, the guidance description indicates that clinical or PK/PD studies supporting a relationship of early exposure to therapeutic effect are needed.  In the absence of supporting evidence or in the face of evidence indicating lack of a PK/PD relationship, is it still appropriate to use a partial AUC?  We would suggest that it is not.  Two examples (antihypertensives and analgesics) are mentioned in the guidance.  Does a partial AUC need to be applied to all drugs in these classes or should each drug be considered on a case-by-case basis?  We would suggest that, because drugs exhibiting antihypertensive or analgesic properties differ widely in their mechanism of action and their pharmacokinetics, it is not possible to generalize regarding use of early exposure measures and each drug requires separate consideration.  For example, for analgesic drugs, early exposure measures may be inappropriate when the rate of absorption is variable, or when large changes in circulating drug concentration produce no change in efficacy (i.e. a flat PK/PD relationship).

B. In cases where a partial AUC is judged important and used to measure early exposure, what weight should it receive relative to the peak and total measures?  Should it be used instead of Cmax? Should it be a third criterion, given equal weight in deciding bioequivalence, i.e. all 3 measures must have 90% CI within 80-125%?  Or will it be considered a supplementary measure that merits attention but is not essential to demonstration of bioequivalence? Given the importance the guidance cites of choosing metrics relevant to therapeutic effect, we would suggest that when the early exposure measure has a substantial and clearly demonstrated relationship to therapeutic effect, it deserves equal weight with total and peak exposure.  However, lacking such a demonstrated relationship, the partial AUC should be considered a secondary parameter that is reportable but not essential to establishing bioequivalence. 

12. III. Methods to document BA and BE, D. In vitro studies (page 11): The agitation speed and medium that provide the best discriminating ability, taking into account all the available in vitro and in vivo data, will be selected.

The statement needs to be completed (selected for what? the USP method?).

13. V. Documentation of BA and BE, A. Solutions (page 13): However, there are certain excipients, such as sorbitol or mannitol, that can reduce the bioavailability of drugs with low intestinal permeability in amounts sometimes used in oral liquid dosage forms.

It would seem reasonable to require in vivo BE demonstration for test and reference products that differ (>10%?) in the amount of these excipients.

14. V. Documentation of BA and BE, C. Immediate-release products: capsules and tablets, 2. Waivers of in vivo BE studies (biowaivers) (in general).

The document should address whether biowaivers apply to BA studies.

15. V. Documentation of BA and BE, C. Immediate-release products: capsules and tablets, 2. Waivers of in vivo BE studies (biowaivers), a. INDs, NDAs and ANDAs: preapproval (page 14): The f2 approach is not suitable for rapidly dissolving drug products (e.g., > 85% dissolved in 15 minutes or less).   AND b. NDAs and ANDAs: postapproval (page 14): An f2 value of > 50 suggests a sufficiently similar dissolution profile and no further in vivo studies are needed.

Suggest adding the statement: Dissolution profiles are considered similar if both formulations show > 85% dissolved in 15 minutes or less.

16. V. Documentation of BA and BE, D. Modified-release products, 1. NDAs: BA and BE studies (page 15): The drug product’s steady-state performance is equivalent to a currently marketed noncontrolled release or controlled-release drug product that contains the same active drug ingredient or therapeutic moiety and that is subject to an approved full NDA.

What constitutes equivalent?  Also can one obtain a controlled release claim for a NCE (i.e. no marketed noncontrolled release formulation)?

17. VI. Special topics, A. Food effect studies (page 18): Usually, a single-dose, two-period, two-treatment, two-sequence crossover study is recommended for both food-effect BA and BE studies.

A single dose, 2 period, 2 treatment, 2 sequence crossover is recommended, but what if food effects need to be explored in more than one study? Could an expanded crossover be utilized (e.g. 4x4 for 2 formulations) or should separate cohorts of 2x2 or studies be employed?

18. VI. Special topics, B. Moieties to be measured, 1. Parent drug versus metabolites (page 18).

It is stated that the parent drug should be analyzed rather than the metabolite for BE studies and gives two exceptions to this.  Another exception may be when the parent drug is a prodrug.

19. VI. Special topics, F. Narrow therapeutic range drugs (page 21): This guidance recommends that sponsors consider additional testing and/or controls to ensure the quality of drug products containing narrow therapeutic range drugs.

Please expand on the types of additional testing and/or controls one should consider.

20. Attachment A (page 22): subjects under fasting conditions
How long before dosing fasting should commence?

21. Attachment A (page 22): An adequate washout period (e.g., more than 5 half lives of the moieties to be measured) should separate each treatment.

The document should explain why washout is required (i.e. carryover in cross-over trials)

22. Attachment A (page 23): Subjects with predose plasma concentrations: If the predose concentration is less than or equal to 5 percent of Cmax value in that subject, the subject’s data without any adjustments can be included in all pharmacokinetic measurements and calculations. If the predose value is greater than 5 percent of Cmax, the subject should be dropped from all BE study evaluations.

There are several reasons as to why predose plasma samples may contain measurable concentrations: refer to analytical assay interference, endogenous substrates with known background levels, and study drug carryover. Does the drop if >5% rule apply to all of these? Is it also acceptable for the sponsor to correct plasma drug concentrations (e.g. subtracting off estimated contribution of residual drug) and then calculate pharmacokinetic parameters?

23. Attachment A (page 23): Data from subjects who experience emesis during the course of a BE study for immediate-release products should be deleted from statistical analysis if vomiting occurs at or before 2 times median Tmax. In the case of modified-release products, the data from subjects who experience emesis any time during the labeled dosing interval should be deleted.

Does the reference to "2 times median Tmax" relate to the current study Tmax (not known when the study is running) and thus data can only be removed from the analysis after the study has finished and Tmax has been estimated?  Or is this by using a previously estimated Tmax? In this case, could/should subjects who vomit be withdrawn and/or replaced?

Additionally there is a concern that delayed gastric emptying may alter the AUC and/or Cmax for a subject, even if that subject vomits at times later than 2 times the median Tmax.  Similarly, many BCS Class II compounds have absorption profiles similar to modified-release products and a similar data exclusion policy would be appropriate. Can the document comment on the feasibility of deleting data for a subject based on the observed exposure being markedly lower than the range observed for other subjects?

24. Attachment A (page 23): In addition, the following statistical information should be provided for AUC0-t, AUC0-(, and Cmax.

The document should clarify whether both AUC0-t and AUC0-( are required to pass BE criteria or if the sponsor can state or provide scientific rationale a priori to justify assessment of BE based on the appropriate AUC parameter.

25. Attachment A (page 23): Geometric mean … ratio of means, confidence intervals

In some studies, for example a 2x2 where one or more subjects dropped out after completion of a single treatment, the geometric mean may differ from the back-transformed least-squares mean calculated from log-transformed data.  Thus, suggest changing” geometric mean” to “back-transformed least squares means”.

Suggest replacing “ratio of means” with “ratio of back-transformed least-squares means”.

Suggest changing “ confidence intervals” with “90% confidence intervals for the ratio of back-transformed least-squares means”.

26. Attachment A (page 23): AUC0-t, AUC0-(, Cmax, Tmax, (z , and t1/2 …  Cmin (concentration at the end of a dosing interval), Cav (average concentration during a dosing interval), degree of fluctuation [(Cmax-Cmin)/Cav], and swing [(Cmax-Cmin)/Cmin] if steady-state studies are employed

Is it correct to assume that Tmax, (z, t½, Cmin, Cav, degree of fluctuation and swing are to be summarized using descriptive statistics but there is no need to formally compare the two formulations for these parameters?

Is there any advice concerning the descriptive statistics to be used for Tmax, (z, t½, Cmin, Cav, degree of fluctuation and swing?

As (z is mainly used to derive t½ is there really a need to report (z if t½ is reported?

27. Attachment A (page 24): Confidence interval (CI) values should not be rounded off; therefore, to pass a CI limit of 80 to125, the value should be at least 80.00 and not more than 125.00.

Please clarify, should the results be rounded to two decimal places or does a lower 90% CI limit of 79.999 fail to establish bioequivalence?  Also please note that confidence intervals may be rounded to this degree in order to present results.

28. III. D.  In Vitro Studies, page 11.  With regard to dissolution testing, acceptance criteria, number of batches, and general terminology (specifications vs acceptance criteria), this guidance is not consistent with approaches described in Q6A.  We recommend that details, such as number of batches to be used in setting the acceptance criteria not be included in this guidance, and that a reference to Q6A be provided for all issues pertaining to dissolution tests and acceptance criteria.
General comments:

1. The document would benefit from having a statistical consideration section (or at least referencing another, statistically oriented, document).

2. A section on any special issues with topical formulations would be useful 

3. It would be useful to discuss the consequences of failure to demonstrate BE in one study, but demonstration in a 2nd repeat study, perhaps with more subjects.  Should a meta-analysis be used to demonstrate BE over the two studies?

4. Can the usefulness (or not) of individual BE be discussed?  Does it have place in addition to average BE?

5. The document mentions the different pharmacokinetic parameters to be analyzed but it doesn’t say when the different parameters should be used.  For example, in a BA study with a bolus as the reference one wouldn’t use a partial AUC or Cmax.  Both the partial AUC and Cmax following any intravenous infusion are dependent not only on the dose, but also the infusion rate. With relative bioavailability these parameters have a meaning, but with absolute bioavailability their worth is questionable, unless the infusion dosing strategy is decided.

6. It would be useful to clearly specify the size of the confidence intervals for either the BE studies.  90% CI’s are have been generally used for BE studies.  Is there a recommendation re: the use of 90% CI on the BA studies to describe the level of precision on the estimate?

7. Is there a recommendation regarding the appropriate statistical model.  It is assumed that a typical 2-way crossover analysis is recommended.  However if multiple dosing is used is there any need to fit sequence/carryover in the model?  With multiple dosing any residual drug from the previous period won’t have an effect on the parameters if steady state is reached.

The guidance should make reference the Guidance for Industry: Food-Effect Bioavailability and Fed Bioequivalence Studies: Study Design, Data Analysis, and Labeling.  This will help address many questions that readers of this document may have (e.g. what is required for assessing the effect of food, When it is necessary to run a food effect BE study?  Is it not sufficient to determine the effect of food with the test product (i.e. fasted and fed study) and the BE for the test compared to the reference in the fasted condition? Is the running of a three period study with test product administered in the fed and fasted state and the reference administered in the fasted state deemed appropriate.  This one study then determines the BE for the test product and the effect of food.)

8. Are there cases where the formulation is intended to be taken with food, when it is more appropriate to allow the pivotal BE food to be run in the fed state rather than in the fasted state?  For low solubility, high variability drugs, this would likely reduce the variability of the study and allow a smaller study to be run.  

9. There are a number of other issues that we might like more guidance on.  These would especially include topics where the FDA's guidances differ from those of other regions (Canada, Japan, EU), such as, non-parametric analysis of Tmax.  

10. The statistic f2 is on very shaky inferential grounds. There is no well-defined null hypothesis relating it to the similarity of dissolution profiles, and there are instances when f2 is greater than 50 and the profiles should not be considered similar. The likelihood ratio test (which is the same as the intersection union test in this setting) is sound inferentially, and has known properties. Tests for similarity of dissolution profiles need to be re-examined in a future guidance – and this Guidance should certainly avoid making a recommendation about the use of f2.
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