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Introduction

In order to evaluate the interchangeability of two or more formulations, bioequivalence studies are recommended. The goal of these studies is to present evidences of similar bioavailability [1]. In many countries, these studies are necessary for the commercialization of generic drugs. The pharmacokinetic parameters are calculated in order to quantify bioavailabilities, which leads to a comparison of relative bioavailability [2]. Generally, the pharmacokinetic parameters considered in a bioequivalence study are the Maximum Concentration  (Cmax) and the Area under the plasma concentration curve (AUC0-t) at a previously defined time. These parameters are obtained directly from the plasma concentration curve of each individual, for each study formulation.

Statistical analysis

From a literature review presented by Barret et al. [3], the interest in  comparing  bioavailabilities  began  around  1960. In this way, Grizzle [4] published a paper using Analysis of Variance (ANOVA) model to compare bioavailabilities using pharmacokinetic parameters. In practice, bioequivalence studies should be applied to the inspection of generic drugs in order to demonstrate the same effect of formulations with proven safety and efficacy. Therefore, the interest of the statistical test of hypotheses was the non-rejection of equality of pharmacokinetic parameters according to the formulations under study. Thus, Westlake [5] proposed a hypothesis test for the bioequivalence decision in which the confidence intervals for the mean difference of each pharmacokinetic  parameter,  according  to the formulations under study, should be fully contained within previously established limits of bioequivalence.

Although  Anderson  &  Hauck  [6]  have  proposed   a method for bioequivalence assessment called individual bioequivalence, regulatory agencies around the world have adopted   the   average   bioequivalence   method   proposed   by Westlake [5] and have provided guidelines for standardizing bioequivalence studies. Basically, the model adopted for the evaluation of mean bioequivalence from a cross-over study consists of a random and fixed effects model or mixed model [6,7]. In this model, the effects of formulation, period and sequence are the fixed effects. Random effects are calculated for each  individual  receiving  all  formulations  under  study at different periods and random sequences. The difference between means is obtained from the formulation effect. The sequence and period effects are expected to be non-significant. Finally, it is assumed that the residuals of this model have a normal distribution, independently and identically distributed with constant variance (standard model).

From the standard model, many authors began to propose more sophisticated models as the same purpose, to compare average bioequivalence. Ghosh & Rosner [8] proposed a semi- parametricmodelinwhichtheyrelaxtheassumptionofnormality of residues. In another paper, Ghosh & Gönen [9] and Souza et al. [10] present models for bivariate bioequivalence analysis, since the bioequivalence decision considers  the  analysis  of two possibly correlated pharmacokinetic parameters. Recently, Souza et al. [11] presented a bioequivalence model considering asymmetric distributions in the univariate and bivariate context of the bioequivalence analysis. They presented a study of the power of  bioequivalence  hypothesis  test,  in  which  the  use of extended generalized gamma distribution may be a good alternative to logarithmic transformation or non-parametric analyzes when assumptions of normality are not checked for the standard model.

Final considerations

The standardization of bioequivalence studies by regulatory agencies is very important for safety in the bioequivalence approval  process.  On  the  other  hand,  the  assumptions  of a standard model may not be verified. In this sense, the improvement of the bioequivalence models is indispensable, since, the models have to be adjust to the data and not the opposite.
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