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Introduction 
 
Bioequivalence studies are generally conducted by comparing the in vivo rate and extent 
of drug absorption of a test and a reference drug product in healthy subjects.  In a 
standard in vivo bioequivalence study design, participants receive a single dose of test 
and reference products on separate occasions with random assignment to the two possible 
sequences of product administration.  Samples of an accessible biologic fluid such as 
blood or urine are analyzed for drug concentrations, and pharmacokinetic measures such 
as area under the curve (AUC) and peak concentration (Cmax), are obtained from the 
resulting concentration-time profiles.  To evaluate bioequivalence, the U.S. Food and 
Drug Administration (FDA) has employed a testing procedure termed the two one-sided 
tests procedure to determine whether the average values for the pharmacokinetic 
measures from the test and reference products are comparable1.  This procedure involves 
the calculation of a confidence interval for the ratio between the average values of the test 
and reference product2.  In the U.S., a test product is considered to be bioequivalent to a 
reference product if the 90% confidence interval of the geometric mean ratio of AUC and 
Cmax between the test and reference fall within 80-125%.  Currently, the bioequivalence 
limits of 80-125% have been applied to almost all drug products by the FDA3. 
 
Concerns have been expressed at times regarding the difficulty of meeting the standard 
bioequivalence criteria for highly variable drugs and/or drug products4,5.  To date, there 
is no regulatory definition for these drugs or drug products.  In the context of 
bioequivalence, however, drugs and drug products exhibiting intra-subject variability 
greater than 30% C.V. (coefficient of variation) in the pharmacokinetic measures, AUC 
and/or Cmax are considered highly variable4,5.  To pass the conventional “goalposts”, the 
number of subjects required for a study of these drugs or drug products can be much 
greater than normally needed for a typical bioequivalence study.  Thus, the resource 
implications coupled with the ethical concern of exposing a large number of healthy 
subjects to a test drug further challenges the appropriateness of the conventional 
bioequivalence criteria for highly variable drugs/products.  Examples exist of a highly 
variable reference product failing to demonstrate bioequivalence with itself using the 
standard design/sample size for a bioequivalence study6. 
 
The issue of highly variable drugs/products in bioequivalence has been discussed in many 
conferences and meetings, nationally and internationally.  However, there is no universal 
consensus or solution at this time.   
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Background 
 
Although global harmonization is a general goal, to date, bioequivalence has not been 
accepted as a topic by the International Conference on Harmonization (ICH).  
Nonetheless, the resource and ethical concerns for highly variable drugs/products in 
bioequivalence are generally recognized by international regulatory agencies.  It is thus 
useful to review the differing regulatory approaches before an informed recommendation 
is made on the topic.  The following outlines the bioequivalence standards used in 
different regions: 
 
In Canada, for drugs with uncomplicated characteristics, a 90% confidence limit of 80-
125% is required for AUC.  However, a limit is placed only on the means (or point 
estimate) for Cmax

7.  As a result of random variation or a larger than expected relative 
difference, the sponsor may add more subjects.  If this option is chosen, it must be stated 
in the study protocol. In addition, two criteria must be met before combining is 
acceptable: 
 

1) The same protocol must be used; and 
 

2) Consistency tests must be met at an alpha error rate of five percent. 
 

The European Agency for the Evaluation of Medicinal Products (EMEA) has similar 
bioequivalence standards to those in the FDA, i.e., 90% confidence limits of 80-125% on 
AUC and Cmax, with the qualification that these limits may be expanded in certain cases 
for Cmax (e.g., 75-133%) provided that there are no safety or efficacy concerns8. 
 
In Japan, the bioequivalence standards also rely on the 90% confidence limits of 80-
125% for both AUC and Cmax, although wider limits are allowed for less potent drugs.  
Additionally, if the confidence limits are outside of 80-125%, bioequivalence may be 
claimed on the grounds that the study meets all three conditions listed below9. 
 
1) The total number of subjects in the initial bioequivalence study is no less than 20 
(n=10/group), or pooled sample size of the initial and add-on studies is no less than 30; 
  
2) The differences in average values of logarithmic AUC and Cmax between two products 
are between log(0.9) – log(1.11); and 
 
3) Dissolution rates of test and reference products are determined to be equivalent under 
all dissolution testing conditions specified.   
 
Japan allows the addition of subjects to increase the power of a failed bioequivalence 
study.  However, the add-on subjects can not be less than half the number in the original 
study.   
South Africa accepts an acceptance interval of 75-133% for Cmax, except for narrow 
therapeutic range drugs, when an acceptance interval of 80-125% applies10.  For highly 
variable drugs, a wider interval or other appropriate measure may be acceptable, but 
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should be stated a priori and justified in the protocol. 
  
 
FDA Research 
 
At the conclusion of the April 13-14, 2004, Advisory Committee Meeting on 
Pharmaceutical Science, the Agency was encouraged to research scaling approaches for 
BE evaluation of highly variable drugs.  Accordingly, the FDA initiated a study internally, 
which compared the power of a given study design when using average scaled BE with 
average BE.  The study design used in this simulation project was a three-way cross over 
replicate design, where the reference (R) product is given twice and the test (T) product is 
given once (e.g., R T R) .  The number of subjects for each simulated study was 24.  The 
within-subject variability for the reference was the scaling factor for determination of the 
BE limits.  Additionally, the point estimate for the T/R ratio had to fall between 80-125%.  
Preliminary results suggest that the scaling approach, with constraints on the point 
estimates so that they do not exceed ±20%, present a reasonable approach for the BE 
evaluation of highly variable drugs.  Based on the results of the above study, in addition 
to discussions with experts in the field, the FDA submits the proposal listed below. 
 
FDA Proposal for the BE Evaluation of Highly Variable Drugs: 
 
Highly variable drugs, defined as those showing within-subject variability of 30% or 
greater, should have the option of a scaling approach for determination of BE.  The BE 
limits, currently set at 80-125%, would expanded as a function of within subject 
variability of the reference product.  Drug products whose confidence interval falls within 
the expanded limits of the scaling approach, must additionally demonstrate a difference 
of less than ±20% in the point estimate of the T/R ratio (Cmax and AUC).  Only then, a 
test product may be considered bioequivalent.  The second condition, which places a 
constraint on the point estimate, will reduce the likelihood that a test product with 
unreasonable differences in bioavailability relative to the reference product would be 
approved as bioequivalent. This could happen if the BE criterion was dependent on the 
confidence interval limits only.   
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Questions to the Committee 
  
 

1. Does the committee agree with the use of a point estimate constraint, when 
applying scaled bioequivalence? If yes, is the 80 – 125% limit on the point 
estimate appropriate? 

 
2. We propose a minimum sample size of 36 subjects when evaluating the BE of 

highly variable drugs, does the committee concur? 
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