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ABSTRACT - Purpose.  The FDA Working Group on Highly Variable (HV) Drugs recently presented 
procedures and conditions for determining the bioequivalence (BE) of HV drug products.  They included 
analysis by the method of scaled average BE (SABE), a switching coefficient of variation of CVS = 30% and a 
regulatory standardized variation of CV0 = 25% for applying SABE, and the use of a secondary regulatory 
criterion restricting to 0.80-1.25 the point estimate for the ratio of the estimated geometric means (GMR) of the 
two formulations.  These conditions are scrutinized in the present communication. Methods.  3-period BE 
studies were simulated with various statistical and regulatory assumptions.  Power curves, obtained by gradually 
increasing the true GMR, compared performances of the methods of SABE, a constrained point estimate of 
GMR (PE/GMR), and the composite of these two approaches.  The consumer risk of each procedure was 
evaluated. Results.  With CV0 = 30% and PE/GMR = 0.80-1.25, the composite criterion of BE relied on the 
confidence limits of SABE.  In contrast, with CV0 = 25% and/or PE/GMR = 0.87-1.15, the composite criterion 
approached almost completely the features of the GMR point estimate, especially at high within-subject 
variation.  The consumer risk was near 5% with CV0 = 30% but about 15% when CV0 = 25%. Conclusions.  A 
constraint on GMR is difficult to justify scientifically.  Still, if it is introduced then the condition of CVS = CV0 
= 30% and PE/GMR = 0.80-1.25 is recommended as a composite regulatory criterion.  With alternative settings 
of the conditions, such as the recommended CV0 = 25% and/or PE/GMR = 0.87-1.15, the composite criterion 
would reflect almost entirely the GMR point estimate.  Also, with CV0 = 25%, the BE limits are discontinuous 
at CVS = 30% and, as consequences, the consumer risk is substantially larger than 5%, and the regulatory 
uncertainty for making a decision about acceptance or rejection is enhanced.  These would be undesirable 
outcomes.  
 
INTRODUCTION 
 
The determination of bioequivalence (BE) for 
highly-variable (HV) drugs has been a difficult, 
frustrating problem.  Most usually, two drug 
products are deemed to be bioequivalent if the 90% 
confidence interval around the estimated ratio of 
geometric means (GMR) of relevant metrics is 
between 0.80 and 1.25.  [The relevant metrics are 
usually the area under the curve (AUC) contrasting 
plasma concentrations and time, and the maximum 
concentration (Cmax).]  In crossover studies, the 
length of the confidence interval is proportional to 
the within-subject standard deviation of the drug, 
and reciprocally proportional to the square-root of 
the number of subjects.  Consequently, the 
regulatory BE limits of 0.80 and 1.25 are frequently 
penetrated when the intraindividual variation is high 
unless the number of subjects is also large. 

  
 
Benet (1) raised concerns about exposing a 

large number of healthy subjects to drugs.  He noted 
that highly-variable drugs are safe and have wide 
therapeutic indices, an observation recently re-
emphasized by Midha et al. (2).  Therefore Benet 
(3) questioned the use of excessive numbers of 
volunteers for the sake of satisfying identically 
preset statistical criteria (“one size fits all”).  
 The issue of bioequivalence for HV drugs 
has been discussed for a long time.  It was featured 
at several conferences over an extended period (4-
8).  
_________________________________________ 
 
Corresponding Author: Laszlo Endrenyi, Ph.D. Department of 
Pharmacology, University of Toronto, Toronto, ON, M5S lA8, 
E-mail:  l.endrenyi@utoronto.ca 
 



J Pharm Pharmaceut Sci (www. cspsCanada.org) 12 (1): 138 - 149, 2009 
 

 

 

 
139 

Methods were recently proposed for dealing with 
the problem.  Notably, Boddy et al. (9) suggested 
that, for HV drugs, the BE limits could be expanded 
in proportion to the within-subject variation.  
Tothfalusi et al. (10) recommended that the usual 
criterion applied for the determination of BE could 
be scaled by the within-subject variation. 
 European and American regulatory 
authorities have proceeded in recent years towards 
resolving the issue.  In Europe, the topic was 
regularly and intensively discussed at several 
regulatory forums.  A Concept Paper was published 
in June, 2006 (11) and the issue could be actively 
considered further.   

In the United States, a Working Group was 
established in order to develop relevant procedures 
and eventual regulations. The topic was discussed at 
meetings of the Advisory Committee for 
Pharmaceutical Sciences in 1997, 1999, 2004 and 
2006.  At the meeting on October 6, 2006 the 
Working Group presented preferred regulatory and 
study conditions.  These were recently published 
together with their quantitative rationale (12, 13). 
 The purpose of the present communication 
is to evaluate some of these conditions and to offer 
comments and suggestions about them. 
 
BACKGROUND 
 
Scaled Average Bioequivalence 
 
Regulatory authorities appear to move towards 
adopting the approach of scaled average 
bioequivalence (SABE) as a tool for dealing with 
the problem of bioequivalence for HV drugs.  
Therefore, a brief background of the procedure will 
be summarized. 
 The two one-sided tests procedure (14) is 
generally applied for determinations of 
bioequivalence. In practice, BE is evaluated by 
calculating logarithmic quantities. Thus, means and 
standard deviations of the logarithmic data ( and 
) are estimated.   

Bioequivalence is declared if the difference 
between the logarithmic averages is between limits 
(BELA) which are preset by regulatory authorities.  
Therefore, average bioequivalence (ABE) is 
accepted if the following criterion is satisfied:  
 

- BELA  ≤  μT - μR  ≤  BELA  (1) 
 

The most usually applied regulatory limit is: 
 

BELA = ln(1.25) (1A) 
 
This assures the earlier stated expectation that the 
regulatory limits for the ratio of geometric means of 
metrics are 0.80 and 1.25.  In practice, the 90% 
confidence interval around the difference between 
the estimated logarithmic averages should be 
between the regulatory limits.  
 Thus, regulators need to define, in the case 
of average BE, a single criterion for declaring 
bioequivalence such as that given in Eq. (1A).  For 
highly-variable drugs, evaluated by scaled average 
BE, two quantities must be defined.  They will be 
discussed below. 
 The regulatory criterion suggested for the 
application of scaled average BE is (10, 15): 
 

-BELS  ≤  (μT-μR)/σW  ≤  BELS (2) 
 
Here a scaling standard deviation (σW) is related to 
the within-subject standard deviation of the 
reference formulation (σWR) or, in other views, is 
identical to it.  This distinction will be discussed 
later.   
 Tothfalusi et al. (15) suggested that the 
scaled BE limits (BELS) should be set in the 
following form: 
 

BELS = ln(1.25)/σ0 (2A) 
 
Here σ0 is the first measure which should be defined 
by regulators.  It will be referred to as the 
regulatory standardized variation.  It defines the 
proportionality factor between the logarithmic BE 
limits and σW in the highly-variable region (see 
Figure 1A).  σ0 uniquely determines BELs and vice 
versa.  For example, when σ0 =  0.294  then BELs is 
0.759, and when σ0 = 0.246 then BELs is 0.907. 
 

Rearranging equation (2), an alternative 
form is obtained: 
 

-BELSW  ≤  μT-μR  ≤  BELSW     (2B) 
 
This form represents average bioequivalence with 
expanding limits (ABEL). (9)  Consequently, Eq. 2 
and Eq. 2B, i.e. the approaches of SABE and 
ABEL, are (almost) identical.    
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Using the limits of ABEL helps to understand the 
properties of SABE from the perspective of ABE.  
In this context, the regulatory standardized variation 
(σ0) defines the proportionality factor between the 
logarithmic ABEL limits and W (Figure 1A).  A 
representation of ABEL conveniently illustrates a 
mixed regulatory strategy that was proposed for 
applying the unscaled and scaled approaches to the 
determination of BE (Figure 1). (15) 

According to the mixed regulatory strategy, 
a second regulatory term, the so-called switching 
variation (CVS), separates regions of low and high 
variabilities.  If the variation of the drug is low, i.e., 
when it does not exceed the switching variation 
(CVW ≤ CVS) then, following the present practice, 
unscaled average BE should be evaluated.  
However, for HV drugs when the variability is 

higher than the switching variation (CVW > CVS), 
scaled average BE is applied.  

The mixed regulatory strategy is depicted in 
Figure 1 where, for illustrative purposes, SABE-
equivalent ABEL limits (BELE*w) are plotted.  
Two different SABE-equivalent ABEL limits are 
shown which correspond to two different values of 
σ0.  How to set σ0 is the main focus of this 
communication.  Several aspects of Figure 1 will be 
discussed later. 

The standard deviations (σ) can be 
converted, approximately, to the corresponding 
coefficients of variation:  

 
CV  =  100[exp(σ2)-1)]1/2 (3) 

 
 

 
 

 
 

Figure 1.  Mixed regulatory model for the determination of bioequivalence. The logarithmic BE limits, for 
determinations of average BE with constant and expanding limits, are shown by thick lines.  If the within-subject 
variation (CVW) does not exceed the switching variation (CVS) then unscaled average BE is applied, and the BE 
limits have a constant level of ±log(1.25).  When the within-subject variation is higher than the switching variation 
then the limits widen with increasing within-subject variation, and scaled average BE can be applied.  The slope (in 
the logarithmic scale) of the expansion is determined by the regulatory standardized variation (CV0). The 
logarithmic average and the SABE-equivalent BE limits are shown by thick lines.   (A) The regulatory standardized 
variation equals the switching variation, CV0 = CVS = 30%.  (B) The regulatory standardized variation is lower than 
the switching variation, CV0 = 25% and CVS = 30%.  The BE limits have a discontinuity at the switching variation.  
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Therefore, for unified and convenient treatment, the 
regulatory constants are expressed in terms of 
coefficients of variation.  As an alternative notation, 
CV0 will be used instead of 0 and the 
transformation rule between CV0 and 0, given by 
Eq. 3, will be applied.  For example, if 0 = 0.294 
then CV0 = 30%, and when 0 = 0.246 then CV0 = 
25%.  The advantage of this unified notation is that 
an additional GMR restriction rule (see later) also 
can be expressed in relative terms.  The 0.80-1.25 
GMR restriction criterion becomes a regulatory 
constraint of 25%.  Thus, in our notation, the 
proposed mixed approach depends on three 
regulatory constants, CVs, CV0 and CVGMR, with 
typical values of  30%, 30% and 25%. 
 
Considerations on the Implementation of Scaled 
Average Bioequivalence: the Recommendations 
of FDA 
 
As noted earlier, the Advisory Committee for 
Pharmaceutical Sciences discussed the topic 
repeatedly.  At its meeting, on October 6, 2006, 
important presentations were offered on behalf of 
the FDA Working Group on Highly Variable Drugs 
(16-18).  The interim recommendations of FDA 
were further clarified on May 22, 2007 at an 
AAPS/FDA workshop (19, 20).  The current 
proposals of FDA and their quantitative 
characteristics were published very recently (12, 
13). 

FDA has proposed to apply the approach of 
reference-scaled average BE for determining the BE 
of HV drugs (12, 17-20).  This means that σW = σWR 
would be adopted for scaling. 

FDA suggests also that the acceptance 
criteria include a constraint on the point estimate for 
the ratio of geometric means (GMR).  It 
recommends that GMR be limited to the range of 
0.80 to 1.25.  The Advisory Committee concurred 
with this proposal but some members actually 
favoured a narrower range.  The rationale for this 
recommendation, and the resulting features, will be 
discussed later.  FDA proposes that both AUC and 
Cmax should satisfy the BE acceptance criteria (12, 
18, 20). 

FDA recommends that three-period BE 
studies be performed in which the reference product 
(R] is provided twice and the test product (T) is 
given once (12, 13, 17-20).   Consequently, the 

possible sequences of drug administration are TRR, 
RRT, and RTR. 

The FDA Working Group performed 
simulations in order to ascertain the features of the 
above proposals (13, 17, 19).  The current FDA 
recommendations include a value of σ0 = 0.25 (12, 
18, 20).  FDA suggests also that unscaled average 
BE be used if the within-subject variability is less 
than 30%, and that reference-scaled average BE be 
applied if the within-subject variability is at least 
30% (12, 18, 20).   These suggestions correspond to 
a switching coefficient of variation of CVS = 30%. 
 
METHODS 
 
In order to compare the performances of the 
procedures to be applied for the determination of 
BE, power curves were simulated under various 
assumptions and conditions.  The principles and 
procedures of the simulations were described earlier 
(10, 15).  Therefore, they will be summarized only 
briefly. 

The power curves characterize the 
relationship between the probability of accepting 
the declaration of BE and the magnitude of the true 
GMR.  Therefore, BE studies were repeatedly 
simulated while gradually raising the true GMR 
from 1.0, the condition of true BE, towards 
increasing deviations from this value.  At each level 
of the true GMR, the proportion of simulated BE 
studies was recorded in which the declaration of BE 
was accepted. 

A computer program written in Compaq 
Visual Fortran (ver. 6.1) simulated, under each 
condition, 10,000 BE trials.  3-period studies were 
considered in which the reference product was 
measured twice in each of 36 subjects.  The within-
subject coefficient of variation was assumed to be 
either 35 or 60%.  The regulatory standardized 
variation was set to either σ0 = 0.246 or 0.294; these 
values corresponded to coefficients of variation of 
CV0 = 25% and 30%, respectively (15).  The 
resulting BE limits for scaled average BE were 
BELS = 0.906 and 0.760, respectively (15).  The 
declaration of BE was based on the linearization of 
Eq. 2 as suggested by Hyslop et al. (21). 

The characteristics of (1) scaled average BE 
(SABE), (2) the point estimate of GMR, (3) the 
combination of SABE and the point estimate, and 
(4) unscaled average BE (ABE) were evaluated. 
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Additional simulations evaluated the consumer risk 
under various assumptions.  The consumer risk is 
the probability of declaring bioequivalence when 
the compared drug products are actually 
bioinequivalent (22).   Regulators wish to maintain 
it at a low level, usually at 5%.  This means, with 
the usual approach of average BE, that if the true 
GMR is either 0.80 or 1.25 then the maximum 
probability of accepting a formulation with such a 
GMR value should not be higher than 5%.  The 
same statement applies also when the mixed 
strategy is utilized since it assures the continuity of 
the probabilities.  A million studies were simulated 
with each of the assumptions, and the percentage of 
studies declaring BE, i.e. the apparent consumer 
risk, was recorded. 

The consumer risk was evaluated, with its 
quantitative definition for unscaled average BE, as 
described above.  The calculations considered either 
that the mixed strategy was utilized or that it was 
not applied. For the sake of clarity, all variations 
were expressed as coefficients of variation.  The 
switching variation was maintained at CVS = 30% 
whereas the regulatory standardized variation took 
one of the two levels of CV0 = 25% or 30%.  The 
true within-subject coefficient of variation for the 
reference product was 30%.  (As noted earlier, FDA 
currently recommends a value of σ0 = 0.25 (12, 18, 
20).  This corresponds to CV0 = 25.4%.  The 
deviation is negligible for the purposes and 
considerations of the present communication.) 

The consumer risk was calculated by 
applying both unscaled and scaled average BE and 
also scaled average BE jointly with a constrained 
point estimate on the GMR.  In the latter 
simulations, the constraint on the GMR was set at 
25%. 
 
RESULTS 
 
Effects of the Switching Variation and the GMR 
Constraint 
 
Figures 2 and 3 present power curves simulated by 
assuming that the constraint on the point estimate of 
GMR is either 25% (Fig. 2) or 15% (Fig. 3), i.e., 
that the point estimate was limited to the range of 
either from  0.80 to 1.25 (Fig. 2) or 0.87 to 1.15 
(Fig. 3).  The regulatory standardized variation and 

the switching variation are in some cases the same, 
either CV0 = CVS = 30% (A and B in Figs. 2 and 3) 
or CV0 = CVS = 25% (C and D in Figs. 2 and 3). 

In other cases, the regulatory standard 
variation is lower than the switching variation, CV0 
= 25% and CVS =30% (E and F in Fig. 2 only).  
The within-subject variation is either CVW = 35% 
(A, C and E) or 60% (B, D and F).  CVW = 35% 
rather than 30% was chosen as the lower level of 
intraindividual variation in order to avoid 
complications arising from applying the mixed 
model of estimation around the switching variation 
(15).  The structure of the diagrams is to some 
extent similar to those presented by Haidar (13, 17, 
19) and by Tothfalusi et al. (10, 15, 23). 

Some general features are worth noting.  
First, the power curve for the point estimate of 
GMR shows 50% acceptance at the level of the 
constraint, either at a 25% (Fig.2) or 15% (Fig. 3) 
difference between the estimated means.  Second, 
the proportion of acceptance for the combined 
criterion is always less than the corresponding 
acceptances of both component criteria (24).  
Consequently, the combined criterion is at least as 
demanding as the stricter of the two component 
criteria. 

With a 25% constraint on the GMR point 
estimate (Figure 2), when both the regulatory 
standardized variation and the switching variation 
are CV0 = CVs = 30%, the SABE criterion with the 
90% confidence interval is stricter than the GMR 
constraint (Figures 2A and B).  The combined 
criterion is somewhat more severe than the scaled 
approach; at moderately high within-subject 
variation (Fig. 2A), the two power curves almost 
coincide. 

At a regulatory standardized variation and 
switching variation of CV0 = CVS = 25% and at 
moderately high variation (Fig. 2C), similar 
relationships prevail among the power curves: the 
SABE criterion is stricter than the GMR constraint, 
and the power curve for the former almost coincides 
with that of the combined criterion.  In contrast, at 
high within-subject variation (Fig. 2D), the 
constrained point estimate of GMR is much more 
severe than SABE and it dominates the combined 
criterion.  Some of these results are similar to those 
obtained by Haidar (13, 17, 19). 
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Figure 2.  Power curves contrasting the proportion (in %) of simulated studies in which bioequivalence was 
accepted by various methods with the assumed, true ratio of geometric means (GMR) of the two drug products.  
Characteristics of four testing methods were compared: Unscaled average BE (ABE), scaled average BE, the 
point estimate of GMR, and the combination of scaled average BE with the point estimate.  The point estimate 
of GMR was constrained to 1.25.  The within-subject variation (CVW) was either 35% (A, C and E) or 60% (B, 
D and F).  The regulatory standardized variation equaled the switching variation, CV0 = CVS; both were either 
30% (A and B) or 25% (C and D).  For the last two diagrams, the regulatory standard deviation was lower than 
the switching variation, CV0 = 25%, CVS = 30% (E and F).      
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Figure 3.   Power curves for the determination of bioequivalence.  The conditions were the same as in Figure 2 
except that the constraint on the point estimate of GMR was 1.15, and that the conditions with CV0 = 25%, CVS 
= 30% (as in Figs. 2E and 2F) were not evaluated. 
 
 

When the regulatory standardized variation 
is CV0 = 25% and the switching variation is CVS = 
30% (Figs. 2E and 2F), the results are almost 
identical with those obtained with both variations 
being 25% (Figs. 2C and 2D).  This observation 
indicates that deviations in features of the power 
curves can be attributed to changes of the regulatory 
standardized variation, and not of the switching 
variation. With a 15% constraint on the GMR point 
estimate (Figure 3), the GMR restriction is always 
more severe than the SABE approach, and it always 
dominates the combined criterion. 
 
Effect of CV0 on the Consumer Risk 
 
Table 1 presents the consumer risks (in %) which 
were evaluated under various assumptions.  A 
switching variation (CVS) of 30% was considered.   

When the mixed regulatory strategy was applied 
then the estimated within-subject coefficient of 
variation for the reference formulation (CVWR) 
determined the decision for utilizing either unscaled 
or scaled average BE.  Therefore, as noted earlier, 
unscaled ABE was used when the estimated within-
subject variation did not exceed 30% (CVWR ≤ 
30%), and scaled ABE was utilized when the 
estimated variation was higher than 30% (CVWR > 
30%).  When the mixed regulatory strategy was not 
applied then the choice of the method of evaluation 
was determined in advance. 

The most conspicuous result is that the 
maximum consumer risk is very high when scaled 
ABE is applied with a regulatory standardized 
variation (CV0) of 25%.  This condition is shown in 
Figure 1B which illustrates a discontinuity in the 
regulatory expectations at CVW = 30%. 
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Table 1.  Consumer risk for the determination of BE 
              Consumer Risk (%) 

Mixed Strategy Regulatory Standardized 
Variation (%) (CV0) 

Unscaled 
ABE 

Scaled ABE 

   Without With 
   GMR Constraint 

No 30 4.95 5.56 5.56 
No 25 4.98 16.50 16.34 
Yes 30 5.01 6.98 6.98 
Yes 25 4.94 14.78 14.6 

Switching variation:  CVS = 30% 
Within-subject variation: CVW = 30% 
Constraint on point estimate of GMR: 0.80 to 1.25 (i.e., 25% ) 
 
 
Unscaled average BE yields a consumer risk of 5%.  
Scaled average BE results in a slightly higher 
consumer risk when CV0 = 30%.  The small 
increase in the consumer risk is due to the 
approximation in calculating the linearized 
confidence limits of Hyslop et al. (21) and, when 
the mixed strategy is applied, also to the resulting 
uncertainties. 

An additional constraint on the GMR 
leaves the consumer risk unchanged. 
 
DISCUSSION 
 
Constraint on the Point Estimate of GMR 
 
The Concern about High and Low GMR Values, 
and the Possible Need for a Constraint 
 
Benet (3) noted, first in the context of individual 
BE, that large deviations can occur between the 
means of the two drug products.  Therefore he 
recommended (3) that “additional point estimate 
criteria be added for all drugs as a supplement to 
the bioequivalence limit criteria.”   He repeated his 
recommendation also in the case of BE for highly-
variable drugs “in order to give patients and 
clinicians confidence that a generic equivalent 
approved by the regulatory authorities will yield the 
same outcome as the innovator product” (3, 24). 

Benet (24), however, noted also the 
following: “1. there is no scientific basis or 
rationale for the point estimate recommendations. 
2. There is no belief that addition of the point 
estimate criteria will improve the safety of 
approved generic drugs. 3. The point estimate 

recommendations are only “political” to give 
greater assurance to clinicians and patients who are 
not familiar (don’t understand) the statistics of 
highly variable drugs.”  We completely agree with 
Benet’s (24) views.  Some of the consequences of 
the scientific futility of the GMR constraint will be 
considered later. 

As noted earlier, the FDA Working Group 
on HV drugs recommended the implementation of 
Benet’s concern and suggested that the point 
estimates of the GMRs of AUC and Cmax be 
constrained to the range of 0.80-1.25.  The FDA 
Advisory Committee for Pharmaceutical Sciences 
also agreed, in 2004 and again in 2006, with the 
recommendation that a constraint on the point 
estimate be added to the confidence interval 
criterion when scaled average BE is applied.  Some 
committee members preferred a narrower range of 
the point estimate. 

Benet (24) suggested a constraint on the 
GMR point estimate of ±15% for AUC and ±20% 
for Cmax.  These recommendations were stated also 
in the report of the 2005 BioInternational 
Conference (8).  Our results suggest that this 
constraint would be too severe since it would yield 
a BE criterion which would reflect only the GMR 
point estimate but not the 90% confidence interval 
around a BE regulatory model. 
 
Effect of the Constrained GMR Point Estimate on 
the Evaluation of BE 
 
Figures 2 and 3 demonstrate, under various 
conditions, the effect of the suggested secondary 
regulatory criterion, the constraint on the GMR 
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point estimate. It is recalled that the primary 
regulatory criterion expects that the 90% 
confidence interval of the scaled logarithmic GMR 
should remain within its preset limits.  Thus, the 
diagrams illustrate the extent to which the 
secondary criterion alters the outcome of the 
primary test. 

When the regulatory standardized variation 
is CV0 = 25% then even a GMR constraint of 25% 
substantially modifies, under many conditions, the 
outcome of BE determination which is based only 
on the primary criterion (Figures 2C, 2D, 2E, and 
2F).  At higher variations, in fact, the result of the 
BE evaluation relies practically entirely on the 
secondary criterion and the primary, confidence 
interval criterion is irrelevant (Figures 2D and 2F).    
These conclusions are relevant regardless whether 
the switching variation is CVS =25% (Figs. 2C and 
2D) or 30% (Figs. 2E and 2F).  These results 
parallel, in part, the observations of Haidar (13, 17, 
19) and Tothfalusi et al. (25). 

Thus, under these conditions, the 
determination of BE becomes a test of just 
assessing the GMR.  This would be in analogy of 
the criterion expected by Health Canada which, 
however, is applied only to Cmax (26).  
Consequently, the overall, combined regulatory 
criterion could amount merely to the determination 
of GMR.  Under such conditions, it would be 
entirely unnecessary and even pointless to evaluate 
SABE.  It is doubtful that such a regulatory 
expectation would be desirable. 

By contrast, when the regulatory 
standardized and the switching variations are CV0 = 
CVs = 30% and the GMR constraint is 0.80-1.25 
then the imposition of the constraint has generally 
little effect (Figures 2A and 2B).   The character of 
the BE test remains essentially that of the primary 
criterion.  At the same time, patients and physicians 
still receive assurance that even the average 
responses of the two drug products are not 
meaningfully different.  Consequently, these results 
and considerations suggest that the regulatory 
standardized variation be set at the level of CV0 = 
30% and not at 25%. 

Simulations were performed in order to 
separate the levels of the regulatory standardized 
(CV0 = 25%) and the switching variations (CVS = 
30%) and to ascertain their distinct effects (Figures 
2E and 2F).  The comparative positions of the 
power curves were very similar to those seen when 

both variations were at the lower level of 25% 
(Figures 2C and 2D).  Consequently, the effect of 
the GMR constraint on the BE determination is 
influenced by the level of the regulatory 
standardized variation and not by that of the 
switching variation. 

A tighter GMR constraint, such as 0.87-
1.15, accelerates the utilization of the GMR point 
estimate as the sole regulatory criterion (Figure 3).  
This feature appears to be disadvantageous. 

Simple considerations support the observed 
relationship between the composite test and its 
components.  SABE and the GMR point estimate 
can be viewed as tests which accept or do not 
accept bioequivalence with probabilities defined by 
their power curves. These power curves are shown 
in Figures 2 and 3.  Assume that the two component 
tests, SABE and the GMR point estimate, accept 
bioequivalence, under a given condition, with 
probabilities of P1 and P2.  If the two tests were 
independent then the overall success rate would be 
P1*P2, i.e., smaller than either component 
probability.  Even though the assumption of 
independence does not hold, it is still true that the 
overall success rate of a composite test should be 
less than that of either component.  If the powers of 
the two tests are very different then the one yielding 
the lower probability will be dominant.  For 
example, if one of the tests shows complete 
acceptance (P1=1) then the overall success rate is 
1*P2=P2. 

The quantitative considerations, discussed 
above, reinforce the scientific futility of applying 
the GMR constraint.  Under various conditions, 
such as for vey highly variable drugs and/or with σ0 
= 0.25, the GMR constraint introduces a very 
undesirable feature for the determination of BE 
since it dominates the regulatory assessment. 

The mathematics of the two simultaneously 
applied tests is quite complex.  This was studied by 
Karalis et al. (27, 28) and Kytariolos et al. (29).  
They developed several interesting, combined 
regulatory criteria with leveling-off properties 
which enable the testing of bioequivalence with 
SABE and a GMR constraint in a single step.  
However, the feasibility of these approaches still 
needs support. 
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Conclusion 
 

A constraint on the point estimate of GMR 
is not justified scientifically.  However, if it is 
applied for other reasons then a constraint of 0.80-
1.25 is recommended.  With the regulatory 
standardized and switching variations of CV0 = CVs 
= 30%, the condition would continue to utilize 90% 
confidence intervals and essentially maintain the 
character of the primary regulatory criterion.  
Alternative conditions and restrictions could well 
transform the regulatory expectation to one 
involving merely the assessment of GMR. 
 
The Magnitude of the Regulatory Standardized 
Variation (CV0) 
 
As noted earlier, FDA apparently suggests that the 
regulatory standardized variation be CV0 = 25.4% 
(or σ0 = 0.25).  The rationale seems to be that this 
value is a compromise between the strictness of 
30% and laxness of 20% (13, 17). 

One of the issues is that, in this approach, 
the regulatory standardized variation could differ 
from the switching variation.  As demonstrated in 
Figure 1B and as discussed further below, this 
could lead to a discontinuity in the regulatory 
expectations and, consequently, to the increase of 
consumer risk and heightened regulatory 
uncertainty. 

Regulators could be concerned when a drug 
that is in fact not highly variable, is erroneously 
classified as highly variable.  The likelihood of 
misclassification is highest when the true within-
subject variation is near CVW = 30% since, in this 
case, almost half of the assignments to be an HV 
drug are incorrect.  The consumer risks were 
estimated in this worst-case condition (Table 1). 

Tothfalusi and Endrenyi (15) concluded 
that the regulatory standardized variation and the 
switching variation should have the same 
magnitudes, otherwise the consumer risk would rise 
above the regulatory expectation of 5%.  The 
results in Table 1 confirm this conclusion.   When 
both the regulatory standard variation and the 
switching variation have the same value, CV0 = 
CVS = 30%, then for not truly highly-variable 
drugs, the consumer risk is nearly 5%.  In contrast, 
when the two variations have differing magnitudes, 
CV0 = 25% and CVS = 30%, then the consumer risk 
triples to about 15-16%.  It is noted that these 

results disagree with the conclusions and statements 
of Haidar et al. (13). 

Application of ABE on one side of the 
switching variation and SABE on the other side 
should not be of concern as long as CV0 = 30% is 
assumed (Figure 1A).  In other words, it should not 
matter much whether the estimated CVW is 29 % or 
31%.  The regulatory conditions are continuous 
around CVS = 30%, and the probabilities of 
acceptance and rejection are only slightly different 
(but “similar“ ) on the two sides of CVS (and not 
really more different from when, e.g., estimated 
CVW’s of 26% and 28% are compared or when 
estimated CVW=s of 31% and 33% are contrasted).  
The regulators need not be concerned in this case 
since there is no, or little regulatory uncertainty for 
applying the mixed criterion in order to reach a 
decision on acceptance or rejection.  Also, as 
observed above, the consumer risk, with the 
assumption of CV0 = 30%, is close to 5% (Table 1). 

In contrast, if σ0 = 0.25 is assumed, as in 
the proposal of FDA (12, 18, 20), then the BE 
limits are discontinuous at CVS = 30% (Figure 1B).  
(As stated earlier, the condition recommended by 
FDA corresponds to CV0 = 25.4%.   The difference 
from CV0 = 25.0%, applied in our simulation, is 
slight and not significant for the considerations of 
the present communication). 

The consequences include the enhancement 
of the consumer risk for truly not-highly variable 
drugs (Table 1).  As a consequence, the 
probabilities of acceptance and rejection are 
different on the two sides of CVS.  Differing 
probabilities prevail depending on whether the 
estimated CVW is 29% or 31%, a lower probability 
of acceptance when the estimated CVW is 29% than 
when it is 31%. 

This raises a rightful uncertainty for 
regulators.  The heightened regulatory uncertainty 
should be of great concern to regulators. 
 
Conclusion 
 

If, following the suggestion of FDA (12, 
18, 20), a regulatory standardized variation of CV0 
= 25.4% (or 0 = 0.25) is assumed then the BE 
limits are discontinuous at CVS = 30% and, as 
consequences, the consumer risk is substantially 
larger than 5%, and the regulatory uncertainty for 
making a decision about acceptance or rejection is 
enhanced.  In contrast, if CV0 = 30% (or 0 = 
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0.294) is assumed then the BE limits are 
continuous, the consumer risk is around 5% which 
is the conventionally accepted risk level. 
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