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ABSTRACT
Purpose We investigated different evaluation strategies for bio-
equivalence trials with highly variable drugs on their resulting
empirical type I error and empirical power. The classical ‘unscaled’
crossover design with average bioequivalence evaluation, the
Add-on concept of the Japanese guideline, and the current ‘scal-
ing’ approach of EMA were compared.
Methods Simulation studies were performed based on the as-
sumption of a single dose drug administration while changing the
underlying intra-individual variability.
Results Inclusion of Add-on subjects following the Japanese con-
cept led to slight increases of the empirical α-error (≈7.5%). For
the approach of EMA we noted an unexpected tremendous
increase of the rejection rate at a geometric mean ratio of 1.25.
Moreover, we detected error rates slightly above the pre-set limit
of 5% even at the proposed ‘scaled’ bioequivalence limits.
Conclusions With the classical ‘unscaled’ approach and the
Japanese guideline concept the goal of reduced subject numbers
in bioequivalence trials of HVDs cannot be achieved. On the
other hand, widening the acceptance range comes at the price
that quite a number of products will be accepted bioequivalent
that had not been accepted in the past. A two-stage design with
control of the global α therefore seems the better alternative.

KEY WORDS bioequivalence . highly variable drug .
pharmacokinetic . replicate design . scaling

ABBREVIATIONS
ANOVA Analysis of variances
AUC Area under the curve
BE Bioequivalence
Cmax Maximum drug concentration
CV Coefficient of variance
CVANOVA Coefficient of variance calculated from the residual

error in an ANOVA
EMA European Medicines Agency
FDA Food and Drug Administration
GMR Geometric mean ratio
HVD Highly variable drug
k Regulatory constant of 0.760
L Lower acceptance limit for bioequivalence
Sw Residual error of an ANOVA calculation
SWR Residual error of an ANOVA calculation of two

Reference administrations in a partial replicate study
design

U Upper acceptance limit for bioequivalence

INTRODUCTION

Crossover bioavailability and bioequivalence studies are per-
formed in order to give a reliable prediction of the therapeutic
effect of a dosage form. Medicinal products containing the
same active substance are tested for their comparable thera-
peutic performance by comparing their drug concentrations
mostly by measuring the concentration in the blood compart-
ment. Rate and extent of bioavailability after administration
are used to describe the in vivo behaviour of a substance.While
the area under the concentration time curve (AUC) reflects
the extent of exposure, the peak exposure, i.e. the maximum
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of a curve (Cmax) together with its respective time point of
occurrence (tmax) better represent the rate aspect of bioavail-
ability. AUC and Cmax are both strongly influenced by the
absorption rate and therefore used in statistical bioequiva-
lence assessments to compare different drug formulations.

According to the current European ‘Guideline on the
Investigation of Bioequivalence’ (1) the recommended mode
of statistical evaluation is an analysis of variance (ANOVA) on
logarithmic data considering pre-defined fixed and random
effects. The resulting ‘residual error’ — the variability of
interest — is assigned to the ‘intraindividual variability’ as
studies are generally performed as a crossover trial. An assess-
ment of average bioequivalence is then based on the point
estimates and 90% confidence intervals, i.e. on the ratio of the
population geometric means of the Test and the Reference
product. In order to demonstrate bioequivalence, both limits
of the interval of the product ratio need to be contained within
the acceptance limits of −0.22314 to 0.22314 which is 0.80–
1.25 or 80–125% on the original scale. This is equivalent to
the two one-sided t-test procedures based on the alternative
hypothesis of bioequivalence (2,3).

Concept of the Current European Guideline for Highly
Variable Drug Products

Highly variable drugs (HVDs) are drug substances demon-
strating an extraordinary high intraindividual variability in a
crossover design. By definition HVDs are drugs which display
an intraindividual variability of CVANOVA%>30%. This co-
efficient is calculated by the following formula from the resid-
ual error (Sw) of an ANOVA evaluation:

CV ANOVA% ¼ 100⋅
ffiffiffiffiffiffiffiffiffiffiffiffiffi

eS
2
w−1

p

Due to the higher intraindividual variability of their target
parameters, HVDs used to have more difficulties to fulfill the
authorities’ requirements for acceptance of bioequivalence
when administered as single doses (4). The width of a resulting
confidence interval of an HVD is proportional to the
intraindividual variability, and consequently more subjects
need to be included in a trial to obtain tighter confidence
intervals. Therefore, sample sizes of these single dose studies
were high and sometimes even higher than proposed by
proper sample size estimation in order to narrow the resulting
confidence intervals as much as possible. The goal of only
‘reasonably sized single dose studies’ in HVDs could therefore
not be achieved.

However, the current European guideline now offers a
further strategy concerning the bioequivalence assessment of
HVD products. In the case of immediate release products and
single dose administration, the European guideline allows a

widening of the regulatory acceptance limits for the target
parameter Cmax. The Cmax value generally is the more vari-
able of the two target parameters AUC and Cmax in a bio-
equivalence assessment. Drug formulations of highly variable
substances may be investigated in a replicate study design in
case ‘a wider difference in Cmax is considered clinically irrelevant based on
a sound clinical justification’ (1). The replicate design may imply a
crossover double administration of the Reference product
beneath the Test administration. ANOVA analysis of the
two Reference administrations and the residual variability
obtained then serve for the calculation of the intraindividual
variability of the two References. The Reference variability
serves in a final step for calculation of acceptance limits for the
following comparison against the Test product in a data
driven way.

The so called ‘scaling’ procedure follows the formula

L;U½ � ¼ exp �k⋅SWR½ �;

where L and U are the lower and upper acceptance limits
for bioequivalence, k is a regulatory constant of 0.760 and
SWR represents the intraindividual variability determined in
the comparison of the two Reference administrations.
Following the guideline, all drug substances below an
intraindividual variability of CVANOVA 30% remain at the
equivalence bounds of 80% to 125% while all between 30%
and 50% may follow the ‘scaled’ approach. Therefore, ac-
cording to this concept, the higher the Reference variability
and the resulting coefficient of variation (CVANOVA %) will
be, the wider the bioequivalence limits for the comparison of
Test vs.Reference will be set. However, themaximum allowed
widening of acceptance limits is 69.84% to 143.19% which is
equal to a variability of 50%. Additionally, a point estimate
between the 80% and 125% limits is required to fulfill the
definitions of bioequivalence. Resulting ‘scaled’ lower and
upper limits are presented in Table I.

Several biometrical publications have investigated the idea
of the ‘scaled’ average bioequivalence approach. Aspects dealt
with include the comparison of this approach to the ordinary
‘unscaled’ process with limits of 80%–125% (5–8,10) or with

Table I Bioequivalence Limits of the ‘Scaled’ Average Approach (1)

Intraindividual CV [%] Lower limit [%] Upper limit [%]

30 80.00 125.00

35 77.23 129.48

40 74.62 134.02

45 72.15 138.59

50 69.84 143.19

CV ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

eS
2
WR−1

p
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differences of average bioequivalence and individual equiva-
lence calculations (9–11). Moreover, the robustness of this
‘scaled’ concept regarding possible outliers which could influ-
ence the estimations of variability was investigated (5). The
issue of the relation of different point estimates (6), intra-
individual variability and the empirical statistical power in
different and also replicate study designs was intensively in-
vestigated (12–15). Finally, the concepts of EMA and the
FDA, to establish a ‘scaling’ strategy were compared in several
publications (6,8,16,17). Good overall insight on the current
European and US American regulatory strategies discussed
together with simulation experiments was given by Endrenyi
and Tothfalusi (18) and Davit (19). The authors moreover
discuss the switching limit of CVANOVA 30% and the addi-
tional requirement of a point estimate inside the limit of 80%–
125%.

Tothfalusi et al. (5) presented exemplary data of the empir-
ical statistical power determined in simulation studies assum-
ing a CVANOVA of 40%. When sample sizes of only N=24 or
N=12 subjects were used, the empirical power rate was
approximately 87–88% with a geometric mean ratio (GMR)
of 1.00. At a GMR of 1.05, it was still about 84 to 85%,
reflecting a strong robustness in terms of the producer risk of
false negative results.

Concept of the Japanese Guideline for Highly Variable
Drug Products

An Add-on strategy is the method of choice described in the
current Japanese Guideline for Bioequivalence Studies of
Generic Products (20). ‘An add-on subject study can be performed
using not less than half the number of subjects in the initial study’, which
can be used in the case the bioequivalence assessment in an
HVD failed. It is further stated that a sample size of 20 subjects
for the initial part plus an Add-on of 10 subjects may suffice if
investigated products are similar in dissolution rates and av-
erage AUC and Cmax values.

It is the aim of this work to compare the two HVD bio-
equivalence approaches of Europe and Japan to the classical
‘unscaled’ evaluation in terms of the major biometrical pa-
rameters while changing intraindividual variability and sam-
ple sizes. The focus is to estimate the resulting consumer and
producer risks when studies are designed and calculated as
proposed in these guidelines and to elaborate on the impact of
decision making about bioequivalence of generic drugs.

MATERIALS AND METHODS

Simulation studies were conducted based on the assumption
of a single dose drug administration and log-normally distrib-
uted data with different geometric mean Test/Reference

ratios. At first, we investigated the resulting empirical type-I-
error, i.e. the α-error rate at the geometric mean ratio (GMR)
of 1.25, the border of the acceptance range for the classical
‘unscaled’ average bioequivalence approach by calculating
the rejection rate in the simulation studies. Afterwards, we
investigated the error rate under the assumption of the
Japanese Add-on strategy. Finally, the empirical rejection
rates at a GMR of 1.25 and at the respective ‘scaled’ limits
of the European concepts were calculated. With ‘scaling’ the
rejection rate at a GMR of 1.25 cannot be called a type I
error, as with scaled limits applied it is not a rejection of the
null - hypothesis. However, the empirical rate allows for a
direct comparison with the strategy of an unscaled bioequiv-
alence assessment.

We investigated the impact of changing the intraindividual
variability and sample sizes following all three concepts.

In a second step we investigated empirical power of the
classical ‘unscaled’ approach, i.e. the empirical rejection rate
of H0. Subsequently, we investigated the proposal of Japan
and the influence of increasing sample sizes in the Add-on
group on empirical power. Empirical power was finally also
investigated following EMA’s ‘scaled’ evaluation approach.
All three approaches were again investigated while changing
intra-individual variability and sample size.

Sample sizes for the classical ‘unscaled’ approach, the
Japanese Add-on and the ‘scaled’ EMA strategy were estimat-
ed considering intraindividual variabilities in the range of
CVANOVA 10% to 60%, an α-error rate of 5%, a minimum
power of 80%, and the respective GMR ratio on the logarith-
mic scale. Sample sizes used were in accordance with the
literature (21,22).

For determination of the empirical rejection rates, the
developed macros were run considering values of
intraindividual variability in the range of CVANOVA=20 to
50% and a GMR in the range of 1.00 to 1.40 for the
‘unscaled’ and the Add-on design on the logarithmic scale.
For the ‘scaled’ approach of EMA, we chose a wider range of
CVANOVA=20 to 55% and a GMR of 1.00 to 1.60 in order to
investigate also the development beyond the regulatory upper
cap of the scaling approach of CVANOVA 50%. Sample sizes
were adapted accordingly.

In all simulation studies we simulated normally distributed
random numbers (i.e. we simulated data after logarithmic
transformation, as usually kinetic parameters are lognormally
distributed). Data simulations and corresponding evaluations
were performed disregarding a pre-set interindividual vari-
ability. Moreover, variability of a subject-by-formulation-in-
teraction was not considered and set to CV=0%. Macros for
data creation did not consider a possible data relation/data
correlation when belonging to one subject under different
conditions; the correlation, i.e. the covariance structure, was
set to 0. When investigating both the empirical power 5000
simulations, and when investigating the empirical type I error
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rate, 10000 simulations were performed for each condition
and data point respectively.

When simulating the Add-on strategy according to the
Japanese guideline, at first a regular AB|BA crossover design
was assumed for the initial part of the studies. All simulated
studies passing the acceptance limits were counted and ex-
cluded from further simulation procedures. In all studies
where limits were exceeded, additional Add-on subjects
(Ntotal=N+N/2 subjects) were included in the design.
Finally, the resulting rates were summarized to a final empir-
ical rate.

SAS Macros for operation of simulation studies were
valid for analyses, i.e. the maximum and mean simula-
tion error when investigating the type I error rate had
been + 0.40% and + 0.16%, respectively.

Macros for operation of simulation studies were created in
SAS® software (version 9.2) (23). Graphs were prepared with
GraphPad Prism Software (version 5.04) (24).

RESULTS

Determination of the Empirical Type I Error Rate

At first we investigated the empirical α-error rate with the
simple ‘unscaled’ average bioequivalence evaluation of an
AB|BA design at the classical limit of GMR 1.25 while
increasing sample sizes in the variability range of CVANOVA

between 10% and 55%. As shown in Fig. 1 the test is conser-
vative in the beginning and finally, all simulated curves con-
verged at an empirical α - level close to 5% as expected. The
lower the variability, the earlier the convergence to the pre-set
α-level of 5% was achieved.

In the case of the Japanese design, the empirical α-error
rate of the first step was similar to the classical crossover design
i.e. all values finally converged at a level of 5% (data not
shown) when investigated at the GMR of 1.25. However,
when Add-on subjects were included in the magnitude of half
of the subjects of the first step (Ntotal=N+N/2 subjects), the

α-error increased. Curves of the simulation studies all con-
verged at about 7.5% and, again, the lower the intraindividual
variabilities had been, the earlier the error level was reached
with lower total sample sizes (see Fig. 2). Therefore, indepen-
dent of the underlying intraindividual variability and sample
size, an increase of the type I error rate after convergence of
about + 2.5% above the preset limit of α=5% is to be
anticipated in the investigated range.

Finally, we investigated the empirical rejection rate for the
European ‘scaled’ proposal of EMA. First, we investigated the
empirical rate at the classical bioequivalence border of GMR
1.25 (see Fig. 3) With scaled limits applied this rate cannot be
called a type I error rate as at the GMR of 1.25 it is still not a
rejection of the null - hypothesis. However, the empirical rate
allows for a direct comparison with the strategy of an unscaled
bioequivalence assessment. Increases in the rate thus directly
reflect the increased probability to accept equivalence of two
products under the respective configuration of CVANOVA and
sample size. At the lowest variability of CVANOVA of 25% the
results were as expected, i.e. the error rate converged at a level
of 5% as the ‘scaling’ is still not applied. At the cut-off point of
CVANOVA of 30%, the rate was slightly elevated to 7.05%.
When investigating intraindividual variabilities in the range of
CVANOVA of 30% to 50% where ‘scaled’ bioequivalence
limits have to be applied, a tremendous increase of the em-
pirical rejection rate with increasing sample sizes could be
noted. Moreover, contrasting with the other designs, this
rejection rate almost did not converge to a certain error level
in the investigated sample size range. With a total sample size
of 24 subjects, the rejection rate was approximately 24.22%
with a variability of CVANOVA of 50%. A further increase in
variability to CVANOVA of 55% and 60% did not cause a
further elevation, due to the upper pre-set limit of the scaling
procedure.

To obtain further insight into the pattern of α-error devel-
opment while using appropriate sample sizes, we again simu-
lated the error rate at a GMR of 1.25 for each design while
changing the intraindividual variability in small steps. Results
are displayed in Fig. 4. Calculations confirmed an increase of
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Fig. 1 Empirical α-error rate at a
GMR of 1.25 with increasing
sample size and intraindividual
variability—rate of H0 rejections
after 10000 simulations—AB|BA
crossover design with ‘unscaled’
average bioequivalence evaluation.
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the rate to about 7.5% with the Japanese Add-on strategy.
Sample size estimation for the replicate EMA design was in
accordance with that of Tothfalusi et al. (22). The rejection
rate was 5.12% at a CVANOVA of 20% followed by a slight
further increase. Starting with CVANOVA of 30% and the
‘scaled’ evaluation, the rejection rate rapidly increased with
increasing variability to about 12, 19, 24, and 27% at
CVANOVA values of 35, 40, 45, and 50%.

To complete and confirm the latter results, finally, we
performed simulations at a GMR of 1.25 and at the respective
‘scaled’ bioequivalence limits pre-set by the guideline.
Intraindividual variabilities and samples sizes given by
Tothfalusi et al. (22) were considered. Results are displayed
in Table II. Simulations confirmed the dramatic increase of
the rejection rate at a GMR of 1.25. The empirical rejection
rate rose from 7.05% at CVANOVA of 30% to 26.56% at 50%.
Surprisingly, when ‘scaled’ bioequivalence limits were set as
bioequivalence limits, the highest rejection rate observed was
at the lowest variability investigated. With CVANOVA of 30%,
it was 7.05%, and it was still 5.39% with a variability of 40%.
Therefore, taking into account a simulation error of roughly
0.5%, and the fact that our simulations are based on uncor-
related data and do not consider interindividual variabilities,
one may doubt that an α-error of 5% is controlled even with

the pre-set ‘scaled’ limits, at least for variabilities close to the
cut-off point of CVANOVA of 30%.

Determination of the Empirical Power

Power results of the simple AB|BA two—period crossover
design at a GMR of 1.00 were in the range of 84.04% (at a
variability of CVANOVA of 20%) to 78.08% (at a variability of
50%). At a GMR of 1.10 the rate was reduced to 53.12%–
49.96% in the variability range of 20% to 50% (see Fig. 5).

In the case of the Japanese design, the empirical power
increased to 97.00% at a variability of CVANOVA of 20% and
was still 95.65% with a variability of 50% at a GMR of 1.00
when Add-on subjects were included. At a GMR of 1.10 the
rate was 73.85% with CVANOVA of 20% and 69.55% at 50%
(see Fig. 1).

Inclusion of more subjects in the Add-on part resulted in an
additional enormous increase in empirical power rates.With a
CVANOVA of 40% and a GMR of 1.00 the power could be
increased from 82.80% up to 99.50% with N=56 in the Add-
on part (for details please refer to (22)).

Finally, we investigated the empirical H0 rejection rate for
the European ‘scaled’ design of EMA. At a GMR of 1.00 we
determined 81.66% for variability CVANOVA of 30% and
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GMR of 1.25 with increasing
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variability—rate of H0 rejections
after 10000 simulations—Add-on
design according to the Japanese
guideline (Add-on = +N/2
subjects) with ‘unscaled’ average
bioequivalence evaluation.
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76.12% in the case of 55%. Increasing the product difference to
aGMRof 1.10 resulted in empirical power values of 53.88% at
30% and 67.42% at a variability of 50% (see Fig. 1).

DISCUSSION

The results of our simulation studies in HVDs demonstrate
substantial differences in empirical power and α-error rates
between the classical ‘unscaled’ AB|BA crossover design, the
concept of the Japanese approach (20), and the new ‘scaling’
strategy of the current European guideline (1).

Simulation of the empirical power following these strate-
gies showed a marked increase in power in comparison to the
classical AB|BA design where Add-on subjects were included
according to the Japanese approach, while it was independent
of underlying variability. When sample sizes in the Add-on
part were further escalated, power values could be increased
even more (25). Empirical power rates of the partial replicate
EMA design with ‘scaled’ evaluation showed dependency on
the underlying variability, but, in comparison to the classical
approach, they were more stable and markedly higher in a
GMR range of 1.00 to 1.10. When product difference was
rising, empirical power notably declined in the classical
approach, while it was less influenced with the EMA
approach. Therefore, we could mainly confirm the data of
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Fig. 4 Empirical α-error rate at a
GMR of 1.25 vs. CVANOVA at
affiliating sample size—rejection rate
after 10000 simulations—Japanese
design (top), and replicate 3 period
design with ‘scaled’ evaluation
according to EMA (bottom).

Table II Rejection Rate After 10000 Simulations at a Fixed GMR of 1.25%
(Upper Part) and Empirical α-Error Rate at the ‘Scaled’ BE Limits (Lower Part)
According to EMA with Increasing Intraindividual Variability

CV ANOVA [%] N GMR Empirical rejection rate [%]

30 22 1.250 7.05

35 25 1.250 11.82

40 27 1.250 18.74

45 27 1.250 23.57

50 28 1.250 26.56

CV ANOVA [%] N GMR Empirical α-error rate [%]

30 22 1.250 7.05

35 25 1.295 5.58

40 27 1.340 5.39

45 27 1.386 4.25

50 28 1.432 3.51
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Tothfalusi et al. (5,14) and others on empirical power rates for
a ‘scaled’ evaluation of a partial replicate study design.

We simulated the type – I error rate at a GMR of 1.25 with
intraindividual variabilities in the range of CVANOVA of 10%

to 60%. The results demonstrated pronounced differences
between the three concepts, which can be plausibly explained
by the fact that a GMR of 1.25 is under the alternative
hypothesis in the ‘scaled’ average bioequivalence approach,
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design following the Japanese
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whereas it is under the null-hypothesis of the other tests.While
empirical error rates were controlled at a level of 5% with all
variabilities by the classical ‘unscaled’ evaluation method, an
inclusion of Add-on subjects lead to an increase of the rates. It
was stable at around 7.5% and independent of underlying
intraindividual variability following the Japanese concept.
Surprisingly, when investigating the rejection rate following
the ‘scaled’ approach of EMA, we noted a tremendous in-
crease at a GMR of 1.25 – the former border of bioequiva-
lence. With a CVANOVA of 40% an almost fourfold with a
variability of 50%, a more than fivefold increase of the rejec-
tion rate was observed. Moreover, when ‘scaled’ bioequiva-
lence limits were applied, we still detected rejection rates
slightly above the pre-set limit of 5%. It has to be mentioned
that we detected an α-elevation up to 7.05%with a CVANOVA

of 30%, which means a difference less than 1% in comparison
to the error rate following the Japanese approach.

To our knowledge, this is the first time that the different
proposals for demonstrating bioequivalence for HVDs have
been compared at a GMR of 1.25. Comparable error rates
can be found either following the approach of EMA or rec-
ommendations of the FDA which partially use a different cut-
off point of CVANOVA of 25% for starting the scaling proce-
dure (5,6,8,10,13–17).

As shown by our results, the goal of reasonable sample sizes
obviously cannot be achieved with the approach of the
Japanese guideline. Due to the Add-on part sample size will
be higher than that of the classical average bioequivalence
approach. However, because of the opportunity of a second
chance to meet bioequivalence criteria, the Add-on concept
reduces the risk of misjudgement and failure of trials for the
price of a slightly elevated consumer risk. On the other hand,
the ‘scaled’ procedure clearly demonstrates that a concept
with stable power connected with lower reasonable sample
sizes seems to be feasible in bioequivalence trials.

Yet, these advantages on the more economical side go
along with a very pronounced increase of the α-error when
empirical rates are compared at the GMR of 1.25. Control of
sample size and the producer risk therefore leads to a more
liberal position regarding a possible type I error.

In order to solve this dilemma, health agencies
around the world have different ideas of how to pro-
ceed and how to conduct studies in HVDs. For a strict
control of the global α-error rate, the authority of New
Zealand, for example, allows a sequential design in
studies with HVDs, where the sample size of the second
step is based on the results of the first study step (26).
However, the authority also limits the subject number
to 40. To prove bioequivalence, the latter might result
in more trials than necessary (assuming that all generic
products submitted to regulatory authorities are bio-
equivalent), as the chance for demonstrating bioequiva-
lence is markedly reduced by a restricted sample size for

HVDs. More trials than necessary, however, also stand
against the general effort to reduce subject numbers in
bioequivalence trials.

Besides the opportunity to use the ‘scaling’ procedure for
studies in HVDs, EMA also accepts a two-stage approach for
demonstrating bioequivalence with control of the global α-
level independent of the underlying intraindividual variability
(1). Thus the guideline at the same time also allows conducting
trials that will control the type-I-error in a strict sense.

Moreover, there are several other ideas that present a
good way out of the dilemma mentioned above. One
good option is the additional inclusion of biopharmaceuti-
cal data to support an assessment of bioequivalence. The
Japanese guideline proposes an Add-on of not less than
N/2 subjects of the first study step. However, bioequiva-
lence will be also accepted even though this strategy did
not meet the acceptance limits, if:

“1) the total sample size of the initial bioequivalence study is not
less than 20 (n=10/group) or pooled sample size of the initial and
add-on subject studies is not less than 30, 2) the differences in
average values of logarithmic parameters to be assessed between two
products are between log(0.9) and log(1.11), and 3) dissolution
rates of test product are equivalent to those of the reference product.”

Here, acceptance criteria comprise the usual acceptance
limits, a constraint on the point estimate and additional bio-
pharmaceutical dissolution data to support a presumption of
equivalence.

CONCLUSIONS

In conclusion, the ‘unscaled’ average bioequivalence
evaluation with an underlying two period AB|BA design
as well as the concept of the Japanese guideline indeed
does not contribute to the aim of reducing subject
numbers in bioequivalence trials of HVDs. However,
the ‘scaling’ strategy of the current European guideline
with lower sample sizes contains the risk that a relevant
amount of HVDs will enter the market that would have
been assessed as non-bioequivalent under the classical
evaluation method. Every effort shall be appreciated
finding a reasonable and practicable solution, which is
not solely at the expenses of the consumer due to the
mode of statistical evaluation, because in the end any
widening of the acceptance range (irrespective of wheth-
er this is done with an increase in the type-I-error, or
with scaling) can only be justified by firm knowledge
that in the presence of higher variability larger product
differences are of no clinical relevance. This knowledge,
however, is rarely available.
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