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Endrenyi and Tothfalusi (1) recently presented arguments
for the use of secondary metrics in bioequivalence testing. We
agree that measures, other than AUC, may be useful in such
testing. We also agree that the other metrics should yield infor-
mation additional to AUC. We differ, however, in our view of
the utility of Cpp/AUC and wish to express it.

The raison d’étre of bioequivalence testing is to ensure
that a test product is therapeutically equivalent to a reference
product. The bioequivalence trial involves assessment of the
pharmaceutical and pharmacokinetic equivalence of the prod-
ucts. Emphasis is placed on the latter based on the concept that
products are therapeutically equivalent if rate and extent of
absorption of the active compound (drug and/or metabolite) are
sufficiently similar.

AUC is universally accepted as a measure of the extent
of drug absorption. In most therapeutic situations, assurance of
a similar extent of absorption in the test and reference products
is essential. For many drugs, or for a few in specific indications,
the rate-time profile of drug absorption becomes relevant. This
is especially true for onset of action, for occurrence of adverse
effects, or for over-extension of the pharmacologic response
(2). Many absorption-rate versus time profiles may be consistent
with a given value of C,, or Cp,/AUC. Thus, neither metric
assures similarity in onset of action as would be the case for
similar initial rate-time profiles. C,,, however, offers some
advantage as a measure of the potential for adverse effects or
an unreasonable extension of its pharmacologic effects, both
safety issues.

Endrenyi and Tothfalusi (1) state that the principal merit
of C,..x/AUC as a secondary metric is its enhanced specificity
(less dependence on variation in the extent of absorption). We
do not disagree that it may more specifically reflect differences
in rate of absorption than C,,,, but it may contain little informa-
tion of therapeutic value and may indeed be misleading. Con-
sider situations in which C,, relates to drug safety. If the
bioequivalence goal posts are set at 0.8 and 1.25, as they are
for Crux/AUC, then the implied goal posts for C,, are 0.640
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and 1.563. The wider window for C,,,, occurs because bioequi-
valence can be declared when both AUC and C,,,,/AUC are
increased by a factor of 1.25 or decreased by a factor of 0.8.

Even if one concludes that a metric for rate is needed and
that C,,/AUC is a better metric for rate than C,,,, a further
problem exists. Any fixed goal post for C,,,/AUC (or for C,,,,)
corresponds to a variable goal post for rate of absorption as,
for example, reflected by a first-order absorption rate constant.
The goal post for rate depends on the pharmacokinetic scenario,
particularly with respect to the sensitivity of the metric to
changes in rate and to the sources of variability (3). If one,
conversely, fixed the goal posts for rate (rate constant), one
would need to know the pharmacokinetic scenario in order to
determine the goal post for C,,,/AUC. An advantage to Cp,,
is that it has interpretive value, independent of rate, namely as
a measure of safety. Accordingly, goal posts can be set for Cp,,,
without reference to the goal posts being set for rate.

We also agree that C,,,/AUC often has less variance than
Chax- Therefore, products are more likely to meet the current
FDA requirements for the 90% confidence interval to remain
within the 0.8-1.25 window with this measure than with C,,.
This may not always be the case, however. We see this empiri-
cally in the data presented by Elze et al., (4) for which C,,/
AUC had a higher coefficient of variation (CV) than C.,, in
22% of the studies. The variance of C,,,,/AUC depends on the
correlation of C,,, with AUC. If totally independent of each
other, the CV of the ratio is expected to be greater than the
CV of either measure alone. There would be no advantage here
to the use of C,/AUC over C,,. At the other extreme, if
the correlation coefficient approaches 1.0, there again is no
advantage to C.,/JAUC as the ratio has no information addi-
tional to that of AUC. Indeed, only for correlation coefficients
between roughly 0.5 and 0.9 is there both a decrease in CV and
availability of additional information. However, as discussed
above, the additional information is not necessarily therapeuti-
cally relevant. Thus, any argument for C,,/JAUC has to be
based on its interpretability and clinical usefulness, rather than
on its statistical properties.

In our view, C,,, is the preferred metric. If the reference
product shows variability in Cy,,, comparable to or greater than
that of the test product, thought should be given to widening
the goal posts, based on the variability of the reference product.
This is the case in individual bioequivalence (4). Of overriding
importance, however, is the usefulness of the measure to therapy
with the drug. Using a measure simply to lower variability and
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pass bioequivalence test criteria without considering therapeutic
consequence is inappropriate.
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