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Objectives

1. To determine whether any correlations can be found between in vitro release data
and in vivo performance

2. To determine whether differences exist between reference and test products in terms
of both in vitro release and in vivo performance

3. To compare dissolution of the same product obtained using different dissolution test
methods

4. To evaluate the variability of dissolution and bioavailability data between and

within products

Introduction
With the advent of the Drug Price Competition and Patent Term Restoration Act of
1984, increasing numbers of Abbreviated New Drug Applications (ANDAS) are being
submitted to the Federal Food and Drug Administration (FDA) in hopes of being granted

bioequivalence to brand name (reference) products. Drugs which are deemed to be
1157
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bioequivalent to the reference product are then given an AB rating by the FDA. In order to
receive this rating, there must be reasonable assurance that the rate and extent of absorption
of the test product do not differ significantly from those of the reference product. In
addition, the Division of Bioequivalence requires the dissolution profiles of the test and
reference products be similar

Due to the excessive demands placed upon the Agency and the generic companies
performing the bioavailability studies, it would be beneficial if some adequate correlation
was established between in vitro release and in vivo performance so that bioequivalence
might be granted based solely upon in virro data. Currently, subjects used in these
bioavailability studies are most often "normal” young males between the ages of 18 and 25
who are carefully selected so as to reduce any intra- or inter- subject variability (i.e. non-
smokers, non-medicated). As such, these subjects do not adequately reflect the entire
population in which the product is likely to be used and therefore, it does not seem
justifiable to view them strictly as “clinical mirrors.” It may be accurate to regard the
function of these subjects as being that of "human test tubes” into which the drug is
administered and blood/urine samples are removed. Thus bioavailability tests are
essentially quality control tests. Also, of course, the experimentation on human subjects
required for these studies may be considered unethical by some, particularly when large
numbers of blood samples must be drawn.

During the past twenty years. or so, numerous attempts have been made to
conclusively prove that correlations between in vitro release and in vivo performance can be
found (1-14). Theoretically, these correlations are based upon the assumption that the
dissolution properties of a product can function as an indicator of its absorption and
consequent bioavailability within the blood stream. In other words, if the product's rate of
dissolution is the limiting-factor/regulator of its absorption, it should serve as a true
predictor of its bioavailability. Unfortunately, most of these studies are limited in the
number of products evaluated, thereby casting doubt upon their universal applicability.

This study was undertaken in order 1o evaluate existing data available within the FDA's
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Division of Bioequivalence. Due to the large data base used, it was felt that any prior

claims to in vitro - in vive correlation could be more substantially confirmed or denied.

Methods
Data Selection and Retrieval

All products evaluated within this study were chosen because of their immediate
release characteristics. Another criteria for inclusion was the relative accessibility of ANDA
files for each product. Therefore, only products for which there exist a large number of
ANDA applications were included. Based on these criterion, the following products were
chosen: Diazepam Tablets; Doxepin HCl Capsules; Ibuprofen Tablets and Lorazepam
Tablets. Table 1 lists the relevant physico-chemical and pharmacokinetic parameters for
each of these drugs. With the exception of Doxepin HCI, each has good oral bioavailability
and thus would not be expected to exhibit wide subject-to-subject variability. In addition,
all products, excepting Doxepin HCI, have poor water solubility and therefore, their oral
absorption is likely to be rate-limited by the product's dissolution rate. These
characteristics of small intersubject variability and poor water solubility should be ideal for
developing in vitro - in vivo correlations. Analysis of Doxepin HCl may then serve as a
non-ideal candidate by which the accuracy of the correlations may be measured.

All data were contained within ANDA summaries that have been prepared by
reviewers from the Division of Bioequivalence and represent the mean values of each
parameter investigated (i.e. individual subject/tablet data were not included). Table 2
enumerates the wide variety of dissolution tests which were performed on each of the
products under investigation. It is important to note that for each ANDA application

submitted, only one or two of these tests were applied.
Data Analysis

Once the appropriate ANDA summaries were retrieved, the raw data for each

product was entered onto a floppy disk in the following format: ANDA number;
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manufacturer; lot number of reference product; sample type (reference or test); dissolution
type (see Table 2); dose (mg); AUCq.;; AUC(.; Cmax; cumulative percent dissolved at ten
(D10), fifteen (Dy5), twenty (Do), thirty (D3g), forty-five (D45) and sixty minutes (Dgp).
The data were then evaluated using the SAS® statistical software package. It should be
noted that most of the applications were incomplete in that they did not contain all of the
variables listed above. Therefore, missing variables were replaced by a ".". This symbol
is recognized by SAS® as a missing value and thus is not included in the analysis of that
particular variable,

Prior to any statistical evaluation of the data, the applications were sorted by ANDA
number and the biological parameters were dose-normalized to 1mg (i.e. all biological
parameters were divided by the administered dose) so that all analyses would be based
upon a 1mg dose. In addition, for each ANDA, the value of every test parameter was
divided by its corresponding reference parameter value to form an additional set of data
including the following variables: r AUCq.;; ¥ AUCq.c0; ¥ Ciax: 7 Dy. The purpose behind
this manipulation was the reduction of any inter-ANDA variability (i.e. most bioavailability
studies are conducted in different labs, in different parts of the country and may call for a
different protocol).

With this completed, a preliminary search for existing correlations between in vitro
(Dr, r DY and in vivo (AUCp.;, AUCo.0, Cmax, etc.) parameters was applied through the
use of the Correlation procedure (15). This procedure evaluates the Pearson product
moment coefficient of correlation, r (Equation 1 of Appendix A), which serves as an
indicator of the extent to which a correlation between two variables exists. In this manner,
over 400 correlations were evaluated. Those correlations having an absolute value of r
exceeding 0.45 were included for further analyses by the Regression and "Rsquare”
procedures (16,17).

Both the Regression and Rsquare procedures perform analysis of variance on a
given model and report its coefficient of determination, r2 (Equation 3 of Appendix A).

For instance, if the Correlation procedure outlined above showed that an acceptable
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correlation exists between AUCp. and Dys, the model inputted for analysis would be:
AUCq =bg + b1Dys.

In those instances where more than one in virro parameter was found to give a an
acceptable correlation with a given in vivo parameter, the model was expanded to include
each of these variables. An example being the case where AUCy.( correlates well with Dys,
D45 and Dgg, In this case, the inputed model would be:

AUCy.; =bg + b1Dy5 + baDss + b3Degp.
The major difference between the Regression and Rsquare procedures is that when multiple
independent (in vitro) parameters are modeled with a dependent (in vivo) parameter, the
Rsquare procedure will evaluate each single and multiple correlation (i.e. AUCq.; with
Dis; AUCq¢ with both D5 and Dgs, etc.) while the Regression procedure only evaluates
the specified model.

Once all correlations were evaluated, the Ttest procedure was employed 1o
determine the variability of each parameter, as well as any differences existing between
reference and test products or types of dissolution testing (18). This procedure computes
the value of t based upon the assumptions of both equal (Equations 4 and 5 of Appendix
A), te, and unequal, t, variances (Equation 6 of Appendix A). Those examining the data
can chose whether the variances are equal or unequal based upon the folded form of the F
statistic, F', which is also computed by this procedure (Equation 7 of Appendix A).
Generally, when the probability that F is greater than F is large, the variances are assumed
to be equal. For the purpose of this study, unequal variances were said to occur only when

the probability was less than 0.1.

Results and Discussion
An arbitrary lower limit of 0.75 for the value of r2 was used in order to determine
whether or not a given correlation existed. These correlations, as well as corresponding r2
values and number of observations by which they were determined, are summarized in

Table 3. One can easily see that most of these correlations apply to test/reference values
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Figure 1. Diazepam - AUC vs. Cumulative Percent Released
at 20 minutes, Dissolution 3

and all involve fewer than 7 observations. One of these correlations is illustrated in Figure
1. Most other correlations are based upon the use or more than one independent variable
thereby complicating the manner in which they can be illustrated. Another problem
encountered in the graphical representation of these correlations is the fact that most ratios
of test to reference values are so close to unity that, in order 1o be distinguished from one
another, they must be carried out to four significant figures . Unfortunately, most graphics
packages only read data to a level of three significant figures.

It is difficult to determine whether the correlations found represent a true functional
relationship or are simply due to the large number of correlations evaluated, We suspect
that the latter version is more probable. In Table 4, the likelihood of these correlations
merely being a function of probability is further exemplified. Here one can see that only 18
out of the total 402 correlations evaluated (4.5%) showed any promise,

Listed in Table S are all Ttest results as well as the mean Coefficient of Variation
(C.V.) for each group tested. The most remarkable differences are those between the type

of dissolution testing used for each particular product (see Figures 2, 3 and 4). Thus, it
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Figure 2. Diazepam Mean Dissolution Profiles
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Figure 3. Ibuprofen Mean Dissolution Profiles
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Figure 4. Lorazepam Mean Dissolution Profiles

can be postulated that correlations found using one type of dissolution test will not
necessarily apply to an alternate type of dissolution test. Indeed, there has been an
ongoing debate between the FDA and the United States Pharmacopeial (USP) in regards to
which type of dissolution testing (type 5 being the official USP method and type 6 the
method recommended by the FDA) is more meaningful to ibuprofen'’s bioavailability.

In particular, some have found that the conditions recommended by the FDA for the
dissolution of ibuprofen tablets appear to be much more discriminating for sugar-coated
tablets than film-coated tablets (19,20). However, these differences were not found to
exist among corresponding bioavailability profiles (19). Thus, it may be concluded that
this particular dissolution test may possibly be overly discriminating and in fact, have little
bearing upon the product's bioavailability. The results from this study seem to confirm
these findings.

In terms of bioavailability, significant differences were found only when ibuprofen
tablets were administered under fasting and non-fasting conditions, As expected, fasting

prior to administration results in higher peak blood levels. However, AUC values did not
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differ and thus the bioavailability remained the same. With the exception of the dissolution
testing of sugar-coated ibuprofen tablets, the bioavailability of the products studied is more
variable than their dissolution. In most instances, the variation of the products' dissolution

was less than 15% with the bioavailability being greater than 20%.

Conclusions

This investigation, using what is believed to be one of the largest bodies of
bioavailability data available, has been depressing, in terms of potential, in allowing
regulatory agencies to dispense with in vivo bioequivalency testing using existing official
dissolution test methods. We believe that our lack of success can be attributed to several
reasons. Firstly, manufacturers rarely, if ever, submit poor bioequivalence data to FDA.
Thus the range of in vitro and in vivo test data is quite limited in magnitutde. This makes
the definition of any functional relationship very difficult. Secondly, the lack of complete
uniformity in the bioavailability protocols reduces the types of comparisons which can be
made.

Thirdly, different batches of reference product were used. However, the
dissolution test data for all reference products (obtained using the same type of dissolution
test equipment) showed relatively little variability. This is a positive finding since it
indicates that batch-to-batch variability of reference product, for the four drugs in this
study, was low. Also, it implies that different analysts, at different locations, are capable
of obtaining dissolution results which are quantitatively quite similar. Apparently, the
propaganda concerning the use of USP calibrators has been effective.

Fourthly, in some cases, dissolution data was limited to one time point. Therefore,
we were unable to evaluate the full dissolution profile and application of such methods as
statistical moments and convolution/deconvolution were limited. Also, in some instances,
dissolution was virtually instantaneous with almost one hundred percent of drug being

released by the first sample time. Confounding this issue is that some dissolution test data
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were reported to be in excess of one hundred percent (i.e. content uniformity variations are
superimposed on dissolution).
Thus, at the moment, there is no justification for relaxing requirements for

bioequivalency testing. However, we do suggest that use of the flow-through cell

apparatus, which has already attracted interest at USP and FDA, may allow greater success
to be attained in elucidating in vitrofin vivo correlations (6,7,9,12-14). To some extent, we
feel that prolonged release products may be an especially fruitful area for this type of study
since the dissolution profiles of such products are, of their very nature, much more

amenable to such techniques as deconvolution.
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Appendix A. Equations

= i (x; - XXy -?)//\/ 2") (xi -XP{yi -yF (Eq. 1)
i=1

i=1

SSE= Y, (yi- xib?  (Eq.2)

i=1

s2={(n - 1)s? +(ng - 1)s3}/(my +m -2) (Eq.5)

2 2
W=(T-%)/ Y A Ee6)

F= *Larger of s? and s%} / {Smaller of s} and s%} (Eq. 7)
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ANDA
AUCop
AUCp-

b

Crmax

KOTTKE AND RHODES

Appendix B. Abbreviations

Abbreviated New Drug Application

Area Under the Plasma Concentration vs. Time Curve to time ¢
Area Under the Plasma Concentration vs. Time Curve to Infinity
y-interecept

Regression Coefficient Corresponding to each x;

Peak Plasma Concentration

Coefficient of Variation

Cumulative Percent Dissolved at Time t

Federal Food and Drug Administration

Not Significantly Different

Number of Observations

Pearson Product Moment Coefficient of Correlation
Coefficient of Determination

Test AUCyp. divided by Reference AUCq.

Test AUCp... divided by Reference AUCpco

Test Cpax divided by Reference Cax

Test Dy divided by Reference Dy

Error of Sum of Squares

Pooled Variance

Variance of Group i

Total Sum of Squares corrected for Mean of Dependent Variable
Value of t if Variances are Equal

Value of t if Variances are Unequal

United States Pharmacopeia
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