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DRAFT GUIDANCE FOR INDUSTRY*

Average, Population, and Individual Approaches
to Establishing Bioequivalence

l. INTRODUCTION

This guidance provides recommendations to sponsors of investigational new drug applications (INDs),
new drug applications (NDAS), and abbreviated new drug applications (ANDAS) who intend, either
before or after approval, to perform in vivo or in vitro bioequivalence (BE) studies. The Center for
Drug Evaluation and Research (CDER) recommends three criteria for these comparisons. average,
population, and individual criteria. Information about when to use these criteriain BE studiesis
provided in this guidance and will also be provided in other Agency BE guidances. This guidance
focuses on how to use each criterion once a specific criterion has been chosen. When finalized, this
guidance will replace a prior FDA guidance entitled Statistical Procedures for Bioequivalence
Sudies Using a Standard Two-Treatment Crossover Design, which was issued by CDER in July

1992 (1992 guidance).

. BACKGROUND
A. General

Requirements for submitting bioavailability (BA) and BE datain NDAs, ANDAS, and
supplements, the definitions of bioavailability and bioequivalence, and the types of in vivo
studies that are acceptable to establish BA and BE are set forth in 21 CFR part 320. This
guidance is one of a set of seven planned core BA and BE guidances that provide
recommendations on how to meet provisions of part 320 for not only orally administered drug
products but also drug products for local action. Draft guidances have been made available for

! This guidance has been prepared by the Population and Individual Bioequivalence Working Group of the
Biopharmaceutics Coordinating Committee in the Office of Pharmaceutical Science, Center for Drug Evaluation and
Research (CDER) at the Food and Drug Administration (FDA). This guidance document represents the Agency’s
current thinking on the approaches for evaluating bioequivalence studies. It does not create or confer any rights for
or on any person and does not operate to bind FDA or the public. An alternative approach may be used if such
approach satisfies the requirements of the applicable statutes, regulations, or both.
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public comment or are under preparation on the following topics:

C BA and BE studies for orally administered drug products — general considerations
(under preparation)

C Average, population, and individual approaches to establishing bioequivalence (this
guidance)

C Topica dermatological drug product NDAs and ANDAS - bioavailability,
bioequivalence, in vitro release, and associated studies (draft published July 1998)

C Bioanalytical methods validation for human studies (draft published January 1999)

C Waiver of in vivo bioavailability and bioequivalence studies for immediate release solid
oral dosage forms containing certain active moieties/active ingredients based on a
biopharmaceutics classification system (draft published January 1999)

C Bioavailability and bioequivalence studies for nasal aerosols and nasal sprays for local
actions (draft published June 1999)

C Bioavailability and bioequivalence studies for oral inhalation drug products for local
action: MDIsand DPIs (under preparation).

Defined as relative BA, BE involves comparison between atest (T) and reference (R) drug
product, where T and R can vary, depending on the comparison to be performed (e.g., to-be-
marketed dosage form versus clinical trial material, generic drug versus reference listed drug,
drug product changed after approval versus the drug product before the change). Although BA
and BE are closely related, BE comparisons rely on a criterion, a predetermined BE limit, and
calculation of a confidence interval for the criterion. BE comparisons could be indicated in the
presence of certain pharmaceutical product line extensions, such as additional strengths, new
dosage forms (e.g., changes from immediate release to extended release), and new routes of
administration. In these settings, use of some of the approaches described in this guidance
could help determine BE. The approaches discussed in this guidance may also be useful when
performing equivalence comparisonsin clinical pharmacology and assessing pharmaceutical
equivalence.

B. Statistical

In the July 1992 guidance on Satistical Procedures for Bioequivalence Studies Using a
Sandard Two-Treatment Crossover Design, CDER recommended that a standard in vivo

BE study design be based on the administration of either single or multiple dosesof T and R
products to healthy subjects on separate occasions, with random assignment to the two
possible sequences of drug product administration. The 1992 guidance further recommended
that statistical analysis for pharmacokinetic parameters, such as area under the curve (AUC)
and peak concentration (Cmax), be based on atest procedure termed the two one-sided tests
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procedure to determine whether the average values for pharmacokinetic parameters measured
after administration of T and R products were comparable. This approach istermed average
bioequival ence and involves the calculation of a 90% confidence interval for the ratio of the
averages of T and R products. To establish BE, the calculated confidence interval should fall
within a BE limit, usually 80-125% for the ratio of the product averages.> In addition to this
general approach, the 1992 guidance provided specific recommendations for (1) logarithmic
transformation of pharmacokinetic data, (2) methods to evaluate sequence effects, and (3)
methods to evaluate outlier data

Based on extensive intramural and extramural discussions, we now recommend that the average
BE be supplemented by two new approaches, termed population and individual
bioequivalence. Supplementation with these further criteriais suggested because of the
limitations of the currently applied average BE criterion. The average BE approach focuses
only on the comparison of population averages of a BE measure of interest and not on the
variances of the measure for T and R products. The average BE method does not assess a
subject-by-formulation interaction variance, that is, the variation in the average T and R
difference among individuals. In contrast, population and individual BE approaches include
comparisons of both the averages and variances of the study measure. The population BE
approach assesses the total variability of the measure in the population. The individual BE
approach assesses within-subject variability for T and R product, as well as the subject-by-
formulation interaction.

The population and individual approaches reflect differencesin the objectives of BE testing at
various stages of drug development. These differences are embodied in the concepts of
prescribability and switchability. Prescribability refersto the clinical setting in which a
practitioner prescribes a drug product to a patient for the first time. In this setting, the
prescriber relies on an understanding that the average performance of the drug product has

been well characterized and relates in some definable way to the safety and efficacy information
from clinical trials. Switchability refers to the setting in which a practitioner transfers a patient
from one drug product to another. This situation arises with generic substitution, as well as with
certain postapproval changes by an innovator or generic firm in the formulation and/or
manufacture of adrug product. Under these circumstances, the prescriber and patient should

be assured that the newly administered drug product will yield comparable safety and efficacy
to that of the product for which it is being substituted.

2 For abroad range of drugs, a BE limit of 80 to 125% for the ratio of the product averages has been adopted for
use of an average BE criterion. Generally, the BE limit of 80 to 125% is based on aclinical judgment that atest
product with BA measures outside this range should be denied market access. In specified circumstances, clinical
judgment can allow widening or narrowing of the BE limit (e.g., 90-111% for narrow therapeutic range drugs/drug
products).
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1. STATISTICAL MODEL

Statistical analyses of BE data are typically based on a statistical model for the logarithm of the BA
measures (e.g., AUC and Cmax). The model is a mixed-effects or two-stage linear model.® Each
subject, j, theoretically provides amean for the log-transformed BA measure for each formulation, pi
and [ for the T and R formulations, respectively. The model assumes that these subject-specific
means come from a distribution with population means p; and pi; and between-subject variances F;,?
and Fgg?, respectively. The model alows for acorrelation, D, between py; and .  The subject-by-
formulation interaction variance component (Schall and Luus 1993), F.,?, isrelated to these parameters
asfollows:

F? = variance of (Hy;-Hg)
= (Fegr - FBR)2 + 2 (1-D)FgrFer Equation 1

For a given subject, the observed data for the log-transformed BA measure are assumed to be
independent observations from distributions with means pi;; and p and within-subject variances F,;?
and F,,;°>. Thetotal variances for each formulation are defined as the sum of the within- and between-
subject components (i.e., Fr;* = F;* + Fg;? and F.5% = F,2 + Fgr?). For analysis of crossover
studies, the means are given additional structure by the inclusion of period and sequence effect terms.

V. BIOEQUIVALENCE CRITERIA

The general structure of a BE criterion isthat afunction (1) of population parameters should be
demonstrated to be no greater than a specified value (2). Using the terminology of statistical hypothesis
testing, thisis accomplished by testing the hypothesis H,: 1>2 versusH,: 1#2 at adesired level of
significance, often 5%. Rejection of the null hypothesis H,, that is, demonstrating that the estimate of 1
is statistically significantly lessthan 2, resultsin aconclusion of BE. The choice of 1 and 2 differsin
average, population, and individual BE criteria.

A general objective in assessing BE isto compare the log-transformed BA measure after administration

3f Y ;i denotes the kth observation on the jth individual and J isthe formulation, T or R, then

Y= My + i

where E(, ;) =0, Cov(, ks » i) = FWJZ*JJr*jjr*kkrv E(1y) = My, Cov(ly , Mg = Fey™jin Fer = Fe,2if J =Jr,
otherwise DFg,Fg,; and *;, isequal to 1if j = r, otherwiseO.
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of T and R products. Asdetailed in Appendix B, population and individual criteria are based on the
comparison of an expected squared distance between T and R formulations to the expected distance
between two administrations of R formulation. An acceptable T formulation is one where the T-R
distance is not substantially greater than the R-R distance. In both population and individual BE criteria,
this comparison appears as a comparison to the reference variance, which isreferred to as scaling to

the reference variability.

Population and individual BE criteria, but not the average BE criterion, allow two types of scaling:
reference-scaling and constant-scaling. Reference-scaling means that the criterion used is scaled to the
variability of the R product, which effectively widens the BE limit for more variable reference products.
Although generally sufficient, use of reference-scaling alone could unnecessarily narrow the BE limit for
drugs and/or drug products that have a wide therapeutic window and low variability. CDER
recommends that the scaling approach be limited for low variability reference products by scaling to a
specified constant, rather than to the variability of the reference product. Thisis called constant-scaling.
This guidance therefore recommends a mixed-scaling approach for the population and individual BE
criteria(section IV.B and C). With mixed scaling, the reference-scaled form of the criterion is used if
the reference product is sufficiently highly variable and otherwise the constant-scaled form isused. An
exception is narrow therapeutic window drugs and/or drug products, where reference-scaling is
recommended regardless of the reference variability.

A. Aver age Bioequivalence
The following approach is recommended for average BE:
(U7 - HR)* # 2,42 Equation 2
where
Uy = population average response of the log-transformed measure for T
formulation
Ug = population average response of the log-transformed measure for R
formulation
as defined in section |11 above.
This criterion is equivalent to the more commonly seen form:
20 # U - Ug H# 24 Equation 3
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and, usualy, 2, =1n(1.25).

B. Population Bioequivalence

The following mixed-scaling approach is recommended for population BE (i.e., use the
reference-scaled method if the estimate of F;; > F;, and the constant-scaled method if the
estimate of F;5 # Fy).

1 Reference-Scaled:

(HT - UR)Z + (FTT2 - FTRZ)

-------------------------------- # 2, Equation 4
FTR2
| Constant-Scaled:
(HT - UR)Z + (FTT2 - FTRZ)
-------------------------------- # 2, Equation 5
Fro’
where:
- = population average response of the log-transformed measure
for T formulation
Mg = population average response of the log-transformed measure

for R formulation
F.> =tota variance (i.e., sum of within- and between-subject
variances) of T formulation
F.s> =tota variance (i.e., sum of within- and between-subject
variances) of R formulation
specified constant total variance
= BE limit

M
4
o
N
1

Equations 4 and 5 represent an aggregate approach where a single criterion on the left-hand
side of the equation encompasses two major components: (1) difference between T and R
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population averages (I, - Ug), and (2) difference between T and R total variances (F;2 - F;29).
This aggregate measure is scaled to the total variance of the R product or to a constant value
(F;.?%, astandard that relates to alimit for the total variance), whichever is greater.

The determination of both F-, and 2, relies on the establishment of standards. The generation
of these standardsis discussed in Appendix A.

C. Individual Bioequivalence

The following mixed-scaling approach is recommended for individual BE (i.e., the reference-
scaled method is recommended if the estimate of F, s > F,,, and the constant-scaled method is
recommended if the estimate of F, # Fy,)-

1 Reference-Scaled:

(“T - UR)Z + FD2 + (FWT2 - FWRZ)

------------------------------------------ # 2, Equati
on 6
FWR2
! Constant-Scal ed:
(HT - UR)Z + FD2 + (FWT2 - FWRZ)
---------------------------------------- # 2 Equation 7
Fuo’
where:
My = population average response of the log-transformed measure
for T formulation
Mg = population average response of the log-transformed measure
for R formulation
o> = subject-by-formulation interaction variance component

F

Fuwr? = within-subject variance of T formulation
Fuwe’ = within-subject variance of R formulation
Fuw? = specified constant within-subject variance
2, = BE limit

Equations 6 and 7 represent an aggregate approach where a single criterion on the left-hand
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side of the equation encompasses three major components: (1) difference between T and R
population averages (I, - Hg), (2) subject-by-formulation interaction (F,?), and (3) difference
between T and R within-subject variances (F,;2 - F,,<9). This aggregate measure is scaled to
the within-subject variance of the R product or to a constant value (F,,,*, a standard that relates
to alimit for the within-subject variance), whichever is greater.

The determination of both F,,, and 2, relies on the establishment of standards. The generation
of these standardsis discussed in Appendix A.

V. STUDY DESIGN
A. Experimental Design
1 Replicated Crossover Designs

Replicated crossover designs can be used irrespective of which criterion is selected to
establish BE, although they are not necessary when an average or population criterion is
used. Replicated crossover designs are recommended when an individual BE criterion
is used to alow estimation of within-subject variances for T and R measures and the
subject-by-formulation interaction variance component. The following four-period,
two-sequence, two-formulation design is recommended for replicated BE studies (see
Appendix B for further discussion of replicated crossover designs):

Period

=

2 3

(5N

1 T R T R

Sequence
2 R T R T

For this design, the same lots of T and R formulations should be used for the replicated
administration. Each period should be separated by an adequate washout period.

Other replicated crossover designs are possible. For example, a three-period design,
as shown below, could be used:

J\IGUIDANC\1716DFT.WPD
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Period

=

2

o

1 T R T

Sequence
2 R T R

A greater number of subjects would be encouraged for the three-period design
compared to the recommended four-period design to achieve the same statistical
power to conclude BE (see Appendix C).

2. Nonreplicated Designs

A conventional nonreplicated design, such as the standard two-formulation, two-
period, two-sequence crossover design, can be used to generate data for BE
comparisons where an average or population BE criterion isused. Under certain
circumstances, parallel designs can aso be used.

B. Study Population

Unless otherwise indicated by a specific guidance, subjects recruited for in vivo BE studies
should be 18 years or older and capable of giving informed consent. An attempt should be
made to enter as heterogeneous a study population as possible, with a reasonable balance of
males and females, young and elderly, and subjects of differing racial groups. Restrictionsto
entry into the study should be based solely on safety considerations. In some BE studies, it may
be useful to recruit patients for whom the drug product isintended. In this situation, sponsors
and/or applicants should attempt to enter patients whose disease process is stable for the
duration of the BE study. An IND may be required for some ANDA BE studiesto help ensure
patient safety (see 21 CFR 320.31). For nonpharmacokinetic measures used to establish BE,
information is provided in other guidances.

C. Sample Size and Dropouts
A minimum number of 12 subjects should be included in any BE study. When an average BE

criterion is selected using either nonreplicated or replicated designs, methods appropriate to the
study design should be used to estimate sample sizes. The number of subjects for BE studies
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based on either the population or individual BE approach should be estimated by simulation,
because analytical approaches for estimation are not available. Further information on sample
sizeisprovided in Appendix C.

Sponsors should enter a sufficient number of subjectsin the study to alow for dropouts.
Because replacement of subjects during the study could complicate the statistical model and
analysis, dropouts generally should not be replaced. Sponsors who wish to replace dropouts
during the study should indicate this intention in the protocol. The protocol should also state
whether samples from replacement subjects, if not used, will be assayed. If the dropout rateis
high and sponsors wish to add more subjects, a modification of the statistical analysis may be
recommended. Additional subjects should not be included after data analysis unless the trial
was designed from the beginning as a sequential or group sequential design.

STATISTICAL ANALYSIS

The following sections provide recommendations on statistical methodology for assessment of average,
population, and individual BE.

A. L ogarithmic Transformation
1. General Procedures

This guidance recommends that BE measures (e.g., AUC and Cmax) be log-
transformed using either common logarithms to the base 10 or natural logarithms (see
Appendix D). The choice of common or natural logs should be consistent and should
be stated in the study report. The limited sample size in atypical BE study precludes a
reliable determination of the distribution of the dataset. Sponsors and/or applicants are
not encouraged to test for normality of data distribution after log-transformation, nor
should they use normality of data distribution as a reason for carrying out the statistical
anaysison the original scale. Justification should be provided if a sponsor and/or
applicant believes that their BE study data should be statistically analyzed on the original
rather than log scale.

2. Presentation of Data
The drug concentration in biological fluid determined at each sampling time point should

be furnished on the original scale for each subject participating in the study. The
derived pharmacokinetic measures should also be furnished on the original scale. The
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mean, standard deviation, and coefficient of variation for each variable should be
computed and tabulated in the final report.

In addition to the arithmetic mean and standard deviation (or coefficient of variation) for
T and R products, geometric means (antilog of the means of the logs) should be
calculated for selected BE measures. To facilitate BE comparisons, the measures for
each individual should be displayed in parallel for the formulations tested. In particular,
the ratio of the individual geometric mean of the T product to the individual geometric
mean of the R product should be tabulated side by side for each subject. The summary
tables should indicate in which sequence each subject received the product.

B. Data Analysis
1. Average Bioequivalence
a Overview

Parametric (normal-theory) methods are recommended for the analysis of log-
transformed BE measures. For average BE using the criterion stated in
equations 2 or 3 above, the general approach isto construct a 90% confidence
interval for the quantity |- and to reach a conclusion of average BE if this
confidence interval is contained in the interval [-2, , 2,]. Due to the nature of
normal-theory confidence intervals, thisis equivalent to carrying out two one-
sided tests of hypothesis at the 5% level of significance (Schuirmann 1987).

The 90% confidence interval for the difference in the means of the log-
transformed data should be cal culated using methods appropriate to the
experimental design. The antilogs of the confidence limits obtained constitute
the 90% confidence interval for the ratio of the geometric means between T and
R product.

b. Replicated Crossover Designs

Linear mixed-effects model procedures, available in PROC MIXED in SAS or
equivalent software, should be used for the analysis of replicated crossover
studies for average BE. Appendix E includes an example of SAS program

statements.

C. Nonreplicated Crossover Designs

J\IGUIDANC\1716DFT.WPD
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For nonreplicated crossover designs, this guidance recommends parametric
(normal-theory) procedures to analyze log-transformed BA measures. Genera
linear model procedures availablein PROC GLM in SAS or equivalent
software are preferred, although linear mixed-effects model procedures may
also be indicated for analysis of nonreplicated crossover studies.

For example, for a conventional two-treatment, two-period, two-sequence (2 x
2) randomized crossover design, the statistical model typically includes factors
accounting for the following sources of variation: sequence, subjects nested in
sequences, period, and treatment. The Estimate statement in SASPROC

GLM, or equivalent statement in other software, should be used to obtain
estimates for the adjusted differences between treatment means and the
standard error associated with these differences.

d. Parallel Designs

For parallel designs, the confidence interval for the difference of meansin the
log scale can be computed using the total between-subject variance. Asin the
analysisfor replicated designs (section VI. B.1.b), equal variances should not
be assumed.

2. Population Bioequivalence
a Overview

Analysis of BE data using the population criterion (section IV.B) focuses first
on estimation of the mean difference between T and R for the log-transformed
BA measure and estimation of the total variance for each of the two
formulations. This can be done using relatively simple unbiased estimators such
as the method of moments (MM). After thisis completed, a 95% upper
confidence bound for the population BE criterion can be obtained. Population
BE should be considered established for a particular log-transformed BA
measure if the 95% upper confidence bound is less than or equal to the BE

limit, 2.

To obtain the 95% upper confidence bound of the criterion, intervals based on
validated approaches can be used. Validation approaches should be reviewed
with appropriate staff in CDER. Appendix F includes an example of upper
confidence bound determination using a population BE approach.
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b. Nonreplicated Crossover Designs

For nonreplicated crossover studies, any available method (e.g., SAS PROC
GLM or equivalent software) can be used to obtain an unbiased estimate of the
mean difference between T and R log-transformed BA measures. The total
variance for each formulation should be estimated by the usual sample variance,
computed separately in each sequence and then pooled across sequences.

C. Replicated Crossover Designs

For replicated crossover studies, the approach is the same as for nonreplicated
crossover designs, but care should be used to obtain proper estimates of the
total variances. One approach isto estimate the within- and between-subject
components separately, as for individual BE (see section V1.B.3), and then sum
them to obtain the total variance. The method for the upper confidence bound
should then be consistent with the method used for estimating the variances.

d. Parallel Designs

The estimate of the means and variances from parallel designs should be the
same as for nonreplicated crossover designs. The method for the upper
confidence bound should be modified to reflect independent rather than paired
samples and to allow for unequal variances.

3. Individual Bioequivalence

Analysis of BE data using an individual BE criterion (section 1V.C) focuses on
estimation of the mean difference between T and R for the log-transformed BA
measure, the subject-by-formulation interaction variance, and the within-subject
variance for each of the two formulations. For this purpose, we recommend the MM
approach (Chinchilli 1996 and Chinchilli and Esinhart 1996). The restricted maximum
likelihood (REML) method may be useful to estimate mean differences and variances
when subjects with some missing data are included in the statistical analysis.

A key distinction between the REML and MM methods relates to differencesin
estimating variance terms and is further discussed in Appendix G. After the estimation
of the mean difference and the variances has been completed, a 95% upper confidence
bound for the individual BE criterion is obtained. Individual BE should be established
for aparticular log-transformed BA measure if the 95% upper confidence bound is less
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than or equal to the BE limit, 2,.

To obtain the 95% upper confidence bound of the criterion, intervals based on
validated approaches can be used. An exampleis described in Appendix H. Other
methods in devel opment may also be useful, and sponsors considering alternative
methods are encouraged to discuss their approaches with appropriate CDER review
staff prior to submitting their applications or supplements.

MISCELLANEOUSISSUES
A. Studiesin Multiple Groups

If acrossover study is carried out in two or more groups of subjects (e.g., if for logistical
reasons, only alimited number of subjects can be studied at one time), the statistical model
should be modified to reflect the multigroup nature of the study. In particular, the model should
reflect the fact that the periods for the first group are different from the periods for the second
group. Thisappliesto all of the approaches (average, population, and individual BE) described
in this guidance.

If the study is carried out in two or more groups and those groups are studied at different
clinical sites, or at the same site but greatly separated in time (months apart, for example),
guestions may arise as to whether the results from the several groups should be combined in a
single analysis. Such cases should be discussed with appropriate CDER review staff.

A sequential design, in which the decision to study a second group of subjectsis based on the
results from the first group, calls for different statistical methods and is outside the scope of this
guidance. Those wishing to use a sequential design should consult appropriate CDER review
staff.

B. Carryover Effects

Use of crossover designs for BE studies allows each subject to serve as his or her own control

to improve the precision of the comparison. One of the assumptions underlying this principleis
that carryover effects (also called residual effects) are either absent (the responseto a
formulation administered in a particular period of the design is unaffected by formulations
administered in earlier periods) or equal. If carryover effects are present in a crossover study
and are not equal, the usual crossover estimate of ;- could be biased. A major limitation of
a conventional two-formulation, two-period, two-sequence crossover design isthat the only
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statistical test available for the presence of unequal carryover effects is the sequence test in the
analysis of variance (ANOVA) for the crossover design. Thisis a between-subject test, which
would be expected to have poor discriminating power in atypical BE study. Furthermore, if
the possibility of unequal carryover effects cannot be ruled out, no unbiased estimate of ;-pig
based on within-subject comparisons can be obtained.

For replicated crossover studies, awithin-subject test for unequal carryover effects can be
obtained under certain assumptions. Typically only first-order carryover effects are considered
of concern (i.e., the carryover effects, if they occur, only affect the response to the formulation
administered in the next period of the design). Under this assumption, consideration of
carryover effects could be more complicated for replicated crossover studies than for
nonreplicated studies. The carryover effect could depend not only on the formulation that
preceded the current period, but also on the formulation that is administered in the current
period. Thisiscalled adirect-by-carryover interaction. The need to consider more than just
simple first-order carryover effects has been emphasized (Fleiss 1989). With areplicated
crossover design, awithin-subject estimate of p;-H; unbiased by general first-order carryover
effects can be obtained, but such an estimate could be imprecise, reducing the power of the
study to conclude BE.

In most cases, for both replicated and nonreplicated crossover designs, the possibility of
unequal carryover effectsis considered unlikely in a BE study under the following
circumstances:

! It isasingle-dose study.

! The drug is not an endogenous entity.

More than an adequate washout period has been allowed between periods of the study
and in the subsequent periods the predose biological matrix samples do not exhibit a
detectable drug level in any of the subjects.

The study meets al scientific criteria (e.g., it is based on an acceptable study protocol
and it contains sufficient validated assay methodology).

The possibility of unequal carryover effects can aso be discounted for multiple-dose studies
and/or studiesin patients, provided the studies meet other criterialisted above. Under al other
circumstances, the sponsor and/or applicant could be asked to consider the possibility of
unequal carryover effects, including a direct-by-carryover interaction. If thereis evidence of
carryover effects, sponsors should describe their proposed approach in the study protocol,
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including statistical tests for the presence of such effects and procedures to be followed.
C. Outlier Considerations

Outlier datain BE studies are defined as subject data for one or more BA measures that are
discordant with corresponding data for that subject and/or for the rest of the subjectsin a study.
Because BE studies are usually carried out as crossover studies, the most important type of
subject outlier is the within-subject outlier, where one subject or afew subjects differ notably
from the rest of the subjects with respect to a within-subject T-R comparison. The existence of
asubject outlier with no protocol violations could indicate one of the following situations.

1. Product Failure

Product failure could occur, for example, when a subject exhibits an unusually high or
low response to one or the other of the products because of a problem with the specific
dosage unit administered. This could occur with a sustained and/or modified-release
dosage form exhibiting dose dumping or a dosage unit with a coating that inhibits
dissolution.

2. Subject-by-Formulation Interaction

A subject-by-formulation interaction could occur when an individual is representative of
subjects present in the general population in low numbers, for whom the relative BA of
the two productsis markedly different than for the mgority of the population, and for
whom the two products are not bioequivalent, even though they might be bioequivalent
in the mgjority of the population.

In the case of product failure, the unusual response could be present for either the T or R
product. However, in the case of a subpopulation, even if the unusual response is observed on
the R product, there could still be concern for lack of interchangeability of the two products.
For these reasons, deletion of outlier valuesis generally discouraged, particularly for
nonreplicated designs. With replicated crossover designs, the retest character of these designs
can indicate consideration of the deletion of an outlier value. Applicants with these types of
datasets should review the outlier possibilities with appropriate review staff.

16
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D. Discontinuity

The mixed-scaling approach has a discontinuity at the changeover point, F,,, (individual BE
criterion) or F+, (population BE criterion), from constant- to reference-scaling. For example, if
the estimate of the within-subject standard deviation of the reference isjust above the
changeover point, the confidence interval will be wider than just below. In this context, the
confidence interval could pass the predetermined BE limit if the estimate is just below the
boundary and could fail if just above. A solution to thisissueisto recommend sponsors use
either reference-scaling or constant-scaling at the changeover point. With this approach, the
multiple testing inflates the type | error rate slightly, to approximately 6.5%, but only over a
small interval of F, (about 0.18-0.20). Another solution isto maintain F,,,= 0.2, but make the
switch from constant-scaling to reference-scaling only when the estimate of F, is greater than
some larger threshold, such as 0.25. Further study of this approach is underway.

J\IGUIDANC\1716DFT.WPD
8/18/99 17



Draft - Not for | mplementation

REFERENCES

Anderson, S., and W.W. Hauck, 1990, "Consideration of Individual Bioequivalence,” J.
Pharmacokin. Biopharm., 18:259-73.

Anderson, S., 1993, "Individual Bioequivalence: A Problem of Switchability (with discussion),”
Biopharmaceutical Reports, 2(2):1-11.

Anderson, S., 1995, "Current Issues of Individual Bioequivalence," Drug Inf. J., 29:961-4.

Chen, M.-L., 1997, "Individual Bioequivalence - A Regulatory Update (with discussion),” J.
Biopharm. Sat., 7:5-111.

Chen, M .-L., R. Patnaik, W.W. Hauck, D.J. Schuirmann, T. Hyslop, R.L. Williams, and the FDA
Population and Individual Bioequivalence Working Group, “An Individual Bioequivalence Criterion:
Regulatory Considerations,” Stat. Med., In press.

Chen, M.-L., S.--C. Lee, M.-J. Ng, D.J. Schuirmann, L.J. Lesko, and R.L. Williams,
“Pharmacokinetic Analysis of Bioequivalence Trials. Implications for Gender Issuesin Clinical
Pharmacology and Biopharmaceutics,” Submitted.

Chinchilli, V.M., 1996, "The Assessment of Individual and Population Bioequivalence," J.
Pharmacokin. Biopharm., 6:1-14.

Chinchilli, V.M., and J.D. Esinhart, 1996, “Design and Analysis of Intra-Subject Variability in Cross-
Over Experiments,” Sat. Med., 15:1619-34.

Chow, S.-C., 1999, “Individual Bioequivalence - A Review of the FDA Draft Guidance,” Drug Inf. J.,
33:435-44.

Diletti E., D. Hauschke, and V.W. Steinijans, 1991, “ Sample Size Determination for Bioequivalence
Assessment By Means of Confidence Intervals,” Int. J. Clin. Pharmacol. Therap., 29:1-8.

Efron, B., 1987, "Better Bootstrap Confidence Intervals (with discussion),” J. Amer. Stat. Assoc.,
82:171-200.

Efron, B., and R.J. Tibshirani, 1993, An Introduction to the Bootstrap, Chapman and Hall, Ch. 14.

J\IGUIDANC\1716DFT.WPD
8/18/99 18



Draft - Not for | mplementation

Ekbohm, G., and H. Melander, 1989, "The Subject-by-Formulation Interaction as a Criterion for
Interchangeability of Drugs,” Biometrics, 45:1249-54.

Ekbohm, G., and H. Melander, 1990, "On Variation, Bioequivalence and Interchangeability,” Report
14, Department of Statistics, Swedish University of Agricultural Sciences.

Endrenyi, L., and M. Schulz, 1993, "Individual Variation and the Acceptance of Average
Bioequivalence,” Drug Inf. J., 27:195-201.

Endrenyi, L., 1993, "A Procedure for the Assessment of Individual Bioequivalence,” in Bio-
International: Bioavailability, Bioequivalence and Pharmacokinetics (H.H.Blume, K.K. Midha,
eds.), Medpharm Publications, 141-6.

Endrenyi, L., 1994, "A Method for the Evaluation of Individual Bioequivalence," Int. J. Clin.
Pharmacol. Therap., 32:497-508.

Endrenyi, L., 1995, "A Simple Approach for the Evaluation of Individual Bioequivalence," Drug Inf. J.,
29:847-55.

Endrenyi, L., and K.K. Midha, 1998, “Individual Bioequivalence - Has Its Time Come?,” Eur. J.
Pharm. i, 6:271-8.

Endrenyi, L., G.L. Amidon, K.K. Midha, and J.P. Skelly, 1998, “Individual Bioequivalence: Attractive
in Principle, Difficult in Practice,” Pharm. Res., 15:1321-5.

Endrenyi, L., and Y. Hao, 1998, “Asymmetry of the Mean-Variability Tradeoff Raises Questions
About the Model in Investigations of Individual Bioequivalence,” Int. J. Pharmacol. Therap., 36:450-
7.

Endrenyi, L., Y. Hao, and L. Tothfalusi, “Uncertainty of Estimated Variances in the Determination of
Individual Bioequivalence,” Submitted.

Endrenyi, L., and L. Tothfalusi, 1999, “ Subject-by-Formulation Interaction in Determination of
Individual Bioegquivalence: Biasand Prevalence,” Pharm, Res., 16:186-8.

Esinhart, J.D., and V.M. Chinchilli, 1994, "Sample Size Considerations for Assessing Individual
Bioequivalence Based on the Method of Tolerance Interval,” Int. J. Clin. Pharmacol. Therap.,
32(1):26-32.

J\IGUIDANC\1716DFT.WPD
8/18/99 19



Draft - Not for | mplementation

Esinhart, J.D., and V.M. Chinchilli, 1994, "Extension to the Use of Tolerance Intervalsfor the
Assessment of Individual Bioequivalence,” J. Biopharm. Stat., 4(1):39-52.

Fleiss, J.L., 1989, “A Critique of Recent Research on the Two-Treatment Crossover Design,”
Controlled Clinical Trials, 10:237-43.

Graybill, F., and C.M. Wang, 1980, “Confidence Intervals on Nonnegative Linear Combinations of
Variances,” J. Amer. Sat. Assoc., 75:869-73.

Hauck, W.W., and S. Anderson, 1984, "A New Statistical Procedure for Testing Equivalence in Two-
Group Comparative Bioavailability Trials," J. Pharmacokin. Biopharm., 12:83-91.

Hauck, W.W., and S. Anderson, 1992, "Types of Bioequivalence and Related Statistical
Considerations,” Int. J. Clin. Pharmacol. Therap., 30:181-7.

Hauck, W.W., and S. Anderson, 1994, "Measuring Switchability and Prescribability: When is
Average Bioequivalence Sufficient?," J. Pharmacokin. Biopharm., 22:551-64.

Hauck, W.W., M.-L. Chen, T. Hyslop, R. Patnaik, D. Schuirmann, and R.L. Williams for the FDA
Population and Individual Bioequivalence Working Group, 1996, “Mean Difference vs. Variability
Reduction: Tradeoffsin Aggregate Measures for Individual Bioequivalence," Int. J. Clin. Pharmacol.
Therap., 34:535-41.

Holder, D.J., and F. Hsuan, 1993, "Moment-Based Criteria for Determining Bioequivalence,”
Biometrika, 80:835-46.

Holder, D.J., and F. Hsuan, 1995, "A Moment-Based Method for Determining Individual
Bioequivalence,” Drug Inf. J., 29:965-79.

Howe, W.G., 1974. “Approximate Confidence Limits on the Mean of X+Y Where X and Y are Two
Tabled Independent Random Variables,” J. Amer. Stat. Assoc., 69:789-94.

Hsu, J.C., JT.G. Hwang, H.-K. Liu, and S.J. Ruberg, 1994, “Confidence Intervals Associated with
Tests for Bioequivalence,” Biometrika, 81:103-14.

Hwang, S., P.B. Huber, M. Hesney, and K.C. Kwan, 1978, "Bioequivalence and Interchangeability,"J.
Pharm. &i., 67:1V "Open Forum."

Hyslop, T., F. Hsuan, and D.J. Holder, “A Small-Sample Confidence Interval Approach to Assess

J\IGUIDANC\1716DFT.WPD
8/18/99 20



Draft - Not for | mplementation

Individual Bioequivalence,” Submitted.

Kimanani, E.K., and D. Potvin, 1998, “A Parametric Confidence Interval for aMoment-Based Scaled
Criterion for Individual Bioequivalence,” J. Pharm. Biopharm., 25:595-614.

Liu, J.-P, 1995, “Use of the Repeated Crossover Designsin Assessing Bioequivalence,” Sat. Med.,
14:1067-78.

Patnaik, R. N., L.J. Lesko, M.-L. Chen, R.L. Williams, and the FDA Population and Individual
Bioeguivalence Working Group, 1997, "Individual Bioequivalence: New Conceptsin the Statistical
Assessment of Bioequivalence Metrics," Clin. Pharmacokin., 33:1-6.

Schall, R.A., 1995, "Unified View of Individual, Population and Average Bioequivalence," in Bio-
International 2: Bioavailability, Bioequivalence and Pharmacokinetic Sudies (H.H.Blume,
K.K.Midha, eds.), Medpharm Scientific Publishers, 91-105.

Schall, R., and H.G. Luus, 1993, “On Population and Individual Bioequivalence,” Sat. Med.,
12:1109-24.

Schall R., 1995, "Assessment of Individual and Population Bioequivalence Using the Probability That
Bioavailabilities Are Similar,” Biometrics, 51:615-26.

Schall, R., and R.L. Williams for the FDA Individual Bioequivaence Working Group, 1996, "Towards
aPractical Strategy for Assessing Individual Bioequivalence,” J. Pharmacokin. Biopharm, 24:133-49.

Schuirmann, D.J., 1987, "A Comparison of the Two One-Sided Tests Procedure and the Power
Approach for Assessing the Bioeguivalence of Average Bioavailability,” J. Pharmacokin. Biopharm.,
15:657-80.

Schuirmann, D.J., 1989, "Treatment of Bioequivalence Data: Log Transformation,” in Proceedings of
Bio-International '89 - Issues in the Evaluation of Bioavailability Data, Toronto, Canada, October
1-4, 159-61.

Senn, S, and D. Lambrou, 1998, “Robust and Realistic Approachesto Carry-Over,” Sat. Med.,
17:2849-64.

Sheiner, L. B., 1992, "Bioequivalence Revisited," Sat. Med., 11:1777-88.

Ting, N., R.K. Burdick, F.A. Graybill, S. Jeyaratnam, and T.F.C. Lu, 1990, “Confidence Intervals on

J\IGUIDANC\1716DFT.WPD
8/18/99 21



Draft - Not for | mplementation

Linear Combinations of Variance Components That Are Unrestricted in Sign,” J. Stat. Comp. Sm,,
35:135-43.

Westlake, W.J., 1973, "The Design and Analysis of Comparative Blood-Level Trias,” in Current
Concepts in the Pharmaceutical Sciences, Dosage Form Design and Bioavailability (J.
Swarbrick, ed.), Leaand Febiger, 149-79.

Westlake, W.J., 1979, "Statistical Aspects of Comparative Bioavailability Trials,” Biometrics, 35:273-
80.

Westlake, W.J., 1981, "Response to Kirkwood, TBL.: Bioequivalence Testing - A Need to Rethink,"
Biometrics, 37:589-94.

Westlake, W.J., 1988, "Bioavailability and Bioequivalence of Pharmaceutical Formulations,” in
Biopharmaceutical Statistics for Drug Development (K.E. Peace, ed.), Marcel Dekker, Inc., 329-
52.

J\IGUIDANC\1716DFT.WPD
8/18/99 22



Draft - Not for | mplementation

APPENDIX A

Standards

The equationsin section V call for standards to be established (i.e., F;, and 2, for assessment of
population BE, F,,, and 2, for individual BE). The recommended approach to establish these
standards is described below.

A. Froand Fy,

Asindicated in section |V, agenera objectivein ng BE should be to compare the
difference in the BA log-measure of interest after the administration of T and R formulation, T-
R, with the difference in the same log-metric after two administrations of the R formulation, R-
RN.

1 Popul ation Bioequivalence

For population BE, the comparisons of interest should be expressed in terms of the
ratio of the expected squared difference between T and R (administered to different
individuals) and the expected squared difference between R and RN (two
administrations of R to different individuals), as shown below.

E(T - R)? = (g - Mp)? + Fr2 + Fr2 Equation 8

E(R - RN)? = 2F.2 Equation 9

E(T - R)2 (HT - UR)Z + FTT2 + FTR2

_____________ e Equati
on 10

E(R - R\)? 2F &

The population BE criterion in equation 4 is derived from equation 10, such that the
criterion equals zero for two identical formulations.

The square root of equation 10 yields:

(U'T - UR)Z + FTT2 + FTR2
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5] = B [ — 1% Equation 11

The comparison between T and R expressed by equation 11 can be termed popul ation
differenceratio (PDR). The PDR isinterpreted as theratio of the expected T-R
difference compared to the expected R-R' difference in the population. It should be
noted that the PDR is monotonically related to the population BE criterion (PBC)
described in equation 4 as follows:

PDR = (PBC/2 + 1)* Equation 12

This guidance recommends that F;, = 0.2 based on the consideration of a maximum
allowable PDR of 1.25.

2. Individual Bioequivalence

For individual BE, the comparisons of interest should be expressed in terms of the ratio
of the expected squared difference between T and R (administered to the same
individual) and the expected squared difference between R and RN (two administrations
of R to the same individual), as shown below.

E(T - R)? = (Uy - MR)* + Fp? + Fy2 + Equation 13

E(R - RN)? =2F & Equation 14

E(T - R)2 (UT - |J-|Ez)2 + FDZ + FWT2 + FWR2

------------- e Equati
on 15

E(R - RI)? 2F 2

Theindividual BE criterion in equation 6 is derived from equation 15, such that the
criterion equals zero for two identical formulations. The sguare root of equation 15is

(UT - |J-|Ez)2 + FDZ + FWT2 + FWR2
IDR =] ---]* Equation 16
2F <2

The comparison of T and R expressed by equation 16 can be termed individual
differenceratio (IDR). TheIDR isinterpreted as the ratio of the expected T-R
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difference to the expected R-R' difference within anindividual. Again, the IDR is
monotonically related to the individual BE criterion (IBC) described in equation 6 as
follows:

IDR = (IBC/2 + 1)* Equation 17

This guidance recommends that F,,, = 0.2, based on the consideration of the maximum
alowable IDR of 1.25.

2, and 2,

The determination of 2, and 2, should be based on the consideration of average BE criterion
and the addition of variance terms to the population and individual BE criteria, as expressed by
the formula below.

average BE limit + variance factor
variance
1. Popul ation Bioequivalence
(In1.25)% + ,;

R — Equati
on 18

Thevalue of , for population BE is guided by the consideration of the variance term
(F* - F1/Y) added to the average BE criterion. This guidance recommendsthat , .=
0.02.

2. Individual Bioequivaence
(In1.25)2 + ,,
2| = e Equation 19
Fuo’

Thevalueof ,, for individual BE is guided by the consideration of the estimate of
subject-by-formulation interaction (F) as well as the difference in within-subject
variability (F,.? - Fy,<2) added to the average BE criterion. Aswith the population BE
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standard, the recommended allowance for the variance term (F,,;2 - F,&%) i50.02. In
addition, this guidance recommends a F,? allowance of 0.03. The magnitude of F; is
associated with the percentage of individuals whose average T to R ratios lie outside
0.8-1.25. Itisestimated that if Fy = 0.1356, ~10% of the individuals would have their
average ratios outside 0.8-1.25, even if p; - Hg= 0. When F, = 0.1741, the probability
is ~20%.

Accordingly, on the basis of consideration for both F;, and variability (F,,? - F,,&2) in
the criterion, this guidance recommendsthat ,, = 0.05.
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APPENDIX B
Choice of Specific Replicated Crossover Designs
Appendix B describes why we prefer replicated crossover designs with only two sequences, and why
we recommend the specific designs described in section VI.A of this guidance.

1 Reasons Unrelated to Carryover Effects

Each unique combination of sequence and period in areplicated crossover design can be called a cell
of the design. For example, the two-sequence, four-period design recommended in
section VI.A has 8 cells. The four-sequence, four-period design below

Period

=

2

(o8}
(5N

1 T R R T

2 R T T R

Sequence
3 T T R R

4 R R T T

has 16 cells. The total number of degrees-of-freedom attributable to comparisons among the cellsis
just the number of cells minus one (unless there are cells with no observations).

The fixed effects that are usually included in the statistical analysis are sequence, period, and treatment
(i.e., formulation). The number of degrees-of-freedom attributable to each fixed effect is generally
equal to the number of levels of the effect, minusone. Thus, in the case of the two-sequence, four-
period design recommended in section V.A, there would be 2-1=1 degree-of-freedom due to

sequence, 4-1=3 degrees-of-freedom due to period, and 2-1=1 degree-of-freedom due to treatment,

for atotal of 1+3+1=5 degrees-of-freedom due to the three fixed effects. Because these 5 degrees-of-
freedom do not account for all 7 degrees-of-freedom attributabl e to the eight cells of the design, the
fixed effects model is not saturated. There could be some controversy as to whether afixed effects
model that accounts for more or all of the degrees-of-freedom due to cells (i.e., amore saturated fixed
effects model) should be used. For example, an effect for sequence-by-treatment interaction might be
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included in addition to the three main effects - sequence, period, and treatment. Alternatively, an
effect sequence-by-period interaction might be included, which would fully saturate the fixed effects
model.

If the replicated crossover design has only two sequences, use of only the three main effects (sequence,
period, and treatment) in the fixed effects model or use of a more saturated model makes little
difference, provided there are no missing observations and the study is carried out in one group of
subjects. The least squares estimate of pi;-piz Will be the same for the main effects model and for the
saturated model. Also, the method of moments (MM) estimators of the variance terms in the model
used in some approaches to assessment of population and individual BE (see Appendix G), which
represent within-sequence comparisons, are generally fully efficient regardless of whether the main
effects model or the saturated model is used.

If the replicated crossover design has more than two sequences, these advantages are no longer

present. Main effects models will generally produce different estimates of pi;-pi; than saturated models
(unless the number of subjectsin each sequenceis equal), and there is no well-accepted basis for
choosing between these different estimates. Also, MM estimators of variance terms will be fully
efficient only for saturated models, while for main effects models fully efficient estimators would have to
include some between-sequence components, complicating the analysis. Thus, use of designs with only
two sequences minimizes or avoids certain ambiguities due to the method of estimating variances or due
to specific choices of fixed effects to be included in the statistical model.

2. Reasons Related to Carryover Effects
One of the reasons to use the four-sequence, four-period design described above isthat it is thought to
be optimal if carryover effects are included in the model. Similarly, the two-sequence, three-period

design

Period

=

2

(o8}

1 T R R

Sequence
2 R T T

is thought to be optimal among three-period replicated crossover designs. Both of these designs are
strongly balanced for carryover effects, meaning that each treatment is preceded by each other
treatment and itself an equal number of times.
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With these designs, no efficiency islost by including simple first-order carryover effects in the statistical
model. However, if the possibility of carryover effectsisto be considered in the statistical analysis of
BE studies, the possibility of direct-by-carryover interaction should also be considered. If direct-by-
carryover interaction is present in the statistical model, these favored designs are no longer optimal.
Indeed, the TRR/RTT design does not permit an unbiased within-subject estimate of ;-pi; in the
presence of general direct-by-carryover interaction.

The issue of whether a purely main effects model or a more saturated model should be specified, as
described in the previous section, also is affected by possible carryover effects. If carryover effects,
including direct-by-carryover interaction, are included in the statistical model, these effects will be
partially confounded with sequence-by-treatment interaction in four-sequence or six-sequence
replicated crossover designs, but not in two-sequence designs.

In the case of the four-period and three-period designs recommended in section 1V.A.1, the estimate of
Mo-Mg, adjusted for first-order carryover effects including direct-by-carryover interaction, is as efficient
or more efficient than for any other two-treatment replicated crossover designs.

3. Two-Period Replicated Crossover Designs

For the magjority of drug products, two-period replicated crossover designs such as the Balaam design
(which uses the sequences TR, RT, TT, and RR) should be avoided for individual BE because subjects
inthe TT or RR sequence do not provide any information on subject-by-formulation interaction.
However, the Balaam design may be useful for particular drug products (e.g., along haf-life drug for
which atwo-period study would be feasible but a three- or more period study would not).
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APPENDIX C
Sample Size Deter mination

Sample sizes for average BE should be obtained using published formulas. Sample sizes for population
and individual BE should be based on simulated data. The simulations should be conducted using a
default situation allowing the two formulations to vary as much as 5% in average BA with equal
variances and certain magnitude of subject-by-formulation. The study should have 80 or 90% power

to conclude BE between these two formulations. Sample size also depends on the magnitude of
variability and the design of the study. Variance estimates to determine the number of subjects for a
specific drug can be obtained from the biomedical literature and/or pilot studies.

The tables below give sample sizes for 80% and 90% power using the specified study design, given a
selection of within-subject standard deviations (natural log scale), between-subject standard deviations
(natural log scale), and subject-by-formulation interaction, as appropriate.

Aver age Bioequivalence
Estimated Recommended Numbers of Subjects

)=0.05
80%  Power 90%  Power
Fwr = Fur Fo 2P 4P 2P 4P
0.15 0.01 12 6 16 8
0.10 14 10 18 12
0.15 16 12 22 16
0.23 0.01 24 12 32 16
0.10 26 16 36 20
0.15 30 18 38 24
0.30 0.01 40 20 54 28
0.10 42 24 56 30
0.15 44 26 60 34
0.50 0.01 108 54 144 72
0.10 110 58 148 76
0.15 112 60 150 80

Notes: 1. Resultsfor two-period designs use method of Diletti et a. (Diletti 1991).
2. Four-period results use relative efficiency results of Liu (Liu 1995)
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Population Bioequivalence
Four-Period Design (RTRT/TRTR)
Estimated Recommended Number s of Subjects

,»=0.02, )=0.05
Fur=Fwr  Fax=Fer | 80%Power  90% Power
0.15 0.15 18 22
0.30 24 32
0.23 0.23 22 28
0.46 24 32
0.30 0.30 22 28
0.60 26 34
0.50 0.50 22 28
1.00 26 34

Note: Results for population BE are approximate from simulation studies
(1,540 simulations for each parameter combination), assuming two-sequence, four-period
trials with a balanced design across sequences.

Individual Bioequivalence
Estimated Recommended Number s of Subjects

,,=0.05, )=0.05
80% _ Power 90% _Power
For=Far  Fo 3P 4p 3P 4P
015 001 14 10 18 14
0.10 18 14 24 18
0.15 28 20 36 26
023 001 42 24 54 30
0.10 56 30 74 40
0.15 76 42 100 54
030 001 52 28 70 36
0.10 60 32 82 42
0.15 76 42 100 54
050 001 52 30 70 36
0.10 60 32 82 42
0.15 76 42 100 54

Note: Resultsfor individual BE are approximate using simulations. The designs used in simulations are
RTR/TRT (3P2S) and RTRT/TRTR (4P2S).
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APPENDIX D

Rationale for Logarithmic Transfor mation of Phar macokinetic Data

A. Clinical Rationale

The FDA Generic Drugs Advisory Committee recommended in 1991 that the primary comparison of
interest in a BE study was the ratio, rather than the difference between average parameter datafrom T
and R formulations. Using logarithmic transformation, the general linear statistical model employed in
the analysis of BE data allows inferences about the difference between the two means on the log scale,
which can then be retransformed into inferences about the ratio of the two averages (means or medians)
on the original scale. Logarithmic transformation thus achieves a general comparison based on the ratio
rather than the differences.

B. Phar macokinetic Rationale

Westlake observed that a multiplicative model is postulated for pharmacokinetic measuresin BA/BE
studies (i.e., AUC and Cmax, but not Tmax) (Westlake 1973 and 1988). Assuming that elimination of
the drug is first-order and only occurs from the central compartment, the following equation holds after
an extravascular route of administration:

AUC,, = FD/CL Equation 20
= FD/(VK,) Equation 21

where F is the fraction absorbed, D isthe administered dose, and FD is the amount of drug absorbed.
CL isthe clearance of a given subject that is the product of the apparent volume of distribution (V) and
the elimination rate constant (K,).* The use of AUC as a measure of the amount of drug absorbed
involves amultiplicative term (CL) that might be regarded as a function of the subject. For this reason,
Westlake contends that the subject effect is not additive if the data is analyzed on the original scale of
measurement.

* Note that amore general equation can be written for any multi-compartmental model as
AUC,, =FD/V8, Equation 22

where V4, isthe volume of distribution relating drug concentration in plasma or blood to the amount of drug in the
body during the terminal exponential phase, and 8, is the termina slope of the concentration-time curve.
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Logarithmic transformation of the AUC datawill bring the CL (VK,) term into the following equation in
an additive fashion:

INAUC,,=InF+InD-InV -InK, Equation 23
Similar arguments were given for Cmax. The following equation applies for a drug exhibiting one
compartmental characteristics:

C.o = (FD/V) x gke'Tmax Equation 24

where again F, D and V are introduced into the model in a multiplicative manner. However, after
logarithmic transformation, the equation becomes

INC.,=INF+InD-InV -K.T,. Equation 25

Thus, log transformation of the Cmax data also results in the additive treatment of the V term.
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APPENDIX E

SAS Program Statementsfor Average BE Analysis of
Replicated Crossover Studies

The following illustrates an example of program statements to run the average BE analysis using PROC
MIXED in SASversion 6.12, with SEQ, SUBJ, PER, and TRT identifying sequence, subject, period,
and treatment variables, respectively, and Y denoting the response measure (e.g., log(AUC),
log(Cmax)) being analyzed:

PROC MIXED;

CLASSES SEQ SUBJPER TRT;

MODEL Y =SEQ PER TRT/ DDFM=SATTERTH,;
RANDOM TRT/TYPE=FAQ(2) SUB=SUBJG,;
REPEATED/GRP=TRT SUB=SUBJ;

ESTIMATE T vs.R' TRT 1-1/CL ALPHA=0.1;

The Estimate statement assumes that the code for the T formulation precedes the code for the R
formulation in sort order (this would be the case, for example, if T were coded as 1 and R were coded
as2). If the R code precedes the T code in sort order, the coefficients in the Estimate statement would
be changedto -1 1.

In the Random statement, TY PE=FAQO(2) could possibly be replaced by TYPE=CSH. This guidance
recommends that TY PE=UN not be used, asit could result in an invalid (i.e., not non-negative definite)
estimated covariance matrix.

Additions and modifications to these statements can be made if the study is carried out in more than one
group of subjects.
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APPENDIX F
Method for Statistical Test of Population Bioequivalence Criterion

Four-Period Crossover Designs

Appendix F describes a method for testing the population bioequivalence criterion (see section IV.B,
eguations 4 and 5). The procedure involves the computation of atest statistic that is either positive
(does not conclude population bioequivalence) or negative (concludes population bioequivalence).

Consider the following statistical model that assumes a four-period design with equal replication of
T and R in each of s sequences with an assumption of no (or equal) carryover effects (equal
carryovers go into the period effects)

Yijkl =Mt (ikl + *ijk + 7 ijkl
wherei=1,..., sindicates sequence, j=1, ..., n, indicates subject within sequencei, k=R, T
indicates treatment, 1=1, 2 indicates replicate on treatment k for subjects within sequencei. Yy, is
the response of replicate | on treatment k for subject j in sequencei, (i, represents the fixed effect
of replicate | on treatment k in sequencei, *;, isthe random subject effect for subject j in

sequence i on treatment k, and , ;, is the random error for subject j within sequence i on replicate
| of treatment k. The , ;S are assumed to be mutually independent and identically distributed as

ikl N(O1 FWk2 )1

fori=1,...s,j=1, ..., n, k=R, T, and I=1, 2. Also, the random subject effects *;=(* s, *;;)\ are
assumed to be mutually independent and distributed as

2
KR T ER PTRTTER
HT PTRTTER FBT _

Thismodel definition can be extended to other crossover designs.
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Linearized Criteria:

2 2
m = (ur—ug)? +lom’ —oR") —8p oy <0 for Fix> Fpo

2 2
13 = (pr — ug)? +(omr’ —orR") —8p 0%y <0 for Fog# Foy

Estimating the Linearized Criteria:

The estimation of the linearized criteria depends on designs. The remaining estimation and
confidence interval procedures assume afour-period design with equal replication of T and Rin
each of s sequences. The reparametrizations are defined as:

Uny = % T+ i5T2)
Upj = }é *(Hir1+ Hir2)
Py = %@ (T — )
Vi = %E *(r — Hrz)

The variances of Uy, Ug;, V;, and V; are computed, pooling across sequences, and these
variance estimates are denoted by MU;, MUg, MV, and MV, respectively. Then the linearized
criteria are estimated by

A .-"\2

g =h +MUp+05 MVp - (148p) [ MU +05. MV3),

for (WR +05 WR)HZ > FTO

A f\.z

ny=A +MUp+05 MVp— (1) [ MUg+05 MVg]-8p oy,
for (ME;R +05. WR)llz# FTO

To test for population bioequivalence, compute the 95% upper confidence bond of either the
reference-scaled or constant-scaled linearized criterion. The procedure for computing thisis
described in the next paragraph. If this upper bound is negative, conclude population
bioequivalence. If the upper bound is positive, do not conclude population bioequivalence.
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95% Upper Confidence Boundsfor Components:
S

Compute an upper confidence bound for |4 |,

[

s 5 o
For (&) = 20 , HO= the square of the bound obtained for |4 |, which is described above.

1z _ 1
+3l—a,n—s(—52 'Zl?%' IMI)A}
1=

-z El
Hl= %
For MUr=£1 compute A nosa
o - (»n —23)- E2
For 05 M7 = EE, compute An-sa
(n—2s) Birs
Hirg=2r L ——
—| 1+ &, | M7 2
For ( ? ) R—E3rs, compute An-sl-a
s = [H—S)E?ES
=
For 1 MUR=E3cq compute YACERS
(n—2s) Bdrs
Hips= "5V 2078
—(1+&8,0-05 MV = B4 2
For (1+6;) R = compute A n=sloa
Hde (?3— s) Bdes
F=—
For 723 VR =p4cs, compute Alnmsl-a
5
3 . A2 = z-’%
For each component above, also compute = = (- B Note -1 , where sisthe

number of sequences and n; is the number of subjects per sequence.

95% Upper Confidence Bounds For Linearized Criteria:

1
H?Fl = (EO+EI+E-'2+ESrs+E4rs)+(UO+U1+U2+U3rs+U4rsjﬁ/

1
Hy, =(BO+E1+E2+E3cs+ Bdes—Bpom” )+ (U0+U1+ U2+ Ulks + Ddcs) ¥
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APPENDIX G

Variance Estimation

Relatively simple unbiased estimators, the method of moments (MM) or the restricted maximum
likelihood (REML) method, can be used to estimate the mean and variance parametersin the
individual BE criterion. A key distinction between the REML and MM methods relates to
differencesin estimating variance terms. The REML method estimates each of the three variances,
Fo?, Fur’, Fur’, separately and then combines them in the individual BE criterion. The REML
estimate of Fp? is found from estimates of Fgr?, Fgr%, and the correlation, D. The MM approach is
to estimate the sum of the variance terms in the numerator of the criterion, Fp? + Fyr? - Fur’, and
does not necessarily estimate each component separately. One consequence of this differenceis
that the MM estimator of Fp? is unbiased but could be negative. The REML approach can aso
lead to negative estimates, but if the covariance matrix of the random effectsisforced to be a
proper covariance matrix, the estimate of F? can be made to be non-negative. This forced non-
negativity has the effect of making the estimate positively biased and introduces a small amount of
conservatism to the confidence bound. The REML method can be used in special cases (e.g.,
when substantial missing data are present). In addition, the MM approaches have not yet been
adapted to models that allow assessment of carryover effects.
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APPENDIX H

Method for Statistical Test of Individual Bioequivalence Criterion

Appendix H describes a method for testing the individual bioequivalence criterion (see section
IV.C, equations 6 and 7). The procedure involves the computation of atest statistic that is either
positive (does not conclude individual bioequivalence) or negative (concludes individual
bioequivalence).

Consider the following statistical model that assumes a four-period design with equal replication of
T and R in each of s sequences with an assumption of no (or equal) carryover effects (equal
carryovers go into the period effects)

—_ *
Yijkl =Wt Ga t ik T siji

wherei=1,..., sindicates sequence, j=1, ..., n, indicates subject within sequencei, k=R, T
indicates treatment, 1=1, 2 indicates replicate on treatment k for subjects within sequencei. Y, is
the response of replicate | on treatment k for subject | in sequencei, (,,, represents the fixed effect
of replicate | on treatment k in sequence i, *;, isthe random subject effect for subject j in
sequence i on treatment k, and , ;; is the random error for subject j within sequence i on replicate
| of treatment k. The , ;s are assumed to be mutually independent and identically distributed as

ikl N(O1 FWk2 )1

fori=1,...s,j=1, ..., n, k=R, T, and I=1, 2. Also, the random subject effects *;=(* s, *;-)\ are
assumed to be mutually independent and distributed as

2
~ |l R TER PFRT FER
2 3‘ Y]
* HT PORTOER  OBT .

ij

Thismodel definition can be extended to other crossover designs.
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Linearized Criteria;

- 2 442 2 2
Yl Lr — i oH+ T o & 0'2 < ()
1=t 2 ChS W) =1 TR , for Fur>Fypo

= (i — up)? +0h + (Gt — Gyl )= 81 - G <0
ny = (4T — up) H+lowT wr )~ 8 O for Fun# Fug

Estimating the Linearized Criteria:

The estimation of the linearized criteria depends on designs. The remaining estimation and
confidence interval procedures assume afour-period design with equal replication of T and Rin
each of s sequences. Define the reparametrizations:

Ty =4 — Ly

Ry =T — Hyrz

Compute the variances of I, T;;, and R;, pooling across sequences, and denote these variance

estimates by M,, M., and Mg, respectively. Then the linearized criteria are estimated by

2

EA Fas

:l?l =4 +MI+0'5'MT_(1'5+91)'MR’ fOf (MR)JJ2> FWO

2

At EA

— . —15. — 8. gl
L) =H +MI+U.5 MT 15 MR Ef i for (MR)HZ#FWO

To test for individual bioequivalence, compute the 95% upper confidence bound of either the
reference-scaled or constant-scaled linearized criterion. The procedure for computing thisis
described in the next paragraph. If this upper bound is negative, conclude individual
bioequivalence. If the upper bound is positive, do not conclude individual bioequivalence.
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95% Upper Confidence Boundsfor Criteria:

The table below illustrates the construction for the two-sequence, four-period design for the
)

reference-scaled criterion, 1:

H =Confidence Limit E,=Point Estimate U=(H- E)?
2 2
K 1 5 _ 1 o~
i=1
£y = G129 M) Br= M Us
,l’za,n—s
(n—s)- Erp=05M o
Eip= (05 (n—s) M) T T T
Zza,n—s
5 (—(15+8;) (n—s)- Mp) En=-(15+8;) Mg Ug
R =
1-'12— &M= 5

1
Hy =T E;+( Uq)/{

[+ e

H=

) 1
where 1 & Hﬁl = Z E‘Z + (z U‘i‘)/{

I, and sisthe number of sequences.
) M
confidence bound for 1. The confidence limit for 2 is computed similarly, adjusting the

constants associated with the variance components where appropriate.

is the upper 95%
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