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English translation of Attachment 1 of Division-Notification 0229 No. 10 of the

Pharmaceutical and Food Safety Bureau, dated February 29, 2012

Guideline for Bioequivalence Studies of Generic
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Section 1: Introduction

This guideline describes the principles of procedures of bioequivalence studies of
generic products. The objective of the study is to assure therapeutic equivalence of
generic products to innovator products. In the bioequivalence study, bioavailability
should be compared for innovator and generic products. If this is not feasible,
pharmacological effects supporting therapeutic efficacy or therapeutic effectiveness in
major indications should be compared (These comparative tests are hereafter called
pharmacodynamic studies and clinical studies, respectively). For oral products,
dissolution tests should be performed, since they provide important information
concerning bioequivalence.

Section 2: Terminology
Terms used in the guideline are defined as follows:

Bioavailability: The rate and extent of absorption of active ingredients or active
metabolites from a product into the systemic circulation.

Bioequivalent products: Drug products having the equivalent bioavailability.

Therapeutically equivalent products: Drug products having the equivalent therapeutic
efficacies.

Innovator products: A drug products that have been approved as a new drug, or a drug
that corresponds to one.

Generic products: Products of which active ingredients, strengths, dosage forms, and
dosage regimens are the same as those of innovator products.

Section 3: Tests

A. Oral immediate release products and enteric-coated products
I. Reference and test products

In principle, dissolution tests (Sec. 3.A.V.) should be performed using the following
test solution 1) or 2), using 6 vessels or more for three lots of innovator products by the
paddle method at 50 rpm. Among the three lots, the one which shows intermediate
dissolution should be selected as the reference product. When the average dissolutions of
the three lots reach 85% within 15 min, any lots can be used as the reference product.

1) The specification test solution when the dissolution specifications are established in
the specifications and test procedures.

2) Among the test solutions described in the dissolution conditions in Sec. 3 A.V., when
the average dissolution of at least one lot reaches 85%, the test solution providing the
slowest dissolution should be selected. When the average dissolution of any of the lots
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does not reach 85%, the test solution providing the fastest dissolution should be used.

If a reference product cannot be appropriately selected for the drug product by
dissolution testing as described above, the reference product should be the innovator
product lot that shows intermediate characteristics when either a dissolution (release) test
appropriate for the characteristics of the drug product or a substitute physicochemical test
is performed. If the drug is administered as a liquid where the active ingredient dissolves,
an appropriate lot can be used as a reference product without performing dissolution tests.

It is recommended to use a lot manufactured at the same lot size as the full-scale
production. However, a lot manufactured at a scale of not less than 1/10 of a full-scale
production also can be used. If the product is a homogeneous liquid where the active
ingredient dissolves, a lot of which manufacturing scale is less than the 1/10 can be used.
Manufacturing method of the test product and commercial products should be similar and
quality and bioavailability of both products should be equivalent.

A reference product whose content or potency is as close as possible to the labelled
claim should be used. Furthermore, it is preferable that the difference between the content
or potency of the test product and that of the reference product be within 5% of the
labelled claim.

I1. Bioequivalence studies

1. Test methods

Appropriate study protocol including the required number of subjects and sampling
intervals should be determined according to preliminary studies and previously reported
data. The rationale of the protocol should be described.

1) Design
In principle, crossover studies should be employed with random assignment of

individual subjects to each group. Parallel designs can be employed for drugs with
extremely long half-lives.

2) Number of subjects

A sufficient number of subjects for assessing bioequivalence should be included. If
bioequivalence cannot be demonstrated because of an insufficient number, an add-on
subject study can be performed using not less than half the number of subjects in the
initial study.

The add-on subject study should include at least one half of the number of subjects in
the initial study. If the number of subjects in the initial study is 20 or more (10 subjects
per group) or the total number of subjects in the initial study and add-on study is 30 or
more, bioequivalence may be assessed based on the difference between the average
bioavailability of the test product and that of the reference product and the results of
dissolution testing, without depending on confidence intervals, as is explained below.

Multiple dose studies or studies with stable isotopes may be useful for highly variable
drugs that require large sample sizes.
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3) Selection of subjects

In principle, healthy adult volunteers should be employed.

If the use of the drug is limited to a specific population and test and reference products
show a significant difference in dissolution** under one or more of conditions of the
dissolution test (Sec.3 A.V), the bioequivalent studies should be performed using subjects
from the specific population. ‘

If the use of the drug is not limited to a specific population and test and reference
products showed a specific significant difference in dissolution*® at around pH 6.8 by the
dissolution test (Sec.3 A.V) or between pH 3.0 and 6.8 for products containing basic
drugs, subjects with low gastric acidity (achlorhydric subjects) should be employed
unless the application of the drug is limited to a specific population. This rule is not
applied to enteric-coated products.

When it is unfavorable to use healthy subjects because of potent pharmacological
action or adverse (side) effects, patients receiving the medication should be employed. If
the clearance of drug differs to a large extent among subjects due to genetic
polymorphism, subjects with higher clearance should be employed.

Before, during and after studies, subjects' health condition should be monitored with
close attention, especially, to adverse (side) effects.

*a) Significant difference in dissolution means the following 2 cases;

1) The average dissolution of the slower-dissolution product is 50 % or less at the
time when the average dissolution of the faster-dissolution product reaches 80 %. Also
when the average dissolution of the faster product is 85 % or more within 15 min, the
average dissolution of the slower product is not more than 60 % of that of the faster
product. However, this rule is not applied when the average dissolution of both
products is 85 % or more within 15 min after lag time (defined as the time when 5 %
of the drug dissolves) and the difference in the mean lag time in dissolution between
test and reference products is within 10 min.

2) The average dissolution of the slower product is not more than 60 % that of the
faster product at the final testing time when the average dissolution of either product
does not reach 80 % within the specified testing time. The rule is also not applied
when the average dissolution of both products at the final testing time specified in Sec.
3 V.3 (2 hr in pH 1.2 medium and 6 hr in others) is 20 % or less, because of difficulty
of appropriate comparison of their dissolution.

*b) Specific significant difference in dissolution means when test and reference
products showed a significant difference in dissolution around pH 6.8 (between pH
3.0 and 6.8 for products containing basic drugs), and they do not show a significant
difference in other test conditions. This rule is not applied when test and reference
products show a significant difference in dissolution around pH 6.8 (between pH 3.0
and 6.8 for products containing basic drugs), and also they show the same degree of
or more significant difference in all other pH conditions.

4) Drug administration

a. Dose: One dose unit or a clinical usual dose should generally be employed. A higher
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dose which does not exceed the maximal dose of the dosage regimen may be

employed when analytical difficulties exist, such as high detection limit.

b. Single vs. multiple dose studies: In principle, bioequivalence studies should be
preformed by single dose studies. Multiple dose studies may be employed for drugs
which are repeatedly administered to patients.

i. Single dose studies: Drugs are usually given to subjects with 100-200 ml water
(normally 150 ml) after fasting for more than 10 hr. Fasting lasts for at least 4 hr
post-dose. If the postprandial dose is specified in the dosage regimen, and if the
bioavailability in fasting state is very poor, or high incidence of severe adverse
events is anticipated, drugs may be given after food. In the fed study, a low fat diet of
700 kcal or less containing not more than 20 % by energyk of the lipid should be
employed. The meal should be eaten within 20 min, and drugs are administered
according to the dosing regimen or 30 min after the meal, if the dosing time is not
indicated in the regimen.

ii. Multiple dose studies: Drugs should, in principle, be administered to subjects
under fasting conditions as in the single dose studies when biological fluids are
sampled for the assessment of bioavailability. In the time period before fluids are
sampled, drugs should repeatedly be given between meals (drugs should be
administered more than 2 hr after a meal) at constant intervals.

5) Measurement of biological samples

a. Biological fluids to be sampled: Blood samples should generally be employed.
Urine samples may be used if there is a rationale.

b. Sampling schedule: Blood samples should be taken at a frequency sufficient for
assessing Cpax, AUC and other parameters. Sampling points should be at least 7,
including zero time, 1 point before Cpay, 2 points around Cpax and 3 points during the
elimination phase. Sampling should be continued until AUCt is over 80% of AUC,,
(normally more than 3 times the elimination half life after tn.). However, when the
elimination half life of unchanged active ingredient or active metabolites to be
measured is extremely long, blood samples should be collected for at least 72 hr.
When urine samples are used, they should be collected in the same manner as blood
samples. When F is evaluated by deconvolution, body fluid must be collected until
completion of absorption, but collection of body fluid over a long period of time is not
necessarily required.

c. Substances to be measured: As a general rule, the unchanged active ingredient
should be measured. Major active metabolites may be measured instead of the
unchanged active ingredient, if it is rational. Stereoselective assay is not generally
required. However, when it is indicated that there exist stereoisomers with different
activities for the main pharmacological effect, and stereoselective absorption or
elimination, dependent on the absorption rate is noticeable, the enantiomer with higher
activity should be measured.

d. Analytical method: Analytical methods should be fully validated regarding
specificity, accuracy, precision, linearity, quantitation limit, and stability of substances
in samples and so forth.
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6) Washout period

Washout periods in crossover studies between administrations of test and reference
products should usually be more than 5 times the elimination half life of the unchanged
active ingredient or active metabolites to be measured.

2. Assessment of bicequivalence

1) Parameters to be assessed

If blood is the sampled body fluid, AUC; and C,.x should be used as the parameters
for evaluation of bioequivalence in a single dose study, and AUC, and C.x should be
used in a multiple dose study. The measured value should be used for Cp.x, and the value
calculated by the trapezoidal integration for AUC. If F can be calculated by
deconvolution, F may be used instead of AUC.

AUC, tmax, MRT, kel and so on should be used as reference parameters. In multiple
dose studies, C; is also used as a reference parameter. However, if differences in the time
required for manifestation of the effect of the drug could affect its clinical usefulness, tyax
should also be used as a parameter for evaluation of equivalence.

If urine is the sampled body fluid, the parameters Ae;, Ae;, A€x, Unmax and U, should be
used instead of AUC,, AUC,, AUC,, Cpnax and C,. If differences in the time required for
manifestation of the effect of the drug could affect its clinical usefulness, urine cannot be
used as the sampled body fluid.

2) Bioequivalence range

If AUC and Cpax are log-normally distributed, the bioequivalence acceptance range
for each parameter is 0.80 to 1.25 when expressed as the ratio of the parameter’s
population means for the test product and reference product. If AUC and Cy,y are
normally distributed, the acceptance range for each parameter is —0.20 to +0.20 when
expressed as the ratio of the difference between the population mean for the test product
and that for the reference product, to the population mean for the reference product. If
the drug’s effect is not strong, a wider bioequivalence acceptance range than those
above is sometimes set for Cpax. If tmax 1S used as a parameter to evaluate equivalence,
an appropriate bioequivalence acceptance range should be set beforehand.

3) Statistical analysis

As a general rule, the parameters other than tp,y are usually distributed log-normally,
so those parameters should be logarithmically transformed before the statistical
analysis.The 90% shortest confidence interval or two one-sided ¢ tests with the
significance level of 5% should be used. Other reasonable statistical methods also can
be used. When add-on subject study is performed and there are no fundamental
differences between the two studies in formulation, design, assay and subjects, data
from the initial and add-on subject studies can be pooled and statistically analyzed. In
the pooled analysis, the study must be added as a source of variation.

5) Acceptance criteria
Products are considered to be bioequivalent, if the 90% confidence interval of
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