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1. INTRODUCTION
1.1. Background and Objective

Two drug products containing the same active substance are considered bioequivalent if
they are pharmaceutically equivalent or pharmaceutical alternatives and their
bioavailabilities (rate and extent) after administration in the same molar dose lie within
acceptable predefined limits. These limits are set to ensure comparable in vivo
performance, i.e. similarity in terms of safety and efficacy. In in vivo bioequivalence studies,
the pharmacokinetic parameters AUC (the area under the plasma concentration time
curve), Cmax (the maximum plasma concentration), and tmax (time to maximum plasma
concentration) are generally used to assess the rate and extent of drug absorption.
Bioequivalence can be determined when the pharmacokinetic results for the tested
products are within the established acceptance limits.

The BCS (Biopharmaceutics Classification System)-based biowaiver approach is intended to
reduce the need for in vivo bioequivalence studies i.e., it can provide a surrogate for in vivo
bioequivalence. In vivo bioequivalence studies may be exempted if an assumption of
equivalence in in vivo performance can be justified by satisfactory in vitro data. The BCS is
a scientific approach based on the aqueous solubility and intestinal absorption
characteristics of the drug substance. The BCS categorizes drug substances into one of four

BCS classes as follows:

Class I: high solubility, high permeability
Class Il: low solubility, high permeability
Class lll: high solubility, low permeability
Class IV: low solubility, low permeability

This guideline will provide recommendations to support the biopharmaceutics
classification of drug substances and the BCS-based biowaiver of bioequivalence studies for

drug products.

1.2 Scope

BCS-based biowaivers may be used to demonstrate bioequivalence between products used
in early clinical development through commercialization, for line extensions of innovator
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products, in applications for generic drug products, and variations that require
bioequivalence testing.

The BCS-based biowaiver is only applicable to immediate release, solid, orally
administered dosage forms demonstrating systemic action. Drug products having a narrow
therapeutic index are excluded from consideration for a BCS-based biowaiver in this
guidance. Fixed-dose combination (FDC) products may be eligible for a biowaiver when all
drug substances contained in the combination drug product meet the criteria as defined in
sections 2 and 3 of this guidance.

2. Support of the biopharmaceutics
classification of medicinal products

BCS-based biowaivers are applicable to drug products where the drug substance exhibits
high solubility and, either high permeability (BCS Class 1), or low permeability (BCS Class

).

A biowaiver is only applicable when the drug substance(s) in test and reference products are
identical. For example, a biowaiver is not applicable when the drug substance in the test
product is a different salt, ester, ether, isomer, or mixture of isomers from that in the
reference product.

Pro-drugs may be considered for a BCS-based biowaiver when absorbed as the pro-drug.

2.1. Solubility

A drug substance is classified as highly soluble if the highest single therapeutic dose is
completely soluble in 250 ml or less of aqueous media over the pH range of 1.2 — 6.8 at 37
+ 1°C. In cases where the highest single therapeutic dose does not meet this criterion but the
highest strength of the reference product is soluble under the aforementioned conditions,
additional data should be submitted to demonstrate that the pharmacokinetics, i.e., AUC and
Cmax parameters, are dose proportional over a dose range that includes the highest
therapeutic dose.

The applicant is expected to establish experimentally the equilibrium solubility of the drug
substance over the pH range of 1.2 — 6.8 at 379C £ 19C using shake-flask technique or a
similar method, if justified. At least three buffers within this range i.e., at pH 1.2, 4.5 and

6.8, should be evaluated. In addition solubility at the pKa must be evaluated if it is within
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the specified pH range. The pH for each test solution has to be confirmed before and after
the addition of the drug substance in order to ensure pH stability of the buffered medium.
The pH should be adjusted if necessary. The lowest measured solubility over the pH range
of 1.2 — 6.8 will be used to classify the drug substance.

A minimum of three replicate (3) determinations at each solubility condition/pH is
necessary to demonstrate solubility using a validated method (with appropriate compendial
references). Adequate stability of the drug substance in the solubility media should be
demonstrated. In case the drug substance is not stable over the pH range it implies that
solubility cannot be determined and thus the drug substance cannot be classified.

In addition to experimental data, literature data may be provided to substantiate and support
solubility determinations.

2.2. Permeability

The assessment of permeability can be based on the extent of absorption derived from
human pharmacokinetic studies (e.g., absolute bioavailability or mass balance) and/or from
in vitro testing using Caco-2 cell lines.

High permeability can be concluded when the absolute bioavailability is > 85 %. High
permeability can also be concluded if > 85% of drug is recovered unchanged in urine. If
mass balance studies are used to demonstrate high permeability, additional data to document
the drug’s stability in the gastro-intestinal tract is required. Data from mass balance studies
may also support high permeability if the sum of urinary and fecal recovery of total drug
material is > 85 %. Only oxidative and conjugative metabolites can be considered.
Metabolites produced through reduction or hydrolysis should not be included. Unchanged
drug in feces cannot be counted toward the extent of absorption. These data can be derived
from published literature or product information/review reports from regulatory agencies.

Caco-2 cell permeability assays used in support of high permeability are limited to
passively transported drugs and should be appropriately validated and standardized. The
definition of passive transport and methodology conditions are described in Annex 1. The
results from Caco-2 permeability assays should be discussed in light of available published
literature data on human absorption.

If high permeability is not demonstrated, the drug is considered to have low permeability
(e.g. BCS class Il1).
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3. Support of the eligibility of a drug
product for a BCS-based biowaiver

A drug product is eligible for a BCS-based biowaiver providing that the drug substance(s)
satisfy the criteria regarding solubility and permeability (BCS Class | and I11), the drug
product is an immediate-release solid oral dosage form, and the drug product is a dosage
form that is the same as the reference product.

Drug products subject to buccal or sublingual absorption are not eligible for a biowaiver
application. As such, an orodispersible product is eligible for a biowaiver application only if
there is no buccal or sublingual absorption and the product is labelled to be consumed with
water.

In order for a drug product to qualify for a biowaiver, criteria with respect to the
composition (excipients) and in vitro dissolution performance of the drug product should be
satisfied. The drug product acceptance requirements are described in sections 3.1 and 3.2
below.

3.1. Excipients

Excipient differences between the proposed test product and the reference should be
assessed in terms of their potential to affect the absorption process. This should include
consideration of the drug substance properties as well as excipient effects.

For BCS Class I drugs, some differences between the test and reference formulation are
permitted except in excipients which could affect absorption. The possible effects of these
excipients, e.g. based upon e.g. based on literature data, on aspects of the absorption process
such as solubility, gastrointestinal motility, transit time, and intestinal permeability should
be considered. Examples of excipients that may affect absorption are alcohol-sugars (e.g.
mannitol, sorbitol), or surfactants (e.g. sodium lauryl sulfate). The amount of these
excipients included in the formulation should be considered carefully, for example, small
amounts included in the coating or levels below documented thresholds of effect may be of
less concern. Ideally, these issues should be addressed during product development.

BCS Class 11 drug substances often exhibit gastrointestinal region specific absorption.
Therefore, BCS Class 11 products are considered to be more susceptible to the effects of
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excipients. Hence, unless otherwise justified, excipients in the proposed (test) formulation
should be qualitatively the same and quantitatively similar to that of the reference product.
In line with BCS Class | drugs, special consideration should be given to excipients that may
affect absorption in the amounts present in the formulation.

3.2. In vitro dissolution

Comparative in vitro dissolution tests should be conducted using one batch representative of
the proposed commercial manufacturing process for the test product relative to one batch of
the reference product. The test product should originate from a batch of at least 1/10 of
production scale or 100,000 units, whichever is greater, unless otherwise justified. The
comparative in vitro dissolution experiments should use compendial apparatuses and follow
the compendial procedures.

The following conditions should be employed in the comparative dissolution studies to
characterize the dissolution profile of the product:
e Apparatus: paddle or basket
¢\/olume of dissolution medium: 900 ml or less
e Temperature of the dissolution medium: 37+£0.5°C
e Agitation: paddle apparatus - 50 rpm
basket apparatus - 100 rpm
eSampling schedule: e.g. 5, 10, 15, 20, 30 and 45 min
oAt least 12 units of reference and test product should be used for each dissolution
profile determination.
eThree buffers: pH 1.2, pH 4.5, and pH 6.8. Pharmacopoeia buffers should be applied.
Additional investigation may be required using purified water.
eOrganic solvents are not acceptable and no surfactants should be added.
eIn the case of gelatin capsules or tablets with gelatin coatings, the use of enzymes may
be acceptable, if appropriately justified.

When high variability or coning is observed in the paddle apparatus at 50 rpm, the use of
the basket apparatus at 100 rpm is recommended.

To qualify for a biowaiver, for BCS Class | drug substances, both the test product and
reference product should display either very rapid (>85% dissolved in <15 minutes) or
comparable rapid (>85% dissolved in <30 minutes) in vitro dissolution characteristics under
the defined conditions.
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To qualify for a biowaiver, for BCS Class Il drug substances, both the test product and
reference product should display very rapid in vitro dissolution (>85% dissolved in <15
minutes) characteristics under the defined conditions.

For the comparison of dissolution, where applicable, the similarity factor f2 should be
estimated, i.e. by using the following formula:

£2=50«log {[1 + (1/n)Xt=1n (Rt - Tt)2]-0.5 * 100}

In this equation f2 is the similarity factor, n is the number of time points, R(t) is the mean
percent reference drug dissolved at time t after initiation of the study; T(t) is the mean
percent test drug dissolved at time t after initiation of the study.

Mean dissolution values can be used to estimate f2. The evaluation of the similarity factor is

based on the following conditions:

* A minimum of three time points (zero excluded)

»  The time points should be the same for the two formulations

«  Twelve individual values for every time point for each formulation

*  Not more than one mean value of > 85% dissolved for any of the formulations.

. To allow the use of mean data, the coefficient of variation should not be more than
20 percent at the first time point (e.g., 5 minutes), and should not be more than 10
percent at other time points.

Two dissolution profiles are considered similar when the 2 value is >50. When both test
and reference products dissolve 85% or more of the label amount of the drug in 15 minutes
in one of the three dissolution media recommended above, the dissolution profile
comparison with an f2 test for this media is unnecessary.

For FDCs, the similarity of the dissolution profiles has to meet the criteria for all active
pharmaceutical ingredients in the FDC.

For products with more than one strength, the BCS approach should be applied for each
strength, i.e. it is expected that test and reference product dissolution profiles are compared
at each strength.
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4. Documentation.

The sponsor shall provide complete information on the critical quality attributes of the
drug substance and finished product for both the test and reference product including, but
not limited to: polymorphic form and enantiomeric purity; and any information on
bioavailability or bioequivalence problems with the substance or drug product, including
literature surveys and sponsor derived studies. All study protocols including standards,
quality assurance and testing methods should be appropriately detailed and validated

according to current regulatory guidance’s and policies.

The reporting format should include tabular and graphical presentations showing
individual and mean results and summary statistics. The tabular presentation should
include standard deviation and coefficient of variation.

The report should include an identification of all excipients, and qualitative and

quantitative differences between the test and reference products.

A full description of the analytical methods employed, including validation, should be
provided. A detailed description of all test methods and solutions, including test and
reference batch information [unit dose (milligram and %), batch number, manufacturing
date and batch size where known, expiry date, and any comments] examined is required.
The dissolution report should include a thorough description of experimental settings and
analytical methods, including information on the dissolution conditions such as apparatus,

de-aeration, filtration process during sampling, volume, etcetera.

5. Glossary

AUC: Area under the concentration time curve

BCS: Biopharmaceutics Classification System

Cmax: Maximum concentration

e.g.. Exempli gratia (for example)

FDC: Fixed-dose combination

ml: Milliliter

Pharmaceutically equivalent: Medicinal products containing the same amount of the same

active substance(s) in the same dosage forms that meet the same or comparable standards.
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Pharmaceutical alternatives: Medicinal products with different salts, esters, ethers, isomers,
mixtures of isomers, complexes or derivatives of an active moiety, or which differ in dosage
form or strength.

pKa: Acid dissociation constant at logarithmic scale

tmax: time to maximum plasma concentration
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