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Abstract
The aim of the present review is to discuss the different types of biowaiver applications. Waiving of In vivo bioequivalence studies is
known as biowaiver. Types of biowaiver applications include BCS based biowaiver, well established use application, also known as
bibliographical application and Literature based submission. Biowaiver is acceptable for both BCS class I as well as class III drug
molecules. These kinds of applications are generally submitted to countries like US, European Union and Australia. Well established use
application and literature based submission is acceptable if the drug product is available in the market for at least ten years. The latter are
acceptable by Europe and Australia only. This review discusses various types of biowaiver applications accepted by the regulated
markets.
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The objective of the BCS classification of drugs is to
predict In vivo performance of drug products from in
vitro measurements of permeability and solubility. The
purpose of BCS classification of drugs is to characterize
products of those drugs which may be eligible for a
biowaiver of In vivo bioequivalence studies. For drugs
exhibiting high intestinal permeability rates, the major
route of elimination in humans is via metabolism, while
drugs exhibiting poor intestinal permeability rates are
primarily eliminated in humans as unchanged form in the
urine and bile. (2)

1. Introduction
Biowaivers are considered as the waivers of clinical
bioequivalence studies. Bioequivalence studies are
essential for drug development in order to prove the
safety and efficacy of the product.
The advantages of using biowaiver is as follows:




They circumvent expensive and sometimes
unethically questionable human testing.
Reduces time in launching product to the
market.
Reduces product cost. (1)

BCS based biowaivers helps in avoiding time
consuming and costly pharmacokinetic studies using in
vitro dissolution test as a surrogate test to evaluate the
bioequivalence of a test and reference product. [1]

There are three types of biowaiver accepted by
regulatory agencies.
i) BCS (Bio pharmaceutics Classification System) based
biowaivers

The BCS is an important tool for waiving the
regulatory requirement for In vivo bioavailability and/or
bioequivalence (BE) studies. This is acceptable by
countries like USA, EU, Canada and Australia. (3)

ii) Well Established Use/Bibliographical applications
iii) Literature based submissions

Table 1 BCS classification of drugs (3)

BCS based biowaivers
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human or animal intestinal tissues; or (4) in vitro
permeation studies across a monolayer of cultured
epithelial cells.

Class I
Class II
High Solubility
Low solubility
High Permeability
High Permeability
Rapid Dissolution
Class IV
Class III
Low Solubility
High Solubility
Low Permeability
Low Permeability
2. BCS based biowaiver criteria in US

Dissolution
An IR drug product is considered rapidly dissolving
when a mean of 85 percent or more of the labelled
amount of the drug substance dissolves within 30 min,
using United States Pharmacopeia (USP) Apparatus 1 at
100 rpm or Apparatus 2 at 50 rpm (or at 75 rpm when
appropriately justified in a volume of 500 mL or less (or
900 mL when appropriately justified) in each of the
following media:

When the In vivo dissolution of an Immediate
Release (IR) solid oral dosage form is rapid or very rapid
in relation to gastric emptying and the drug has high
solubility, the rate and extent of drug absorption is
unlikely to be dependent on drug dissolution and/or
gastrointestinal (GI) transit time. Under such
circumstances, demonstration of In vivo bioavailability
or bioequivalence may not be necessary for drug
products containing class I drug substances, if the
excipients used in the dosage form do not significantly
affect absorption of the active ingredients.

(1) 0.1 N HCl or Simulated Gastric Fluid USP without
enzymes;
(2) pH 4.5 buffer; and
(3) pH 6.8 buffer or Simulated Intestinal Fluid USP
without enzymes.
An IR product is considered very rapidly dissolving
when a mean of 85 percent or more of the labelled
amount of the drug substance dissolves within 15 min,
using the above mentioned conditions.

The BCS approach covered by the US recommendation
can be used to justify biowaivers for highly soluble and
highly permeable drug substances (i.e., class 1) as well
as highly soluble and low permeable drug substances
(i.e., class 3) in IR solid oral dosage forms that exhibit
rapid or very rapid in vitro dissolution using the
recommended test methods.

A minimum of 12 dosage units of the test and
reference drug product for each strength should be
evaluated to support a biowaiver request. Samples
should be collected at a sufficient number of intervals to
characterize the entire dissolution profile of the drug
product (e.g., 5, 10, 15, 20 and 30 min).

Solubility

When comparing the test and reference products,
dissolution profiles should be compared using a
similarity factor (f2).

The solubility class boundary is based on the highest
strength of an IR product that is the subject of a
biowaiver request. A drug substance is considered highly
soluble when the highest strength is soluble in 250 mL or
less of aqueous media within the pH range of 1 - 6.8 at
37 ± 1°C. The volume estimate of 250 mL is derived
from typical bioequivalence study protocols that
prescribe administration of a drug product to fasting
human volunteers with an 8 fluid ounce glass of water.

f2 = 50 • log {[1 + (1/n)Σt=1n (Rt - Tt)2]-0.5 • 100}
The similarity factor is a logarithmic reciprocal
square root transformation of the sum of squared error
and is a measurement of the similarity in the percent of
dissolution between the two curves; where n is the
number of time points, Rt is the dissolution value of the
reference batch at time t and Tt is the dissolution value of
the test batch at time t.

Permeability
The permeability class boundary is based indirectly
on the extent of absorption (fraction of dose absorbed,
not systemic bioavailability) of a drug substance in
humans and directly on measurements of the rate of
mass transfer across human intestinal membrane.
Alternatively, other systems capable of predicting the
extent of drug absorption in humans can be used (e.g., in
situ animal, in vitro epithelial cell culture methods). A
drug substance is considered to be highly permeable
when the systemic BA or the extent of absorption in
humans is determined to be 85 percent or more of an
administered dose based on a mass balance
determination (along with evidence showing stability of
the drug in the GI tract) or in comparison to an
intravenous reference dose.

Two dissolution profiles are considered similar when
the f2 value is ≥ 50. To allow the use of mean data, the
coefficient of variation should not be more than 20
percent at the earlier time points (e.g., 15 min) and
should not be more than 10 percent at other time points.
Only one measurement should be considered after 85
percent dissolution of both products. In addition, when
both test and reference products dissolve 85 percent or
more of the label amount of the drug in 15 min using all
three dissolution media recommended above, the profile
comparison with an f2 test is unnecessary.
For BCS class 1 drug products, the following must be
demonstrated:
 The drug substance should be highly soluble
 The drug substance should be highly permeable
 The drug product (test and reference) should be
rapidly dissolving and

Intestinal Permeability Methods
The following methods can be used to determine the
permeability of a drug substance from the GI tract: (1) In
vivo intestinal perfusion studies in humans; (2) In vivo or
in situ intestinal perfusion studies using suitable animal
models; (3) in vitro permeation studies using excised
e-ISSN: 2321-6794
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 The product should not contain any excipients that
will affect the rate or extent of absorption of the
drug.

The US guidance for BCS based biowaiver does not
apply to narrow therapeutic index (NTI) drug products
because of the critical relationship between the
bioavailable dose and clinical performance.

For BCS class 3 drug products, the following must be
demonstrated:

Products Designed to be absorbed in the Oral Cavity

 The drug substance should be highly soluble
 The drug product (test and reference) should be very
rapidly dissolving
 The test product formulation should be qualitatively
the same and quantitatively very similar.
Excipients

A request for a waiver of In vivo BA/BE studies
based on the BCS is not appropriate for dosage forms
intended for absorption in the oral cavity (e.g.,
sublingual or buccal tablets). Similarly, a biowaiver
based on BCS for an orally disintegrating tablet can be
considered only if the absorption from the oral cavity
can be ruled out. (4)



3. BCS based biowaiver criteria for EU



BCS class 1 drug products: Excipients can
sometimes affect the rate and extent of drug
absorption. In general, using excipients that are
currently in FDA-approved IR solid oral dosage
forms will not affect the rate or extent of absorption
of a highly soluble and highly permeable drug
substance that is formulated in a rapidly dissolving
IR product. To support a biowaiver request, the
quantity of excipients in the IR drug product should
be consistent with the intended function (e.g.,
lubricant). When new excipients or atypically large
amounts of commonly used excipients are included
in an IR solid dosage form, additional information
documenting the absence of an impact on
bioavailability of the drug may be requested by the
Agency. Such information can be provided with a
relative bioavailability study using a simple aqueous
solution as the reference product. Excessive
quantities of certain excipients, such as surfactants
(e.g., polysorbate 80) and sweeteners (e.g., mannitol
or sorbitol) may be problematic.

Applying for a BCS-based biowaiver is restricted to
highly soluble drug substances with known human
absorption and considered not to have a narrow
therapeutic index. The concept is applicable to
immediate release, solid pharmaceutical products for
oral administration and systemic action having the same
pharmaceutical form. However, it is not applicable for
sublingual, buccal and modified release formulations.
For orodispersible formulations the BCS-based
biowaiver approach may only be applicable when
absorption in the oral cavity can be excluded.
Requirements for biowaiver
BCS-based biowaiver are applicable for an immediate
release drug product if
 the drug substance has been proven to exhibit high
solubility and complete absorption (BCS class I)
and
 either very rapid (> 85 % within 15 min) or
similarly rapid (85 % within 30 min ) in vitro
dissolution characteristics of the test and reference
product has been demonstrated considering specific
requirements and
 Excipients that might affect bioavailability are
qualitatively and quantitatively the same. In
general, the use of the same excipients in similar
amounts is preferred.

BCS class 3 drug products: Unlike for BCS class 1
products, for a biowaiver to be scientifically
justified, BCS class 3 test drug product must contain
the same excipients as the reference product. This is
due to the concern that excipients can have a greater
impact on absorption of low permeability drugs. The
composition of the test product must be qualitatively
the same (except for a different colour, flavour, or
preservative that could not affect the bioavailability)
and should be quantitatively very similar to the
reference product.

BCS-based biowaiver are also applicable for an
immediate release drug product if
 the drug substance has been proven to exhibit high
solubility and limited absorption (BCS class III)
and
 very rapid (> 85 % within 15 min) in vitro
dissolution of the test and reference product has
been
demonstrated
considering
specific
requirements and
 Excipients that might affect bioavailability are
qualitatively and quantitatively the same and other
excipients are qualitatively the same and
quantitatively very similar.

Prodrugs
Permeability of prodrugs generally depends on the
mechanism and (anatomical) site of conversion to the
drug substance. When the prodrug-to-drug (i.e., active
moiety) conversion is shown to occur predominantly
after intestinal membrane permeation, the permeability
of the prodrug should be measured. When this
conversion occurs prior to intestinal permeation, the
permeability of the drug should be determined.
Dissolution and pH-solubility data on both prodrug and
drug can be relevant.

Solubility

BCS-based biowaivers are not applicable for the
following:

The pH-solubility profile of the drug substance
should be determined and discussed. The drug substance
is considered highly soluble if the highest single dose
administered as immediate release formulation(s) is

Narrow Therapeutic Index Drugs
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completely dissolved in 250 ml of buffers within the
range of pH 1 – 6.8 at 37±1°C. This demonstration
requires the investigation in at least three buffers within
this range (preferably at pH 1.2, 4.5 and 6.8) and in
addition at the pKa, if it is within the specified pH range.
Replicate determinations at each pH condition may be
necessary to achieve an unequivocal solubility
classification (e.g. shake-flask method or other justified
method). Solution pH should be verified prior and after
addition of the drug substance to a buffer.

surfactants, should be identified as well as their possible
impact on the following should be considered:





4. WHO criteria for BCS based biowaivers
On the basis of solubility and permeability of the
API, excipient nature, excipient content and dissolution
characteristics of the dosage form, the BCS approach
provides an opportunity to waive In vivo bioequivalence
testing for certain categories of immediate release
dosage forms. Oral dosage forms containing an API
possessing a narrow therapeutic index are not eligible for
a bio waiver based on the BCS approach.

Absorption
The demonstration of complete absorption in humans
is preferred for BCS-based biowaiver applications. For
this purpose complete absorption is considered to be
established where measured extent of absorption is ≥ 85
%. Complete absorption is generally related to high
permeability.

High solubility

Complete drug absorption should be justified based on
reliable investigations in human. Data from



An API is considered highly soluble when the highest
single therapeutic dose as determined by the relevant
regulatory authority, typically defined by the labelling
for the innovator product, is soluble in 250 mL or less of
aqueous media over the pH range of 1.2-6.8. The pH
solubility profile of the API should be determined at 37±
1°C in aqueous media. A minimum of three replicate
determinations of solubility at each pH condition is
recommended.

absolute bioavailability or
mass-balance

Studies could be used to support this claim.
In vitro dissolution
Investigations related to the medicinal product should
ensure immediate release properties and prove similarity
between the investigative products, i.e. test and reference
show similar in vitro dissolution under physiologically
relevant experimental pH conditions. However, this does
not establish an in vitro/In vivo correlation. In vitro
dissolution should be investigated within the range of pH
1 - 6.8 (at least pH 1.2, 4.5 and 6.8). Additional
investigations may be required at pH values in which the
drug substance has minimum solubility. The use of any
surfactant is not allowed.

High permeability
An API is considered highly permeable when the
extent of absorption in humans is 85% or more based on
a mass balance determination or in comparison with an
intravenous comparator dose. Ideally the mass balance
study or comparison with an intravenous comparator
dose should be conducted at the same dose as that used
for the solubility classification.

Excipients

Absolute bioavailability or mass balance study data
obtained from published literature may be accepted as
evidence if it can be clearly established that the data
were derived from appropriately designed studies. In
vivo intestinal perfusion in humans is an acceptable
alternative test method.

Although the impact of excipients in immediate
release dosage forms on bioavailability of highly soluble
and completely absorbable drug substances (i.e., BCSclass I) is considered rather unlikely it cannot be
completely excluded. Therefore, even in the case of class
I drugs it is advisable to use similar amounts of the same
excipients in the composition of test like in the reference
product.

Dissolution criteria
For exemption from an In vivo bioequivalence study,
an immediate release, multisource product should exhibit
very rapid or rapid in vitro dissolution characteristics,
depending on the BCS properties of the API. In vitro
data should also demonstrate the similarity of dissolution
profiles between the multisource and comparator
products.

If a biowaiver is applied for a BCS-class III drug
substance excipients have to be qualitatively the same
and quantitatively very similar in order to exclude
different effects on membrane transporters. As a general
rule, for both BCS-class I and III drug substances wellestablished excipients in usual amounts should be
employed and possible interactions affecting drug
bioavailability and/or solubility characteristics should be
considered and discussed. A description of the function
of the excipients is required with a justification whether
the amount of each excipient is within the normal range.

Very rapidly dissolving
A multisource product is considered to be very
rapidly dissolving when no less than 85% of the labelled
amount of the API dissolves in 15 min at 37± 1°C using
a paddle apparatus at 75 rpm or a basket apparatus at 100
rpm in a volume of 900 mL or less in each of the
following media:

Excipients that might affect bioavailability, like e.g.
sorbitol, mannitol, sodium lauryl sulphate or other

e-ISSN: 2321-6794

gastrointestinal motility
susceptibility of interactions with the drug
substance (e.g. complexation)
drug permeability
interaction with membrane transporters (5)
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(b) The similarity of the dissolution profiles of the
multisource and comparator products in pH 1.2, 4.5 and
6.8 media;

pH 4.5 acetate buffer;
pH 6.8 phosphate buffer.

Pharmacopoeial
buffers
(e.g.
International
Pharmacopoeia monographs) are recommended for use
at these three pH values. Surfactants should not be used
in the dissolution media.

Excipients
In all cases, well established excipients in usual
amounts should be used in multisource products.
Excipients that might affect the bioavailability of the
API, e.g. mannitol, sorbitol or surfactants, should be
identified and an assessment of their impact provided.
These critical excipients should not differ qualitatively
and must be quantitatively similar between the test
product and comparator product.

Rapidly dissolving
A multisource product is considered to be rapidly
dissolving when no less than 85% of the labelled amount
of the API dissolves in 30 min at 37±1°C using a paddle
apparatus at 75 rpm or a basket apparatus at 100 rpm in a
volume of 900 mL or less in each of the following media
-

For biowaiver for products containing Class 1 APIs
there is some flexibility in the excipients employed, with
the exception of critical excipients as discussed above. It
is recommended that the excipients employed be present
in the comparator product or be present in other products
which contain the same API as the multisource product
and which have marketing authorizations in ICH
associated countries.

pH 1.2 HCl solution or buffer;
pH 4.5 acetate buffer;
pH 6.8 phosphate buffer.

Surfactants should not be used in the dissolution media.
Enzymes (pepsin at pH 1.2 and pancreatin at pH 6.8)
may be used if the pharmaceutical product contains
gelatin (e.g. capsules or caplets) due to the possibility of
cross-linking.

For biowaiver for products containing Class 3 APIs
all excipients in the proposed product formulation should
be qualitatively the same and quantitatively similar to
that of the comparator product, as defined by the WHO
quality limits on allowable quantitative changes in
excipients for a variation. (6)

A biowaiver based on the BCS as per WHO considers
(a) The solubility and intestinal permeability of the API
(Active Pharmaceutical Ingredient);

Table 2 Comparison of BCS based biowaivers between US, EU and WHO (4-6)
Criteria
BCS class
Solubility

US
I and III
High solubility within pH
range of 1 - 6.8 at 37 ± 1°C

EU
I and III
High solubility within pH
range of 1 - 6.8 at 37 ± 1°C

Permeability

Systemic BA or the extent
of absorption in humans is
determined to be 85 percent
or more
(1) 0.1 N HCl or Simulated
Gastric Fluid USP without
enzymes;
(2) a pH 4.5 buffer; and
(3) a pH 6.8 buffer or
Simulated Intestinal Fluid
USP without enzymes
Minimum 12

extent of absorption is ≥ 85
% or more

12

(1) pH 1.2 HCl solution
or buffer;
(2) a pH 4.5 buffer; and
(3) a pH 6.8 buffer or
Simulated
Intestinal
Fluid USP without
enzymes
At least 12

No
No

No
No

No
Not specified

Not allowed

Not allowed

Not allowed

Dissolution media

No. of dosage units
required
NTI Drugs
Products getting absorbed
from oral cavity
Use of surfactant for in
vitro dissolution testing

substances of a medicinal product have been in wellestablished medicinal use within the Union for at least
ten years, with recognized efficacy and an acceptable
level of safety.

5. Well Established Use/Bibliographical applications
These kinds of Applications are accepted in the
European Union.
According to Article 10a of Directive 2001/83/EC, as
amended it is possible to replace results of pre-clinical
and clinical trials by detailed references to published
scientific literature (information available in the public
domain) if it can be demonstrated that the active
e-ISSN: 2321-6794

(1) pH 1.2;
(2) pH 4.5 buffer;
(3) pH 6.8 buffer

WHO
I and III
High solubility within
pH range of 1.2 - 6.8 at
37 ± 1°C
extent of absorption in
humans is 85% or more

The following criteria for the demonstration of such
well-established use should be taken into account:

[18]
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The time over which a substance has been used with
regular application in patients; quantitative aspects
of the use of the substance, taking into account the
extent to which the substance has been used in
practice, the extent of use on a geographical basis
and the extent to which the use of the substance has
been monitored by pharmacovigilance or other
methods;
The degree of scientific interest in the use of the
substance (reflected in the published scientific
literature) and the coherence of scientific
assessments;

LBS is not acceptable in the following cases:
 Applicants should not routinely submit literature
based data sets where sufficient company study
reports are available. If the set of data generated
from company study reports is incomplete,
applicants may supplement the data with literaturebased data.
 LBS are generally not appropriate for applications to
change the clinical trials section of a medicine's
product information (PI). Applications to change
this section usually require the submission of full
study reports of the relevant clinical trials.
 Literature-based data sets are not suitable for the
quality (Module 3) component of an application as
published reports rarely include sufficient validation
information. A conventional Module 3 dossier
should be submitted for all applications with a
quality component. (TGA for Literature based
submission). (8)

For such applications, the provisions of the Annex I to
Directive 2001/83/EC apply in like manner. They are
considered as full and independent applications. The
Modules 1, 2 and 3 as described in Part I of Annex I to
Directive 2001/83/EC should be submitted for this kind
of application. For Modules 4 and 5, a detailed scientific
bibliography shall address all required pre-clinical and
clinical characteristics and should be summarised in
Module 2. As with any other full application, if parts of
the dossier are incomplete, particular attention must be
paid to justify such absences in the non-clinical and
clinical overviews.
It should be noted that, if well-known substances are
used for entirely new therapeutic indications, it is not
possible to solely refer to a well-established use and
additional data on the new therapeutic indication
together with appropriate pre-clinical and human safety
data should be provided. (7)

7. Conclusion
All the types of biowaivers viz. BCS based
biowaiver, Bibliographical or well established use
Application and Literature based submission have been
discussed in detail in the above review. Hence, it may be
concluded that bioequivalence studies are not necessary
always for generic drugs provided the respective country
regulatory guidelines are met.

6. Literature Based Submissions (LBS)
This kind of applications is accepted by Australian
TGA. These rely solely, or predominantly, on
bibliographic data (i.e. based on published literature) to
support the safety and efficacy claims.
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