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A B S T R A C T

Biowaiver allows for the waiver of bioequivalence studies for regulatory approval of certain drug products with
saving of time, and money. Before approval of the application for biowaivers, studies based on the Biopharma-
ceutical Classification System (BCS) are required to satisfy regulators in the US, Europe, and other developing
markets. Only pharmaceutical products that meet the regulatory requirements for solubility, diffusion, and
permeability will be granted a biowaiver. Due to high solubility and considerable permeability, BCS class I and
class III drugs are highly preferred for biowaiver by regulatory agencies. The World Health Organization recently
expanded the scope of the biowaiver acceptance by considering all BCS classes. These techniques can cut down on
time and money spent on ineffective bioequivalence studies. In the present article, an attempt has been made to
cover the prerequisites and guidelines for biowaiver approval of a generic product, a topical system, oral films,
and BCS class II and IV drugs.
1. Introduction

After oral administration in suitable formulation, drug absorption
depends on several factors including the release rate and pattern, solu-
bilization, and dissolution under physiological conditions, as well as the
permeability across the biomembrane. Dissolution test requirements for
drug approval should take into consideration the drug product's solubi-
lity, permeability, dissolution, PKs, consistency under particular scale-up,
and post-approval modifications [1]. Bioequivalent products contain the
same drug, delivering at the same amount and rate of drug absorption
(BA) when administered at the same molar dose that is acceptable within
predetermined limits. The area under the curve and maximum plasma
concentration (Cmax) are mainly considered for BE studies [2]. Devel-
opment of a formulation for desired in-vivo performance based on the
prediction of PK parameters from the drug's BCS class (solubility and
permeability data) would be a challenging task [3]. Moreover, obtaining
a biowaiver for drugs with limited intestinal absorption is difficult [4].
Therefore, new classification systems viz. “Biopharmaceutics Drug
Disposition Classification System” [5,6] and “Extended Clearance
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Classification System” [7] were proposed, and which found to be the
most useful after the BCS classification, according to the regulatory
agencies. “Biopharmaceutics Drug Disposition Classification System” is
based on drugs' solubility and metabolism. However, the “Extended
Clearance Classification System” classified the drug molecules based on
their permeability and clearance [5,7]. This classification system for
waiving the drug product based on BE studies is not referenced in the
most recent biowaiver guidelines from any regulatory bodies [8,9].
Drugs in the BCS are classified according to their intestinal permeability,
water solubility, and dissolution, which have been discovered to signif-
icantly influence drug absorption from IR solid oral dosage forms. BCS
classification of drug substances (Fig. 1) supports the applicants and
sponsors for biowaiver petitions [10–12].

The instructions for biowaiver processes are a major area where BCS
has been adopted in regulatory documents. The BCS class of the API is
one of the most important considerations in assessing the acceptability of
a BCS-based biowaiver [13]. Biowaivers are also known as clinical BE
study waivers. For minor adjustments to drug products that occur during
drug development, BE studies are required to ensure that the dosage
Biopharmaceutical Classification System; BE, Bioequivalence; EMA, European
se; IVDR, In-vitro Drug Release; NLT, Not Less Than; NMT, Not More Than; NTI,
mulated Intestinal Fluid; USFDA, US Food and Drug Administration; USP, United

eptember 2023
niversity. This is an open access article under the CC BY-NC-ND license (http://

mailto:vinod_gaikwad29@yahoo.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pscia.2023.100020&domain=pdf
www.sciencedirect.com/science/journal/27732169
www.journals.elsevier.com/pharmaceutical-science-advances
https://doi.org/10.1016/j.pscia.2023.100020
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.pscia.2023.100020


Fig. 1. BCS classification for APIs.
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forms are demonstrated to be both safe and effective [13–15]. The risk of
therapeutic inequivalence between IR cannot be completely removed,
not even with the extensive clinical study. For the products under
consideration, it is anticipated that the statistics and scientific data used
to complete comparative clinical investigations, in-vivo, and in-vitro
equivalency tests, and biowaivers will be typical. The goal of BE guidance
is to reduce the risk to a manageable level. The development of phar-
macological activity aims to reduce the likelihood of developing ineq-
uivalent preparations while keeping inmind the important features of the
target substance. The absorption phase is a crucial step in defining the
therapeutic equivalent of the test and reference products, and conse-
quently the equivalence of the PK profiles [13]. It is simple to accept BCS
class I drugs as strong contenders for biowaivers. The BA/BE testing is not
necessary for biowaiver consideration, instead, the in-vitro dissolution
profile is used to determine whether or not the two pharmaceutical
products are equivalent. The USFDA issued recommendations to the in-
dustry in 2017 regarding the waiver of BA based on BCS categorization
for IR solid oral dosage forms only [16,17]. In 2018, the ICH drafted the
M9 guidelines for BCS-based biowaivers. Both USFDA and ICH have
discussed the BCS classes I and III drugs containing IR formulations.
However, the WHO expanded the scope for biowaiver application to
other BCS classes of drugs as well [18,19]. In 1992, the EMA released its
first set of guidelines on the “Investigation of Bioavailability and
2

Bioequivalence”. These guidelines mainly focus on the regulations gov-
erning pharmaceutical products in European Communities.

The EMA published its first set of guidelines on the “Investigation of
Bioavailability and Bioequivalence” in 1992. These guidelines focus on
the laws governing pharmaceutical products in European Communities
[20]. This recommendation was revised and released as “Note for
Guidance on the Investigation of Bioavailability and Bioequivalence” in
the year 2001 [21–23]. The in-vivo and in-vitro dissolution of BCS Class II
and IV drug-containing products is significantly influenced by the in-vivo
luminal environment, drug solubility, formulation factors, and the
product's acidic or basic nature. Some BCS Class II drugs, particularly
class IIa, have been proposed as applicants for a biowaiver in the WHO
and EMA bioequivalent criteria as well as recommendations from other
research conferences [24,25].

The goal of biowaiver recommendations is to bring the probability of
bio-inequivalence downward to a manageable level. Previous researchers
compiled the regulatory requirements of different agencies till 2015,
which states that BCS class II APIs are eligible for biowaiver, while class
IV APIs are not, according to WHO [13]. The present article attempts to
compile the latest regulatory recommendations for the biowaiver of
generic products, topical systems, oral films, and products comprising
BCS class II and IV drugs.
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2. A biowaiver request's supporting data

2.1. Solubility

Test product containing the same drug as the reference product is
eligible for biowaiver. Biowaiver can still be applicable if the test and
reference products contain distinct salts but both come under BCS Class-I.

The biowaiver is not applicable if the test product contains an ester,
ether, isomer, mixture of isomers, complex, or derivative of an active
substance that differs from that of the reference product. This is because
these variations may lead to different BA and make it difficult to deter-
mine their experimental values that can be used to waive the product.
Moreover, the drug must not fall within the category of “NTI” pharma-
ceuticals [10,26]. The pH-solubility profile of the pharmacological sub-
stance must be determined and addressed. The drug is considered to be
very soluble if the highest single dose of the drug offered in an IR
formulation completely dissolves in 250 mL of buffers with a pH range of
1–6.8 at 37�C. Estimation in at least three buffers within this range, as
well as at the pKa, if it is within the stipulated pH range, is required for
this demonstration. Several measurements at each pH level may be
required to obtain a precise solubility classification. Moreover, both
before and after adding the drug to a buffer, the pH of the solution should
be recorded [26–28].
2.2. Absorption/permeability

Absorption study in humans is advised for applications based on BCS-
based biowaivers. Complete absorption is referred to as an absorption
that is equal to or more than 85% of the total therapeutic dose. Complete
absorption is frequently linked to high permeability. Complete thera-
peutic absorption must be supported by valid human research data from
mass-balance studies and absolute BA. However, it is important to
incorporate the experimental conditions, validation data, as well as
analytical techniques. For each experiment, the use of 12 doses of the
product is recommended for statistical analysis. The entire study protocol
is required, including all batch data of the test and standard samples,
specific test conditions, evaluation of test procedure, individual and
mean research outcomes, and summary statistics [17,27,29]. Kasim et al.
[30] placed metronidazole in BCS class III from the estimation of its
permeability by the partition coefficient method, but regulatory bodies
claim that this is an invalid method to waive the product based on
permeability.
2.3. Dissolution

Rapidly dissolving refers to the dissolution of NLT 85% of the stated
amount of the API in 30 min with the use of a basket apparatus at 100
rpm or a paddle apparatus at 75 rpm in NMT 900 mL of each of the
dissolution media viz. SGF USP without enzymes or HCl solution pH 1.2;
acetate buffer pH 4.5; and SIF USP without enzymes or phosphate buffer
pH 6.8. However, very rapidly dissolving refers to dissolution in 15 min
instead of 30min, keeping all other testing parameters and conditions the
same as stated above [26,31,32].

3. Requirement and conditions of biowaivers for BCS

BE studies are necessary if the pharmaceutical dosage form has
changed for the clinical development of new chemical entities. The BA/
BE studies of such pharmaceuticals could be regarded as self-evident if
they satisfy the following requirements of regulatory organizations like
the USFDA and WHO [26,33,34].

a) If the therapeutic product is a parenteral or ocular solution intended
primarily for injection.
3

b) If a therapeutic product is the subject of an authorized complete new
drug application and contains the same active and inactive compo-
nents in a similar concentration.

c) Testing for dissolution in three distinct mediums, including
i) 900 mL of 0.1 M HCl enzyme-free SGF, or buffer pH 1.2 at 37�C
ii) 900 mL of buffer pH 4.5 at 37�C
iii) 900 mL of enzyme-free SIF buffer pH 6.8 at 37�C

d) Paddle apparatus at 50 rpm or basket apparatus at 100 rpm, for 12
samples in each of above mention media.

e) The standard (reference) and test sample release profiles should be
identical in all three media.

f) If the dissolution of the product is NLT 85% in 15 min, and the sim-
ilarity factor (f2) > 50 then the product is considered similar [26,33,
34].

The USFDA may request the submission of in-vivo evidence to assess
the BA or BE of the drug products.

a) A highly soluble drug means its highest therapeutics dose is soluble in
250 mL at a pH range of 1.2–6.8.

b) A highly permeable drug means its absorption is more than 85%.
c) If at pH 1.2, 4.5, and 6.8, NLT 85% of the drug dissolves at 100 rpm by

basket method or 50 rpm by paddle method in 900 mL, then the
substance is said to be rapidly dissolving [14,35,36].

There are various situations as discussed below where biowaiver is
appropriate.

a) Formulation adjustments made throughout development are causing
variations across clinical batches utilized in Phase II (proof of
concept), and Phase III (pivotal formulations).

b) For specialized populations, such as the pediatric population, these
include novel strengths and dose formulations.

c) Creation of a generic final product formulation. A generic drug must
be interchangeable and therapeutically equal to the brand-name
drug.

d) Post-approval changes are regarded as significant alterations to the
formulation, excipients, or manufacturing procedure. The modifica-
tions are categorized based on their possible influence on the for-
mulation's performance and quality [10,26,33,37].

4. Additional insights for requesting biowaiver

When submitting the biowaiver request, several variables should be
taken into account.

4.1. Excipients

4.1.1. For BCS class I
Commonly, excipients used in the formulation are found to influence

the rate and amount of drug release and further absorption. “In general,
use of excipients presently permitted by the USFDA for IR solid oral
dosage forms will not affect the absorption of highly soluble and
permeable drugs in a fast-dissolving IR product” [38]. To support a
biowaiver request, the excipients for an IR product must always be pro-
portionate to its intended use (e.g., lubricant) [39]. If novel excipients or
an exceptionally excessive amount of excipients used in IR products are
employed, then the regulatory agency may ask for more information to
support the claim that the excipients had no impact on the drug's BA. This
knowledge may be obtained by a related BA experiment using aqueous
liquid mostly as a reference standard. Moreover, the use of excessive
amounts of excipients, such as sugar alcohol (sorbitol or mannitol) and
surfactants (tween 80) may be troublesome [38,40,41].

4.1.2. For BCS class III
The pharmaceutical products must comprise the same excipients as
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the reference product for a biowaiver to be justified. This is attributed to
the significant impact of excipients on poor drug permeability and ab-
sorption [42,43]. The composition of the test product must be qualita-
tively identical (same for a different color, flavor, or preservative that
does not affect the BA) and extremely comparable to the reference
product. The following acceptable deviations are included in quantita-
tively very similar [44–46].

� Excipient technical grade changes
� The cumulative or additive impact of all excipient modifications
should not exceed 10% [44–46].

4.2. Prodrugs

The location and mechanism for transforming a prodrug into an
active form typically affect the permeability of the drug. The prodrug's
permeability should be evaluated when the transformation is demon-
strated to occur primarily through intestinal membrane penetration. At
this point, data on dissolution and pH-solubility of prodrug and drug may
be useful. Sponsors should consult with the appropriate staff before
applying the BCS approach to IR products containing prodrugs [26].

4.3. Combination of BCS class I and III

If there is no PK interaction between the active component from BCS
class I and excipients according to guideline consideration then bio-
waivers can be granted for fix-dose combination products of IR; other-
wise, in-vivo testing should be done in the event of a PK interaction.

If there is no PK interaction between the active component from BCS
class I and III and excipients according to regulatory consideration then
biowaivers can be given for fix-dose combination products of IR; other-
wise, in-vivo testing is required in the event of a PK interaction.

Except for BCS class I and BCS class III fixed-dose combinations for IR
Fig. 2. Exceptions
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products, no other BCS class fixed-drug combination is acceptable for a
biowaiver [17,47].

5. Exceptions for biowaivers based on BCS

There are three main categories for which the BCS biowaiver is not
applicable (Fig. 2).
5.1. NTI drugs

According to the guideline, narrow therapeutic range medications are
those that have particular pharmacological components that have been
tested for NTI or pharmacodynamic effects and/or whose product la-
beling suggests an NTI designation. For instance, warfarin, lithium,
theophylline, phenytoin, and digoxin. Since not every drug is eligible for
NTI range pharmaceuticals, sponsors must contact the relevant review
department to determine whether their drug may be considered to be
within a limited therapeutic range [26,48,49].
5.2. Oral cavity-targeted drugs

An exemption for BA/BE studies based on the BCS is not applicable
for dosage formulations intended for oral absorption (e.g., sublingual,
and buccal tablets).
5.3. Fixed dose combinations

BCS class II and IV drugs, or fixed-dose combinations of BCS classes I
or III with either BCS classes II or IV drugs, are not eligible for the grant of
a biowaiver since they do not meet the requirements set forth by regu-
latory agencies like the USFDA and EMA [20,26,50–52].
for biowaivers.



Table 2
Regulatory guidance for in-vitro test comparison and equivalence acceptance
criteria.

Description USFDA WHO EMA

In-vitro
dissolution
testing

Surfactant-free pH 1.2 or
SGF, 4.5 and 6.8 or SIF,
only gelatin-specific
enzymes

pH 1.2,
4.5 and
6.8

Only gelatin-specific
enzymes, surfactant-
free pH 1–6.8

Similarity
factor (f2)

>50 50–100 50–100
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6. Alignment of BCS-based biowaiver criteria

The generic medication must demonstrate BE with branded medicine
along with suitable evidence from in-vivo studies to be eligible for bio-
waiver during the regulatory approval process. Hence, employing the
BCS-based biowaiver approach to establish BE criteria can be crucial for
successful regulatory filing. The BE between a generic and its innovator
brand must be demonstrated for regulatory approval of a generic product
[16]. BE documentation is required when newly marketed drug products
undergo specific post-approval modifications.

Therefore, in any of the following regulatory scenarios where BE
testing has been carried out for IR solid oral dosage formulations, bio-
waiver may be feasible if the applicable BCS designation conditions have
been satisfied. The USFDA originally suggested the use of the BCS for
class I biowaivers in its regulatory guidelines in 2000. “The EMA
guidelines released in 2001 and WHO guidelines, permit BCS biowaivers
to be granted for both class I and class III drugs.” [20]. The WHO once
considered granting biowaivers for several class II pharmaceuticals with
weak acidity, but now they only do so for class I and class III drugs. ”In
July 2015, The USFDA released a new draft on industry guidance, which
includes the requirements for in-vitro dissolution studies and standards
for IR solid oral formulations, including BCS classes I and III drugs.” [16].

“The International Pharmaceutical Federation has released 44
monographs on the subject” [53]. The requirements for the USFDA, EMA,
and WHO to consider granting a BCS-based biowaiver were compared in
open source, federal regulations [27,54–56]. The principles of the rele-
vant dose-related solubility and dissolving standards must be followed by
the dose-related BE requirements. The “maximum unit oral IR dosage”
that is proposed for administration in the overview of product features
and linked to the solubility criterion currently leaves some space for
interpretation. Although the maximum single oral dose was first rec-
ommended during the policy's formulation from a statistical perspective
[22], it was recognized that such a proposition presented several prac-
tical and ethical challenges [22]. Consequently, the recommendation was
revised to typically advise using the maximum tolerable strength on
healthy volunteers [57].

With the publication of the BCS guidelines and the dissolution
guidelines in 2015, the USFDA, EMA, and WHO provided guidelines for
formulation components like API, excipients, drug type, and dissolution
(Table 1 and Table 2) [20,58,59]. The USFDA and EMA proceeded to-
wards understanding the requirements for granting a BCS-based bio-
waiver. Solubility studies over the pH range of the gastrointestinal tract,
paddle speeds of 75 rpm would be considered in exceptional or all situ-
ations, and signs of considerable permeability were classified as BA 85%
in EMA and WHO” [23]. The USFDA received an average of two BCS
biowaiver petitions per year between the years 2000–2015. Conse-
quently, the USFDA, EMA, and WHO have a reasonable amount of
agreement on the BCS classes, IR drug products, and definitions of
maximum in-vivo permeability and completely soluble pharmaceutical
ingredients that are taken into account in the current BCS biowaiver
methods [20]. The USFDA released guidelines for pH values to be tested
for establishing high solubility. “The EMA and WHO recommends using
Table 1
Regulatory guidance for formulation components.

Formulation
component

USFDA WHO

BCS class I I II
Drug Class Not for NTI pharmaceutical products

and items intended for oral absorption.
Both drugs and NTI are impo

Dissolution Rapid Dissolution: (NLT 85% in 30 min) Rapid dissolution
(NLT 85% in 30
min)

Rapid
% in
mL a

Excipients Those approved by the USFDA for solid
oral dose formulations for IR and do not
influence the BA.

They won't have an impact o
when API interacts with them
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the maximum therapeutic dosage, whereas the USFDA requests to use the
maximum strength to give significant solubility” [16]. The USFDA re-
quests a dissolution test in 500 mL, however the EMA and WHO
recommend 900 mL volume or less for highly or very highly dissolving
drugs. Along with releasing its most recent draft guidance, which pro-
vides guidelines for developing solubility, permeability, and dissolution
tests to identify whether a drug belongs to BCS class I or III [1,16,22,50,
60].

7. For generics approval

The BCS is used to establish drug product dissolving standards to
lessen the demand for BE. Following that, dissolution tests are performed
on a new formulation as per USFDA instructions, and a petition is filed to
the USFDA asking for waivers of BE studies. Knowledge of BCS can also
assist formulation scientists in developing a dosage form based on a
mechanistic rather than an empirical approach. This enables assessing
the possibility of the in-vitro-in-vivo association while drastically lowering
in-vivo investigations [34,50].

8. Biowaiver for topical system

Semisolid dosage forms typically have complicated structural features
and complex compositions. The quality attributes of topical formulations
are affected by different factors including the size and shape of the sus-
pended particles, the partition coefficient of the drug, the droplet size of
the internal phase, polymorphism, the interfacial tension between the
two phases, the viscoelasticity, and the manufacturing process. The
interaction of these variables determines the properties of the IVDR in
addition to other attributes, including viscosity [61,62]. The reference
listed drug excipients should be qualitatively (Q1) and quantitatively
(Q2) identical to the generic product [63]. In these cases, it is necessary
to provide evidence that the efficacy and safety profiles have not been
impacted to approve the resulting “Q1 and/or Q2 non-similar composi-
tion” [64,65]. Such proofs are established through BE testing, which may
include pharmacodynamics tests, clinical end-point studies, or other tests
that may be approved by regulatory bodies. Topical drug classification
has been proposed in view of the Q1, Q2, and IVDR tests, which provide
information on the composition and microstructure of topical prepara-
tions (Q3) [66,67]. Based on the chemical comparison and IVDR simi-
larity, the dosage forms are divided into four topical drug classes (Fig. 3)
EMA

III I and II
rtant. Not for the NTI pharmaceutical

product.
dissolution (NLT 85

30 min) in NMT 250
t pH 6.8

Very rapid dissolution
(NLT 85% within 15
min)

Rapid (85% in
30 min) for
Class I

Very Rapid (>85
% in 15 min) for
Class II

n absorption and PK, which might be affected
.

It influences BA studies
qualitatively as well as
quantitatively.



Fig. 3. Topical drug classification for APIs.
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[63]. The IVDR rate can be affected by the solubility, particle size,
rheological properties of the drug, as well as physicochemical properties
of the dosage form. The proposed topical pharmaceutical drug catego-
rization system is based on qualitative and quantitative composition (Q1
and Q2), as well as IVDR rates that are similar between the reference
listed and the generic product (Q3). Ingredients in topically applied
preparations are extensively investigated due to their direct impact on
the in-vivo performance of the dosage form. The IVDR serves as a rep-
resentation of the morphology, chemical structure, and aggregation state
of the dosage form. If all three parameters, Q1, Q2, and Q3, are identical
for the reference listed product and the generic product, a biowaiver may
be granted; otherwise, an investigation is necessary to demonstrate BE
before issuing a biowaiver [63].

9. BCS class II and IV drugs for biowaiver

The ability of different types of drugs and dosage forms to dissolve in-
vitro and in-vivo depends on several factors such as luminal environment,
drug solubility and chemical nature, and formulation variables [68–70].
A biowaiver has even been suggested for some class IIa drugs in the BE
criteria released by the EMA and WHO in addition to the recommenda-
tions from other research forums.

Drugs from class IIa with a pKa of 4–5 are carboxylic acids and based
on their small intestinal permeability at pH 6.5 they are typically cate-
gorized into BCS class II or IV. These drugs are insoluble at normal,
fasting gastric pH but soluble at intestinal pH. When acidic substances
with pKa of 4–5 enter the small intestine with a pH of 6.5 or lower, their
rate of disintegration would increase to 100 times or more. As a result,
depending on dose and inherent solubility, dissolving would likely
6

happen considerably faster than the average rate of stomach emptying. In
contrast to class I drugs, the plasma levels for class IIa drugs are therefore
likely to reflect changes in gastric emptying and intestinal pH rather than
actual product variations [24,71,72]. This work aims to illustrate oral
modeling viewpoints for BCS class II drugs. BCS class II drugs, such as
carbamazepine [73], ketoprofen [74], and rifampicin [37,75,76] are
poorly soluble but have a high oral absorption at specific pH conditions.
Despite having low solubility at gastric pH, many BCS class IIa drugs,
most notably nonsteroidal anti-inflammatory drugs, are found to absorb
swiftly and behave like BCS class I drugs in the small intestine [54].
While drugs from BCS class IIb show a significant rate of solubility and
dissolution at pH 2–4, however, it may precipitate at pH 6–8 [77]. Poorly
soluble weak acids such as Ibuprofen and Naproxen with pKa of less than
or equal to 5, the solubility of greater than or equal to 1000 μg/mL at
jejunum fasting state pH, exhibit rapid dissolution [58,78,79].
Conversely, weakly basic drugs such as Ketoconazole and Carvedilol with
pKa values between 3 and 6, were found to precipitate (insoluble) in the
intestinal/basic pH despite having good solubility in the stomach/acidic
pH [80]. Drugs from BCS class II (such as ibuprofen, and ritonavir) and
class IV (such as amphotericin B, and tenofovir) have received biowaiver
approval from WHO, but are still undergoing FDA biowaiver trials.

10. Biowaiver for oral thin films

Oral films are an innovative, patient-focused dosage form that has
distinct advantages over conventional solid oral dosage forms. Films are
thinner and easier to slide into the mouth cavity concerned with the site of
administration and the process of drug absorption. They are divided into
three categories: oral films, buccal films, and sublingual films [81–83].
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They demonstrate IR to deliver drugs to the oral cavity for either local or
systemic absorption [84,85]. It is a more appealing dosage form for groups
with swallowing problems, such as the elderly, toddlers, and patients with
Alzheimer's disease. Moreover, they also have many benefits over con-
ventional orally administrated drug products [86–89]. They swiftly hy-
drate and dissolve or disperse to release the drug(s). Natural swallowing
occurs with a mixture of saliva. Drugs impregnated in buccal or sublingual
films were applied to the inner surface of the cheeks or beneath the tongue,
respectively, allowing them to cross the oral mucosa and reach the
bloodstream. This results in enhanced BA with quick delivery of drugs
along with preventing first-pass metabolism [90,91].

The USFDA has authorized specifications for several oral films.
Dissolution is a crucial quality characteristic for film dosage forms.
Typically, dissolution testing is mainly useful in formulation develop-
ment, process development, and monitoring significant changes during
production. Dissolution, however, could also be used as a crucial per-
formance test. If the in-vitro-in-vivo correlation is successful, it would
connect the formulation properties of films to their in-vivo activity
through the dissolution properties [57]. Although no such device for
dissolution testing of a thin film dosage form has yet been developed,
paddle and basket apparatus can be used. The dissolution study should be
carried out as discussed earlier as a requirement for regulatory organi-
zations. The medium, stirring speed, and sampling interval depend on the
type of product. For various strength investigations, different volumes of
the medium, such as 900 mL, 500 mL, 100 mL, or 60 mL, might be
employed. Biowaiver is already granted to products that are designed to
dissolve in themouth including Ondansetron, Ketoprofen, and Clobazam.

11. Risk assessment for biowaivers

The pharmacological effect, PK investigation of API, etc. Should be
evaluated based on regional clinical experience to reduce the risks of an
inaccurate biowaiver in terms of hazards to the general public as well as
to specific patients. The following factors must be taken into account
while evaluating biowaiver risk.

� A pharmaceutical product containing an API having NTI.
� A drug that absorbs from several sites, such as the oral cavity: The
BCS-based BE tests are not suited for dosage forms intended for oral
absorption (e.g., buccal or sublingual tablets).

� A pharmaceutical fixed-dose combination product that contains an
API that is ineligible for biowaiver.

Even if a complete clinical trial were to be conducted, the possibility
of therapeutic inequivalence between two IR medications may never be
eliminated. The goal of pharmaceutical development work is to reduce
the possibility that vital components of the product will be manufactured
with inequivalent formulations. The possibility of BE between two
products may be taken into account with the use of BE tests for specific
products [59,92,93]. BE studies were introduced for comprehensive
clinical evaluation because it was thought that the oral PK characteristics
of the regularly used API were sufficient for clinical effects. However, this
was not regarded as ethical. In-vivo testing is not significantly replaced by
in-vitro experiments until it offers a high degree of possibility to identify
BE among IR products (biowaiving). Rapid dissolution is thought to be
happening in the context of stomach emptying. Moreover, it shouldn't be
expected that the excipients will affect the BA of the API. For BCS clas-
sification, solubility and permeability testing are necessary, and the
outcomes can change according to the conditions and equations used.
There isn't a widely used database for API's BCS categorization. Conse-
quently, this adds an element of ambiguity to both categorization and
risk assessment. NTI drugs are not included to mitigate the impact of an
erroneously applied biowaiver. The recommendations do not specifically
include NTI pharmaceuticals, though. The EMA states that there are no
guidelines that may be followed to classify drugs as NTI drugs; rather,
each situation must be assessed individually [16,20,59].
7

12. Conclusion

Studies for the global filing of biowaiver were carried out as per
guidelines of regulatory agencies including the USFDA, EMA, and WHO.
Solubility, permeability, and dissolution are the three main criteria for
granting biowaiver. The drug should have greater solubility with high
permeability, and either be rapidly dissolving or very rapidly dissolving
in pH buffer as per the biowaiver guidelines. The USFDA exclusively
permits biowaivers for class I and III drugs, however EMA and WHO also
consider class II and IV drugs additionally for biowaivers. The sponsor
may request for the biowaiver at the New Drug Application, Abbreviated
New Drug Application, or Scale-Up and Post-Approval Change stages.
Some drugs have NTI, while some are used for delivery in the buccal or
oral cavity, making them exemptions for the waiver. At the early stage,
there were no guidelines to waive drugs from BCS class II, but WHO has
broadened the area to cut down on the cost and time of the BA/BE
process. Moreover, the future scope of research on BCS-based biowaiver
may include investigating the impact of polymorphism, excipients,
formulation variables, and food on biowaiver; exploring the biowaiver's
use for narrow therapeutic index drugs, new drug delivery systems, and
different routes of administration (other than oral), and population
(other than healthy individuals); and developing more robust methods
for assessing in-vitro dissolution.

Author Contributions

Pratik R. Dhake: Writing - original draft.
Smita T. Kumbhar:Methodology; Resources; Writing - original draft.
Vinod L. Gaikwad: Conceptualization; Methodology; Project admin-

istration; Resources; Supervision; Writing - review & editing.
All authors have read and approved the final manuscript.

Data availability

Not applicable.

Ethics approval

Not applicable.

Funding information

There was no funding received from any agency for the preparation of
this article.

Declaration of interests

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:

Acknowledgments

This study did not receive any specific grant from funding agencies in
the public, commercial, or not-for-profit sectors.

References

[1] USFDA, Dissolution Testing of Immediate Release Solid Oral Dosage Forms, 1997,
pp. 1–17. https://www.fda.gov/regulatory-information/search-fda-guidance-do
cuments/dissolution-testing-immediate-release-solid-oral-dosage-forms. (Accessed
31 December 2022).

[2] USFDA, M9 Biopharmaceutics Classification System Based Biowaivers, 2021. https
://www.fda.gov/regulatory-information/search-fda-guidance-documents/m9-bi
opharmaceutics-classification-system-based-biowaivers. (Accessed 4 March 2023).

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/dissolution-testing-immediate-release-solid-oral-dosage-forms
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/dissolution-testing-immediate-release-solid-oral-dosage-forms
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/m9-biopharmaceutics-classification-system-based-biowaivers
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/m9-biopharmaceutics-classification-system-based-biowaivers
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/m9-biopharmaceutics-classification-system-based-biowaivers


P.R. Dhake et al. Pharmaceutical Science Advances 2 (2024) 100020
[3] G.L. Amidon, H. Lennern€as, V.P. Shah, J.R. Crison, A theoretical basis for a
biopharmaceutic drug classification: the correlation of in vitro drug product
dissolution and in vivo bioavailability, Pharm. Res. (N. Y.) 12 (1995) 413–420,
https://doi.org/10.1208/s12248-014-9620-9.

[4] S.K. Niazi, Handbook of Bioequivalence Testing, second ed., CRC Press, Boca Raton,
Florida, 2014.

[5] C.Y. Wu, L.Z. Benet, Predicting drug disposition via application of BCS: transport/
absorption/elimination interplay and development of a biopharmaceutics drug
disposition classification system, Pharm. Res. (N. Y.) 22 (2005) 11–23, https://
doi.org/10.1007/s11095-004-9004-4.

[6] C.A.S. Bergstr€om, S.B.E. Andersson, J.H. Fagerberg, G. Ragnarsson, A. Lindahl, Is
the full potential of the biopharmaceutics classification system reached? Eur. J.
Pharmaceut. Sci. 57 (2014) 224–231, https://doi.org/10.1016/j.ejps.2013.09.010.

[7] M. V Varma, A.F. El-Kattan, B. Feng, S.J. Steyn, T.S. Maurer, D.O. Scott,
A.D. Rodrigues, L.M. Tremaine, Extended Clearance Classification System (ECCS)
informed approach for evaluating investigational drugs as substrates of drug
transporters, Clin. Pharmacol. Ther. 102 (2017) 33–36, https://doi.org/10.1002/
CPT.595.

[8] G.P. Camenisch, Drug disposition classification systems in discovery and
development: a comparative review of the bddcs, eccs and ecccs concepts, Pharm.
Res. (N. Y.) 33 (2016) 2583–2593, https://doi.org/10.1007/s11095-016-2001-6.

[9] R.E.L. Lazo, L.K. Teleginski, A.B. Maciel, M.A.S. Silva, C. Mendes, L.S. Bernardi,
F.S. Murakami, F. Sonvico, P.R. Oliveira, Comparator product issues for biowaiver
implementation: the case of Fluconazole, Brazilian J. Pharm. Sci. 58 (2022) e19710,
https://doi.org/10.1590/s2175-97902022e19710.

[10] NIH, Waiver of in Vivo Bioavailability and Bioequivalence Studies for Immediate-
Release Solid Oral Dosage Forms Based on a Biopharmaceutics Classification
System, 2017, pp. 1–19. https://collections.nlm.nih.gov/catalog/nlm:nlmuid-1017
20038-pdf. (Accessed 30 December 2022).

[11] N. Goodarzi, A. Barazesh Morgani, B. Abrahamsson, R. Cristofoletti, D.W. Groot,
P. Langguth, M.U. Mehta, J.E. Polli, V.P. Shah, J.B. Dressman, Biowaiver
monographs for immediate release solid oral dosage forms: ribavirin,
J. Pharmaceut. Sci. 105 (2016) 1362–1369, https://doi.org/10.1016/
j.xphs.2016.01.017.

[12] V.A. Gray, D.A. Diaz, S. D’souza, Dissolution testing, biowaiver, and
bioequivalence, Dissolution Technol. 27 (2020) 40–42, https://doi.org/10.14227/
DT270320P40.

[13] M. Kurdi, R. Karam, Biowaivers: Criteria and Requirements, MOPH, 2015, pp. 1–11.
https://www.moph.gov.lb/DynamicPages/download_file/538. (Accessed 4 March
2023).

[14] M.O. Koeppe, R. Cristofoletti, E.F. Fernandes, S. Storpirtis, H.E. Junginger, S. Kopp,
K.K. Midha, V.P. Shah, S. Stavchansky, J.B. Dressman, D.M. Barends, Biowaiver
monographs for immediate release solid oral dosage forms: levofloxacin,
J. Pharmaceut. Sci. 100 (2011) 1628–1636, https://doi.org/10.1002/JPS.22413.

[15] K.K. Midha, M.J. Rawson, J.W. Hubbard, The bioequivalence of highly variable
drugs and drug products, Int. J. Clin. Pharm. Ther. 43 (2005) 485–498, https://
doi.org/10.5414/CPP43485.

[16] B.M. Davit, I. Kanfer, Y.C. Tsang, J.M. Cardot, BCS biowaivers: similarities and
differences among EMA, FDA, and WHO requirements, AAPS J. 18 (2016) 612,
https://doi.org/10.1208/S12248-016-9877-2.

[17] USFDA, Waiver of in Vivo Bioavailability and Bioequivalence Studies for
Immediate-Release Solid Oral Dosage Forms Based on a Biopharmaceutics
Classification System Guidance for Industry, 2017, pp. 1–19. https://www.gmp
-compliance.org/files/guidemgr/UCM070246.pdf. (Accessed 8 April 2022).

[18] F. Khalid, S.M. Farid Hassan, R. Noor, K. Zaheer, F. Hassan, I.N. Muhammad,
Possibility of extending biopharmaceutics classification system based biowaiver to
BCS class IIa drug, Pak. J. Pharm. Sci. 32 (2019) 2065–2073.

[19] ICH, Biopharmaceutics Classification System-Based Biowaivers M9, vols. 1–19,
2019. https://database.ich.org/sites/default/files/M9_Guideline_Step4_2019_
1116.pdf. (Accessed 1 January 2023).

[20] EMEA, Note for Guidance on the Investigation of Bioavailability and
Bioequivalence, 2000, pp. 1–19. https://www.ema.europa.eu/en/documents/sci
entific-guideline/draft-note-guidance-investigation-bioavailability-bioequivalenc
e_en.pdf. (Accessed 1 January 2023).

[21] Ema, Questions & Answers: Positions on Specific Questions Addressed to the
Pharmacokinetics Working Party (PKWP), 2015, pp. 1–48. https://www.ema.euro
pa.eu/en/documents/scientific-guideline/questions-answers-positions-specifi
c-questions-addressed-pharmacokinetics-working-party_en.pdf. (Accessed 31
December 2022).

[22] EMEA, Guideline on the Investigation of Bioequivalence, 2010, pp. 1–27. http
s://www.ema.europa.eu/en/documents/scientific-guideline/guideline-investigatio
n-bioequivalence-rev1_en.pdf. (Accessed 4 March 2023).

[23] T.R.S. Who, 1025 - Annex 12: WHO “Biowaiver List”: Proposal to Waive in Vivo
Bioequivalence Requirements for WHO Model List of Essential Medicines
Immediate-Release, Solid Oral Dosage Forms, 2020, pp. 1–6, https://doi.org/
10.1515/9783110499117-018.

[24] Y. Tsume, D.M. Mudie, P. Langguth, G.E. Amidon, G.L. Amidon, The
Biopharmaceutics Classification System: subclasses for in vivo predictive
dissolution (IPD) methodology and IVIVC, Eur. J. Pharmaceut. Sci. 57 (2014)
152–163, https://doi.org/10.1016/J.EJPS.2014.01.009.

[25] L.Z. Benet, C.A. Larregieu, The FDA should eliminate the ambiguities in the current
BCS biowaiver guidance and make public the drugs for which bcs biowaivers have
been granted, Clin. Pharmacol. Ther. 88 (2010) 405–407, https://doi.org/10.1038/
clpt.2010.149.
8

[26] EFDA, Guidance on Waiver of in Vivo Bioequivalence Requirements, 2021,
pp. 1–48. http://www.fmhaca.gov.et/wp-content/uploads/2021/07/Guidance-on-
waiver-of-in-vivo-bioequivalence-requirements.pdf. (Accessed 31 December 2022).

[27] M.E. Kubbinga, BCS-Based Biowaivers: Risks and Opportunities, 2016, pp. 1–119.
https://d-nb.info/1122753373/34. (Accessed 31 December 2022).

[28] C.A. Lipinski, Drug-like properties and the causes of poor solubility and poor
permeability, J. Pharmacol. Toxicol. Methods 44 (2000) 235–249, https://doi.org/
10.1016/S1056-8719(00)00107-6.

[29] A. Dahan, J.M. Miller, J.M. Hilfinger, S. Yamashita, L.X. Yu, H. Lennern€as,
G.L. Amidon, High-permeability criterion for BCS classification: segmental/pH
dependent permeability considerations, Mol. Pharm. 7 (2010) 1827–1834, https://
doi.org/10.1021/mp100175a.

[30] N.A. Kasim, M. Whitehouse, C. Ramachandran, M. Bermejo, H. Lennern€as,
A.S. Hussain, H.E. Junginger, S.A. Stavchansky, K.K. Midha, V.P. Shah,
G.L. Amidon, Molecular properties of WHO essential drugs and provisional
biopharmaceutical classification, Mol. Pharm. 1 (2004) 85–96, https://doi.org/
10.1021/mp034006h.

[31] N.A. Charoo, D.B. Abdallah, A.A. Bakheit, K.U. Haque, H.A. Hassan,
B. Abrahamsson, R. Cristofoletti, P. Langguth, M. Mehta, A. Parr, J.E. Polli,
V.P. Shah, T. Tajiri, J. Dressman, Biowaiver monograph for immediate-release solid
oral dosage forms: sitagliptin phosphate monohydrate, J. Pharmaceut. Sci. 111
(2022) 2–13, https://doi.org/10.1016/j.xphs.2021.09.031.

[32] H. Grady, D. Elder, G.K. Webster, Y. Mao, Y. Lin, T. Flanagan, J. Mann,
A. Blanchard, M.J. Cohen, J. Lin, F. Kesisoglou, A. Hermans, A. Abend, L. Zhang,
D. Curran, Industry's view on using quality control, biorelevant, and clinically
relevant dissolution tests for pharmaceutical development, registration, and
commercialization, J. Pharmaceut. Sci. 107 (2018) 34–41, https://doi.org/
10.1016/j.xphs.2017.10.019.

[33] A. García-Arieta, J. Gordon, Bioequivalence requirements in the European Union:
critical discussion, AAPS J. 14 (2012) 738–748, https://doi.org/10.1208/s12248-
012-9382-1.

[34] G.R. Biradar, K. Monica, S. Bhattachaeyya, A brief review on pharmaceutical
dissolution interlinking the aspects of science and regulation, Bull. Pharmaceut. Sci.
45 (2022) 11–21.

[35] C.F. Rediguieri, V. Porta, D.S. Diana, T.M. Nunes, H.E. Junginger, S. Kopp,
K.K. Midha, V.P. Shah, S. Stavchansky, J.B. Dressman, D.M. Barends, Biowaiver
monographs for immediate release solid oral dosage forms: metronidazole,
J. Pharmaceut. Sci. 100 (2011) 1618–1627, https://doi.org/10.1002/JPS.22409.

[36] K. Farah, M.F.H. Syed, M. Madiha, N. Rabia, G. Sana, N.M. Iyad, H. Fouzia,
Comparative analysis of biopharmaceutic classification system (BCS) based
biowaiver protocols to validate equivalence of a multisource product, African J.
Pharm. Pharmacol. 14 (2020) 212–220, https://doi.org/10.5897/ajpp2020.5130.

[37] R. Panchagnula, S. Agrawal, Biopharmaceutic and pharmacokinetic aspects of
variable bioavailability of rifampicin, Int. J. Pharm. 271 (2004) 1–4, https://
doi.org/10.1016/j.ijpharm.2003.11.031.

[38] A. García-Arieta, Interactions between active pharmaceutical ingredients and
excipients affecting bioavailability: impact on bioequivalence, Eur. J. Pharmaceut.
Sci. 65 (2014) 89–97, https://doi.org/10.1016/j.ejps.2014.09.004.

[39] N.C. Fernandes, S.C. Jagdale, A.R. Chabukswar, B.S. Kuchekar, Superdisintegrants
effect on three model drugs from different BCS classes, Res. J. Pharm. Technol. 2
(2009) 335–337.

[40] D.A. Adkin, S.S. Davis, R.A. Sparrow, P.D. Huckle, A.J. Phillips, I.R. Wilding, The
effects of pharmaceutical excipients on small intestinal transit, Br. J. Clin.
Pharmacol. 39 (1995) 381–387, https://doi.org/10.1111/j.1365-
2125.1995.tb04466.x.

[41] M.L. Chen, N. Sadrieh, L. Yu, Impact of osmotically active excipients on
bioavailability and bioequivalence of BCS class III drugs, AAPS J. 15 (2013)
1043–1050, https://doi.org/10.1208/s12248-013-9509-z.

[42] A. Parr, I.J. Hidalgo, C. Bode, W. Brown, M. Yazdanian, M.A. Gonzalez, K. Sagawa,
K. Miller, W. Jiang, E.S. Stippler, The effect of excipients on the permeability of BCS
class III compounds and implications for biowaivers, Pharm. Res. (N. Y.) 33 (2016)
167–176, https://doi.org/10.1007/s11095-015-1773-4.

[43] H.H. Blume, B.S. Schug, The biopharmaceutics classification system (BCS): class III
drugs - better candidates for BA/BE waiver? Eur. J. Pharmaceut. Sci. 9 (1999)
117–121, https://doi.org/10.1016/S0928-0987(99)00076-7.

[44] A. Lenhart, W.D. Chey, A systematic review of the effects of polyols on
gastrointestinal health and irritable bowel syndrome, Adv. Nutr. 8 (2017) 587–596,
https://doi.org/10.3945/an.117.015560.

[45] E. Jantratid, S. Prakongpan, G.L. Amidon, J.B. Dressman, Feasibility of biowaiver
extension to biopharmaceutics classification system class III drug products:
cimetidine, Clin. Pharmacokinet. 45 (2006) 385–399, https://doi.org/10.2165/
00003088-200645040-00004.

[46] M. Metry, J.E. Polli, Evaluation of excipient risk in BCS class I and III biowaivers,
AAPS J. 24 (2022) 1–11, https://doi.org/10.1208/s12248-021-00670-1.

[47] R. Davis, H.M. Bryson, Levofloxacin: a review of its antibacterial activity,
pharmacokinetics and therapeutic efficacy, Drugs 47 (1994) 677–700, https://
doi.org/10.2165/00003495-199447040-00008.

[48] L.X. Yu, W. Jiang, X. Zhang, R. Lionberger, F. Makhlouf, D.J. Schuirmann,
L. Muldowney, M.L. Chen, B. Davit, D. Conner, J. Woodcock, Novel bioequivalence
approach for narrow therapeutic index drugs, Clin. Pharmacol. Ther. 97 (2015)
286–291, https://doi.org/10.1002/cpt.28.

[49] W. Jiang, F. Makhlouf, D.J. Schuirmann, X. Zhang, N. Zheng, D. Conner, L.X. Yu,
R. Lionberger, A bioequivalence approach for generic narrow therapeutic index
drugs: evaluation of the reference-scaled approach and variability comparison
criterion, AAPS J. 17 (2015) 891–901, https://doi.org/10.1208/s12248-015-9753-
5.

https://doi.org/10.1208/s12248-014-9620-9
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref4
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref4
https://doi.org/10.1007/s11095-004-9004-4
https://doi.org/10.1007/s11095-004-9004-4
https://doi.org/10.1016/j.ejps.2013.09.010
https://doi.org/10.1002/CPT.595
https://doi.org/10.1002/CPT.595
https://doi.org/10.1007/s11095-016-2001-6
https://doi.org/10.1590/s2175-97902022e19710
https://collections.nlm.nih.gov/catalog/nlm:nlmuid-101720038-pdf
https://collections.nlm.nih.gov/catalog/nlm:nlmuid-101720038-pdf
https://doi.org/10.1016/j.xphs.2016.01.017
https://doi.org/10.1016/j.xphs.2016.01.017
https://doi.org/10.14227/DT270320P40
https://doi.org/10.14227/DT270320P40
https://www.moph.gov.lb/DynamicPages/download_file/538
https://doi.org/10.1002/JPS.22413
https://doi.org/10.5414/CPP43485
https://doi.org/10.5414/CPP43485
https://doi.org/10.1208/S12248-016-9877-2
https://www.gmp-compliance.org/files/guidemgr/UCM070246.pdf
https://www.gmp-compliance.org/files/guidemgr/UCM070246.pdf
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref18
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref18
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref18
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref18
https://database.ich.org/sites/default/files/M9_Guideline_Step4_2019_1116.pdf
https://database.ich.org/sites/default/files/M9_Guideline_Step4_2019_1116.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-note-guidance-investigation-bioavailability-bioequivalence_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-note-guidance-investigation-bioavailability-bioequivalence_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-note-guidance-investigation-bioavailability-bioequivalence_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/questions-answers-positions-specific-questions-addressed-pharmacokinetics-working-party_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/questions-answers-positions-specific-questions-addressed-pharmacokinetics-working-party_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/questions-answers-positions-specific-questions-addressed-pharmacokinetics-working-party_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-investigation-bioequivalence-rev1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-investigation-bioequivalence-rev1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-investigation-bioequivalence-rev1_en.pdf
https://doi.org/10.1515/9783110499117-018
https://doi.org/10.1515/9783110499117-018
https://doi.org/10.1016/J.EJPS.2014.01.009
https://doi.org/10.1038/clpt.2010.149
https://doi.org/10.1038/clpt.2010.149
http://www.fmhaca.gov.et/wp-content/uploads/2021/07/Guidance-on-waiver-of-in-vivo-bioequivalence-requirements.pdf
http://www.fmhaca.gov.et/wp-content/uploads/2021/07/Guidance-on-waiver-of-in-vivo-bioequivalence-requirements.pdf
https://d-nb.info/1122753373/34
https://doi.org/10.1016/S1056-8719(00)00107-6
https://doi.org/10.1016/S1056-8719(00)00107-6
https://doi.org/10.1021/mp100175a
https://doi.org/10.1021/mp100175a
https://doi.org/10.1021/mp034006h
https://doi.org/10.1021/mp034006h
https://doi.org/10.1016/j.xphs.2021.09.031
https://doi.org/10.1016/j.xphs.2017.10.019
https://doi.org/10.1016/j.xphs.2017.10.019
https://doi.org/10.1208/s12248-012-9382-1
https://doi.org/10.1208/s12248-012-9382-1
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref34
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref34
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref34
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref34
https://doi.org/10.1002/JPS.22409
https://doi.org/10.5897/ajpp2020.5130
https://doi.org/10.1016/j.ijpharm.2003.11.031
https://doi.org/10.1016/j.ijpharm.2003.11.031
https://doi.org/10.1016/j.ejps.2014.09.004
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref39
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref39
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref39
http://refhub.elsevier.com/S2773-2169(23)00018-1/sref39
https://doi.org/10.1111/j.1365-2125.1995.tb04466.x
https://doi.org/10.1111/j.1365-2125.1995.tb04466.x
https://doi.org/10.1208/s12248-013-9509-z
https://doi.org/10.1007/s11095-015-1773-4
https://doi.org/10.1016/S0928-0987(99)00076-7
https://doi.org/10.3945/an.117.015560
https://doi.org/10.2165/00003088-200645040-00004
https://doi.org/10.2165/00003088-200645040-00004
https://doi.org/10.1208/s12248-021-00670-1
https://doi.org/10.2165/00003495-199447040-00008
https://doi.org/10.2165/00003495-199447040-00008
https://doi.org/10.1002/cpt.28
https://doi.org/10.1208/s12248-015-9753-5
https://doi.org/10.1208/s12248-015-9753-5


P.R. Dhake et al. Pharmaceutical Science Advances 2 (2024) 100020
[50] M. Yasir, M. Asif, A. Kumar, A. Aggarval, Biopharmaceutical classification system:
an account, Int. J. PharmTech Res. 2 (2010) 1681–1690.

[51] A. Mitra, Y. Wu, Challenges and opportunities in achieving bioequivalence for
fixed-dose combination products, AAPS J. 14 (2012) 646–655, https://doi.org/
10.1208/s12248-012-9378-x.

[52] B. Hens, M. Corsetti, M. Bermejo, R. L€obenberg, P.M. Gonz�alez, A. Mitra, D. Desai,
D.M. Chilukuri, A. Aceituno, “Development of Fixed Dose Combination Products”
workshop report: considerations of gastrointestinal physiology and overall
development strategy, AAPS J. 21 (2019) 1–37, https://doi.org/10.1208/s12248-
019-0346-6.

[53] FIP, Biowaiver monographs 2004-2012, (n.d.) 1–112. https://www.fip.org/file/
1377 (accessed December 30, 2022).

[54] M. Yazdanian, K. Briggs, C. Jankovsky, A. Hawi, The “high solubility” definition of
the current FDA guidance on biopharmaceutical classification system may Be too
strict for acidic drugs, Pharm. Res. (N. Y.) 21 (2004) 293–299, https://doi.org/
10.1023/B:PHAM.0000016242.48642.71.

[55] H. Rathnayake, D. Thambavita, P. Galappatthy, Biowaiver study of selected solid
oral prednisolone products available in Sri Lanka: recommendations for comparator
product used in biowaiver testing, Dissolution Technol. 28 (2021) 34–39, https://
doi.org/10.14227/DT280121P34.

[56] C. Daousani, P. Macheras, Scientific considerations concerning the EMA change in
the definition of “dose” of the BCS-based biowaiver guideline and implications for
bioequivalence, Int. J. Pharm. 478 (2015) 606–609, https://doi.org/10.1016/
j.ijpharm.2014.11.062.

[57] G. Tiwari, R. Tiwari, S. Pandey, P. Pandey, A. Rai, In vitro - in vivo correlation and
biopharmaceutical classification system (BCS): a review, Der Pharma Chem. 2
(2010) 129–140.

[58] J.B. Dressman, C. Reppas, In vitro-in vivo correlations for lipophilic, poorly water-
soluble drugs, Eur. J. Pharmaceut. Sci. 11 (2000) 73–80, https://doi.org/10.1016/
S0928-0987(00)00181-0.

[59] M. Kubbinga, P. Langguth, D. Barends, Risk analysis in bioequivalence and
biowaiver decisions, Biopharm. Drug Dispos. 34 (2013) 254–261, https://doi.org/
10.1002/BDD.1831.

[60] K. Heiß, EMA versus US-FDA Regulatory Requirements Regarding Bioequivalence of
Orally Administered Generics, 2014, pp. 1–76. https://www.dgra.de/media/pdf/s
tudium/masterthesis/master_heiss_k.pdf. (Accessed 31 December 2022).

[61] Y. Yang, P. Manda, N. Pavurala, M.A. Khan, Y.S.R. Krishnaiah, Development and
validation of in vitro-in vivo correlation (IVIVC) for estradiol transdermal drug
delivery systems, J. Contr. Release 210 (2015) 58–66, https://doi.org/10.1016/
j.jconrel.2015.05.263.

[62] M. Lu, H. Xing, X. Chen, L. Xian, J. Jiang, T. Yang, P. Ding, Advance in
bioequivalence assessment of topical dermatological products, Asian J. Pharm. Sci.
11 (2016) 700–707, https://doi.org/10.1016/j.ajps.2016.04.008.
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