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Abstract. In the United States (U.S.), drug products are considered therapeutically equivalent if they
meet regulatory criteria of pharmaceutical equivalence and bioequivalence. These requirements can be
traced back to 1977 when the U.S. Food and Drug Administration (FDA) published the regulations on
bioavailability and bioequivalence. Over the years, to keep up with the advancement in science and
technology, the FDA has been constantly updating the regulatory approaches to assessing and ensuring
equivalence. In view of the recent growth in novel pharmaceutical dosage forms and delivery systems, this
paper examines the current framework for documentation of therapeutic equivalence and explores the
opportunities of further advancing equivalence methods for complex drug products. It is proposed that
equivalence may be established by matching the in vivo drug delivery profile (iDDP) between drug products
in comparison. This can be achieved by characterizing the iDDP of the reference formulation with
application of an equivalence-by-design approach for pharmaceutical development. Critical variables can be
identified to serve as in vitro markers or biomarkers for mapping the desired drug delivery profile in vivo. A
multidisciplinary approach may be necessary to develop these markers for characterization of iDDPs.

KEY WORDS: bioequivalence; in vivo drug delivery profile; pharmaceutical equivalence; quality by

design; therapeutic equivalence.

INTRODUCTION

The 1984 Drug Price Competition and Patent Term
Restoration Act (Hatch-Waxman Act) deems drug products
therapeutic equivalents if they are pharmaceutical equivalents
and can be expected to have the same clinical effect and
safety profile when administered to patients under the
conditions specified in the labeling (1). In this setting, a
major premise underlying the law is that evidence of
pharmaceutical equivalence (PE) and bioequivalence (BE)
provides the assurance of therapeutic equivalence (TE),
hence interchangeability. Implicit in the inclusion of PE as
part of the definition of TE has been the regulatory objective
of achieving ‘sameness’ to the greatest extent possible
between a generic and innovator product, thereby avoiding
unnecessary in vivo human testing (2).

How much evidence is necessary for establishing TE may
depend on the prevailing science and technology at the time
of evaluation. In retrospect, the regulatory requirement of in
vivo BE studies for drug applications originated from a 1974
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report issued by the U.S. Congressional Office of Technology
Assessment (3). Based on the recommendations in this
report, many regulations were published in 1977 focusing on
the information needed for establishment of BE (4). Over the
years, the U.S. Food and Drug Administration (FDA) has
been vigilant in maintaining the quality and equivalence of
generic drug products, as evidenced by a multitude of
initiatives and programs geared to advance regulatory
approaches to assessing and ensuring equivalence (5-9).
Despite all of the FDA’s efforts, however, skepticism about
generic substitution continues with sporadic reports from
patients or healthcare professionals regarding the possible
therapeutic failure of certain generic drug products (10-21).
Scientific investigations have revealed that some of these
issues could potentially be explained or avoided by obtaining
a better understanding of the unique characteristics of the
product during development. In addition to the necessity of
upholding public confidence in generic substitution, there is a
further need for enhancing regulatory approaches to keep up
with the rapid development in pharmaceutical science and
technology (22). A recent example relates to establishing
equivalence of some advanced pharmaceutical dosage forms,
given the complexity of these delivery systems (23-25).

The objectives of this commentary are to (a) examine
current regulatory framework for determination of PE and
BE, (b) identify opportunities to advance methodology for
demonstrating equivalence, and (c) further explore a novel
approach to achieving and assessing equivalence, particularly
for advanced or complex dosage forms. Equivalence evalua-
tion of macromolecules in biological products is much more
complex, requiring a separate commentary.
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PHARMACEUTICAL EQUIVALENCE

In the U.S., drug products are considered pharmaceutical
equivalents if they are in identical dosage forms that contain
identical amounts of the identical active drug ingredient, and
meet the identical compendial or other applicable standard of
identity, strength, quality, and purity, including potency and,
where applicable, content uniformity, disintegration times,
and/or dissolution rates (26). Pharmaceutically equivalent
drug products do not necessarily contain the same inactive
ingredients (26) and they may differ in their characteristics
such as release mechanisms and excipients (1).

Determination of PE has been made by a qualitative
(Q1) and quantitative (Q2) comparison of composition
between formulations for simple dosage forms or drug
products. This approach, however, may need to be refined
for complicated dosage forms or drug delivery systems. For
example, some differences in the physicochemical properties
of lipid-based formulations have been shown to result in
varying bioavailability when mixed with different vehicles for
administration (27,28). Particle size distribution and viscosity
are important variables for maintenance of suspension
homogeneity over the product shelf life. Similarly, rheology
is germane to the performance of semisolid dosage forms
such as creams and ointments. Recognizing the importance of
having additional measures for certain complex dosage forms
and drug products, the FDA has recommended a higher level
of comparison (Q3) that examines the arrangement of matter
(or microstructure) of drug products to supplement the
traditional approach for PE evaluation (29).

BIOEQUIVALENCE

As defined in the U.S. regulation (26), bioequivalence
means “the absence of a significant difference in the rate and
extent to which the active ingredient or active moiety in
pharmaceutical equivalents or pharmaceutical alternatives
becomes available at the site of drug action when adminis-
tered at the same molar dose under similar conditions in an
appropriately designed study”. Based on this definition, BE
determination can be made through the measurement of drug
concentrations in an accessible biological fluid that reflect the
drug availability at the site of action (30).

The implementing regulations recommend that drug
sponsors conduct BE testing using the most accurate,
sensitive, and reproducible approach available for the drug
product under examination (31). The FDA has further listed
the following methods, in descending order of preference, for
establishment of BE: (1) pharmacokinetic studies, (2) phar-
macodynamic studies, (3) clinical trials, and (4) in vitro
studies (32). As such, pharmacokinetic studies with drug
concentration measurement in blood/plasma have mostly
been used for BE demonstration whereas pharmacodynamic
studies or clinical trials are employed only when appropriate
methods are unavailable for measurement of a drug or its
metabolite(s) in accessible biological fluids (32). The in vitro
tests alone are seldom utilized except for the instances where
the tests have been shown to be correlated with and
predictive of in vivo bioavailability (32). Nonetheless, it
should be noted that with the recent introduction of the
Biopharmaceutics Classification System (BCS), comparative

Chen and Lee

in vitro dissolution studies can be used as part of the criteria
for determining whether in vivo BE studies may be waived
for a BCS Class I drug product (33).

Pharmacokinetic studies cannot be used for BE demon-
stration of many locally acting or targeted delivery drug
products. This is partly due to the fact that drug concen-
trations in blood/plasma following the administration of these
products may not reflect drug availability at the site of action.
As a result, the regulatory methods recommended for BE
evaluation of these products have often been tailored to
individual dosage forms or drug products, using a variety of
different approaches (9). For example, to establish BE of
inhalation products, the FDA requires a battery of in vitro
testing for device performance, pharmacodynamic studies for
local delivery between products, and a pharmacokinetic study
to ensure minimal systemic exposure to the drug (9). On the
other hand, clinical equivalence trials are recommended for
BE demonstration of most dermatological products with the
exception of topical solutions and corticosteroids (9). BE is
considered self-evident for topically applied dermatological
solutions if the components are qualitatively and quantita-
tively the same (34) whereas pharmacodynamic studies have
been used for BE determination of topical corticosteroids
(39).

An ongoing concern regarding the current BE approach
has been its heavy reliance on the conduct of healthy
volunteer studies (11,12,15,17). The question is the extent to
which the results from these studies can be extrapolated to
the target patient populations. This question, in fact, has been
addressed by the crossover design of most BE studies using
pharmacokinetic measures where each subject serves as his/
her own control. In this way, the conclusion of the study with
respect to BE determination is unbiased, regardless of the
populations used. Nevertheless, with the advent of modern
science and technology, there are distinct challenges in
developing methods for equivalence evaluation of complex
dosage forms or novel drug delivery systems, as to be
illustrated below.

FUNDAMENTAL CHALLENGES IN ADVANCING
EQUIVALENCE METHODS

Unique Features of Modified Release Dosage Forms

U.S. regulation does not require pharmaceutically equiv-
alent products to have the same release mechanisms for the
same drug substance in the same dosage form (1). Depending
on the formulation and design, they may thus exhibit similar
or different bioavailability. Interestingly, some case reports of
suspected therapeutic inequivalence involve modified-release
dosage forms (17).

Several modified-release dosage forms currently avail-
able release drug by unique release mechanisms. For
example, Procardia XL (nifedipine extended-release tablets)
is fabricated as a gastrointestinal therapeutic system (GITS)
to provide the drug delivery rate independent of pH or
motility of the GI tract (36). Yet, Adalat CC tablets (another
nifedipine extended-release product) consist of an external
coat and an internal core, with the coat as a slow release
formulation and the core a fast release formulation (37).
While most oral controlled-release dosage forms are based on
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reservoir- or matrix-type systems with constant or variable
rates of drug release, the pulsatile drug delivery system gives
rise to a release profile that may be characterized by a well-
defined lag time with the subsequent release of the drug (38).

From the formulation point of view, many product
designs are possible for an extended-release dosage form to
attain the expected peak drug concentration (Cmax) and area
under the concentration versus time curve (AUC) in the
blood or plasma. This can be achieved by altering polymer
type, drug/polymer ratio, excipients, compression pressure
and/or temperature (39). The resulting formulations, howev-
er, may yield a set of concentration-time profiles that vary
widely in the peak time (Tmax) and/or shape of the profile.
The question is, to what extent does a discrepancy in the
blood/plasma profiles translate into a difference in clinical
outcomes. Clinical experiences with knowledge of pharma-
cology, pharmacokinetics and pharmacodynamics may be
helpful to address such questions. However, circumstances
can arise where it is difficult to determine if the difference in
these blood/plasma profiles will lead to a significant differ-
ence in clinical efficacy or safety.

Likewise, for delayed-release dosage forms such as
enteric-coated drug products, use of enteric coating is
intended for protection of an acid-labile drug from degrada-
tion by the acidic medium present in the upper part of the GI
tract. However, there are several types of enteric coating in
the marketplace that may possess comparable protective
function with different onset times for coating breakdown
and drug release. Indeed, it was speculated that variation in
the quality of enteric coatings might account, in part, for the
observed difference in clinical effectiveness between formu-
lations (40,41).

Complexity of Novel Dosage Forms and Delivery Systems

With the recent advancement in science and technology,
there is increasing growth in novel pharmaceutical dosage
form and delivery systems, such as liposomes, drug-eluting
stents, and nanotechnology-derived pharmaceutical products.
In view of the complexity of these dosage forms, the need for
identifying innovative ways to assess equivalence is imminent.
For example, in the case of liposome drug products, a lack of
thorough understanding of the drug delivery pathway in vivo
can present a significant challenge in the establishment of
regulatory approaches for demonstrating PE and BE of these
products (23-25,42). The same problem may occur with
modern targeted delivery systems including the emerging
pharmaceuticals derived from nanotechnology. Similarly,
drug-device combination products such as drug-eluting stents
may require novel regulatory pathways that not only address
risk and benefit of each component, but also effectiveness and
safety as a whole unit (43). The time is ripe to consider how
to achieve equivalence of complex dosage forms while
ensuring the quality and performance of these products.

NEED FOR ALTERNATIVE METHODS TO ASSESS
EQUIVALENCE

Over the decades, the field of biopharmaceutics has
evolved from empirical science that investigates the bioavail-
ability and pharmacokinetics of different formulations to
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more sophisticated mechanism-based art that delineates the
relationship between drug kinetics and various formulation or
administration factors at the molecular level. The evolution in
science and technology may provide opportunities for opti-
mization of scientific approaches for assessing equivalence.
The application of the BCS serves as a good example of how
the biopharmaceutic attributes (i.e., aqueous solubility and
intestinal permeability) can be utilized for prediction of BE in
certain circumstances. With a better understanding of phys-
icochemical properties of drug substances and formulation
characteristics of drug products, more in vitro studies should
be developed and validated to support BE. A case in point is
cholestyramine resin, for which the FDA has recommended
the use of in vitro equilibrium and kinetic binding studies of
bile acid salts for BE determination (44). The application of
in vitro assays takes advantage of the mechanism of action
from the resin to assess the binding behavior between a
generic and the innovator formulation of cholestyramine.
This is an excellent model where an in vitro mechanistic-
based approach, in lieu of in vivo human studies, serves as an
efficient marker for evaluation of BE. Similarly, a careful
examination of pharmaceutical attributes as well as charac-
terization of in vivo drug delivery and absorption processes
may help achieve equivalence between formulations.

THEORETICAL BASIS FOR THE NEW APPROACH

In the BE arena, it has been well recognized that with
identical drug substance and route of administration, the
characteristics of a formulation will determine drug bioavail-
ability. Furthermore, clinical experiences reveal that the
clearance of a drug within each individual is generally
unchanged across different formulations. As such, a disparity
between formulations can be best distinguished by differences
in their absorption patterns rather than in the post-absorptive
processes, such as distribution, metabolism or excretion of the
drug (30,45,46). Since the absorption pattern of a drug is
mainly controlled by when, where, and how the drug is
released from the formulation, the in vivo drug delivery
pathway of the formulation becomes a key determinant for
BE consideration. To achieve BE, therefore, it is imperative
to understand the fate of a formulation in the body, before
the drug is absorbed or reaches the site of action. There may
be exceptions to the premise of constant clearance in
equivalence assessment, which can be exemplified by the
inclusion of cholesterol in a liposomal formulation that is
handled by the intrinsic lipid pathway (47). These cases, albeit
rare, should be considered separately.

Schematically, based on the movement of a formulation
(with associated drug), an in vivo drug delivery profile
(iDDP) may be divided into the following key stages: a)
deposition, b) transit, ¢) retention, d) release, and e)
transport, from formulation entry into the body until the
drug reaches systemic circulation or the site of action (48). In
this setting, equivalent rate and extent of absorption may be
reflected by the similarity in one or more of the key stages of
iDDP as characterized for the reference formulation. It is
surmised that in vitro markers or biomarkers can be
developed to characterize each stage of the iDDP. A viable
way to achieve BE is thus to first determine which stage(s) of
iDDP is critical to drug absorption from the reference
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product, and then use this information as the target profile for
development of the test product. As iDDP can be influenced
by a number of variables (discussed later in this paper), it is
essential to investigate a priori the potential factors that may
affect the in vivo delivery path of the drug under examination
when designing the test formulation. This can be done
through the use of in vitro, in silico or in vivo techniques.
Hence, an equivalent product can be rationally developed
with informed knowledge of the target iDDP and all the
potential factors that may impact the product performance
through their influences on iDDP.

IN VIVO DRUG DELIVERY PROFILE (IDDP)

Depending on the dosage form, drug product, route of
administration and intended clinical indication, there can be
different needs for the site of drug deposition, length of
transit time, retention potential, retention time, drug release
profile, and transport process. In the case of inhaled dosage
forms, where the drug is deposited in the respiratory tract is
an important question, hence the need to control particle size
distribution and flow rate for these products. In contrast, for
an orally administered modified-release dosage form, GI
transit time is a critical variable that can be maneuvered by
proper selection of excipients and formulation designs. While
an acid-labile drug must be formulated in an enteric-coated
dosage form to bypass the stomach, a floating delivery system
is built in some oral solid dosage forms to enhance the gastric
retention of drugs (49). Accordingly, for a floating delivery
system, it is pertinent to consider how much and how long the
drug will be retained in the stomach. On the contrary, for an
enteric-coated dosage form, the questions may be focused on
(a) what percentage of the drug will be released in the
intestine, and (b) where in the intestine most drug molecules
will be released.

Drug release in vivo is well recognized as one of the
important factors governing drug absorption. As such, in vitro
dissolution or release testing has been widely employed for
multiple purposes during the drug development and regula-
tory approval processes (30). The key issue is whether the in
vitro release or dissolution testing adequately emulates
critical in vivo release or dissolution processes. In fact, a
major problem with many of the current in vitro dissolution or
release testing methods lies in the lack of correlation between
in vitro and in vivo data.

As for the in vivo transport process, endogenous uptake
(absorptive) and efflux transporters may play a significant
role in drug absorption via their interactions with the drug or
excipients present in a formulation (50-74). The importance
of transporter—excipient interactions is exemplified by P-
glycoprotein (P-gp) transport, which can complicate the
absorption of hydrophobic drugs formulated in lipid-based
delivery systems (74). For a liposomal product, the impor-
tance of in vivo transport process for the drug encapsulated in
liposomes cannot be overemphasized. To ensure targeted
delivery, one must know (a) whether the liposome-encapsu-
lated drug (or other targeted delivery systems) is transported
to the expected site of action, but not other tissues, before
drug release, and (b) whether the encapsulated drug may be
released in a premature manner before it reaches the target
tissue.
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POTENTIAL FACTORS INFLUENCING IDDP

From the standpoint of drug development, several
pharmaceutical factors are known to influence the course of
drug delivery and release in vivo. These factors may range
from excipients and formulation to product design and
manufacturing processes. Additionally, often neglected by
pharmaceutical scientists are some of the intrinsic (e.g.,
genetic) and extrinsic (e.g., environmental) factors that may
interact with the underlying pharmaceutical attributes, there-
by affecting the in vivo performance of a product. Discussion
of all the pharmaceutical and biopharmaceutical factors is
beyond the scope of this paper. However, for illustration
purposes, this commentary will highlight some of the relevant
factors that may have been underestimated in their potential
to influence the iDDP of a formulation.

Pharmaceutical and Biopharmaceutical Considerations

Common excipients used in pharmaceutical formula-
tions, for the most part, are believed to exert little or no
effects on BE. However, some of these excipients have been
found to alter drug absorption in vivo or in vitro (59-76). In
addition to the potential influence on drug solubility and/or
intestinal permeability, plausible mechanisms for these excip-
ient effects may include change in the GI transit time or pH,
inhibition or induction of metabolizing enzymes and/or
transporters in the GI membrane, alteration of in vivo
dissolution rate, complexation and/or degradation in GI
lumen (59-76). The effects of some excipients, e.g., sorbitol
and polysorbate 80, on drug absorption have been shown to
depend on the amount of these excipients present in the
formulation (75,76). Therefore, it would be beneficial to
identify such ‘active’ excipients and determine their threshold
levels to influence bioavailability and BE during pharmaceu-
tical development.

The use of lipid excipients for formulations is complicat-
ed, and has presented several challenges to both pharmaceu-
tical industry and regulatory scientists (28). Lipid excipients
are able to solubilize hydrophobic drugs within the dosage
form matrix. However, as with dietary lipids, these excipients
can also be digested and dispersed in vivo. Therefore,
different types of lipid excipients can have a significant
impact on the transport process and clearance kinetics of
liposome drug products. It has been observed that cholester-
ol-poor liposomes were cleared more readily than cholester-
ol-rich liposomes (47). While cholesterol-poor vesicles were
predominantly localized in the liver, incorporation of choles-
terol in the latter increased liposomal uptake by both spleen
and bone marrow (47,77-78). A question that has been
raised is the due regulatory oversight on the safety of an
excipient. It should be noted that for a drug or biological
product subject to pre-marketing approval, the FDA has
routinely evaluated the submitted data and information on
the excipients as they are considered ‘components’ of the
product in the application.

Dosage form and product design are important determi-
nants for formulation delivery and drug kinetics in vivo.
Hence, special attention should be given to the key character-
istics in chemistry, manufacturing and controls that are
relevant to the final performance of the dosage form under
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consideration. Using extended release dosage forms as an
example, there are at least two principles that should be kept
in mind when designing a test product intended to be
equivalent to the innovator’s product. First, to meet the
product claim, it is imperative to maintain the prolonged
release of the drug. If the test product has a different release
mechanism from the reference product, additional investiga-
tion may have to be carried out to assess whether there is any
impact on the onset and extent of drug release, and possibly,
clinical consequences. Secondly, in view of the special
features of an extended release dosage form, it is equally
important to guard against dose dumping from the product.
Modified-release products with different release mechanisms
may have disparate drug release patterns when subject to
external environments. This is illustrated by recent experi-
ences with some extended-release formulations of hydro-
morphone that were found to dose-dump when co-
administered with alcohol (79). Inadequate control of drug
release from such extended-release products may thus result
in reduced efficacy or increased toxicity.

Intrinsic and Extrinsic Factors

Pre-absorption drug delivery pathways may be influ-
enced by the presence of various preexisting intrinsic and
extrinsic factors. Important intrinsic factors may include
genetic, physiological and pathological conditions of the
patient (80). Relevant extrinsic factors may be related to
environment (e.g., climate, sunlight and pollution), food
intake (e.g., diet and beverage), lifestyle (e.g., smoking and
exercise), and concomitant medications (including over-the-
counter drugs, dietary supplements and herbal products) (80).
With different formulations, product designs and manufac-
turing processes, these intrinsic and extrinsic factors may
directly or indirectly affect the route of drug delivery and
drug release profile in vivo before it is absorbed or carried to
the site of action.

An example of internal factors may be drawn from the
case of a calcium channel blocker where BE of two extended-
release formulations was evaluated (81). In both single-dose
and multiple-dose studies, the mean ratios of AUC and Cmax
measures for Formulation A over Formulation B were
significantly different between male and female subjects,
suggesting the presence of a gender-by-formulation interac-
tion. This interaction was attributable to the differential pH-
dependent drug release profiles, as well as the sex-related
differences in GI transit time between the two formulations
(81). Another internal factor that may need consideration in
some cases is the pathophysiological conditions of a patient.
For instance, lipid-based formulations such as liposome drug
products can be transported by serum lipoproteins, and the
levels of these proteins can be influenced by the disease state
of a patient (82,83). As for external factors, a good example
is illustrated by the heat on medicated patches (84,85). Drugs
delivered through the skin via medicated patches can present
safety hazards when subjected to heat by exercise, soaking in
a hot tub, or even in the presence of a high fever, all of which
may cause increased rate and extent of drug permeation from
the patches to the skin (84,85).

Overall, the potential interplay between pharmaceutical
attributes and intrinsic/extrinsic factors may be investigated
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during the course of drug development. These interactions
may be proactively explored through in vitro, in silico or in
vivo methods that allow for the study of drug delivery profiles
before drug absorption.

CHARACTERIZING IDDP WITH IN VITRO
MARKERS OR BIOMARKERS

Currently, the in vivo drug delivery pathways prior to the
absorption of the drug are not well documented. This is
probably due, in part, to the lack of methodology for study in
this area. The conventional drug concentration-time curve in
the blood/plasma only depicts the kinetic profile after the
drug has been absorbed and reached the systemic circulation.
Therefore, questions remain as to where the drug or
formulation was deposited, how much time it took for the
drug or formulation to transit in the GI tract, how long the
drug or formulation was retained at the various sites during
transit, when and where the drug was released, how the drug
or formulation was transported to the site of action, and how
extensive the interaction between drug/excipient and trans-
porters occurred prior to the absorption of the drug. Conduct
of mechanistic studies may be necessary to address these
questions.

Mechanistic studies have sometimes been performed
during the new drug development. For example, gamma
scintigraphy or other methods were used to study drug
deposition, transit time or tissue distribution from an inhaled
dosage form or an orally administered modified release
product (86-92). It can be envisioned that the study of pre-
absorption kinetics may require a multidisciplinary approach
including various fields such as biopharmaceutics, biochemis-
try, biophysics and/or other relevant areas. Through the
integration of knowledge and tools from these different
disciplines, in vitro markers or biomarkers may be identified
to assess the dynamic processes during drug delivery in vivo.

EQUIVALENCE-BY-DESIGN

Conventional drug development has mostly relied on
empirical and/or iterative processes. With the modernization
of pharmaceutical science and technology, however, use of a
more systematic approach may be possible. In this context,
the approach of quality-by-design (QbD) has recently been
recommended by several regulatory authorities for pharma-
ceutical development and manufacturing (93). This approach
begins with predefined objectives, and emphasizes a greater
understanding of pharmaceutical product, manufacturing
process and process control, based on sound science and
quality risk management (93). Indeed, the QbD approach
promises to build quality into a final product by prospectively
designing formulations and processes to meet the product
quality attributes that may have impact on the clinical
outcome (94,95).

Similarly, in the equivalence arena, a more systematic
approach can be applied to the development of a pharma-
ceutical product intended to be equivalent to a reference
product. This may be referred to as the concept of equiva-
lence-by-design, a natural extension of the QbD principle. As
illustrated in the International Conference on Harmonization
(ICH) Annex to Q8 guideline, application of the QbD
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approach requires the determination of a target product
profile as it relates to quality, safety and efficacy (93).
Likewise, to use the equivalence-by-design approach, it is
essential for the manufacturer to predefine a target reference
profile, which may be characterized by the critical stages of
the iDDP for the reference product. The continuous innova-
tion in pharmaceutical industry may facilitate the develop-
ment of novel tools as in vitro markers or biomarkers to
assess iDDPs for the test and reference products. Ultimately,
successful design of an equivalent test product can be
accomplished with a better understanding of all the relevant
factors that may have potential impact on the iDDP’s for the
products in comparison.

CONCLUSION

Extraordinary progress has been made in pharmaceutical
science and technology since the enactment of 1977 BE
regulations in U.S. The contemporary knowledge and meth-
odologies may provide an opportunity to enhance the
approaches for equivalence demonstration, particularly for
advanced or complex dosage forms and delivery systems.
Theoretical considerations prescribe that equivalence can be
better established by matching the in vivo drug delivery
profile (iDDP) of a reference formulation of interest. This
may be achieved by characterizing the iDDP of the formu-
lation with application of an equivalence-by-design approach
for pharmaceutical development. In addition to pharmaceu-
tical and biopharmaceutical considerations, more attention
should be given to the intrinsic and extrinsic factors that may
have a profound influence on the iDDP of complex dosage
forms or delivery systems. To accomplish equivalence, critical
variables or parameters can be identified to serve as in vitro
markers or biomarkers for mapping the drug delivery in vivo.
A multidisciplinary approach is necessary to develop such
markers or biomarkers.
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