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ABSTRACT
Approximately 10 years ago, the FDA issued a guidance whereby dissolution could be used to establish bioequiva-

lence for highly soluble and highly permeable immediate-release products. This pathway has advantages in lower costs 
for pharmaceutical companies and avoids unnecessary exposure of human subjects who would derive no medical benefit 
from participating in bioequivalence studies. Subsequently, other agencies have also adopted similar guidances. However, 
there are differences among agency guidances that significantly impact the number of compounds eligible for BCS-based 
biowaivers across all regulatory agencies. These include differences in BCS Classes for which biowaivers are considered, 
differences in the definition of highly permeable, and differences in the definition of highly soluble. The currently low rate 
of biowaiver submissions may in part be due to these differences.
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INTRODUCTION

Amidon and coworkers (1) introduced the biophar-
maceutic classification system (BCS) in 1995. The 
paper asserted that by recognizing that drug disso-

lution and intestinal permeability were the principle pro-
cesses controlling the rate and extent of absorption, one 
could develop a scheme to predict the expected correla-
tion between in vitro dissolution and in vivo bioavailability. 
In 2005, the FDA published the first regulatory guidance (2) 
that provided a BCS-based pathway for demonstration of 
bioequivalence through dissolution. It has been estimated 
(3) that between 555 and 639 bioequivalence studies are 
run each year, and with a typical study cost of US$320,000, 
there is the potential for significant savings through appli-
cation of the FDA guidance.

Subsequent to the issuance of the FDA guidance, a 
number of other agencies have issued their own guidances. 
These include the EMA (4) as well as Health Canada, 
Australia, ASEAN, China, South Korea, Switzerland, and the 
WHO (5). These subsequent guidances differ from the FDA 
guidance in some of their requirements regarding which 
drug products are eligible for BCS-based waivers of in vivo 
studies (biowaiver). These differences reduce the number 
of products that are eligible for biowaivers in all countries. 

For innovator companies, bioequivalence trials 
typically compare a new formulation to their currently 
marketed formulation, which is used as the reference. Since 
the marketed formulation is typically the same worldwide, 
the data package to demonstrate bioequivalence can be 
the same regardless of where it is to be submitted. To do 
otherwise would involve doing clinical bioequivalence 
studies to support some submissions and BCS 

characterization and dissolution studies to support others. 
Such a strategy would unnecessarily drive up development 
costs. 

There are a number of advantages for demonstrating 
bioequivalence through dissolution via a biowaiver relative 
to a clinical study. These include significant reduction in 
time and cost as well as avoiding unnecessary exposure 
of healthy subjects to drugs from which they will receive 
no medical benefit (3). However, because of differences 
in regulatory requirements among countries, a drug 
may qualify for a biowaiver in some countries but not be 
eligible in others. In these cases, innovator companies 
will tend to default to human bioequivalence studies as 
they are universally acceptable. The purpose of this paper 
is to estimate how much these differences reduce the 
pool of eligible compounds that will universally qualify 
for biowaivers. In addition, the author will comment on 
ways in which regulatory agencies may start to consider 
harmonization.

METHODS
To investigate the impact of the discordance among 

regulations for biowaivers, differences between the United 
States (2) and EMA (4) guidances were considered as it was 
felt that the comparison would highlight the most impactful 
differences. Other agencies have aligned their guidances to 
be identical to the United States or EMA requirements, and 
thus the differences are not the result of a single agency 
being different from all others. The differences considered 
were:

• BCS Classes for which biowaivers are considered
• Definition of highly permeable.
• Definition of highly soluble.
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Studies from the literature were used to assess the 
largest set of potential compounds that might be eligible for 
biowaivers as well as the impact of the differences between 
the guidances in terms of the reduction in the percentage 
of possibly eligible compounds where biowaivers could be 
considered.

RESULTS
Potential Maximum Pool of Eligible Compounds

The largest set of potential compounds would 
consider both BCS Class 1 (highly soluble with high 
permeability) and Class 3 (highly soluble with low 
permeability) compounds and would utilize the least 
restrictive definitions among guidances for highly soluble 
and highly permeable. Takagi and coworkers (6) used 
such definitions when they determined provisional BCS 
classification for the top 200 drugs in several markets on 
this basis. Lindenberg et al. (7) and Kasmin et al. (8) did 
similar analyses for drugs on the World Health Organization 
Model List of Essential Medicines, Core List. The results of 
these two analyses are presented in Table 1. 

Table 1. Provisional BCS Classification for Various Groupings of Drugs

Using median values as an estimate across the 
different groupings and assuming that these numbers 
are reflective of all marketed compounds, 63% of all oral 
immediate-release drug products could be considered 
for biowaivers (34% Class 1 plus 29% Class 3). The 63% is 
the maximum potential pool and does not consider other 
biowaiver criteria such as requirements that the drug not 
be considered to have a narrow therapeutic index or that 
the product does not include excipients that alter rate or 
extent of absorption. 

It should also be noted that the World Health 
Organization allows biowaivers for Class 2 (low solubility, 
high permeability) compounds that are weak acids (9). 
Weak acids have high solubility in the intestinal pH range, 
and thus rapidly dissolving products behave like solutions 
in this environment. However, evaluations similar to 
references 6-8 have not been done to estimate the number 
of compounds in this subclass of BCS Class 2.  Thus the 
impact of this subclass was not evaluated.

BCS Classes for Which Biowaivers Are Considered
The exclusion of Class 3 compounds from biowaiver 

candidates reduces the potential pool by 46% (from 63% 
to 34% of all drugs, see Table 1). An extension of biowaivers 
to Class 3 compounds was one of the first changes to 
the original guidance (10). These compounds are highly 
soluble across the entire physiologically relevant pH range 
encountered in the gastrointestinal tract. Investigators 
have used simulation to demonstrate that by assuring 
rapid dissolution (i.e., >85% dissolved in 15 min), one 
can assure bioequivalence of Class 3 products (11, 12). 
The EMA, Canada, and WHO have all adopted policies 
that allow biowaivers for Class 3 compounds that meet 
very rapid dissolution requirements. While the FDA has 
not yet approved such a policy, it is actively conducting 
research in this area (e.g., ClinicalTrial.gov, study identifier 
CT01010698) and has issued a revised draft guidance 
allowing biowaivers for Class 3 compounds (13).

Definition of Highly Permeable
The latest EMA guidance (4) indicates that high 

permeability “should be justified based on reliable 
investigations in humans,” while the FDA guidance (2) 
allows human studies, animal studies, or in vitro methods 
to be used. Dr. Mehta (14) reviewed 45 compounds that 
underwent FDA review for BCS classification; the type of 
data included is listed in Table 2. There were at most 27 
submissions that contained human data (this assumes that 
no submission contained both human mass balance and 
absolute bioavailability studies). Under the assumption that 
this sample is reflective of the type of data available for BCS 
Class 1 compounds, this would mean that the human-only 
requirement would preclude 40% that would otherwise 
meet BCS Class 1 criteria. Given that high permeability 
means that drugs not only easily pass through the intestinal 
membrane but will also likely cross other membranes as 
well and thus will be exposed to metabolizing enzymes in 
the intestine and liver, Class I compounds typically undergo 
extensive metabolism (15). Considering that a number of 
these compounds may undergo first-pass metabolism, 
it is not surprising that one might encounter difficulty 
in meeting permeability criteria with data from human 
absolute bioavailability or mass-balance studies.  

Table 2. Types of Data Used in Permeability Determinations

Grouping
Percentage of Drugs by BCS Class

Class I Class II Class III Class IV

Top 200 in United Statesa 34 33 26 7

Top 200 in Great Britaina 33 33 27 7

Top 200 in Spaina 32 27 30 5

Top 200 in Japana 36 36 20 7

WHO Essential Medicines Core Listb 31 21 38 11

WHO Essential Medicines Core Listc 36 17 38 9

Median 34 30 29 7

Note: Within a grouping, only oral immediate-release products considered and percentages 
calculated from drugs where information was sufficient to allow at least a provisional BCS clas-
sification.
a Classification based on Dose Number using 250 mL volume and CLogP method from ref 6.
b Classification using certain and provisional classifications from ref 7.
c Classification based on Dose Number and CLogP method from ref 8.

Forty-five submissions reviewed; some submissions may have contained more than one data 
source.

Data Source Number of Submissions Containing

Human Absolute Bioavailability Study 11

Human Mass Balance Study 16

Animal Radiolabeled Drug Study 5

In Vitro Caco-2 Cell Line Study 14

Rat Intestinal Perfusion Study 1
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The reason for the EMA position of accepting only 
human data is not clear, so it is difficult to offer possible 
pathways to harmonization. In vitro models have proved 
very predictive of human permeability (16). However, it 
is recognized that these models may not be reflective 
of certain phenomena observed in humans. The FDA 
guidance has taken this into account by requiring 
additional data to ensure that the data can be translated 
into humans; the requirements include validation of the 
in vitro or animal methodology through the use of model 
compounds (compounds with known human permeability 
characteristics) to establish that the in vitro or animal model 
gives similar rank-order results, adequately characterizes 
absorption mechanisms to establish that passive transport 
is the dominant absorption pathway, and demonstrates 
stability of the compound in the in vitro model (4). Once 
the objections to non-human data are known, additional 
data requirements could be established to allow use of 
these data.

Definition of Highly Soluble
The FDA notes that “a drug substance is considered 

highly soluble when the highest dose strength is soluble 
in 250 mL or less of aqueous media over the pH range of 
1–7.5” (2), while the EMA changed from highest dose to 
a definition stating that a “drug substance is considered 
highly soluble if the highest single dose administered as 
immediate-release formulation(s) is completely dissolved 
in 250 mL of buffers within the range of pH 1–6.8 at 37 ±  
1 °C” in their most recent guidance (4). Thus the FDA 
focuses on the highest formulation strength, while the EMA 
now focuses on the highest labeled dose, which is often 
two or more times higher (17). Sediq and colleagues (17) 
examined the effect of changing from highest formulation 
strength to highest dose on all drugs for which a biowaiver 
monograph had been published up to June 2011. They 
found that the classification of 4 of the 27 compounds 
(15%) would change from being highly soluble to having 
low solubility. 

For compounds that do not meet the EMA definition 
of highly soluble, a human bioequivalence trial would 
need to be conducted. The EMA guidance (4) states, “The 
bioequivalence study should in general be conducted 
at the highest strength.” Thus for compounds that have 
changed BCS Class because of the change in solubility 
criterion from highest strength to highest dose, the 
guidance advocates testing them under a condition where 
the dose used would be the highly soluble criterion. It 
seems incongruous to require testing at a dose where it is 
recognized that dissolution would allow adequate proof of 
bioequivalence. Furthermore, considering that the healthy 
subjects who participate in human bioequivalence trials 
receive no direct benefit from taking the compound, it is 
prudent to avoid unnecessary human testing, no matter 
how low the risk, if there is another reliable method that 
does not require human drug exposure.

One can also consider the criterion from a risk 
standpoint and examine the risk that formulation-related 
differences would only be revealed at doses higher than 
the highest strength. If these risks are sufficiently high to 
require a highly soluble criterion to consider the highest 
labeled dose, human bioequivalence studies should require 
that the highest labeled dose be studied. Furthermore, it 
would seem that the risk would be similar or greater for all 
low solubility compounds, not just those near the solubility 
limit. However, most if not all regulatory bioequivalence 
guidances require that the highest strength (or lower) be 
used in human bioequivalence studies rather than the 
highest labeled dose. Based on these standard practices 
and past bioequivalence history, it is suggested that the risk 
of formulation differences that only appear at doses above 
the highest strength is sufficiently low to allow the high 
solubility criterion to be based on the highest strength.

Impact of Regulatory Differences on Drug Development
One way to judge the impact of the differences 

among regulatory guidances is to consider the impact 
on innovator bioequivalence studies. As noted earlier, for 
innovator companies, the same two formulations, namely 
the old and new innovator formulations, are compared 
for a given drug regardless of where the data is to be 
submitted. Thus the data package is created such that it 
can be submitted to multiple agencies. In contrast, for a 
generic company, the reference compound may change 
depending on where approval is sought.

It has been estimated that innovator pharmaceutical 
companies perform a combined total of between 84 and 
167 bioequivalence studies a year, and a typical study 
employs 32 subjects and costs US$320,000 (3). Based on 
the data from Table 3, the potential maximum number of 
savings would be a reduction of 53 to 105 studies, which 
would translate into approximately 1700 to 3400 fewer 
subjects exposed to a drug and an approximate savings of 
US$17 million to US$34 million. Current differences among 
regulatory guidances reduce these totals by 73% (Table 3; 
[1 - Total Cumulative Reduction/Base] = 1 - 17/63 = 73%) 
to 14–28 studies, approximately 450–900 subjects, and 
US$4.5 million to US$9 million. The rather small number of 
studies projected to be saved when considering differences 
in guidances is somewhat aligned with the rather low 
number (approximately 2/year) of BCS-based biowaiver 
requests submitted by innovator companies and reviewed 
by the FDA (17). While these numbers are not meant to 
establish causality, they represent a possible reason for the 
overall small number of biowaiver requests received by 
regulatory agencies each year.

The encouraging news is that regulatory agencies 
are seeking harmonization. As mentioned previously, 
the FDA is considering a pathway to allow biowaivers for 
Class 3 compounds. Furthermore, regulators, industry, and 
academia are meeting to find ways to harmonize guidances 
(e.g., the European Federation for Pharmaceutical 
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Sciences began its Global Bioequivalence Harmonization 
Initiative with an international conference held in March 
2015 in Amsterdam, The Netherlands). It is hoped that 
by recognizing the impact and other considerations 
noted within this manuscript, this harmonization maybe 
facilitated.

CONCLUSIONS
Differences among agencies in their BCS-based 

biowaiver guidances include differences in BCS classes for 
which biowaivers are considered, in the definition of highly 
permeable, and in the definition of highly soluble. These 
differences significantly impact the number of compounds 
eligible for BCS-based biowaivers across regulatory 
agencies. The currently low rate of biowaiver submissions 
may in part be due to these differences.
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