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ABSTRACT - On August 1, 2010, a revised guidance regarding bioequivalence (BE) assessment for the 
approval of innovator (bridging studies, variations, line extensions) and generic medicinal products in the 
EU came into effect (EMA Guideline on the Investigation of Bioequivalence, CPMP/EWP/QWP/1401/98 
Rev. 1/Corr**, London, 20 January 2010). This guideline specifies the requirements for BE assessment for 
immediate release oral dosage forms with systemic action. Compared to the previous BE guideline of the 
EMA, clearer guidance is now given on several topics including BE assessment of highly variable 
drugs/drug products (HVDs/HVDPs), the use of metabolite data, acceptance criteria for narrow therapeutic 
index drugs (NTIDs), BCS-based biowaivers, and dose strength to be used in case of application for 
marketing authorization of several strengths. However, the health authorities of the various EU member 
states do not necessarily apply the same rules as far as substitution and switchability between medicinal 
products are concerned. Moreover, differences still exist between the BE guidelines of the major health 
authorities (FDA, EMA, NIHC, …) on topics such as HVDs/HVDPs, NTIDs and BCS-based biowaivers. 
Global harmonization should be the next logical step to guarantee accessibility to safe and efficacious drug 
products for patients in all parts of the world. 
 
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For Readers”) may 
comment by clicking on ABSTRACT on the issue’s contents page. 
_______________________________________________________________________________________ 
 
INTRODUCTION 
 

The concept of bioequivalence and the 
methodology to assess bioequivalence have 
evolved over the past three to four decades (1,2). 
The first “European” bioequivalence guidelines 
were published in 1991 by the Commission of the 
European Communities in an attempt to 
harmonise the marketing approval (registration) 
of generic drug products in the various member 
states of the European Community (EC), which 
became known as the European Union (EU) 
following the Treaty of Maastricht in 1993 (3). 
Until the publication of this first European Note 
for Guidance related to 
bioavailability/bioequivalence assessment, 
generic drug products were exclusively registered 
by the national authorities of the EU member 
states. Prior to 1991, the registration dossiers 
were not comprehensive and assessments were 
based on principles published in the scientific 
literature, FDA guidelines, and the first European 
guidelines on pharmacokinetic studies in man (4). 
In 1995 the European Agency for the Evaluation 
of Medicinal Products or EMEA - since the end 

of 2009 known as the European Medicines 
Agency (EMA) - a decentralized body of the EU 
with headquarters in London, was established. Its 
main responsibility is the protection and 
promotion of public and animal health through 
the evaluation and supervision of medicines for 
human and veterinary use. In 2001, a first revision 
of the Note for Guidance on the Investigation of 
Bioavailability and Bioequivalence was published 
by the EMA Committee of Proprietary Medicinal 
Products (CPMP) (5). These guidelines, which 
only dealt with immediate release oral medicinal 
products with systemic action, came into effect on 
January 2002. However, as the number of 
applications for marketing approval of generic 
medicinal products via the European procedures, 
the Mutual Recognition Procedure/Decentralized 
Procedure and Centralized Procedure, increased, 
it became clear that the assessors of the various 
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EU member states frequently did not agree with 
the interpretation of these 
bioavailability/bioequivalence guidelines. More 
difficult bioequivalence issues such as 
Biopharmaceutics Classification System (BCS)-
based biowaivers, the use of metabolite instead of 
parent drug plasma concentrations, 
bioequivalence assessment of highly variable 
drugs, for example, were not well described in the 
2001 Note for Guidance. In May 2007, the EMA 
published two concept papers, one expressing the 
need for revision of the 2001 Note for Guidance, 
and the other concept paper announced the 
preparation of a document to clarify the 
regulatory requirements to support an optimal and 
harmonised use of the BCS-based biowaiver 
approach (6-8). 

On August 1, 2010, the revised EMA 
Guideline on the Investigation of Bioequivalence 
came into effect (9). This guideline is limited to 
bioequivalence issues as they relate to immediate 
release oral dosage forms with systemic action. In 
Appendix III of this new guideline, the BCS-
based biowaiver approach is now explained in 
more detail. In this commentary, some important 
issues on bioequivalence assessment are briefly 
presented with special emphasis on the changes in 
the revised EMA Guideline on the Investigation 
of Bioequivalence. It should be noted that the 
EMA also publishes a “Questions & Answers” 
document which is up-dated on a regular basis 
(10). For a correct interpretation of the revised 
EMA bioequivalence guidelines it is important to 
also read this Question & Answer document 
which is referred to in this commentary. 
 
LEGAL BASIS AND SCOPE 
 

The 2010 EMA Guideline on the 
Investigation of Bioequivalence (9) refers to 
Directive 2001/83/EC, as amended, as the legal 
basis for Marketing Authorisation Applications 
for human medicinal products submitted under 
Art. 10(1) (generic applications), Art. 10b (fixed 
combination), Art. 10(3) (hybrid applications), 
and Art. 8(3) (full applications). It also applies to 
extension and variation applications in 
accordance with European Commission 
Regulations. 

Although the 2010 EMA guideline concerns 
immediate release (IR) oral formulations with 
systemic action, some general recommendations 
on the bioequivalence requirements for specific 
IR formulations as well as for other types of 
formulations are briefly discussed in Appendix II, 
e.g. oral dispersible tablets, oral solutions, 

parenteral solutions, special dosage forms 
(liposomal, micellar, emulsion) for intravenous 
use and locally acting products. Bioequivalence 
requirements for fixed combination dosage forms 
are covered in the “Guideline on Clinical 
Development of Fixed Combination Medicinal 
products” (11). Recommendations for 
bioequivalence studies on modified release oral 
medicinal products and transdermal dosage forms 
are described in a specific guideline which is 
currently under revision (12,13). 
  
STUDY DESIGN AND STUDY SUBJECTS 
 

As far as study design is concerned, no major 
changes have been made in the 2010 EMA 
guideline. In general, when comparing the 
bioavailability of a test (T) formulation to that of 
a reference (R) formulation, a randomised, two-
period, two-sequence single dose crossover 
design is recommended. A parallel design may 
exceptionally be used in case of long half-life 
drugs. The use of replicate crossover designs is 
recommended to assess the bioequivalence of 
highly variable drugs/drug products and will be 
discussed in more detail later since the 2010 EMA 
guideline has new recommendations regarding 
bioequivalence assessment of highly variable 
drugs necessitating the use of a replicate design. 

Conduct of a multiple dose study in healthy 
volunteers to assess bioequivalence of an IR 
release oral formulation is, according to the 2010 
EMA guideline, only justified on the basis of 
insufficient sensitivity of the bioanalytical 
method. However, this justification will only be 
accepted in rare cases because due to recent 
developments in bioanalytical methodology it is 
highly unlikely that the parent drug concentration 
in plasma cannot be measured accurately and 
precisely. Carrying out a multiple dose 
bioequivalence study for a medicinal product 
showing high intra-individual variability in drug 
plasma concentrations, which was considered an 
option according to the 2001 Note for Guidance, 
is no longer acceptable. Although bioequivalence 
studies should normally be carried out in healthy 
volunteers, it may be necessary, for tolerability 
reasons, to use patients instead. Since a single 
dose bioequivalence study in patients may not be 
feasible, conduct of a multiple dose study in 
patients is acceptable. 

Compared to the 2001 Note for Guidance, the 
2010 EMA guideline does not introduce any new 
recommendations regarding the selection of 
healthy study subjects. However, in the revised 
guidelines it is now recommended that subjects 
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should be 18 years or older (previously, between 
18 – 55 years) and preferably have a Body Mass 
Index between 18.5 and 30 kg/m2 (previously, 
within the normal range). In the 2010 EMA 
guideline the use of healthy volunteers to assess 
bioequivalence is now justified because this 
approach is considered adequate to allow 
extrapolation of the results to patient populations 
for which the reference medicinal product is 
approved. 

In the 2010 EMA guideline it is also clearly 
stated that “all treated subjects should be included 
in the analysis”.  
 
STUDY CONDUCT 
 

The drug products should normally be 
administered after an overnight fast and no food is 
allowed for at least 4 hours post-dose (fasting 
study). However, in the case where the Summary 
of Product Characteristics of the reference 
formulation (originator) recommends its intake 
with food, the study should be carried out under 
fed conditions. The 2010 EMA guideline now 
provides more information on how to carry out a 
bioequivalence study under fed conditions. Since 
food composition (fat content) and timing of the 
meal relative to medicinal product ingestion are 
crucial for the assessment of oral drug 
bioavailability, the revised guideline 
recommends, where a fed bioequivalence study is 
carried out, administration of the test and 
reference preparation immediately after 
completing a high fat meal which represents the 
“worst case scenario”. The exact composition of 
a high fat meal is also now described in detail. 
Unlike the FDA, which generally recommends a 
fasting and fed study for immediate release oral 
drug products (14), the EMA requires 
bioequivalence studies under both fasted and fed 
conditions only in exceptional cases, i.e. for 
products with specific formulation characteristics 
such as microemulsions and solid dispersions and 
only if these products can be taken with or 
without a meal. 

Some regulatory agencies (e.g. Health 
Canada, the National Institute of Health Sciences 
of Japan), as well as the World Health 
Organization, permit so-called “add-on” (or “two-
stage”) designs (15-18). With these designs, if the 
failure to declare the two formulations 
bioequivalent appears to be due to insufficient 
power, i.e. an insufficient number of subjects 
included in the study to show bioequivalence 
between two bioequivalent drug products, it is 
permitted to carry out an additional study on a 

number of subjects and the results from both trials 
can then be combined in a final analysis. When 
using such a “two-stage” or “add-on” design, 
appropriate steps must be taken to correct for 
multiplicity and, therefore, guarantee an overall 
type I error of 5%, i.e. α = 0.05 (19-21). The 2010 
EMA Guideline on the Investigation of 
Bioequivalence also allows such a “two-stage” 
design. One possible approach mentioned in this 
revised EMA bioequivalence guideline is 
calculating the 94.12% confidence interval, 
instead of the usual 90% confidence interval, 
corresponding to an adjusted α of 0.0294, for both 
the analysis of the stage 1 results as well as the 
combined results from stage 1 and stage 2 (20). 

Also new in the 2010 EMA guideline is the 
requirement to list, in Module 2.7.1 of the 
Common Technical Document (22), all relevant 
studies carried out with the product for which 
marketing authorisation is applied, i.e. 
bioequivalence studies comparing the test product 
(same composition and manufacturing process) 
with a reference medicinal product marketed in 
the EU. Full study reports should be provided for 
all bioequivalence studies, except pilot studies for 
which study synopses are sufficient. 
 
BIOEQUIVALENCE METRICS 
 

In a BE study the following pharmacokinetic 
parameters should be determined: the area under 
the plasma concentration-time curve from 0 to t, 
i.e. to the time of the last quantifiable plasma 
concentration (AUC0-t), the area under the plasma 
concentration-time curve from 0 to infinity 
(AUC0-), the residual area (AUCt-), the 
maximum plasma concentration (Cmax) and the 
time at which Cmax was observed (tmax). The 
terminal plasma elimination rate constant (z) and 
the corresponding plasma half-life (t½) also need 
to be determined in case the AUC has to be 
extrapolated to infinity. The sampling schedule 
should follow the plasma concentration-time 
curve long enough to ensure that AUC0-t covers at 
least 80% of AUC0-, hence the requirement to 
also determine AUCt- and AUC0-. However, it is 
not necessary to extend blood sampling beyond 
72 hours following administration of test and 
reference formulation, because for an IR 
formulation the oral absorption process has 
presumably been covered by 72 hours. In that 
case, AUC truncated at 72 hours (AUC0-72h) 
should be estimated and AUC0- and AUCt- do 
not need to be calculated. In the 2001 Note for 
Guidance it was stated that, for drugs with a long 
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half-life, relative bioavailability can be adequately 
estimated as long as the total collection period is 
justified. According to the 2010 EMA guideline, 
AUC truncated at 72 hours may be used for BE 
assessment irrespective of the half-life of the 
drug. 

Although the 2010 EMA guideline accepts 
the use of urinary excretion data to determine the 
extent of absorption in case it is not possible to 
reliably measure the plasma concentration-time 
profile of the parent compound, its use to 
determine peak exposure should be carefully 
justified. Whereas the 2001 Note for Guidance 
considered the possibility to use 
pharmacodynamic effect measurements to assess 
bioequivalence, this is no longer mentioned in the 
2010 guideline.   
 
PARENT COMPOUND VERSUS 
METABOLITES  
 

The revised 2010 guideline is much clearer on 
the use of metabolites in bioequivalence 
assessment than the 2001 Note for Guidance. It is 
now recommended that in almost all cases the 
evaluation of bioequivalence should be based 
upon the measurement of plasma concentrations 
of the parent compound. The rationale for this 
approach is that the concentration-time profile of 
the parent drug is more sensitive to changes in 
formulation performance than that of the 
metabolite, which includes the processes of 
metabolite formation, distribution and elimination 
(23,24). The use of metabolite concentrations to 
assess bioequivalence can only be considered if it 
is adequately demonstrated that the existing 
analytical methods for measurement of the parent 
compound are not sensitive enough to accurately 
determine the single-dose parent drug plasma 
concentration-time curve, and cannot be improved 
by using state-of-the-art techniques. Even for 
inactive prodrugs, demonstration of 
bioequivalence based on parent compound plasma 
concentration is generally recommended. 

In the EMA Questions & Answers document 
the examples of clopidogrel and losartan are 
given (10). Clopidogrel, a platelet aggregation 
inhibitor, is an inactive prodrug undergoing 
extensive presystemic metabolism to an active 
metabolite, clopidogrel thiol, and an inactive 
carboxylic acid metabolite. Due to the chemical 
instability of clopidogrel thiol and its low plasma 
concentrations, its quantification in plasma is 
problematic. Moreover, the plasma concentrations 
of the parent compound are also extremely low 
and much lower (up to 2000 fold) than those of 

the inactive carboxylic acid metabolite (25,26). 
Consequently, at the time of approval of the 
reference product (Plavix®) the pharmacokinetic 
characteristics of clopidogrel were established 
based on the pharmacokinetics of the inactive 
carboxylic acid metabolite. Recently, sensitive 
liquid chromatography/tandem mass 
spectrometric methods have been developed for 
the quantification of the parent compound, 
clopidogrel, in human plasma which allow the 
accurate determination of the clopidogrel plasma 
concentration-time profile following a single 75 
mg dose administration of the drug (26-30). As a 
consequence, the CHMP Pharmacokinetics 
Working Party of the EMA now requires 
bioequivalence assessment between reference and 
generic clopidogrel formulations based on plasma 
concentrations of the parent prodrug (10). Also 
for losartan, a selective angiotensin II type 1 
receptor antagonist undergoing metabolism to the 
5-carboxylic acid derivative, which is 10 - to 40 
times more potent than losartan itself, the EMA 
recommends BE assessment based on parent 
compound plasma concentrations (10). 

To demonstrate bioequivalence for a generic 
mycophenolate mofetil product, on the contrary, 
the EMA exceptionally recommends the use of 
metabolite data only (10). Mycophenolate mofetil 
is an inactive ester prodrug of mycophenolic acid 
(32). Following oral administration, 
mycophenolate mofetil is rapidly and extensively 
metabolized by esterases to its active metabolite 
mycophenolic acid. The parent compound, 
mycophenolate mofetil, has a half-life of less than 
1 hour and maximum plasma concentrations are 
already reached after approximately 30 min. This 
short tmax limits the reliable estimation of Cmax of 
this prodrug and, consequently, the EMA accepts 
bioequivalence assessment based on the active 
metabolite, mycophenolic acid, without 
measurement of the parent compound itself. 

The Office of Generic Drugs of the FDA 
publishes product-specific bioequivalence 
recommendations (14). The FDA usually 
recommends bioequivalence to be based on the 
calculation of a 90% confidence interval for the 
parent compound. It is interesting that for some 
drug substances, e.g. losartan (but not 
clopidogrel), the FDA recommends to assess 
bioequivalence based on the 90% confidence 
interval for the parent compound but additionally 
recommends submission of metabolite data “as 
supportive evidence of therapeutic outcome” (33). 
How exactly these metabolite data could be 
interpreted as supporting, or possibly not 
supporting the outcome of the BE study based on 
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the 90% confidence interval for AUC and Cmax of 
the parent compound, is not clarified. 
 
STATISTICAL ANALYSIS AND 
ACCEPTANCE CRITERIA 
 

Bioequivalence assessment is based on the 
“two one-sided tests” procedure in which the 90% 
confidence interval (CI) around the geometric 
mean ratio (GMR) of the test and reference values 
of an appropriate bioavailability measure, i.e. 
AUC0-t (or AUC0-72h) and Cmax, is required to fall 
within preset BE limits, which normally are 80.00 
to 125.00% (34). These BE metrics should be 
analysed using analysis of variance (ANOVA). 
The terms to be used in the ANOVA model are 
usually sequence, subject within sequence, period 
and formulation. According to the 2010 EMA 
bioequivalence guideline fixed effects, rather than 
random effects, should be used for all terms. A 
non-parametric analysis is not acceptable. A 
statistical evaluation of tmax is not required, but in 
the case where rapid release is clinically relevant 
or is related to adverse events there should be no 
apparent difference in median tmax and its 
variability between test and reference products.  
 
HIGHLY VARIABLE DRUGS OR DRUG 
PRODUCTS  
 

The 2010 EMA guideline now recommends 
that bioequivalence for highly variable drugs or 
drug products (HVDP’s) can be assessed by using 
a wider acceptance range for the 90% confidence 
interval of Cmax, but not for AUC, compared to the 
usual 80.00-125.00% acceptance limits. The 
widening of the acceptance interval for Cmax 
should be clinically justified, and the 
bioequivalence study, which should be of a 
replicate design, must demonstrate that the 
within-subject variability for Cmax of the reference 
product (CVWR) is >30%.  The extent of widening 
the acceptance range for Cmax is based on the 
within-subject variability of the reference product, 
observed in the bioequivalence study, using the 
scaled average bioequivalence (SABE) approach. 
SABE has been extensively discussed in the 
scientific literature (35-38).    

Highly variable drugs (HVDs) or drug 
products (HVDPs) are generally defined as those 
medicinal products showing a high within-subject 
variability, i.e. CVw>30%, of the BE metrics 
AUC and/or Cmax (39,40). Bioequivalence 
parameter variability can be due to characteristics 
of the drug substance itself, e.g. extensive 
presystemic metabolism, or due to drug product 

formulation variability. Usually Cmax shows a 
higher within-subject variability than AUC. Of 
212 bioequivalence studies submitted to the FDA 
between 2003 and 2005, 33 studies showed a high 
within-subject variability in AUC and/or Cmax 
(40). In 28 of the 33 studies, only Cmax, but not 
AUC, showed a CVw>30%. Not one study 
showed high variability for AUC when variability 
of Cmax was moderate or low (i.e. CVWR <30%).  
When the within-subject variability in AUC 
and/or Cmax is high the estimated 90% CI is very 
wide and will exceed the usual 80.00 – 125.00% 
acceptance limits unless a large number of study 
subjects are included in the BE study. This may 
lead to situations where bioequivalence cannot be 
established even when the reference formulation 
is tested against itself (41,42). At the 1995 
AAPS/FDA Workshop on the Evaluation of 
Orally Administered Highly Variable Drugs and 
Drug Formulations, the approach of widening the 
acceptance limits for highly variable drugs/drug 
products was put forth as a major 
recommendation to the FDA (43). In the EMA 
Note for Guidance on the Investigation of 
Bioavailability and Bioequivalence of 2001, 
widening the usual acceptance limits of 80.00 – 
125.00% to 75.00 – 133.00% was allowed in 
certain cases for Cmax, and in rare cases also for 
AUC, provided there were no safety or efficacy 
concerns with the relevant drug substance. Instead 
of widening the bioequivalence acceptance limits 
from 80.00 – 125.00% to 75.00 – 133.00% for all 
drugs/drug products showing a CVw>30%, a 
scientifically more appealing approach is to widen 
the acceptance limits based on the within-subject 
variability of the reference formulation CVWR, i.e. 
the so-called scaled average bioequivalence 
(SABE) method (35-38). The recommendation of 
using reference-scaling is based on the general 
concept that reference variability should be used 
as an index for setting the public standard 
expressed in the BE acceptance limit.  

For drugs/drug products with low to moderate 
within-subject variability bioequivalence is 
usually declared if the difference between the 
logarithmic means of AUC or Cmax for test and 
reference product (µT and µR, respectively) lies 
between preset bioequivalence limits θA. 
Therefore, average bioequivalence (ABE) is 
accepted if the following criterion is satisfied:  
 

AR   TA                  [eq. 1] 
 
The limits θA are generally symmetrical on the 
logarithmic scale and usually equal to ln(1.25). 
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True values of the population means µT and µR 
are not known and, therefore, their estimates, i.e. 
mT and mR, have to be used: 
 

223.0mm223.0 RT         [eq. 2] 

 
For HVDs/HVDPs when the within-subject 
variability of the reference product exceeds a 
preset “switching” value (CVWR of 30% 
corresponding to a “switching” standard deviation 
s of 0.294), the difference between logarithmic 
means, i.e. µT - µR, can be normalized (scaled) to 
the within-subject variability of the reference 
formulation as follows: 
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[eq. 4] 

 
where σ0 is the “regulatory standard deviation” 
which can be set by the regulatory authorities, and 
sWR represents the within-subject standard 
deviation of the reference formulation (both on 
the logarithmic scale). This means that the usual 
bioequivalence limits (-0.223 and +0.223) are 
expanded in proportion to the within-subject 
variability of the reference formulation sWR, 
starting from the “switching” variability, as 
follows: 
 

WRWR
0

sks
0.223

 









 [eq. 5] 

 
where 0.223/0 is the proportionality or 
regulatory constant k. As mentioned above, 
HVDs/HVDPs are defined to have a within-
subject coefficient of variation exceeding 30%, 
i.e. CVWR>30%. Because the CVWR is related to 
the standard deviation on the logarithmic scale 
sWR as follows: 
 

   2/12
WRWR 1sexpCV   [eq. 6] 

 
a CVWR of 30% corresponds to a “switching” 
variability σs = 0.294. The EMA has chosen a 
regulatory standard deviation σ0 equal to the 
switching variability σs, i.e. 0.294, and therefore 
the regulatory constant k is equal to 0.760. This 
means that the acceptance limits for 
HVDs/HVDPs using the average bioequivalence 

approach with expanding limits (ABEL), a variant 
of the scaled average bioequivalence (SABE) 
method, are: 

 

   WRs0.76LU,  e     [eq. 7] 
 
Widening of the usual BE acceptance limits of 
0.80 – 1.25 according to this method 
recommended by the EMA is only acceptable for 
Cmax. Provided there are no safety/efficacy 
concerns, the BE acceptance limits can be 
widened to a maximum of 69.84 – 143.19%, 
corresponding to a CVWR of 50% (Fig. 1). An 
additional constraint imposed by the EMA is that 
the GMR for Cmax should lie within the 
conventional 80.00 – 125.00% acceptance range. 
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Figure 1. The EMA regulatory limits for 
bioequivalence acceptance are 80.00 – 125.00 until a 
within-subject switching coefficient of variation (CVs) 
of 30% is reached. For CVWR values between 30 and 
50%, the bioequivalence acceptance limits are 
expanded according to the within-subject variability of 
the reference formulation (ABEL approach). For CVWR 
values of 50% or higher the 90% BE acceptance limits 
are capped at 69.84 – 143.19%. The FDA recommends 
scaling of the usual bioequivalence limits (80 – 125%) 
starting at a CVWR of 30%. However, the EMA and 
FDA use a different regulatory standardized variability 
(σ0), i.e. 0.294 and 0.25, respectively. This difference 
in the choice of σ0 explains why the FDA expanded 
limits (red lines) are not only discontinuous at the 
switching variability but also wider than the EMA 
expanded limits (blue lines).  
 
 

The use of the ABEL approach necessitates a 
replicate study design allowing precise estimation 
of the within-subject variability of Cmax for the 
reference formulation. As stated in the 2010 EMA 
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Guidance on the Investigation of Bioequivalence, 
either a 3-period or a 4-period replicate crossover 
design is acceptable. Haidar et al. (2008) 
proposed a 3-period, reference-replicated, 
crossover design with sequences of TRR, RTR 
and RRT (37). They favoured the 3-period design 
over the 4-period design where both test (T) and 
reference (R) are administered twice because the 
subject withdrawal rate increases with the length 
of the study. The only advantage of the 4-period 
design is that it allows the calculation of the 
variability of the test formulation, but this 
variability is not used in the proposed statistical 
method. The EMA Questions & Answers 
document contains a section “Clarification on the 
recommended statistical method for the analysis 
of a bioequivalence study” in which the statistical 
analysis of data from a 3-period (R administered 
twice, T administered once) and a 4-period (R and 
T administered twice) crossover study are shown 
in detail (10).  

The FDA now also recommends the 
reference-scaled average bioequivalence approach 
when the BE parameters AUC and/or Cmax show 
high within-subject variability, i.e. ≥30% CVWR 
[37,44]. However, the FDA uses a regulatory 
standard variability, σ0, of 0.25. As a result, since 
scaling starts at a CVWR of 30%, the BE limits are 
discontinuous at the switching variability (Fig. 1). 
This is different from the ABEL procedure 
proposed by the EMA where scaling also starts at 
a “switching” variability of 30.0% but because the 
EMA regulatory standard variability σ0 is set at 
0.294, the BE limits are continuous (Fig. 1) and 
more conservative. In addition, unlike the EMA 
which only allows scaling for Cmax, the FDA 
allows scaling for Cmax and AUC (45,46). Both 
the EMA and the FDA apply a GMR constraint, 
i.e. the point estimate for the T/R geometric mean 
ratio must fall between 0.80 and 1.25.  
 
NARROW THERAPEUTIC INDEX DRUGS 
 

The debate as to whether or not it is necessary 
to apply stricter guidelines for certain drug 
substances has been on-going for several decades 
(47,48). According to the revised EMA Guideline 
on the Investigation of Bioequivalence, for 
narrow therapeutic index drugs (NTIDs) the usual 
acceptance interval for AUC, and also for Cmax if 
necessary for safety, efficacy or drug level 
monitoring reasons, may need to be tightened to 
90.00 – 111.11%. However, according to the 
same guideline: “It is not possible to define a set 
of criteria to categorise drugs as narrow 
therapeutic index drugs (NTIDs) and it must be 

decided case by case if an active substance is an 
NTID based on clinical considerations”. 

For two drug substances, i.e. cyclosporine and 
tacrolimus, the EMA has now clearly stated that 
they should be considered as having a narrow 
therapeutic index (10). Consequently, based on 
efficacy and safety considerations, the 90.00-
111.11% acceptance limits are required for 
cyclosporine for both AUC and Cmax. For 
tacrolimus, on the other hand, the acceptance 
criterion is only tightened to 90.00-111.11% for 
AUC but nor for Cmax where the usual 80.00-
125.00% acceptance limits apply (10). 

There is no consensus among the various EU 
member states on the issue of bioequivalence 
acceptance criteria as well as switchability 
between innovator and generic medicinal 
products. For example, the Danish Health and 
Medicines Authority considers that the 90% 
confidence interval for the ratio test versus 
reference (GMR) of both AUC and Cmax should 
incorporate 100% irrespective of whether 
acceptance limits of 80-125% or narrower are 
employed. Deviations may be accepted if they can 
be adequately justified not to have impact on 
either the overall therapeutic effect or safety 
profile of the product (49). This requirement is 
not part of the EMA recommendations. Like the 
EMA, however, the Danish Health and Medicines 
Authority also requires tighter acceptance limits, 
i.e. 90.00-111.11%, for both AUC and Cmax for 
substances with a narrow therapeutic index with 
regard to automatic substitution for the following 
substances or therapeutic classes: 
aminophylline/theophylline, lithium, vitamin K 
antagonists, antiepileptics apart from 
levetiracetam and benzodiazepines, 
antiarrhythmics, centrally acting anorectics and 
tricyclic antidepressants (49). The Danish 
authorities clearly accept the idea that medicinal 
products containing the NTIDs on their list are 
therapeutically equivalent because stricter 
bioequivalence criteria were applied, and they are 
therefore considered switchable and, 
consequently, generic substitution of NTIDs is 
authorised except for thyroxine and the 
immunosuppressants cyclosporine and tacrolimus 
(50).  

The Federal Agency for Medicines and 
Health Products (FAMHP) of Belgium published 
a list with 31 drug substances considered to have 
a narrow therapeutic index or to be highly toxic 
(51). First of all, although there is a substantial 
overlap between the substances on the Belgian 
and Danish lists, both lists are certainly not 
identical. Secondly, medicinal products 
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containing one of these 31 substances on the 
Belgian list are considered to be “non-switchable” 
and switching from the innovator to the generic 
medicine, or vice versa, after initiation of therapy 
is, therefore, discouraged by the Belgian agency. 
This means that the Belgian authorities, unlike the 
Danish Health and Medicines Authority, do not 
accept therapeutic equivalence, and therefore 
switchability, between medicinal products 
containing an active substance with a narrow 
therapeutic index, even though bioequivalence 
has been demonstrated and for some of them even 
based on the stricter acceptance limits of 90.00 to 
111.11%. This example illustrates how the health 
authorities of two EU member states interpret and 
apply the bioequivalence guidelines quite 
differently. Moreover, with the exception of 
cyclosporine and tacrolimus, it is currently not 
known to the health practitioners for which 
generic medicines, authorized in member states of 
the EU, bioequivalence with the innovator was 
demonstrated on the basis of the stricter 90.00-
111.11% acceptance range. 

Whether tighter acceptance criteria should be 
applied to certain drug substances is a 
controversial issue which has received much 
attention in the scientific literature and has led to 
different recommendations by various health 
authorities (see e.g. 52-56). The Health Protection 
and Food Branch (HPFB) of Canada issued a 
specific Guidance for Industry on the 
bioequivalence requirements for critical dose 
drugs (57). According to this guidance “critical 
dose drugs” are defined as those drugs for which 
comparatively small differences in dose or 
concentration lead to dose- and concentration-
dependent, serious therapeutic failures and/or 
serious adverse drug reactions. For these “critical 
dose drugs” the 90% CI of the relative mean AUC 
of the test to reference formulation should lie 
within  90-112%, according to Canada’s HPFB 
guidance. In addition, the 90% CI of the relative 
mean Cmax of the test to reference formulation for 
these “critical dose drugs” should be between 80 
to 125%. For “uncomplicated” drugs, Canada’s 
HPFB does not require calculation of the 90% CI 
for Cmax but requires that the GMR should lie 
between 80 and 125% (16). These requirements 
for “critical dose drugs” are to be met in both the 
fasted and fed states. In an appendix to the HPFB 
guidance a list of 9 “critical dose drugs” is given: 
cyclosporine, digoxin, flecainide, lithium, 
phenytoin, sirolimus, tacrolimus, theophylline and 
warfarin (57). The FDA Guidance for Industry on 
Bioavailability and Bioequivalence Studies for 
Orally Administered Drug Products recommends 

that the usual BE limit of 80 to 125% for non-
narrow therapeutic index drugs remain unchanged 
for the bioavailability measures (AUC and Cmax) 
for NTI drug substances unless otherwise 
indicated by a specific guidance (58). The FDA 
has long supported the view that stricter 
acceptance limits for NTIDs are not necessary for 
purposes of therapeutic substitution (59). 
However, recently the FDA has re-started to 
debate the issue whether the current 
bioequivalence criteria used to approve generic 
drugs are appropriate for all drugs and 
specifically whether NTIDs require special 
considerations. During a recent (July 26, 2011) 
meeting of the FDA Advisory Committee for 
Pharmaceutical Science and Clinical 
Pharmacology, the following BE assessment 
approaches for NTIDs were proposed: 

 
1) the use of a replicate study design to quantify 

the variability of both the reference and the 
test product, and  

2) the use of a scaling approach for BE 
assessment (60,61).  
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Figure 2. The proposed FDA regulatory default limits 
for bioequivalence acceptance of NTIDs are 90-111%. 
A switching variability 0 equal to 0.1 has been 
proposed by the FDA. This means that at a reference 
within-subject variability CVWR of 10%, the BE limits 
are 90-111%. When CVWR is greater than 10%, the BE 
limits would expand as a function of CVWR but the 
expansion would be capped at 80-125%. This 
maximum expansion is reached when the CVWR is 
approximately 21%. When the reference variability is 
less than 10%, the acceptance BE limits would become 
narrower than the default limits of 90-111%. This 
approach is similar to the EMA scaled average BE 
approach for HVDs/HVDPs where the switching 
variability 0 is set by the EMA at 0.294 to give BE 
acceptance limits of 80-125% at a CVWR of 30%. 
 
 

Most NTIDs have a relatively small within-
subject variability, ranging from approximately 5 
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to 25%  (52,62). Similar to the scaling approach 
recommended by the EMA for HVDs/HVDPs, 
the BE limits would change as a function of the 
within-subject variability of the reference product 
CVWR. The FDA proposes for NTIDs that the 
default BE limits be 90-111% and that they be 
scaled using a switching variability (σ0) of 0.1 
(which corresponds to a CVWR of 10.03%) to a 
maximum of 80-125%. This switching variability 
is chosen such that the BE acceptance limits are 
90-111% when the CVWR is equal to 10%. This 
means that when the CVWR is less than 10%, the 
BE limits would narrow beyond the default limits 
of 90-111% as a function of the within-subject 
variability of the reference product. The 
maximum BE acceptance limits, i.e. 80-125%, 
will be reached at a CVWR of approximately 21% 
(Fig. 2). The FDA is also investigating the impact 
of additional BE acceptance criteria for NTIDs 
such as point estimate limits for Cmax and AUC, 
and a requirement that the 90% confidence 
interval around the GMR for Cmax  and AUC 
includes 100% (61). 
 
DOSAGE STRENGTH(S) TO BE 
INVESTIGATED 
 

When marketing authorisation is requested 
for several strengths of a product it may be 
sufficient to carry out an in vivo bioequivalence 
study on one or two strengths only and to apply 
for a biowaiver for the remaining strengths. The 
choice of the strength(s) at which the in vivo 
bioequivalence study should be carried out, as 
well as the conditions that have to be fulfilled to 
qualify for a biowaiver for additional strengths 
are explained in much more detail in the 2010 
EMA bioequivalence guideline. In this regard it is 
noteworthy that the pharmacokinetics are 
considered to be linear (or dose proportional) if 
the difference in dose-adjusted AUCs is not more 
than 25% between the concerned strengths, i.e. 
the strength for which an in vivo bioequivalence 
study is carried out and the one for which a 
biowaiver is requested. The in vivo 
bioequivalence study should generally be 
conducted at the highest strength. Selection of a 
lower strength is acceptable for products with 
dose proportional pharmacokinetics and where 
the drug substance is highly soluble according to 
the BCS. Other considerations taken into account 
to select the strength at which to carry out the BE 
study are tolerability/safety of the study subjects 
and insufficient sensitivity of the bioanalytical 
method to determine the plasma concentration-
time profile. One of the conditions that have to be 

fulfilled to extrapolate the results of a BE study 
carried out with one of the strengths only is 
related to the composition of the various strengths 
which should be proportional, i.e. having a 
constant ratio between the active substance and 
the various excipients (some minor deviations of 
the rule are accepted). When a BE study has to be 
performed on more than two strengths because 
the condition of proportional composition is not 
fulfilled, the bracketing approach may be used, 
i.e. the strengths selected for the BE studies 
represent the extremes in strength or in 
composition. 
 
BCS-BASED BIOWAIVERS 
  

The 2001 EMA Note for Guidance on the 
Investigation of Bioavailability and 
Bioequivalence referred to exemptions from BE 
studies based on the concepts underlying the BCS 
(5). However, the description of the criteria on 
which a biowaiver may be granted in this 2001 
EMEA Note for Guidance was much less detailed 
(less than one page!) than in the FDA Guidance 
for Industry on BCS-based biowaivers. In 2007 a 
Concept Paper was published by the EMA in 
which it was noted that BCS-based biowaivers 
were rarely used in the EU probably due to 
uncertainties by the sponsors as well as the 
regulators on how to interpret these EMEA 
guidelines (7). This 2007 EMA Concept Paper 
announced the preparation of a document which 
would address the issue of BCS-based biowaivers 
in more detail to reach an optimal and harmonised 
application of biowaiver principles. The EMA 
BCS-based biowaiver guidelines are now 
described in Appendix III of the revised 2010 
Guideline for the Investigation of Bioequivalence 
(9). 

Unlike the FDA which only accepts 
biowaivers for BCS class I substances (high 
solubility, high permeability), the EMA now 
considers biowaivers for BCS class I and III 
substances (high solubility, low permeability). It 
has been argued in several scientific 
commentaries that BCS class III substances 
would be good candidates for biowaivers (63-67). 
A drug substance is considered highly soluble, 
according to the EMA guideline, “if the highest 
single dose administered as immediate release 
formulation(s) is completely dissolved in 250 ml 
of buffers within the range of pH 1.0 - 6.8 at 37 ± 
1 °C” (9). The 2010 EMA guideline defines 
permeability as a function of extent of absorption 
following oral administration: “Complete 
absorption is generally related to high 
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permeability”. When the measured extent of 
absorption, based on human data (absolute 
bioavailability, mass-balance studies), is at least 
85%, complete absorption is accepted. Although 
the EMA accepts in vitro permeability 
investigations as supportive evidence of in vivo 
human data, the FDA seems to attach greater 
importance to in vitro studies (cell cultures, 
intestinal tissue) and in vivo/in situ perfusion 
experiments in animal models. In the case of 
biowaivers for class III substances the in vitro 
dissolution of the test and reference product has to 
be very rapid (>85% within 15 min), and special 
attention must be paid to the excipients since it is 
known that the absorption of BCS class III 
substances is more susceptible to transporter-
mediated excipient-drug interactions (69).  For 
BCS class I substances the EMA advises the use 
of similar amounts of the same excipients in the 
test product compared to the reference product. 
For BCS class III substances, according to the 
EMA the excipients have to be qualitatively the 
same and quantitatively very similar in test and 
reference preparation. 

The World Health Organization (WHO), 
which is not a regulatory body but publishes 
technical reports and guidelines which are 
recommendations to national authorities, not only 
allows biowaivers for BCS class I and BCS class 
III substances but also under certain 
circumstances for class II substances (18,70). This 
lack of harmonisation creates confusion which in 
turn leads to suspicion by health care providers 
and patients, especially since many national 
authorities of third world countries give these 
WHO reports regulatory status. All stakeholders 
in the development and registration of new drug 
products must balance the need for scientific rigor 
in assuring BA/BE (and hence product quality 
towards consistent therapeutic outcomes) with the 
time and expense of conducting in vivo BE 
studies, and the overall impact on product costs 
and timely availability to patients. Ideally these 
guidelines should be the same worldwide to 
ensure that patients all over the world can benefit 
from affordable and safe medicinal products. 
  
GLOBAL HARMONIZATION? 
  

The generic drug approval process has 
evolved over the past 35 years and regulatory 
agencies in a number of western countries have 
now established stringent requirements for the 
design, performance and evaluation of BE studies 
to protect the consumer of being exposed to drug 
products of inferior quality. Although the current 

BE guidelines and recommendations of the major 
regional and national health authorities show a 
fair degree of consistency, a number of 
outstanding BE issues and concerns remain to be 
resolved. The most obvious of these controversial 
issues, such as the BE acceptance limits for NTI 
drugs and HVDs/HVDPs, the use of metabolites 
for BE assessment, conditions to grant 
biowaivers, are not always dealt with in the same 
way by the various health authorities. Global 
harmonization should therefore be the next logical 
step in the continuing process to improve the BE 
guidelines as a means to guarantee safe and 
efficacious drug products for the consumer in all 
parts of the world. Global harmonization efforts 
by the International Conference on 
Harmonization (ICH) and the WHO should be 
stepped up in collaboration with the regulatory 
agencies of the western world as more nations 
throughout the world have come to rely on low-
cost, good-quality multi-source (generic) 
pharmaceutical products to provide lower 
healthcare costs without sacrificing important 
public health goals. However, as pointed out 
above, consensus on a number of BE issues have 
not been reached at this point in time amongst 
international regulatory agencies. In addition, 
differing levels of commitment and resources by 
the various countries and regions constitute 
another formidable barrier that has to be 
overcome to harmonize BE approaches to ensure 
development of optimally performing and 
affordable drug products for use by health 
practitioners and patients in the global 
community.   
 
CONCLUSION 
 

Compared to the 2001 EMA Note for 
Guidance on the Investigation of Bioavailability 
and Bioequivalence (5), the 2010 revised 
guidelines give clearer recommendations 
regarding such topics as the assessment of BE for 
HVD’s/HVDP’s, the very limited use of 
metabolites in BE assessment, the dose strength to 
be used in case of application for marketing 
authorization of several strengths, and BCS-based 
and other biowaivers. Unfortunately, global 
harmonization was certainly not an objective of 
these revised EMA guidelines.   
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