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a  b  s  t  r  a  c  t

In  the  European  Union  multiple  dose  bioequivalence  studies  are  required  for  the  approval  of  generic
prolonged-release  products,  but  they  are  not  required  by the US-FDA.  In  order  to  investigate  if  the multiple
dose bioequivalence  studies  are  necessary,  the  bioequivalence  studies  assessed  in the  Spanish  Agency
for Medicines  and  Health  Care  Products  in  the last  10  years  were  searched  to find  all reasons  for  rejection
and  identify  those  cases  where  the  multiple  dose  study  had  failed  to show  bioequivalence  and  the  single
dose  study  had  shown  bioequivalence.  In  these  latter  cases,  the  plasma  concentration  at  the  end  of
the  dosing  interval  (C�) in  the single  dose  study  was  assessed  to investigate  its  sensitivity  to predict
herapeutic equivalency
ioequivalence
ustained-release
ingle dose
ultiple dose

non-bioequivalence  in the steady  state.
The  search  identified  six  cases  where  the  non-equivalence  in  the  multiple  dose  study  was  not  detected

by  the  corresponding  single  dose  study.  C� was  not  able  to  detect  the difference  in five cases  and  in  general
it was  more  variable  than  conventional  metrics.  In  conclusion,  the  multiple  dose bioequivalence  study  is
necessary  to ensure  therapeutic  equivalence  and  the use  of  C� would  be counterproductive,  increasing

dies  
the  sample  size  of  the  stu

. Introduction

The present CHMP Guideline on Modified Release Oral and
ransdermal Dosage Forms (Committee for Proprietary Medicinal
roducts (CPMP), 1999) requires the investigation of bioequiva-
ence of generic/hybrid prolonged release products in a single dose
tudy in fasted state, a multiple dose study in fasted state and in
resence of a high fat meal in those cases where the product is to
e taken irrespective of the food intake, or only a single dose study

n fed state and a multiple dose study in fed state in those products
here the SPC of the reference products indicates intake only in
ed conditions for safety/tolerability issues or for pharmacokinetic
easons.

∗ Corresponding author at: División de Farmacología y Evaluación Clínica,
ubdirección General de Medicamentos de Uso Humano, Agencia Española de
edicamentos y Productos Sanitarios, C/Campezo 1, Edificio 8, Planta 2 Oeste, E-
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without  enough  sensitivity  to detect  differences  in the steady  state.
© 2011 Elsevier B.V. All rights reserved.

After the announcement of the update of the present guideline
(Committee for Medicinal Products for Human Use  (CHMP), 2010a),
EUFEPS sponsored recently a conference to address the pharma-
cokinetic requirements of this guideline (EUFEPS BABP Network
Open Discussion Forum. Revision of BE Requirements for Modified
Release Products). The need for multiple dose studies was one of
the topics addressed (Becker, 2011). The literature was  reviewed
to identify cases where multiple dose studies were necessary, i.e.
cases where the difference between products was  detected more
sensitively in a multiple dose study in steady state compared with
a single dose study in fasted or fed state. No case was  found and this
was considered as demonstration that such a study is not needed to
ensure bioequivalence. Unfortunately, the lack of published studies
cannot be considered as scientific evidence of its insensitivity due
to publication bias. In other words, absence of evidence is not evi-
dence of absence. Furthermore, the theoretical ability of multiple
studies to detect differences in the release profile of the prolonged
release product at the end of the dosing interval was highlighted in
this conference.
Multiple dose studies are not required for immediate release
products because of its lower sensitivity to detect differences in
release rate compared with single dose studies (Fernandez-Teruel
et al., 2009a,b; Navarro-Fontestad et al., 2010; Jackson, 1987, 1989;

dx.doi.org/10.1016/j.ijpharm.2011.11.022
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:agarciaa@aemps.es
dx.doi.org/10.1016/j.ijpharm.2011.11.022
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Table 1
Reasons for rejection of prolonged release generic products submitted to the Spanish
Agency for Medicines and Health Care Products.

Reason for rejection Number of cases

Inadequate reference product 3
Inadequate design 3
22 A. García-Arieta et al. / International Jo

l-Tahtawy et al., 1994, 1995, 1998). Therefore, multiple dose stud-
es are only accepted for immediate-release products when a single
ose study is not feasible for safety reasons and the product has to
e administered in patients that require continuous treatment or
hen the plasma concentrations are measurable only after accu-
ulation at steady state (Committee for Medicinal Products for
uman Use (CHMP), 2010b).

For prolonged release products, the US-FDA does not require
he investigation of bioequivalence at steady state after multiple
oses because single-dose studies are considered more sensitive in
ddressing the primary question of BE (i.e. release of the drug sub-
tance from the drug product into the systemic circulation), even
n instances where nonlinear kinetics are present (US Department
f Health and Human Services, 2003). In Canada, demonstration
f bioequivalence in a multiple dose study, in addition to single-
ose studies, is required currently (Health Canada, 1996), but this
equirement is under review and there is a proposal to eliminate
t. Consequently, in Europe there are similar opinions that believe
hat this type of study does not provide any useful information.

On the contrary, from a theoretical point of view, the multiple
ose study is necessary to assess the biopharmaceutical quality of
rolonged release products since no other study is able to investi-
ate the shape of the whole curve by means of Cmax,ss and Cmin,ss
r the release rate of the product at the end of the dosing inter-
al since the singled dose study only investigates AUC and Cmax. In
ontrast to immediate release products, multiple dose studies are
ecessary in prolonged release products because the release rate
etermines the apparent elimination phase since the absorption
ate is slower than the elimination rate. Therefore, differences in
elease at the end of the dosing interval cannot be detected with
he current metrics of a single dose study, AUC0–t or AUC0–∞ and
max, since the difference could be masked in AUC by the similarity

n the first part of the curve and Cmax is observed in a wide range
f sampling times, independently of the release rate, since the pro-
onged release profile is characterised by prolonged plateau levels
nd, therefore, the tmax can occur in a large range of values due to
andom variability. In other words, the shape of plasma profiles in a
rolonged release product is much more dependent on the formu-

ation than in an immediate release product. Consequently, after
ultiple doses the plasma concentrations at steady state would be

ifferent if at the end of the dosing interval the plasma concentra-
ion were notably different. Importantly, differences at the end of
he plasma concentration–time curve may  have a high clinical rel-
vance if plasma concentration falls below the minimum effective
oncentration (e.g. analgesics).

The aim of the present study was to identify the reasons for
ejection of prolonged release generic products in regulatory sub-
issions to the Spanish Agency for Medicines and Health Care

roducts in the last 10 years, in order to investigate if the multiple
ose bioequivalence studies are necessary based on the existence
f cases where the multiple dose study had failed to show bioe-
uivalence and the single dose study had shown bioequivalence.

n these latter cases, the plasma concentration at the end of the
osing interval (C�) in the single dose study was assessed to inves-
igate its sensitivity to predict non-bioequivalence in the steady
tate in order to include it as a requirement in the single dose study
o ensure bioequivalence in steady state without performing such

 study.

. Materials and methods
.1. Prolonged release products

All prolonged release generic products assessed in Spain by the
panish Agency for Medicines and Health Care Products since 2000
Inadequate characterisation 1
Insufficient number of studies 27
One or more failed studies 11

approximately and whose assessment report is available in elec-
tronic format were investigated. These products may  have been
submitted by national, mutual recognition or decentralised proce-
dure.

2.2. Identification of reasons for rejection

A search was performed in all assessment reports to identify
files with the word “prolonged” (“prolongada” in Spanish) in any
paragraph of the assessment report. This word is expected to be
included in all assessment reports of prolonged release products
since it is part of the standard term of the dosage form in the
European Pharmacopoeia. Subsequently, the word “rejected” (“des-
favorable” or “no conforme” in Spanish terminology) was  searched
in those previously identified files, since this is the legal term
employed in the assessment report conclusions.

Finally, the assessment reports were collected and reviewed.

2.3. Investigation of an additional metric in single dose studies to
avoid multiple dose studies

For those products where the multiple dose study failed to
demonstrate bioequivalence and the single dose study demon-
strated bioequivalence, the reason for the failure was investigated
(i.e. differences between products or insufficient statistical power
to conclude equivalence). In those cases where differences were
detected in the multiple dose study the raw data of the single dose
study was collected to calculate the 90% confidence interval of the
ratio test/reference of plasma concentration at the end of the dosing
interval (C�).

3. Results

The same development of a prolonged release generic product is
frequently submitted to obtain a marketing authorisation of several
generic (or hybrid) medicinal products. Therefore, several assess-
ment reports contained the same bioequivalence studies. A total of
44 cases/developments with a negative opinion were identified. In
one case the rejection was based on two reasons. Table 1 summa-
rizes the 45 reasons for rejection. The products are not identified
for reasons of confidentiality.

Only the 11 cases where the documentation was  complete were
considered for further investigation. Table 2 shows the results of
these bioequivalence studies.

Table 3 lists the 90% CI for C� in the single dose study in those
cases where bioequivalence was not concluded in the multiple dose
study.

4. Discussion

Table 1 describes the reasons for a negative opinion, but it does
not mean that all of the cases were finally rejected since, in a few

of them, the deficiencies were solved afterwards.

Eleven cases were rejected because some of the required studies
were not able to show bioequivalence. This is the dataset where we
can investigate if the multiple dose study is necessary.
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The existence of a publication bias resulting from the publication
of only positive studies is obvious. Therefore, this review includes
products whose studies have not been published. However, this
review is also affected by bias. There is also a submission bias, since
most failed studies are not submitted. However, some failed stud-
ies are submitted for regulatory assessment because the Applicant
also submits clinical studies to justify that the pharmacokinetic dif-
ferences were clinically irrelevant or the Applicant believed that
the 80–125% acceptance criteria was not required strictly (e.g. for
Cmin). This might explain why the incidence of failures in the mul-
tiple dose study was  much higher than that observed in the other
study designs.

According to Table 2, one case failed in all three studies because
the formulations had a different release rate, which caused a differ-
ent Cmax in the single dose studies (fasted and fed) and a different
Cmax,ss and Cmin,ss in the multiple dose study, but AUC was  bioe-
quivalent in all three studies. It is also evident that Cmin,ss is much
more variable than Cmax,ss and Cmax, but it also showed the most
different point estimate, suggesting it seems to be the most sensi-
tive to detect differences. Nevertheless, with such a large difference
between products any type of study is able to detect the difference.

In the second case both studies in fasted state were able to detect
a difference in absorption rate by means of Cmax or Cmax,ss, but the
multiple dose study seems to be more sensitive to detect the differ-
ence. Or in other words, the detected difference is larger. In this case
Cmin,ss was not able to detect the difference. Interestingly, in this
case the fed study was unable to detect the difference. Therefore,
we can conclude that the fed single dose study and the fasted single
dose study are required for two  different purposes. The fasted state
study measure the quality of the release in optimal conditions and
fed study investigates the formulation resistance to dose-dumping
and the release in different/worse conditions.

In the third case the highest sensitivity was  observed in the fed
study. The single dose study in fasted state was almost bioequiva-
lent and the multiple dose study failed due to the extremely high
variability of Cmin,ss (67%), but the point estimate was only 116%.
This study seems to indicate that the multiple dose study is not
necessary.

In the fourth case the highest sensitivity was also detected in
the fed state, both in the single dose study and the multiple dose
study, but the difference was not detected in the single dose study
in fasted state. Interestingly, when comparing the fed studies, there
is more sensitivity to detect differences between formulation in the
Cmax,ss than in Cmax, and Cmax,ss exhibits lower variability.

In the fifth case the fed conditions were the most discriminative.
Bioequivalence was  shown in fasted state but not in fed state. The
sensitivity of the multiple dose fed study based on point estimates
seems to be slightly higher than that of the single dose fed study.

In the next 6 cases the differences between formulations were
detected only in the multiple dose study in fasted state or fed state
and the single dose study in fasted or fed state were not able to
detect a difference. It is important to highlight that in five out of six
cases the 90% confidence interval was not only out of the acceptance
range but also it did not include the 100%. Therefore, statistically
significant differences were detected with that confidence level
(10% consumer risk). Only in one case the 100% was included, but it
was marginally. Therefore, it is not possible to claim that these fail-
ures were due to an excessive variability, but it has to be admitted
that differences between formulations really existed and they were
detected only in the multiple dose study. Therefore, if in half of the
identified rejected cases with complete documentation the most
sensitive study is the multiple dose study, it does not seem rea-

sonable to stop requiring this type of study, except if it is possible
to identify an additional pharmacokinetic parameter in the single
dose study able to provide the same information. To this end the
90% CI of the ratio of the concentration at the end of dosing interval
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Table 3
90% CI for C� in the single dose study compared with the failed 90% CI of Cmax,ss or Cmin,ss in the multiple dose study.

Case Single dose fasted/fed Multiple dose fasted/fed

n Point estimate (90% CI) CV% n Point estimate (90% CI) CV%
C� Cmax,ss

a, Cmin,ss
b

6
35 82.67 (74.56–91.67) 25.96%a

55 145.57 (131.21–161.50) 33.05% 33 146.30 (125.48–170.59) 60.13%b

7 34 125.15 (103.99–150.62) 47.48% 34 83.86 (72.09–97.56) 38.11%b

8
33 106.67 (92.29–123.34) 35.85%
35 119.37 (100.15–142.27) 45.50% 42 120.32 (108.83–133.03) 27.84%b

9
84.12 (73.76–95.99) 27.07%a

24 89.31 (70.79–112.67) 49.57% 24 80.38 (62.47–103.42) 54.32%b

10 28 112.28 (90.40–139.41) 50.33% 59 119.19 (107.25–132.46) 35.32%b

%
% 
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24 98.15 (88.94–108.33) 20.09
23 92.08 (81.67–103.82) 23.96

C�) after a single dose between Test and Reference was calculated
see Table 3) for these 6 cases (cases 6–11).

In the sixth case the new parameter (C�) was able to detect the
ifference without an extremely large variability and the point esti-
ate was similar to that of Cmin,ss, but with half of the variability.

herefore, it seems to be an adequate solution to avoid the need of
ultiple doses studies.
In the seventh case C� also failed to show equivalence, which

eems to indicate that it is able to predict the steady state bioe-
uivalence conclusion, but, surprisingly, C� detected the difference

n the opposite direction than Cmin,ss, which seems to be illogical. In
ddition, C� was too variable and even more variable than Cmin,ss.
herefore, this case raises some doubts concerning the validity of
� as predictor of the steady state.

In the eighth case two single dose studies are available because
wo proportional formulations were developed. In one of them, C�

as equivalent and in the other one C� provides a point estimate
imilar to that of Cmin,ss, but with a much higher variability. There-
ore, C� does not seem to be consistent and the high variability is
ot desirable.

In the ninth case C� was not able to detect the difference detected
n Cmax,ss and failed to show equivalence due to its high variability.
n steady state Cmin,ss failed also due to variability, but the point
stimate seems to be more discriminative (80.38% vs. 89.31%) and
max,ss did not fail due to variability but to a large difference (around
5%) in point estimate. Therefore, C� was not able to detect the
roblems detected in the multiple dose study.

In the tenth case C� was less sensitive and more variable than
min,ss. Therefore, it does not seem to be an adequate parameter
o be used instead of the multiple dose study due to insensitivity
ased on the point estimate and the larger sample size that it may
equire.

In the eleventh case two single dose studies are available
ecause two proportional formulations were developed. In both
ases C� was equivalent with a very similar point estimate (differ-
nce < 10%), therefore, it was not able to detect the 15% difference
etected by Cmax,ss.

In summary, these first five examples identified 2 cases where
on-equivalence was concluded in all studies (cases 1 and 3). In
ne case (case 2) the fed state was the less sensitive and concluded
quivalence, but in 3 out of 5 cases the fed studies were the most
iscriminative. In fact, in case 5 only the fed studies concluded
on-equivalence. Therefore, although the fed study seems to be
nnecessary based on case 2, it is obvious that the fed studies are

ssential to compare the in vivo performance of prolonged release
roducts. Similarly, although case 3 seems to indicate that the mul-
iple dose study is unnecessary, in 4 out of 5 studies the multiple
ose study seems to be more discriminative than the single dose
28 84.43 (71.27–100.02) 38.49%a

study. This is confirmed in the next six cases where the multiple
dose study was  the only design able to detect the differences and,
therefore, it was  essential when comparing the in vivo performance
of prolonged release products.

Regarding the predictive value of C� , one case in Table 3 shows
that it is predictive of the bioequivalence failure of Cmin,ss, but in
the other five cases, the results are not predictive or as sensitive as
Cmax,ss or Cmin,ss.

5. Conclusion

The reviewed data show that half of the rejected prolonged
release generic products with complete documentation were
rejected due to the multiple dose study. Even if variability in some
of the failed PK parameters was high, the reason for failure was not
due to the variability, but to the differences between formulations,
since in almost all cases the differences was  statistically significant
with 90% CI that were not including the value of 100%. In most
cases where the multiple dose study failed to show equivalence
C� was  not able to detect the difference observed in the multiple
dose study. Only in one case it was  less variable than, and as sen-
sitive as, Cmin,ss. Therefore, the existing evidence recommends that
bioequivalence demonstration also in a multiple dose study must
be required as a regulatory requirement to ensure bioequivalence
in steady state and real chronic use, because for prolonged release
products, in contrast to immediate release products, the single dose
study is not able to ensure equivalence in steady state due to the
complex shape of plasma concentration–time profiles.
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