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ABSTRACT: The Biopharmaceutics Classification System (BCS) defines the solubility characteristics of an active pharmaceutical substance
based on its dose–solubility ratio: for highly soluble drugs this ratio is less than 250 mL over a defined pH range. Prior to the revision of the
European Medicines Agency (EMA, formerly EMEA) guideline in 2010, the “dose” in this ratio was consistently defined by the US FDA, the
EMA, and the WHO biowaiver guidelines as the highest dosage strength. However, in the revised EMA guideline, the dose is defined as
the highest single dose administered according to the Summary of Product Characteristics. The new EMA criterion for highly soluble may
be closer to the actual conditions of use, but it is not in line with the dose that would be used in the in vivo bioequivalence study. This
paper evaluates the impact on the BCS classification of the active pharmaceutical ingredients of the published biowaiver monographs and
discusses the consequences of the possible change in classification on biowaiver recommendations. Using the current definition of dose by
the EMA, the biowaiver recommendations for metoclopramide hydrochloride and verapamil hydrochloride are no longer valid according
to EMA criteria. For prednisolone and prednisone, a reevaluation of the biowaiver recommendation, taking into account the usual dosing
levels, seems appropriate. C© 2013 Wiley Periodicals, Inc. and the American Pharmacists Association J Pharm Sci 103:65–70, 2014
Keywords: solubility; biopharmaceutics classification system (BCS); bioavailability; bioequivalence; regulatory science

INTRODUCTION

Since the introduction of the Biopharmaceutics Classification
System (BCS),1 most regulatory authorities have started to ap-
ply this system for bioequivalence guidance. The BCS is based
on two important processes for the absorption of a drug sub-
stance, namely its solubility and hence ease of dissolution in
the upper gastrointestinal tract and its permeation through
the membrane. The BCS classifies the characteristics of these
processes by categorizing these parameters as “high” or “low”.
The various regulatory authorities have somewhat different
criteria for categorizing the solubility and permeability. The
solubility of an active pharmaceutical ingredient (API) is in
all cases defined by calculating the dose–solubility ratio (D/S)
expressed by volume (mL), that is, the volume sufficient to dis-
solve the dose, but the dose and the range of conditions over
which the solubility is determined may differ from jurisdiction
to jurisdiction.

An important application of BCS in the regulatory docu-
ments is the use of BCS in the guidance for biowaiver proce-
dures. One of the most important criteria for deciding whether
a BCS-based biowaiver is appropriate is the BCS class of the
API. For instance, products containing BCS class IV APIs are
excluded from the BCS-based biowaiver procedure. Addition-
ally, products containing class III APIs cannot, as of this writ-
ing, be approved in the USA by the biowaiver procedure. In the
EU and countries using the WHO criteria, products contain-
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ing Class III APIs are only eligible for biowaiving if they are
very rapidly dissolving. Class II APIs are only eligible for the
biowaiver procedure in countries using the WHO criteria and
then only in the case of a weak acid that is highly soluble at
pH 6.8. By contrast, Class I APIs are eligible for the biowaiver
procedure in all jurisdictions that apply it (Japan, notably, is a
country that does not yet allow approval of drug products using
the BCS-based biowaiver procedure). In general, the regulatory
authorities consider an API highly soluble if its D/S ratio is less
than 250 mL.

The former European Medicines Agency guideline (EMA,
formerly EMEA, 2001) and the present US FDA (2000) guid-
ance define dose as the highest dosage strength marketed as
an oral immediate release (IR) dosage form, that is, the tablet
or capsule with the highest content of API.2,3 However, the
revised EMA (2010) guideline defines dose as the highest sin-
gle oral IR dose recommended for administration in the Sum-
mary of Product Characteristics (also known as the Prescribers’
Information).4 The WHO has a more flexible definition. If the
API appears on the WHO Model List of Essential Medicines
(EML), the highest dose recommended in that list is to be ap-
plied for D/S ratio calculation. For APIs not on the EML, the
highest dosage strength available on the market as an oral solid
dosage form is used.5

As the BCS classification is an important parameter for
biowaiver eligibility, it is important to unambiguously under-
stand how the D/S ratio is calculated. To demonstrate the dif-
ferences that can arise as a result of the differences in definition
of dose, we evaluated its impact on the BCS classification of the
APIs for which biowaiver monographs had been published up to
2011 (in this Journal and on the FIP website www.fip.org/bcs).
This article identifies changes in BCS classification for this set
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of APIs and discusses the impact of the change on the API’s
eligibility for the BCS-based biowaiver. The results are also ad-
dressed in the context of patient use and in the framework of
other regulations relating to bioequivalence.

METHODS

The impact of the change in definition of D on the D/S ratio and
hence the BCS classification was evaluated for the 27 APIs for
which a biowaiver monograph had been published up to June
2011. The highest single dose administered as an IR oral drug
product was obtained from Summaries of Product Characteris-
tics (SmPCs) on the website of the Dutch Medicines Evaluation
Board and Martindale Extra Pharmacopoeia. Where no SmPC
was available from the Dutch Medicines Evaluation Board,
the SmPC as published on the company’s website was taken
and compared with the Martindale information. The solubility
value S was taken from the respective biowaiver monographs:
to evaluate whether the D/S met the solubility criterion, the
worst-case solubility values were used, that is, the lowest value
in the pH range 1–6.8, the range applied by the EMA. With
these values for solubility and dose, the “new” worst-case D/S
ratios were calculated for each active substance.

RESULTS AND DISCUSSION

Figure 1 summarizes the results for all APIs evaluated. Table 1
lists the 24 APIs for which the D/S ratio was recalculated. As
the authors of the biowaiver monographs for lamivudine, lev-
ofloxacin, and metronidazole had already taken the different
dose definition into the calculation of D/S into consideration,
results for these three APIs are not tabulated.

For acyclovir, atenolol, cimetidine, ciprofloxacin, furosemide,
ibuprofen, lamivudine, levofloxacin, and ranitidine, the high-
est single dose recommended for administration in the SmPC
is equal to the highest dosage strength available, so for
these drugs, the BCS classification and hence the biowaiver
recommendation is not altered.6–14 The solubility values
for acetaminophen (paracetamol), chloroquine salts, doxycy-
cline, ethambutol, isoniazid, metronidazole, propranolol, pyraz-
inamide, and quinidine are all very high. Thus, even though the
highest single dose recommended in the SmPC is higher than
the highest dosage strength available, the D/S ratio is still be-
neath 250 mL. Therefore, neither the BCS classification nor the
biowaiver recommendation is changed for these APIs.7,15–22

The D/S ratio of diclofenac, mefloquine, and rifampicin al-
ready exceeded the 250 mL using the 2001 EMEA definition
of dose, consistent with their classification according to the US
FDA and WHO criteria. Therefore, the increase in the dose as-
sociated with the new definition leads to the D/S ratio exceeding
the criterion by an even wider margin: the BCS classification
of these API is thus not affected.23–26 Although amitriptyline
did not meet the criterion for highly soluble at pH 7.5 (US FDA
criterion) at the highest dose strength, it had been decided to
make a positive biowaiver recommendation based on the high
solubility at pH values up to 6.8 and the risk analysis. In the
EU and Martindale, current recommendations for dosing are
up to 150 mg/day in divided doses for ambulatory patients and
300 mg for patients being treated in hospital. Under the cur-
rent EMA guideline, even the highest ambulatory daily dose
falls within the D/S criterion over the pH range 1–6.8. Thus,

for amitriptyline HCl, no change in the biowaiver recommen-
dation is necessary.27

For the 22 APIs considered above, the new definition of D/S
by the EMA has thus no impact on the BCS classification or
biowaiver recommendation for the API at all. The five remain-
ing APIs require some additional discussion.

For acetazolamide, the BCS classification is affected, as indi-
cated in Table 1, but the biowaiver decision is not. The highest
administered dose of acetazolamide is twice the highest dose
strength. This leads to a shift in the classification of aceta-
zolamide to from highly soluble to not highly soluble, that is,
Class I/III to Class II/IV. Because of the uncertainty about the
permeability and dissolution data, the authors of the biowaiver
monograph came to the conclusion that acetazolamide was not
a good candidate for the biowaiver procedure.28 Application of
the EMA 2010 criterion for D/S would underscore this decision.

At the highest dosage strength for metoclopramide hy-
drochloride, 10 mg, the D/S is 236 mL. The maximum single
dose recommended in the SmPC, 20 mg, leads to a “new” D/S of
472 mL, considerably higher than the cut-off value of 250 mL.
According to the EMA guideline, metoclopramide would be re-
classified as a class IV drug and therefore would not be eligible
for a biowaiver in European jurisdictions.29

Similarly, although the highest dosage strength for vera-
pamil hydrochloride, 120 mg, leads to a D/S ≈250 mL, the high-
est recommended single dose is 240 mg, leading to a D/S ≈500
mL. Thus, verapamil, like metoclopramide, would no longer be
eligible for a biowaiver according to the EMA guideline.7

For prednisolone, the daily dose can vary over a large range:
according to Martindale, usual oral doses range from 2.5 to
60 mg daily in divided doses, as a single daily dose after break-
fast, or as a double dose on alternate days. The maximum
dosage strength commercially available in Europe was 50 mg
according to the biowaiver monograph. At 100 mg, which would
be an unusually high dose, the D/S ratio exceeds the cut-off of
250 mL, formally rendering it ineligible for a biowaiver, even
though it is “highly soluble” over the usual, lower dose range.
The situation is similar for prednisone, noting that it is less
soluble than prednisolone and thus at the same dose, will have
a less favorable D/S ratio. Strictly adhering to the D/S ratio
and considering a maximum single dose of about 100 mg, the
250-mL threshold is exceeded and prednisone would formally
fail to qualify for a BCS-based biowaiver.

In the biowaiver monographs,25,30 it had been argued that
the higher doses may not be the most clinically relevant ones to
apply to the D/S ratio calculation, noting that when these APIs
are given at the higher doses, these are often split up over the
day rather than being given as a single dose. Basing the calcu-
lation on the more commonly applied lower doses would keep
the option of biowaiving open for prednisolone and perhaps also
for prednisone.

So the BCS classification of four of the 27 APIs considered
was changed when the current EMA definition of dose was ap-
plied. The biowaiver recommendations for two of these are no
longer valid according to EMA criteria, whereas one remains
negative. For the fourth one, prednisolone, a reevaluation of
the biowaiver recommendation seems appropriate, which may
be considered for related API prednisone as well. More re-
cent biowaiver monographs that already took account of the
current EMA guideline, identified quinine sulfate as an addi-
tional API for which BCS classification may depend on the re-
gional requirements.31 These examples illustrate the relevance
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Figure 1. Dose–solubility ratio of APIs according to the previous definition (gray bars) and the new definition (black bars). The horizontal line
shows the cut-off value of 250 mL.

of a case-by-case review of biowaivers, especially for substances
with borderline solubility characteristics.

It is of note that the new definition of dose in the EMA reg-
ulatory guideline for biowaiving is based on the “worst-case”
situation that might occur in clinical practice. The examples
show that, quite often, the maximum single dose recommended
for administration is twice as high (or more) than the highest
dose strength available on the market. At the highest admin-
istered single dose, there will be the greatest level of challenge
for the entire dose to be dissolved in the fluids available. The
fluid volume used in the BCS calculation is based on fasted
state administration. Depending on the recommendation for
conditions of administration, this may also be a “worst-case”
situation, because when the drug product is administered with
or after a meal, volumes available in the stomach will often be
considerably higher than the 250 mL used for the calculation.
With the EMA definition, access to biowaiving has thus become
more conservative, with the result that APIs with borderline
solubilities may be transferred from BCS class I to class II or
from class III to IV, rendering them ineligible for the biowaiver
procedure.

Interestingly, the new definition of dose is not in line with
the dosing requirements for in vivo bioequivalence studies, as
set out in the very same EMA 2010 guideline. In the section

of the guideline addressing in vivo studies, it states that these
are generally to be carried out with the highest dose strength
of API commercially available. The overview of comments on
the draft guideline clarifies that this was so decided for feasi-
bility (practical and ethical) reasons, although the highest ad-
ministered dose was originally preferred from a scientific point
of view.32 Likewise, in the section dealing with biowaivers for
lower doses, it is expected that a bioequivalence study has been
carried out at the highest dosage strength, not at the highest
single dose recommended in the SmPC. Considering that the
biowaiver procedure is clearly to be regarded as a surrogate for
an in vivo bioequivalence study, it appears that the different
recommendations for the dose to be used in different sections
of the guideline are somewhat inconsistent.

The discussion of the deviation of the EMA dose also raises
the question of what is actually the relevant single dose. As
illustrated by the case of prednisolone and prednisone, the sit-
uation can arise that just a few of the indications or a load-
ing dose could require an exceptionally high dose, whereas for
most indications and/or for long term therapy, a much lower
dose would be appropriate. To select the appropriate dose for
calculation of the D/S ratio, one could take into account the
prevalence of the various indications to assess how frequently
the API would be administered at an exceptionally high single
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dose level. Another aspect of this risk analysis would be the en-
vironment (ambulatory or hospitalized) in which the indication
is usually treated. The prevalence of the indication combined
with an evaluation of the risk of using a bioinequivalent for-
mulation for that specific indication could be used to define
“unusual” and “usual” doses, as illustrated above.

Of course, the regulatory consequences of such a risk eval-
uation on a generic application would need to be taken into
account. The bioequivalence guidelines are in principle aimed
at obtaining therapeutic equivalence of reference and test prod-
uct at all claimed indications, including those for which several
doses are administered together. If conclusions are made based
on a lower dose, a risk of undetected lack of equivalence for the
higher doses will exist. However, the current EMA guideline, as
well as the US FDA and WHO guidance documents, already im-
plicitly accept this risk as negligible as they all recommend that
the in vivo bioequivalence study should in general be conducted
at the highest dosage strength, not the highest recommended
single dose.

Diverging biowaiver recommendations in the various juris-
dictions do not facilitate the application of biowaivers by phar-
maceutical industry in daily regulatory practice. For this and
the foregoing reasons, it seems that the dose definition used
by the US FDA and the WHO is more straightforward to im-
plement and is more consistent with the bioequivalence guide-
lines in general, whose intent after all is to test the therapeutic
equivalence of two given drug products.

CONCLUSIONS

The change in definition of the dose, and hence D/S in the BCS
classification calculation by the EMA has an impact on the
BCS-based biowaiver recommendation for four of the 27 APIs
examined. With the change in definition of dose made by the
EMA, the biowaiver recommendations for metoclopramide and
verapamil are no longer valid in European jurisdictions. For
prednisolone and perhaps also for prednisone, a reevaluation
of the biowaiver recommendation, taking into account usual
dosing levels, would be appropriate.

The new definition of dose in the EMA regulatory guideline
for biowaiving is based on clinical considerations. However, this
definition is not yet applied in other bioequivalence guidelines,
nor is it in line with the dose definition for in vivo bioequiva-
lence studies. It would be helpful if the regulatory authorities
would clarify these aspects.
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