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Introduction

1.1

This proposal is closely linked to the Multisource (generic) pharmaceutical
products: guidelines on registration requirements to establish interchange-
ability (WHO Technical Report Series, No. 937, Annex 7). It aims to give
national authorities sufficient background information on the various orally
administered active pharmaceutical ingredients (APIs) on the WHO Model
List of Essential Medicines (EML), also taking into account local usage of
the API, to enable them to make an informed decision as to whether generic
formulations should be subjected to in vivo bioequivalence (BE) studies
or whether a biowaiver can be granted. In light of scientific work and dis-
cussion in the last decade, some of the criteria used to evaluate the API in
terms of potential for a biowaiver have been revised to allow a broadened
scope of application. The result is that many APIs on the EML can now be
considered for the biowaiver procedure, subject to the usage and risks in the
national setting.

Background

Initiatives to allow biowaivers based on the Biopharmaceutics
Classification System

In 1995 the American Department of Health and Human Services, US Food
and Drug Administration (HHS-FDA) instigated the Biopharmaceutics
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Classification System (BCS), with the aim of granting so-called biowaiv-
ers for scale-up and post-approval changes (SUPAC) (www.fda.gov/cder/
guidance/cmc5.pdf). A biowaiver means that in vivo bioavailability and/or
bioequivalence studies may be waived (i.e. not considered necessary for
product approval). Instead of conducting expensive and time-consuming in
vivo studies, a dissolution test could be adopted as the surrogate basis for
the decision as to whether two pharmaceutical products are equivalent. At
that time the biowaiver was only considered for SUPAC to pharmaceutical
products.

More recently, the application of the biowaiver concept has been extended
to approval of certain orally administered generic products (www.fda.gov/
cder/guidance/3618fnl.htm).

Within the context of the documents cited above, only APIs with high solu-
bility and high permeability and which are formulated in solid, immediate-
release (IR) oral formulations can be approved on the basis of the biowaiver
procedure. A major advantage of the biowaiver procedure is the simplifica-
tion of the product approval process and the reduction of the time required,
thus reducing the cost of bringing new products to market.

1.2 What is the Biopharmaceutics Classification System?

The Biopharmaceutics Classification System (BCS) was proposed in 1995
by Amidon et al.! It is a scientific framework which divides APIs into four
groups, according to their solubility and permeability properties.

1.3 Classification of active pharmaceutical ingredients according
to the Biopharmaceutics Classification System

According to the HHS-FDA definitions in the documents cited above, the
four possible categories for an API according to the BCS are:

» BCS class I: “high” solubility — “high” permeability
» BCS class II: “low” solubility — “high” permeability
« BCS class III: “high” solubility — “low” permeability
« BCS class IV: “low” solubility — “low” permeability.

Depending on the classification, the oral availability of the API may be
expected to range from being heavily dependent on the formulation and
manufacturing method (e.g. Class Il APIs: poorly soluble yet highly perme-
able) to being mostly dependent on the API permeability properties (e.g.
Class III APIs: highly soluble yet poorly permeable).

' Amidon GL, Lennemas H, Shah VP, Crison JR. A theoretical basis for a biopharmaceutic drug
classification: the correlation of in vitro drug product dissolution and in vivo bioavailability. Phar-
maceutics Research, 1995, 12:413-420.
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1.4

1.5

How is high or low solubility currently defined by the Department
of Health and Human Services, US Food and Drug Administration?

The aqueous solubility of a drug substance is considered as high according
to the HHS-FDA BCS criteria when:

* the ratio of the highest orally administered dose (in mg) to the solubility
(mg/ml) is 250 ml or lower.
— This criterion is met over the pH range 1-7.5 at 37 °C.

According to HHS-FDA guidances, the determination of the equilibrium
solubility should be carried out with the shake-flask method (other methods
such as acid or base titration are permitted when their ability to predict the
equilibrium solubility is justified). The experiments should be carried out at a
temperature of 37 + 1°C. Further, a sufficient number of pH conditions should
be chosen to cover the pH range of 1-7.5 and each determination should be
carried out at least in triplicate. The buffer solutions given in the United States
Pharmacopeia (USP) are appropriate for the tests, but other buffers are also
allowed for these experiments. The pH value of each buffer solution should be
checked before and after each experiment. Degradation of the API due to pH
or buffer composition should be reported together with other stability data.

The reason for the 250-ml cut-off criterion for the dose:solubility ratio
is that in pharmacokinetic bioequivalence studies, the API formulation is
to be ingested with a large glass of water (8 ounces corresponds to about
250 ml). If the highest orally administered dose can be completely dissolved
in this amount of water, independent of the physiological pH value (hence
the determination over the pH range 1-7.5), solubility problems are not
expected to hinder the uptake of the API in the small intestine.

The other important parameter for the BCS is the intestinal permeability of
the AP

How is high or low permeability currently defined by the Department
of Health and Human Services, US Food and Drug Administration?

According to HHS-FDA a drug is considered highly permeable, when 90 %
or more of the orally administered dose is absorbed in the small intestine.

Permeability can be assessed by pharmacokinetic studies (for example,
mass balance studies), or intestinal permeability methods, e.g. intestinal
perfusion in humans, animal models, Caco 2 cell lines or other suitable,
validated cell lines. In vivo or in situ animal models or in vitro models (cell
lines) are only considered appropriate by HHS-FDA for passively trans-
ported drugs. It should be noted that all of these measurements assess the
fraction absorbed (as opposed to the bioavailability, which can be reduced
substantially by first-pass metabolism).
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1.6

HHS-FDA suggests use of two different methods for determining the per-
meability classification if results with one method are inconclusive.

Which pharmaceutical formulations can currently be considered
for a biowaiver according to the Department of Health and
Human Services, US Food and Drug Administration?

To be considered bioequivalent according to the HHS-FDA biowaiver pro-
cedure, a pharmaceutical product:

* should contain a Class I API;

* should be rapidly dissolving, meaning it should release at least 85% of
its content in 30 minutes in three different media (pH 1.2, pH 4.5 and pH
6.8, composition see “Multisource document™)! in a paddle (50 rpm) or
basket (100 rpm) apparatus at 37 °C and a volume of 900 ml;

* should not contain excipients which could influence the absorption of the
APIL;

* should not contain an API with a narrow therapeutic index; and

* should not be designed to be absorbed from the oral cavity.

The reasoning for the above-mentioned dissolution restrictions is that when
a highly soluble, highly permeable API dissolves rapidly, it behaves like a
solution in the gastrointestinal tract. If this is the case, the pharmaceutical
composition of the product is insignificant, provided that excipients which
influence the uptake across the gut wall are excluded from the formulation.
The API is not prone to precipitation after its dissolution due to its good solu-
bility under all pH conditions likely to be found in the upper gastrointestinal
tract. The high permeability ensures the complete uptake (> 90%) of the API
during its passage through the small intestine. The rapid dissolution of the
product guarantees that the API is available long enough for the uptake in the
small intestine (the passage time in the small intestine is approximately four
hours) and negates any slight differences between the formulations.

Pharmaceutical products containing an API with a narrow therapeutic index
should always be tested with in vivo methods, because the risk to the patient
resulting from a possible incorrect bioequivalence decision using the bio-
waiver procedure is considered too high with these kinds of APIs.

As the BCS is only applicable to APIs which are absorbed from the small
intestine; drugs absorbed from other sites (e.g. from the oral cavity) are not
eligible for a biowaiver.

It is clear that the HHS-FDA requirements for the classification of APIs and
eligibility criteria for the biowaiver are very strict. During the last decade,

' Multisource (generic) pharmaceutical products: guidelines on registration requirements to
establish interchangeability (WHO Technical Report Series, No. 937, Annex 7).
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several publications and continuing scientific discussions have suggested
that the original HHS-FDA criteria for application of the biowaiver pro-
cedure could be relaxed without substantially increasing the risk to public
health or to the individual patient. On the basis of these publications and
dialogue, WHO has proposed revised BCS criteria and additional consid-
erations for the eligibility of a pharmaceutical product for the biowaiver

[T

procedure in the “Multisource document”.

2. WHO revisions to the criteria for BCS classification
WHO revisions to the BCS criteria are as follows:

* WHO high-solubility definition
When an API shows a dose:solubility ratio of 250 ml or lower at 37 °C
over a pH range of 1.2-6.8, it can be classified as “highly soluble”. The
decrease in pH from 7.5 in the FDA guidances to 6.8 reflects the need to
dissolve the drug before it reaches the mid-jejunum to ensure absorption
from the gastrointestinal tract.

» Furthermore, the dose that is to be used for the calculation is the highest
dose indicated in the Model List of Essential Medicines (EML). In
some countries, products may be available at doses exceeding the highest
dose on the EML. In such cases, the classification given in the tables at
the end of this Annex may no longer be appropriate and the dose:solubil-
ity ratio and the permeability will have to be reassessed at the product
dose.

* WHO permeability definition
When an API is absorbed to an extent of 85% or more, it is considered
to be “highly permeable”. The permeability criterion was relaxed from
90% in the FDA guidance to 85% in the WHO “Multisource document”.
Some examples of APIs now included in BCS Class I that were previ-
ously considered to be in Class III are paracetamol, acetylsalicylic acid,
allopurinol, lamivudine and promethazine.

Application of these revised criteria has changed the classification of some
APIs in the list. Thus, the classifications in the tables attached to this docu-
ment supersede those in previous publications. As new APIs appear on the
EML, it will be necessary to classify them according to the revised BCS;
so it is therefore anticipated that the tables will be revised regularly. In
addition, some APIs have not yet been sufficiently characterized to assign
them a BCS classification. As the tables evolve, it is anticipated that more
concrete information will be generated for these APIs as well.

' Multisource (generic) pharmaceutical products: guidelines on registration requirements to
establish interchangeability (WHO Technical Report Series, No. 937, Annex 7).
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The potential impact of the revised guidelines on registration requirements to es-
tablish interchangeability is that many of the medicines on the EML could become
eligible for approval based on in vitro bioequivalence testing in accordance with

99 |

the dissolution tests prescribed in Section 9 of the “Multisource document”.

3. WHO extensions to the scope of application
of the biowaiver

In the “Multisource document”,! the WHO has broadened the scope of ap-
plication of the biowaiver in three directions:

(1) The criteria for classification as a Class I API have been relaxed with
respect to both the dose:solubility ratio and permeability requirements.

(2) The new requirements allow pharmaceutical products containing Class
IIT APIs to be considered for a biowaiver, under application of more
stringent dissolution criteria.

(3) The document further allows pharmaceutical products containing BCS
Class II APIs that are weak acids which have a dose:solubility ratio of
250 ml or less at pH 6.8 to be eligible for the biowaiver procedure, pro-
vided that they dissolve rapidly at pH 6.8 and similarly to the compara-
tor product at pH 1.2 and 4.5.

Diagrams depicting the products eligible for the biowaiver procedure under
the HHS-FDA guidance and those eligible according to the WHO “Multi-
source document” are presented in Fig. 1.

Figure 1.
Eligibility for the biowaiver procedure based on solubility and permeability
characteristics of the active pharmaceutical ingredient

a. according to HHS-FDA

CLASS | CLASS I
Highly permeable Highly permeable
Highly soluble Poorly soluble

Eligible Not eligible

CLASS llI
Poorly permeable
Highly soluble

Not eligible

' Multisource (generic) pharmaceutical products: guidelines on registration requirements to
establish interchangeability (WHO Technical Report Series, No. 937, Annex 7).
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b. according to WHO

D:S 250 ml

CLASS | CLASS I
Highly permeable Highly permeable

Highly soluble Poorly soluble

Eligible Eligible only if the D:S
is 250 ml or lower at
pH 6.8

85% abs [,» CLASSIII
Poorly permeable
Highly soluble

Eligible if very rapidly
dissolving

4. WHO additional criteria for application of the
biowaiver procedure

For all APIs on the EML, it is imperative to consider not only the physical,
chemical and absorption properties of the API when evaluating them for bio-
waiver, but (as outlined in the “Multisource document”)' to perform a benefit—
risk analysis in view of the products’ usage at the national level. As an example,
in some countries amoxicillin is used primarily for the treatment of ambulatory
patients with mild-to-moderate infections of the upper respiratory tract, urinary
tract and other sites. In other countries, amoxicillin might also be used to treat
severe or even life-threatening infections, in which case the risk to the patient of
arriving at the wrong bioequivalence decision would be far greater.

Thus, the eligibility criteria according to WHO are:

(1) The BCS classification (according to the revised criteria) of the API.

(2) Risk assessment: only if the risk of an incorrect biowaiver decision
and an evaluation of the consequences (of an incorrect, biowaiver-based
equivalence decision) in terms of public health and risks to individual
patients is outweighed by the potential benefits accrued from the bio-
waiver approach may the biowaiver procedure be applied.

(3) Dissolution requirements for the pharmaceutical product:

— very rapidly dissolving (release of > 85% of the labelled amount
of drug in 15 minutes) in standard media at pH 1.2, 4.5 and 6.8, at
a rotational speed of 75 rpm in the paddle apparatus or 100 rpm in

' Multisource (generic) pharmaceutical products: guidelines on registration requirements to
establish interchangeability (WHO Technical Report Series, No. 937, Annex 7).
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the basket apparatus (applies to pharmaceutical products containing
Class III APIs);

— rapidly dissolving (release of > 85% of the labelled amount of drug
in 30 minutes) in standard media at pH 1.2, 4.5 and 6.8, at a rota-
tional speed of 75 rpm in the paddle apparatus or 100 rpm in the bas-
ket apparatus (applies to pharmaceutical products containing Class I
APIs and/or Class II APIs which are weak acids and meet the 250 ml
dose:solubility requirement at pH 6.8).

(4) Considerations relating to excipients
The national authority should be aware that some excipients can influence
motility and/or permeability in the gastrointestinal tract. Therefore, the ex-
cipients used in the multisource product formulation should be scrutinized.

In this regard, the national authority can draw on the experience relat-
ing to formulations which have been approved on the basis of human
bioequivalence studies in their own or in other jurisdictions.

If the multisource product under consideration contains excipients that
have been used before in similar amounts in other formulations of the
same API, it can be reasonably concluded that these excipients will have
no unexpected consequences for the bioavailability of the product. If,
however, the formulation contains different excipients, or amounts of
the same excipients that are very different from usual, the national au-
thority may choose to declare the biowaiver procedure inapplicable.

A list of usual and acceptable excipients can be found at the following web
site: www.fda.gov/cder/iig/iigfaqWEB.htm; formulations of some products
can be found on the web sites of some national drug regulatory authorities.

Explanation of the tables

The decision of a national authority to allow a biowaiver based on the BCS
should take into consideration the solubility and permeability char-
acteristics as well as the therapeutic use and therapeutic index of the API,
its pharmacokinetic properties, the similarity of the dissolution profiles
of the multisource and the comparator products in standard buffers with a
pHof 1.2, pH 4.5 and pH 6.8 at 37 °C. Data related to the excipients compo-
sition in the multisource product are also required. A systematic approach
to the biowaiver decision has been established by the International Pharma-
ceutical Federation (FIP) and published in the Journal of Pharmaceutical
Sciences (http://www3.interscience.wiley.com/cgi-bin/jhome/68503813).
The relevant documents can also be downloaded from the FIP web site
at: http://www.fip.org/. These monographs provide detailed information
which should be taken into account whenever available in the biowaiver
consideration.



5.1

5.2

5.3

5.4

5.5

Which active pharmaceutical ingredients are included in the
tables?

The substances listed in the 14th WHO Model List of Essential Medicines
(EML) of March 2005 have been evaluated and classified according to the
revised criteria given above.

Where do the data come from?

The solubility and permeability values were found in the publicly available
literature, such as Martindale’s, the Merck Index and scientific journals.

Please note that the doses used for the calculation of the dose:solubility
ratio are those stated in the EML.

The indications given in the tables are reproduced directly from the EML. If
the EML specifies the dosage form (e.g. sublingual tablet) this is indicated
under “comments”.

“Worst case” approach to the Biopharmaceutics Classification
System

The drugs listed in the EML were classified according to the criteria explained
above. Where no clear classification could be made, the “worst case” was as-
sumed. For example if a substance is highly soluble, but absolute bioavailability
data were not available, the test conditions for BCS Class III substances have
been proposed. The same procedure was adopted for fixed combinations, for
example amoxicillin and clavulanic acid, the testing procedure was always
fixed according to the “worst” BCS classification, in this example clavulanic
acid (BCS Class III/1), because amoxicillin is a BCS Class I drug. This com-
bination would therefore be tested according to BCS Class III requirements.

The results of the revised classification can be found in Tables 1-3.

Why are there three Tables?

Table 1 lists all APIs on the EML that are administered orally, with the excep-
tion of the APIs listed as complementary. Table 2 summarizes the APIs listed as
complementary in the EML and Table 3 lists the APIs for which no classification
had previously been assigned, or that had been introduced with the 14th EML
(March 2005), together with a more detailed explanation of their classification.

Risk assessment

To minimize the risks of an incorrect biowaiver decision in terms of public
health and risks to individual patients, the therapeutic indications of the
API, known pharmacokinetic variations, food effects, etc. should be evalu-
ated based on local clinical experience, taking into account the indications
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6.1

6.2

for which the API is prescribed in that country as well as specific pharmaco-
kinetic population variations (for example CYP polymorphisms). Known
potential risks are listed under “potential risks” in the tables. The absence
of an entry under “potential risks” should not, however, be misconstrued as
meaning that there are no risks associated with the use of the medicine.

Biowaiver testing procedure according to WHO

Depending on the BCS classification of the API, based on solubility and
permeability characteristics listed in the accompanying tables, the testing

»l.

procedure is defined in section 9.2.1 of the “Multisource document™":

For pharmaceutical products containing Biopharmaceutics
Classification System Class | (highly soluble, highly
permeable) APIs

For rapidly dissolving (as defined above) pharmaceutical products contain-
ing BCS Class I APIs, more than 85% dissolution of the labelled amount is
required within 30 minutes in standard media at pH 1.2, 4.5 and 6.8 using
the paddle apparatus at 75 rpm or the basket apparatus at 100 rpm. The dis-
solution profiles of the comparator and the multisource products should be
compared by an f, > 50 or an equivalent statistical criterion.

If within 15 minutes more than 85% of the API are released from the compar-
ator and the multisource formulation under the above-mentioned conditions
the products will be considered very rapidly dissolving. In this case the prod-
ucts are deemed to be equivalent and a profile comparison is not required.

For pharmaceutical products containing Biopharmaceutics
Classification System Class lll (highly soluble, low
permeability) APIs

A biowaiver can be considered only if both the multisource and the com-
parator product are very rapidly dissolving. Eighty-five per cent or more
dissolution of the labelled amount of the API should be achieved within
15 minutes in standard media at pH 1.2, 4.5 and 6.8 using the paddle ap-
paratus at 75 rpm or the basket apparatus at 100 rpm.

Generally, the risks of an inappropriate biowaiver decision should be more
critically reviewed (e.g. site-specific absorption, induction/competition at
the absorption site, excipient composition and therapeutic risks) for prod-
ucts containing BCS Class III APIs than for BCS Class I drugs.

' Multisource (generic) pharmaceutical products: guidelines on registration requirements to
establish interchangeability (WHO Technical Report Series, No. 937, Annex 7).
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6.3 For pharmaceutical products containing APIs with high
solubility at pH 6.8 but not at pH 1.2 or 4.5 and with high
permeability (by definition, BCS Class Il compounds
with weak acidic properties)

These are eligible for a biowaiver provided that the multisource product:

* is rapidly dissolving, i.e. 85% or more dissolution of the labelled amount
of the API should be achieved within 30 minutes in standard media at
pH 6.8 using the paddle apparatus at 75 rpm or the basket apparatus at
100 rpm; and

* the multisource product exhibits similar dissolution profiles, as deter-
mined with the f, value or equivalent statistical evaluation, to those of
the comparator product in buffers at all three pH values (pH 1.2, 4.5 and
6.8).

For multisource products containing BCS Class II APIs with dose:solubility
ratios of 250 ml or less, at pH 6.8, the excipients should also be critically
evaluated in terms of type and amounts of surfactants in the formulation.

Further details of eligibility for the biowaiver and appropriate test proce-
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dures can be found in sections 5 and 9 of the “Multisource document”.

' Multisource (generic) pharmaceutical products: guidelines on registration requirements to
establish interchangeability (WHO Technical Report Series, No. 937, Annex 7).
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