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I.
BACKGROUND
In vivo bioequivalence (BE) testing, the comparative pharmacokinetic study in healthy human volunteers, is the golden standard for assuring the efficacy and safety of new ANDAs as well as level 3 SUPAC changes to drug products that are already licensed. 
However, In vivo BE testing is relatively expensive and time consuming. In addition, in vivo BE testing involves administering medicines to healthy volunteers, exposing them to adverse drug events. Reliable in vitro BE tests could therefore play an important role by ensuring the availability of effective, safe and affordable medicines, while at the same time reducing unnecessary and unethical human testing.
In their classical paper of 1995, Amidon et al. introduced the Biopharmaceutical Classification System (BCS) (1). These workers postulated that the bioinequivalence between two formulations, containing the same amounts of the same Active Pharmaceutical Ingredient (API), is a formulation effect and caused by a difference in in vivo dissolution and/or in vivo GI permeability.

These workers developed a comparative in vitro dissolution testing of the test drug product versus the comparator (“reference”) as a surrogate in vitro BE test. This test compares the in vitro dissolution of the test product and its comparator in three media: pH 1, pH 4.5 and pH 6.8, and criteria have been formulated for dissolution profile similarity, the f2 criterion being the most widely used.. 
The regulatory decision to accept the demonstration of BE based on such an in vitro, i.e. a surrogate test, is known as “biowaiving”. In the USA (2), but also in the EU (3,4), and the WHO (5), biowaiving is currently accepted for IR solid oral dosage forms containing APIs with a high solubility and high permeability, defined as BCS Class I, under some exclusion criteria. 
However, comparative in vitro dissolution testing in three media addresses only one possible cause of bioinequivalence. 
Currently, no surrogate in vitro test is available addressing the other possible cause of bioinequivalence: a difference in in vivo GI permeability between a test product and its comparator. This potential cause of bioinequivalence currently is ruled out by restricting biowaiving to APIs with a high permeability and in addition by applying restrictions to the identity and amount of excipients present in the test product.
However, a more reliable biowaiver decision could be obtained if the test product and its comparator would be subjected to a dedicated in vitro test that is able to detect possible differences in in vivo GI permeability and hence bioinquivalence. 
The goal of BIOTHREE is to develop such a test, based on the Caco-2 model. Once developed, any biowaiver decision can then be made based on the outcome of two in vitro BE tests instead of one: (1) comparative in vitro dissolution testing in three media; PLUS: (2) comparative in vitro permeability. Each test addresses a different possible cause of bioinequivalence.
As this “tandem-testing” will provide a higher level of reliability of the in vitro estimation of BE, when such a test becomes available, it will enable a positive biowaiver decision to be given in more situations than is currently considered acceptable.  This will be particularly relevant for IR formulations containing BCS class 3 APIs.
The University of Maryland is currently working on an FDA research project (FDA-SOL-08-00691a) entitled “Evaluation of Biopharmaceutics Classification System Class 3 Drugs for Possible Biowaivers”. This project is expected to show that IR formulations containing BCS class 3 APIs, formulated with the usual excipients in the usual amounts, are very likely to be bioequivalent, i.e. the risk for bioinequivalence is very low. 
BIOTHREE addresses the question of bioinequivalence of IR formulations containing BCS 3 APIs from a different perspective: it will offer a test able to detect such bioinequivalence (which for BCS 3 is indeed unlikely). In this respect, the two projects are complementary. 
However, the BIOTHREE test will be applicable to all formulations, and not only to IR formulations containing BCS 3 APIs.
II.
GUIDANCE OR REGULATION TO BE ADDRESSED

USA
· Guidance for Industry: Waiver of In Vivo Bioavailability and Bioequivalence Studies for Immediate-Release Solid Oral Dosage Forms Based on a Biopharmaceutics Classification System. FDA August 2000 (1).
· Guidance for Industry: Immediate Release Solid Oral Dosage Forms Scale-Up and Post approval Changes: Chemistry, Manufacturing, and Controls, In Vitro Dissolution Testing, and In Vivo Bioequivalence. FDA November 1995 (2).
· Guidance for Industry: SUPAC-IR/MR: Immediate Release and Modified Release Solid Oral Dosage Forms Manufacturing Equipment Addendum FDA January 1999 (6).
EU

· Note for guidance on the investigation of bioavailability and bioequivalence. EMEA 2001 (3).


· Draft guideline on the investigation of bioequivalence. EMEA 2008 (4).
WHO
· Proposal to waive in vivo bioequivalence requirements for WHO Model List of Essential

Medicines immediate-release, solid oral dosage forms. Technical Report Series, No 937, 40th Report, Annex 8 of WHO Expert committee on specifications for pharmaceutical preparations. WHO. 2006 (5).
III.
DESCRIPTION OF OBJECTIVE

· Develop an in vitro test able to detect differences in in vivo permeability that could cause formulations to be bioinequivalent.
· Formulate acceptance criteria for the outcome of this test. 
· Define the test’s applicability and limitations.
IV.
POTENTIAL IMPACT 

· A higher level of reliability of any positive biowaiver decision, when enforced by a regulatory body.
· An increase in the number of situations in which a positive biowaiver decision can be given.
V. WORK PLAN OUTLINE

BIOTHREE will manufacture two test formulations and a comparator, each containing identical amounts of the same API. 
The test formulations and the comparator will be subjected to comparative in vitro permeability testing in a Caco-2 cell line. The permeability index of the two test formulations will be calculated, being the quotient of the permeability of the API in the test formulations, divided by the permeability of the API in the comparator. If there is no excipient interaction, the permeability index should be 1. 
The test formulations and the comparator are also subjected to a comparative pharmacokinetic study in healthy human volunteers in the set-up of an in vivo BE study, and values for the AUC ratio and the Cmax ratio of the test formulations will be calculated. 
The AUC ratios and the Cmax ratios of the two test formulations will be plotted against the permeability indices of the two test formulations. 

If there is a correlation, the permeability index is a predictor for in vivo BE. 
The acceptance criteria for the permeability index of any test formulation are derived from the point estimates of the permeability index where the corresponding AUC ratio and Cmax ratio exceeds the values of 0.8 and 1.25, being the acceptance criteria for declaring a test formulation to be BE to its comparator.

BIOTHREE is a currently running reseach project within the Strategic Research Programme of the RijksInstituut voor Volksgezondheid en Milieu (RIVM). Activities are carried out by RIVM employees on the premises using RIVM facilities. The RIVM is the Dutch National Institute for Public Health and the Environment. It carries out pre-clinical assessments and technical quality assessments for the Dutch Medicines Evaluation Board and the EMEA, and supports the Dutch Health Inspectorate through laboratory analysis and desk research. 
The RIVM Directorate is the main sponsor of BIOTHREE. The International Pharmaceutical Federation (FIP) co-sponsors the project.
PQRI is requested to sponsor the in vivo BE study of BIOTHREE, for an estimated costs of EUR 86.249, corresponding to approximately US$ 112.000.

VI.
WHAT WILL BE INCLUDED IN THE FINAL REPORT?

The final report will contain the following information:

· Considerations taken into account for the selection of the model API.
· Considerations taken into account for the selection of the permeability modulators used for the test formulations.

· Considerations taken into account for the selection of the comparator.

· Description of the manufacture of test formulations and comparator.

· Results of the in vitro characterization of test formulations and comparator, including comparative in vitro permeability testing in a Caco-2 cell line and the values of the permeability index.

· Description of the in vivo BE study of the test formulations and the comparator.
· Individual pharmacokinetic profiles and the calculation of the AUC and Cmax ratios of the two test formulations versus the comparator. 

· A plot of the permeability indices of the two test formulations versus their AUC ratios and Cmax ratios.
· A conclusion as to whether or not the permeability index is a predictor for in vivo BE.

· If it is concluded that the permeability index is a predictor for in vivo BE, then a proposal for a regulatory acceptance criteria for the permeability index will follow.

· A discussion on the applicability and the limitations of the proposed test and the proposed acceptance criteria.

Report to PQRI ready: July 2011.
This final report to PQRI will not only report the part of BIOTHREE sponsored by PQRI, but also data collected in work sponsored by the RIVM and FIP. 
Apart from the final report to PQRI, the results will be reported to the scientific community in the usual way in international scientific journals.

Currently foreseen are: 

· Kubbinga et al. Permeability as a critical parameter in bioequivalence: a literature review (not sponsored by PQRI)
· Kubbinga et al. Comparative permeability testing by CaCo-2 as a surrogate for bioequivalence studies in humans.

· Kubbinga. Ph.D. thesis Mainz, Germany: Comparative in vitro permeability testing as predictor for bioequivalence (not sponsored by PQRI).
The project will also give rise to recommendations to the regulatory authorities (FDA, EMEA & WHO). However, these activities are not included in the project itself, which aims solely at providing the scientific data for these recommendations.
VI. DETAILED WORK PLAN
Sponsored by the RIVM , and started January 2009:

· A model API will be selected; most probably acyclovir.
· GI permeability modulators will be selected that are most likely to produce bioinequivalence.

· A comparator will be manufactured from purchased innovator tablets that will be ground down and formed into capsules, under a license to produce clinical test material.

· Two test formulations will be manufactured; being the same ground innovator tablets, but with added known amounts of permeability modulators.

· The test formulations and comparator will be subjected to comparative in vitro dissolution studies under BCS conditions, in order to exclude dissolution as a cause of bioinequivalence.

· The test formulations and comparator will be subjected to comparative in vitro Caco-2 transport studies, and the quotients of the permeabilities of the test formulations and comparator, referred to as “permeability index” will be calculated.
This will all be finalized in the Spring of 2010.

PQRI is requested to sponsor the following in vivo BE study, start expected mid 2010, end of study expected January 2011:
The test products and comparator will be analyzed in an in vivo BE study, using a fixed number of twelve volunteers. The study will be performed by the Nationaal Vergiftigingen Informatie Centrum (NVIC). The NVIC is the National Centre for Poisoning, which is a department of the RIVM housed in the Universitair Medisch Centrum Utrecht (the Academic Hospital of the University of Utrecht.) The study will be performed in accordance with the Declaration of Helsinki under Good Clinical Practice conditions.
 

Sponsored by the RIVM from January 2011 onwards:

· The results of the in vivo BE studies will be compared to the results of the comparative Caco-2 testing and conclusions will be drawn with respect to what permeability index value should be allowed to declare formulations BE, i.e. what are acceptable equivalence limits.
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