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1. ABBREVIATIONS

This is an alphabetical list of abbreviations usethe reports of the Expert Meetings and
Workshops of the START-UP project.

ADME: Absorption, Distribution, Metabolism and Extion
AED: Anti-Epileptic Drug

AhR: Aryl Hydrocarbon Receptor

ALS: Amyotrophic Lateral Sclerosis

APA: American Psychological Association

AST-2000: Advanced Skin Test

ATP: adenosine triphosphate

AUC: Area Under the Curve

BC: Benzalkonium Chloride

bIVF: Bovine In Vitro Fertilization

bIVM: Bovine In Vitro Maturation

BSP: Biological Standardisation Programme

CAF: Cancer-Associated Fibroblast

CAR: Constitutive Androstane Receptor

CASA: Computer Assisted Semen Analysis

CDER: Center for Drug Evaluation and Research
CHMP: Committee for Medicinal Products for HumareUs
CHO: Chinese Hamster Ovary

CLSM: Confocal Laser Scanning Microscopy

CNS: Central Nervous System

COPD: Chronic Obstructive Pulmonary Disease
CPMP: Committee for Proprietary Medicinal Products
CRO: Contract Research Organisation

CSS: Clinical Candidate Selection

CT: Computer Tomography

CTA: Cell Transformation Assay

CYP: Cytochrome P450

DG RTD: Directorate-General for Research
DMPK: Drug Metabolism and Pharmacokinetics
DMSO: Dimethylsulfoxide

DNFB: 2,4-dinitro-1-fluorobenzene

ECVAM: European Centre for Validation of AlternagiWlethods
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EDQM: European Directorate for the Quality of Medas & HealthCare
EEG: Electro Encephalography

EFPIA: European Federation of Pharmaceutical Inthsstnd Associations
EFSA: European Food Safety Authority

EGFR: Epidermal Growth Factor Receptor

EGP: Endogenous Glucose Production

ELISA: Enzyme Linked ImmunoSorbent Assay

EMEA: European Medicines Agency

EMMA: European Mouse Mutant Archive

EPAA: European Partnership for Alternative Appragsto Animal Testing
ERK: Extracellular Signal-Regulated Kinases

ESC: Embryonic Stem Cells

eSl:ecopaScience Initiative

EST: Embryonic Stem cell Test

EST-1000: Epidermal Skin Test

Estiv: European Society of Toxicology In Vitro

EUCOMM: European Conditional Mouse Mutagenesis

Eudralex: EU legislation in the pharmaceutical sect

EUPRIM-NET: European Primate Network

FACS: Fluorescence Activated Cell Sorting
FDA: Food and Drug Administration
fMRI: functional Magnetic Resonance Imaging

GABA: Gamma-AminoButyric Acid
GLP: Good Laboratory Practice
GOP: General Operating Procedure
GST: glutathione s-transferase

HCA: HeteroCyclic Amine

hERG: Human Ether-a-go-go Related Gene
HIV: Human Immunodeficiency Virus

HLC: Henry’s Law Constant

IARC: International Agency for Research on Cancer
ICCVAM: International Coordinating Committee on théalidation of Alternative
Methods

ICH: International Conference of Harmonzation
ILSI: International Life Sciences Institute

IMI: Innovative Medicines Initiative

IND: Investigational New Drug

IPS: Infused Pluripotent Stem cells

IVF: In Vitro Fertilisation

IVM: In Vitro Maturation

IVTIP: In Vitro Testing Industrial Platform
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JRC: Joint Research Centre
KOMP: Knock-Out Mouse Project

LCM: Laser Capture Microdissection

LCSA: Loose-fit Coculture-based Sensitisation Assay
LDH: Lactate DeHydrogenase

LLNA: Local Lymph Node Assay

LNA: Locked Nucleic Acid

LOEL: Lowest Observed Effect Level

LPS: lipopoly saccharide

LTT: Lymphocyte Transformation Test

mAb: Monoclonal Antibody

MABEL: Minimum Anticipated Biological Effect Level

MAP: Mitogen Activated Protein

MAPK: Mitogen Activated Protein Kinase

MAPREC: Mutant Analysis by Polymerase chain reaction andrRésn-Enzyme Cleavage
MCR: Metabolic Clearance Rate

MDL: Molecular Design Limited

mMEH: microsomal Epoxide Hydrase

MHC: Major Histocompatibility Complex

MHRA: Medicines and Healthcare products Regulatogency
microCT: X-ray microtomography

MiRNA: micro RNA

MnSOD: Manganese SuperOxide Dismutase

MRI: Magnetic Resonance Imaging

MTD: Maximum Tolerant Dose

MTS: Soluble Tetrazolium Salt

MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphemiltetzaliumbromide

NAC: N-acetylcysteine

NBE: New Biological Entity

NCE: New Chemical Entity

NCI: National Cancer Institute

NCP: National Consensus Platform

NGAL: Neutrophil Gelatinase-Associated Lipocalin

NMR: Nuclear Magnetic Resonance

NOAEL: No Observable Adverse Effect Level

NorCOMM: North American Conditional Mouse Mutagenesis projec
NRU: Neutral Red Uptake, as in 3T3 NRU

OCABR: Official Control Authority Batch Release
OECD: Organisation for Economic Co-operation anddd@ment

11
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OMCL.: Official Medicines Control Laboratory

PAH: Polycyclic Aromatic Hydrocarbons

PAMP: Pathogen-Associated Molecular Patterns
PbAE: Polyp Amino Ester

PBPK: Physiologically Based Pharmacokinetic
PCB: PolyChlorinated Biphenyls

PCDD: PolyChlorinated DibenzoDioxins or pentadioxin
PCDF: PolyChlorinated DibenzoFurans

PCL: Precision Cut Lung slice

PCR: Polymerase Chain Reaction

PD: Pharmacodynamic

PET: Positron Emission Tomography

Ph. Eur.: European Pharmacopoeia

PK: Pharmacokinetics

PK/PD: Pharmacokinetic/Pharmacodynamic
PK/TK: Pharmacokinetic/Toxicokinetic

POP: Persistent Organic Pollutants

PPAR: Peroxisome Proliferator Activated Receptor
PPK: Population Pharmacokinetics

PRT: Positive Reinforcement Training

PSTC: Predictive Safety Testing Consortium

PT: Photoxicity Test

PXR: Pregnane X Receptor

gPCR: Quantitative Polymerase Chain Reaction
QRA: Quantitative Risk Assessment
QSAR: Quantitative Structure Activity Relationship

RDT: Repeated Dose Toxicity

REACH: Registration, Evaluation and AuthorisatidrCtnemicals

RHE: Reconstructed Human Epidermis
RNAI: RNA interference
ROC: Receiver Operation Characteristics

SACUC: Solvay Animal Care and Use Committee

SCC: Squamous Cell Carcinoma

SCCP: Scientific Committee on Consumer Products
SCID: Severe Combined Immune Deficiency syndrome
SDS: Sodium Dodecyl Sulphate

SHE: Syrian Hamster Embryo Cell Transformation

siRNA: small interfering RNA

SME: Small and Medium Enterprises

SPECT: Single Positron Emission Computed Tomography
SPF: Specific Pathogen Free

12
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SPME: Solid Phase MicroExtraction
STREP: Strategic Targeted Research Project

TCDF: tetrafuran

TEQ: Toxic Equivalency

TK: toxicokinetic

TLR: Toll-Like Receptor
ToBI: Toxin Binding Inhibition

UDPGT: uridyldiphosphoglucuronyl transferase
UTR: UnTranslated Region

VICH: International Cooperation on Harmonisation ©échnical Requirements for
Registration of Veterinary Medicinal Products

WEC: Whole Embryo Culture

WBGT: Whole Body Glucose Test
WHO: World Health Organisation

13
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2. INTRODUCTION

START-UP (Rientific and_Tchnological issues in 3Rsltérnatives_Rsearch in_fie
process of drug development andith Rolitics) is a support action (n° 201187) within
FP7-HEALTH-2007-1.3-2 about the “Bottlenecks in uwetion, refinement and
replacement of animal testing in pharmaceuticatalisry and development”. It is
coordinated byecopa (European Consensus Platform on 3R Alternative®ronal
Experimentation) with the VUB (Vrije UniversiteitrBssel) as the second partner, being
responsible for the scientific/administrative séarat of the project. In particular, it is
the Department of Toxicology providing the necegsapport forecopa

The development of 3R-alternatives and their imgetation in the safety assessment of
the different product types present on the EU ntak@ne of the major objectives of
ecopa This international not-for-profit organisationfiofally exists since December
2002 and has coordinated before the FP6 CONAM (@was Networking on
Alternative Methods within Europe) projeceécopa exists through so-called NCPs
(National Consensus Platforms), which are in fagergific organisations all over
Europe, consisting of representatives of the foajomparties involved in the use of
alternative methods versus experimental animales&lnclude animal welfare, industry,
academy and regulatory bodies. Actually, 16 NCRst€%4 full members, 2 associate
members) being Austria, Belgium, Czech Republimmark, Finland, France, Germany,
Hungary, Italy, Norway, Spain, Sweden, Switzerlafithe Netherlands, Ireland and
Poland.

Several of these NCPs have worked in this projeteénsively and constructively
together, not only with eminent pharmaceutical etgm the meetings and workshops,
but also with representatives BPAA (European Partnership for Alternative Aproaches
to Animal Testing), OECD (Organisation for Econorfiic-operation and Development),
the European Pharmacopoeia and ECVAM (European r€efar Validation of
Alternative Methods), with young scientists fronh @ler Europe, with national and EU
regulatory bodies, Commission representatives aayrothers.

14
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3. CONCEPT AND PROJECT OBJECTIVES

The START-UP project must be seen in the contexhefactual situation in the EU (and
other parts of the world) with respect to the u$e&R-alternative methods to refine,
reduce and replace experimental animals in theldewent process of several product
types and their use as “safety and efficacy guagdnfior human health. In this project
focus therefore does not lie on alternative methadssuch, but on their potential
application in the Pharmaceutical Industry in orgeimprove the final outcome.

Indeed, the process of lead identification, leatinmgation and bringing a drug candidate
to the stage of a pharmaceutical finally being aped for clinical use is a time-
consuming process. Identifying “wrong” drug candétatherefore at an early stage
during the drug development process and avoidinfgrtef in optimising under-
performing candidates in terms of safety and effjcaare essential for the
competitiveness of the European industry. Bringmglternative methods at the right
moment and at the right place could therefore beemhiendous benefit not only in terms
of animal numbers, but also in terms of a more ss&ftil drug development outcome.
Only a limited number of 3R-alternative methodsénaeen officially validated and can
be used for regulatory purposes. However, a mueatgr number of alternative methods
exists today that can be applied successfully sich@search, in mechanistic studies, in
pharmaco-toxicological studies, etc, all of impoda for the Pharmaceutical Industry
and at the same time for the experimental aninm&isived.

Basically, no restriction exists in this field am$j as the 3R-methodologies used are
scientifically sound and relevant and have eluandgtind discriminative power at a
particular stage of the drug development procebsréffore, a project such as START-
UP was necessary, namely a coordinated initiatmeeitng as much as possible all
parties involved, being the scientific world, theaPmaceutical Industry and the different
stakeholders in order to achieve a major collalberaictivity to get a good and realistic
overview of the current use of experimental aninmalgshe whole drug development
process and to assess the possibility to implemew alternative strategies and tiered
approaches in the different stages of the overaly development process. The challenge
consisted of identifying existing gaps, scientiind technological bottlenecks, ethical
concerns and issues related to union politics. Texsrcise has been carried out
successfully. This study not only provides inforimaton the classical drugs, the so-
called new chemical entities (NCESs), but also anrtbw biological entities (NBES). The
latter generation of biological drugs (antibodiggpteins...), nanotechnology and
nanobiotechnology molecules is a growing field anelates new challenges as safety
clearance of all these new types of substances ssdéembe more complex and
sophisticated than of the classical chemical suosg Consequently in a number of
cases using animals for hazard determination i®wen relevant. On the contrary, up-to-
date fingerprint techniques may offer possibilities better target the problems and
mechanisms involved, so that only relevant molexole a limited number of animals of
the relevant species need some testing in ordgudmantee safety and efficacy.
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The direct objectives of this project consisted of:

- gathering all relevant information, mentioned ahdwmeorganising two Expert
Meetingswith pharma- and biotech-experts and 3R-specalisbte that an
additional third Expert Meeting was organised)

- prioritisation of this information within the thredomains of Refinement,
Reduction and Replacement

- organisation of three high-level Workshppse on each of the 3Rs

- developing a Consensus Repbetween all parties involved on the outcome
of the Expert Meetings and Workshops

- proposing Road Maps for the Commission

All these objectives have been met within the gilarited timeframe of 2 years.

16
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4. OVERALL RESULTS

The results are presented as an Overall Executivengry, followed by the
Recommendations and Road Maps showing the way fdraad full length detailed
reports of the 3 Expert Meetings and 3 WorkshopsoAthe detailed report will be
printed and this booklet will be largely distribdtamong the different stakeholders and
within the largeecopanetwork asecopaExpert Report n°4. An article is in preparation to
be taken up in an international journal interested 3R-alternatives and drug
development.

4.1. Overall Executive Summary

The basis of the START-UP project was the genertantion to cover all the issues of
3Rs-Bottlenecks in pharmaceutical Research and |IDevent, as represented by the
abbreviation, i.e. 8entific and_Technological issues in 3Rdtérnatives Rsearch in fie
process of drug development andith Rolitics.

In order to have as much coverage as possibl@rdsewas intensively analysed in expert
meetings, predominantly of industry, but also ohdemia, and regulatory authorities.
Later on, in the ¥ year of the project, these closed expert meetimge extended to
three open workshops on each of the 3Rs.

All in all, out of a total of 223 participants, tleewere 109 industrial experts (out of 42
companies) representing pharmaceutical industryassociated institutions, thereby
reflecting in particular all aspects of “pharmaceaitlife” in R and D.

Started at a kick off meeting in Leverkusen/GermaniBayer AG, the expert meetings in
Madrid (Ministeria de Sanidad), Basle (Novartis &ash Center) and Alicante (Pueblo
Acantilado, at the biannual eSI meeting) were tliethowed by Workshops on
Refinement (Istituto di Sanita, Rome, |), on ReduciUniversity of Innsbruck, A) and
on Replacement (Budapest, H). These were collabosbfecopas National Consensus
Platforms (NCPs) of Italy, Finland and Poland, extpvely, Austria and the Netherlands,
respectively, Hungary and Germany. Academia wasesgmted by 65 participants,
regulatory authorities by 29, and animal welfarelBy Also locally interested scientists
actively participated.

The results were presented and found entrancethetaiscussions; the format varied,
intentionally, from brain storming sessions and kireg group style to formal scientific
presentation workshops or plenum style forums t@bkn free and interactive
communication. All presentations and discussiore datailed in report form and are
accompanied by an executive summary and a listpetiBc recommendations. The

17
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major outcome is present here as an overall execstimmary, followed by the most
prominent recommendations and a road map.

Some of the topics discussed, might be subjectutoré projects within coming EU
Framework Programmes.

- Collation of 3R-topics in pharmaceutical research

Animal experiments are still needed and realistagpess is actually expected by
intelligent combination of refinement, reductiordareplacement methodologies /
strategies. This is in particular relevant in arigigease modeldn vivo andin
vitro research and testing should go together and ne¢dre as two opposites.

It was emphasised that an alternative method rzassarily needs to be formally
validated, the fact that a test works is for thermtaceutical industry of more
importance.

Data obtained fronm vitro tests, carried out befone vivo experiments start, can
efficiently filter compounds of interest. These qests should be of a higher
degree of sophistication and complexity than is ¢hse now e.g. use of 3D-
cultures, co-cultures, stem-cell derived modelganrspecific and differentiated
cell cultures; more human cells use and more abenfor the parameters
measured e.g. it is unlikely that only one biomankél cover the complexity of
the living organism, therefore a set of specifiorbarkers of clinical relevance
increases the translational nature of thevitro model used; these should be
developed at least for key organs and new and ptoeis should be involved
(e.g. transcriptomics, metabonomics, biostatistics)

When animals are involved, they should be of aveele species for the question
posed, otherwise experimentation should be deleldsk same is true for
exposure to unrealistic high dosages/exposure gosna

Important fields for further development are tegataicity and embryotoxicity as
these tests are necessary for every newly develdpegcoming on the market;
for exploration of new opportunities pharmacodyrnasnand for better integration
into single test programmes for pharmacokineticascinogenesis, safety
pharmacology and toxicology.

In test development more focus should be on “riséeasment” than on “hazard
assessment”.

- Concepts of cell system improvements

These were high on the agenda. Stabilisation @/gepigenetic modifications,
MiRNA interaction) of existing cell systems, and uee these for long-term
testing has potential toxicity and efficacy testitig addition, the fact that the
heterogeneity of human population is not taken wypcbrrentin vitro tests
deserves efforts to develop models capable of nkimgchuman variability.

- Concepts of data sharing and reporting of “negei’ results

These aspects are important in gaining more badarnmation and reducing
replication experiments. They are of special imgace in certain diseases.
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» Essential for sharing data are data quality conpadtocol standardisation and in
particular protection of intellectual property.vitas proposed to overcome this
hurdle by establishing a “neutral” pan-Europeartypantity.

- Aspects of lab animal husbandry, of best practioe flab animal keeping

* Emphasis was given to positive aspects such aarliedining of personnel and in
particular of competent authorities; positive wedfaf experimental animals e.g.
via group housing, creation of possibilities fotural behaviour, environmental
enrichment, consideration of positive reinforcemeatning in the case higher
animals are involved.

* Proposals for central breeding of controlled amndifeesd quality were particularly
brought forward for primates and transgenic animals

* Emphasis was also given to the importance of th@ahiological quality of the
animals, leading to better experiments and indiyéeading to less animal use.

- Furthering of model development, especially of nanasive in vivo methodology

e This point came up in all meetings and workshopd aunpports the further
transfer of non-invasive diagnostic methodologiesg.( magnetic resonance
imaging, micro CT) from human medicine to laborgt@nimals allowing not
only diagnosis but also long-term monitoring ofatreent. In particular, the
combination of different non-invasive imaging teicfues was seen as a
possibility for refinement and reduction and at #aene time for gaining better
knowledge.

* In particular, in animal disease models this methagly is seen as a key
improvement.

- Bottlenecks in biologics development

* Use of humanised models, knock-out animals andsg@mc animals could help
to make more appropriate use of animals as higietaspecificity is involved.
Also transgenic cells/enzymeskitro models have relevance.

* More parameters should be combined in one animatlyst(e.g. safety
pharmacology, pharmacokinetics, local toxicity, immgenicity).

» Standardisation of animal strains, microbiologic@h quality of animals, use of
well-defined environmental conditions and techngjugre crucial reduction
parameters in this field.

- Special case of vaccines quality control
* As in the EU, authorities request that all vaccitesly must be tested; high
numbers of animals are consumed. Moving from traditional quality control
concept towards the monitoring of all crucial stelpsing production could save
these animals. This so-called consistency appraashargely supported.
* In vaccines quality control, refinement strateg&sould be developed and
implemented
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* Implementation of existing 3R-methods should beoereged by improving and
global harmonising of the regulatory proceduressoAproviding incentives to
development and production is considered to be rtapt

* More attention should go to the neglected areatdnnary vaccines.

- Specific disease animal models with high burdenexperimental animals.

* As animal pain models are not very predictive, welhtrolled studies in man
using micro dosing were proposed in order to be &blscore pain in a realistic
way.

» Cancer models are a special target for further avgment, also since by the
development of biologics for this topic, the areamore covered. In oncology,
genetically engineered models and primary tumourdets® were said to be
productive. A refinement alternative could be thedg of surrogate tissues from
normal animals which usually exhibit the fully fuimming pathways that are
targeted. Also the importance of measurimgitro specific biomarkers that can
also be detected in the clinical situation came up.

- Analysis of Union politics, country / Member St politics

* Over expectations with respect to alternative megrghould be avoided.

» Ethical issues and political restrictions were dgsed with respect to human stem
cell use. Heterogeneous opinions within the diffef@lember States should be
better harmonised.

* Member States should establish National Animal @relfand Ethics Committees
with well-trained personnel to give advice to thempetent authorities and
permanent ethical review bodies of establishmemMstworking of these
committees should play a role in the exchange amminmunication of best
practices.

* Importance was given to a trans-sector, cross iseatting information stream by
regulators and industrial partners.

- Refined analysis of general EU research strategie

* The general research strategies applied todayeakEtlh level are a burden to
potential applicants and the administration of Etankework Programmes are
seen as a hindrance to appropriate research imnaitee methods. Less
bureaucracy, better integration of research teasgentual leadership of
pharmaceutical industry, limitation of number objects per team and need for
new names of young scientists and a fresh outloere \all mentioned as possible
improvements.

- Global harmonisation
* The importance of global harmonisation as the Hasigrther implementation of
alternative methods came up in all meetings andks\mps.
* A unified animal legislation and, in this contexdpecific actions addressed
towards the political world were seen as important.
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» Communication on new models across sectors, invglwegulatory agencies and
competent authorities should be enhanced.

* Dissemination and promotion of refinement/reductitechniques in drug
development was seen as an important step forward.

* Global harmonisation is highly important and shodlle pursued even it is
difficult and slow.
Worldwide harmonisation should be brought in theation of pharmaceutical
registration and general concepts, also existingnahWelfare in the different
Member States should be better harmonised andetised Directive 86/609
could help in this process.

In summary, the EU"YRTD Framework Programme project START-UP has eetit a
whole landscape of ideas and potential avenueduftiner research and development
projects within the future EU Framework Programmeegard to 3Rs bottlenecks and
EU industry competitiveness; these should be censtiwhen drawing up new project
calls in this area in the future. It has been destrated that only detailed discussions
with experienced experts can lay groundwork forqadée analysis.

Also, these approaches, as laid out in more datahe individual recommendations,
have to be discussed with the experts involved, Seentific Officers of the EU
Commission, the European Parliament representatisewell as the Industry and the
interested public. With the pool of experts brougbgether under START-UP, the
furthering of the Road Maps attached, can be aekiev

Further workshops organised by the project partnewlved, should spread the
message, in order to come up with solutions foresbottlenecks where solutions are not
easy to come by.

The Project Coordinator
and the Organisers Team

4.2. Overall Recommendations

In the detailed report, a list of specific recommuhaiions is given for each Expert Meeting
and the 3R-Workshops, making a total of 36 recontdagons for further follow-up by
the parties concerned and in particular by the Cmsion.

Here the eight most important recommendations @aregarised.

1. Reduction and refinement are particularly possiblehe field of animal disease
models. It is recommended to maximize the numbenaf-invasive and early or
surrogate endpoints within one model. Progressominvasive test development is
seen in the further development of non-invasivegimg / diagnostic techniques
transferred from human medicine to laboratory afsmand their intelligent
combination.
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2. Efforts should be focused on the development ofebat of sensitive and specific
safety biomarkers with clinical relevance to be suead during the preclinicah
vitro testing phase.

3. The difference in bottlenecks during the developtimanbiopharmaceuticals versus
small molecules pharmaceuticals should be betteogrésed and dealt with. In
particular, the relevance of the animal model camg in the case of
biopharmacuticals. The use of non-human primates (lumber of indicated cases),
humanised models and transgenic animals seemaanglev

4. A lot of animals could be spared without loss oBlgy in the quality control of
vaccines in Europe. Therefore it is highly recomdezhto study the possibility for
drastic change
- by a better control of the implementation ofeably existing refinement and
reduction alternatives by all producers and regujabodies.

- by providing the necessary incentives to appése alternatives

- by stimulating the development of new alternegiin this field

- by applying the so-called Consistency Approacbnficming production
consistency.

- by paying special attention to veterinary prdduc

5. It is recommended to develop the possibilities data sharing” by creating the
necessary working tool, namely the establishmet ‘ofeutral” non biased body that
could guarantee confidentiality and as such coakktaway the fear of losing
competitiveness. In this way, also quality contbldata and standards of protocols
could be assured.

Furthermore, it was felt that also the follow-up‘megative” results of high standard
could contribute to the reduction process.

6. Animal reduction in drug development is possible f@gucing the number of
potential interesting molecules that undemgeivo testing by better pre-screening for
unwanted effects and deceiving efficacy.

Therefore, more sophisticated vitro models based on human cells and tissues
should be developed and applied in pre-screening:m8dels, co-cultures,
epigenetically stabilised cell lines, stem-cellided specific cell types,...

7. Promotion of positive welfare of experimental anisnadesides minimalisation of
suffering, is seen as a refinement priority andusthainclude active improvement of
the degree of animal welfare in- and outside expenital procedures, backed up by
ethological studies on laboratory animals.
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8. Global harmonisation is seen as one of the highastities for further success in the
implementation of the 3Rs. It is thought that alifedent players internationally
involved in drug development, human health, altéveamethods development and
animal welfare should be brought together to agre¢éhe different procedures to be
followed in registration toxicity and efficacy tewy, and risk assessment, in the
development of biologics and quality control of eiaes, and in the different stages

of animal use during drug development, in particutathe case of animal disease
models.

4.3. Road Maps
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5. DETAILED RESULTS

In this section the results of the three Expert fibggs and three Workshop are presented.
Each Expert Meeting and Workshop is dealt with smpdy. Each part exists of an
executive summary and recommendations, as welhadull report, with agenda and
persons composing the organising committee.
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START-UP

Expert Meeting 1

19 May 2008, Ministry of Health,
Madrid, ES

>
ecopasd s
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5.1. Expert Meeting 1

5.1.1. Executive Summary

The first expert meeting was intended to cover amtipular regulatory, political and
industrial bottlenecks in the use and implementatib3Rs methodologies and strategies
with special emphasis on the pharma sector. A nunabeimportant issues were
discussed in depth and are summarized here.

- Research on alternative methods done in an “ineignt” way:

Research of new alternative methods and its apgicéo drug safety is done in a very

inefficient way, despite the considerable amountegburces allocated by the EC. Need
for breakthrough new ideas, better efficacy (iesslbureaucracy, better integration of
research teams, active involvement, eventuallydesdp of pharmaceutical industry)

and prioritisation in research and limitation ore thumber of projects a team can
participate in, were identified as constraintsnipiove research outcome.

- Better use of appropriate biomarkers:

Integrated biomarkers are a need. Using only ooenaiker is unlikely to cover the
complexity of living organisms. Therefore, a redilicet of specific biomarkers, relevant
for the clinical situation as well, should be deyadd forin vitro purpose.

- Need of investigation on new models:

More research on 3D-models as well stem cell rebeand differentiation aspects is
needed, but too high expectations should be avoidpdrt from ethical and political
restrictions to the use of human stem cells inaegte this technology is not seen as
having reached the maturity as to be really avkalédr routine purposes. More suitable
(as existing) models for teratogenicity and emhymology, are needed and efforts for
this purpose are encouraged.

- Validated, regulatory-accepted, or scientific-i@dted tests:

In industry, the fact that a test works is more am@nt than whether it is formally
validated or not. It will not be always possibleréach a full and “formal” validation for
certain tests, despite its usefulness. There sHmildore focus on “risk assessment” than
on “hazard assessment”.

- Animal experiments still needed in drug precligicresearch:

Experts acknowledged that animal experiments ate ngeded, despite their often-
guestioned predictability in preclinical researétsking the right question to the right
animal species is crucial. There is no point imganimal experiments when the species
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is not relevant to humans. Creating “humanised nsddeould help to make more
appropriate use of the animals. With biologicalducs (e.g. MAbs, chimeric proteins)
this might be a determining factor.

- Clinical pharmacology and trials with humans

Clinical use of drugs without animal testing isd@y only possible in exceptional cases
(life threatening diseases, no animal models aviajaadequate risk—benefit relation for
the patient). The fact that the heterogeneity ah&m populations is not taken up by
current in vitro tests deserves attention and efforts to develogetsocapable of
mimicking human variability.

- Finally:

It was acknowledged that better collaboration am@hrmunication between academy and
industry, availability of negative results harmausand unified animal legislation and
specific actions addressed towards the politicaldvare needed.

5.1.2. Recommendations

1. Research on alternative methods in the contextrafy dlevelopment should be
conducted in a more efficient way. Less bureaucgraester integration of research
teams, active involvement (ev. leadership) of pleaeatical industry, prioritization
of research and limitation on the number of prgecteam can participate should be
undertaken.

2. There is a need for identifying more specific biokeas which should be clinically
relevant as well procedures to better integraterttoemation.

3. More research on 3D as well as stem cell diffeatiotn is needed, but too high
expectations should be avoided. The use of humam sklls in research is not
perceived as having reached the maturity as tesbd for routine purposes.

4. The use of scientifically substantiated tests camtrdoute to reduce the number of
animals even if they are not formally validatedefidhshould be a focus preferably on
“risk assessment”, instead of “hazard assessment”.

5. Animal experiments are still needed despite theadgtive value in preclinical
research is often questioned. Asking the right tiolego the right animal species is
crucial. There’s no point in doing animal experingewhen they are not relevant to
humans.
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6. The heterogeneity of human populations is not pitggaken up byin vitro tests and
deserves efforts to develop models capable of nkimgchuman variabilityln vitro
models that mimic human variability should be deped.

7. Better communication and collaboration between ewadand industry, availability

of negative results, harmonised and unified anilegislation and specific actions
addressed towards the political world should bestiadten
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5.1.3. Report of Expert Meeting 1

Start-Up Expert Meeting 1
19 May 2008, Ministry of Health, Madrid, ES

Program:
10:30 — 10:40  Welcome. José Casttippa ES

10:40 — 10:50 Introduction. Vera Rogieesopa BE

10:50 — 11:00  Working Instructions. Bernward Gaitthecopa DE

11:.00 - 14:00  Brainstorming Sessions

11:00 — 12:00  Session: Preclinical Research

12:00 - 13:00  Session: Preclinical Safety, KinetMstabolism

13:00 — 14:00  Session: Requirements of Clinicarfhaology and Clinical Trials

14:00 — 15:30 Lunch

15:30 — 16:30  Working Teams: Identifying of firscommendations
16:30 —17:30  Plenary Session: Passing final recemadiations
17:30 End of the Meeting

Scientific committee:

Bernward Garthoff, treasurecopa Bayer, DE

Vera Rogiers, chaiecopa VUB, BE

José Castell, vice-cha#copa Hospital Universitario La Fe, ES
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5.1.3.1. Introduction to the report

This first Expert Meeting was conceived as a prajoaly meeting for the forthcoming
Workshops of which each one should address anithdil “R” within the context of
drug development, and will constitute the core lo¢ tSTART-UP project. Invited
participants were major players in the field frooa@emia, pharmaceutical industry and
regulatory bodies and were asked to define exisboglenecks, provide ideas and
suggestions about the overall process of drug dpwent in respect to the 3R’s.

5.1.3.2. Introduction to the Expert Meeting

After the welcome by the local organiser José Vst€lh (ES,ecopaVice-President),
participants were informed by Vera Rogiers (BE, Ri@st of ecopaand coordinator of
START-UP) about the nature and goals of START-UBjgmt, and the way it was
structured with a series of specialized meetingsh wihe goal of gathering relevant
information concerning 3Rs burning issues in drugvaliopment. The ideas and
suggestions drawn out from this first meeting wémaded into the forthcoming
workshops, each one dealing with one of the 3RsthByend of START-UP, the ideas
and recommendations are to be forwarded to the Gssion with proposals for further
research in the field of 3Rs with respect to bao#lks in safety and efficacy testing of
pharmaceuticals, together with Road Maps for ifgl@mentation.

Detailed instructions about the development ofrtteeeting were provided by Bernward
Garthoff (DE, ecopa Treasurer) as well, and emphasis was laid on dcé that the
represented expertise of companies, governmentdl amademic institutions should
convene and work together, to identify the botttdiseand make recommendations to
overcome them. Issues of relevance for the ingiitatcompanies present should be
accompanied by others of broader implications. Meeting and the foreseen report was
said to be semi-confidential, meaning that it was epen to the public in general, but
made available to those involved in the START-U#&]qmut.

5.1.3.3. Summary of the discussed topics

5.1.3.3.1. Research in alternative methods doaa ifinefficient” way?

The first issue addressed by the participants wes gerception that research on
alternative methods was done in a rather inefficieay. Despite the considerable EC
funding there hasn’'t been too much success in Hst fwenty years in the field of
developing new alternatives. Alone in the FP6 alye@ 63.3 million were spent on the
development of 3R-alternatives. Additional € 30.4lliam are planned in FP7. In
addition, during the past 10-20 years, millions evepent by governments, companies
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and private foundations, but very few methods astistcame out which are widely used
in pharmaceutical research and development. Wiaharreasons for this?

» Concerning the EU-funded research, the increasiagducratic complexity
needed to apply, develop and report was recognisesstquesters considerable
efforts from the coordinator and partners to fulfie formalities and to get the
funds delivered in due time. Pharmaceutical congsmwiften step out of these
projects and refrain themselves to participate beeaof this bureaucracy.
Pharmaceutical industry should be again involvedoigoing research and
development of 3R methods.

» Most of the projects are coordinated by acadenaind, there is a big difference
between the ways research is done at academidutiests compared to the
pharmaceutical industry. The lack of clearly defingoals that could be
realistically completed along the duration of thhegmsal, together with a lack of
flexibility and agility to adopt decision, shoulthet research be reformulated,
contribute to this “low efficiency”. Pharmaceuticampanies often perceive the
goals of the projects as very academic and oftergalistic” in terms of calendar.

» The expectations, according to the proposal mendaoran are often unrealistic in
the sense that it is generally expected that alsitmqodel could solve virtually
any complex problem. A lot of money has been deltdefund models that only
can provide imprecise answers, at best. This séefns unwise invested money.
It even happens that during the lifetime of a mbjine expected results have
become of general scientific knowledge, but sti# project continues and often
receives financing for a couple of years moreslsurprising that for the vast
majority of projects, their outcome undergoesdiiflany evaluation to determine
whether they have made a real contributionntwitro research, in view of the
state-of-the-art of alternative methods.

» There is a certain redundancy in the names of refseis and teams involved in
projects. An example was given of a partner beirgsgnt in 7 projects and not
delivering the results promised, but still beingafncially supported in the
different EU projects. Researchers involvedhivitro alternatives are well aware
of each other. Having a stronm vitro research network normally show
advantages, but one should be cautious not toirfedl a lack of constructive
criticism. In this context, it was emphasised tleed for new names of young
scientists and a fresh outlook. There is a need foetter integration of research
teams and an active involvement (eventually leduieP$ of pharmaceutical
industry.

» There is a disconnection between the different @ing) research projects on

alternative methods. Previous results of EU-sp@ts@rojects are frequently
ignored both by researchers and evaluators, reguiti an unnecessary and
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redundant repetition of research. There is a alead for efficacy in research and
prioritisation and funding, based on previous proitcomes is a key issue.

» There is a clear need for breakthrough new idedslligence and research must

be invested. As a last comment it was said thatitany of the EU projects were
focused on replacement, nearly forgetting refinenaed reduction.

5.1.3.3.2. Better use of appropriate biomarkers

The concept and use of biomarkers is not new. Beseas well as injury mechanisms
tend to be multifactorial, with many factors playia relevant role. While it is easy to
look for one factor, and subsequently identify anfiarker, it is nearly impossible to do
so for all factors putatively involved in a pathgical process. Using only one biomarker
is unlikely to cover the complexity of living orgams. However trying to go too

complex is not working either, as tests should kaeagertain degree of simplicity to be
easily applied and at the same time generate datt dould be understood and
interpretable.

The problem is that nowadays is that a loinofitro work is done, often using too simple
tests and models, and thatvivo studies come in too late. There should be agairemo
attention forin vivo studies but in an intelligent way, namely identify relevant
biomarkers botln vitro and in animals, and using them when scientificaistified and
with the aid of sensitive biomarkers also releviantthe clinical situation. Indeed, while
attention is paid to the complexity of the phenoamem the animal models, species
specific differences between animals and humansomas seem to be forgotten in this
process.

Thus, there is a need for a reduced set of moreifgpéiomarkers which should be
relevant for the clinical situation as well. Actiyabnly few fulfil this criterion. For the
kidney for example, it has been possible to idgrito 7 biomarkers which represents a
relevant step forward with respect to safety. Iiyeal should be also possible for the
heart, lungs and liver, and efforts to identify lsumomarkers should be addressed with
priority, and it is likely to be the case for alher organs where attention hasn't been
focused on yet. Appropriate use of biomarkers télp to exclude compounds likely to
elicit adverse effects in man.

New and potent tools are now available to idertiéyter and more relevant biomarkers.
Following the boom of transcriptomics, and haviagntified the limitations and the
scope of applicability, metabonomics now appearaggsowerful strategy to identify
parameters intrinsically associated to a patho&gicocess, and that are coincideral
vitro, in vivo and in clinics. The need for identifying more dfiecdiomarkers will be
liked to the use of appropriate procedures (bitsties) to better integrate the information
in order to make it more predictive.
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5.1.3.3.3. Investigation on new models: 3-D cubustem cells, embryotoxicology and
teratogenicity

The relation betweem vitro andin vivo models and the relevanceiofvitro generated
data to the situatiom vivo was discussed by the experts. The question poaschaw
representative the results of the former model farethe latter and vice-versa? The
example was given oin vitro systems lacking cell-cell communication and the 3-
dimensional structure of organs. It is recognishkdt tprogress has been made in
developing culture systems aim to reproduce thmmptexity, but it was underlined that
most of the current alternative methods availabtay cover a specific endpoint but do
not reflect the specific situatian vivo. Experts present at the meeting emphasised that
mechanisms and processes should first be identineddescribeth vivo, in the whole
complex organism, and only then translatethteitro systems, possibly starting with the
use of lower organisms as surrogate of the morgtmaanimal models.

Attention was drawn to the fact that research @mstells is still hindered in some
European countries. In Germany and Switzerlancethes restrictions concerning the use
of human stem cells and the research that can bedan with them. Interestingly,
experts were quite unanimous when recognised that sell technology, although very
promising, is not yet available for routine purpgs@versized expectations are created
when SMEs advertise their technology as being reatmd readily available for
screening purposes. More research is still needegenerate differentiated cell models
out of stem cells, but should be encouraged.

A significant number of animals used in toxicol@jicesearch are in the field of long
term safety studies. Pharmaceutical companies madst use of animals in long-term
toxicity studies; teratogenicity and embryotoxigpjoare among the heavy consuming
animal assays. Therefore, more efforts are neededevelop suitable alternatives
because these tests are necessary for every newdjyoged drug coming on the market,
and still no good alternatives are available. Theas an EU call in FP6 with respect to
repeated-dose toxicology, and no groups appliedwsty the problem in this difficult
field. More efforts are needed to develop suitabiernative tests for this purpose.

5.1.3.3.4. Validated, requlatory-accepted, or sdiervalidated tests: which should be
used?

The issue of whether either validated, regulatmgeated, tests should be used, or
scientific-validated tests could be part as well rofitine testing was raised and
extensively discussed among participants. In ingluste fact that a test works is more
important than whether it is formally validated.efé is a lot on-going research on drugs
being done without animals. These investigatiomsadten mechanistically oriented and
not carried out for safety assessment reasonsidncontext, alternative methods work
quite well in pharmacology research, while theyndd work that well in risk assessment,
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probably due to the fact that the target is geheraétter identified and known in
pharmacology (known target) than in toxicology (nown target).

There are quite a number of useful alternative oaghdeveloped and being used in
pharmaceutical companies, but these are kept witieinndividual companies. They first

are validated within the company and become acddptethe testing of a class of drugs.
The usefulness of such methods rely on a large rumbcompounds tested in house.
Researchers are confident on the consistency otidltee these models deliver, despite
they are not “formally” validated, or acceptedts tegulatory level. In industry, the fact
that a test works is more important than whethir ‘itegulatory” validated or not.

“Validation” of an alternative test is no prioritgr industrial companies, as this is a long-
lasting, complex, resource-consuming and expermioeess, in particular when the test
under consideration is of limited use. The proads®rmal validation is complex and it
was emphasised than in many cases it may be far being feasible. It will not be
always possible to achieve a full and “formal” daliion for certain tests, despite its
undoubtful utility. Regulatory institutions seemgot more emphasis on the validation of
tests than pharmaceutical companies do.

The FDA (Food and Drug Administration) encouragesganies to include vitro test

data in the dossiers but it is only seen as an-taddo thein vivo data. Acceptance of
well supportedn vitro data will contribute to the reduction of animahsamption.

5.1.3.3.5. Drug preclinical research: animal expents still needed

All participants agreed that animal experimentssile needed, despite the fact that the
predictive value of animal models in preclinicasearch is often questioned. Some
experts underlined the fact that pharmacologistd te work using exclusivelin vitro
systems without any animal experimentation untédatages may be inappropriate. The
complexity of the animal models is also needed atyeresearch stages, because a
number of changes or findings cannot be seem imitro experiments. Furthermore,
information about pharmacokinetics and drug effycaan only be reliably obtained in
animal experimentatiorin vitro, there are a number of models and endpoints #mat c
serve as supportive evidence: pharmacokinetic mpd@ock-out models, presence of
transporters, CYPs (Cytochrome P450 family), etobese can support the safety of
compounds, but hardly their efficacy.

» The predictive value of using animal models in prézal research is often
guestioned. Most of the inconsistencies are duthéouse of an inappropriate
animal model or biomarker. Frequently, the targate identified wrongly,
because we do not properly understand the pathmpbgal mechanisms
involved so far. Only then, better vitro models can be developed. Importance
should be given to identifying molecular markensgls as a receptor or a gene,
which make it easier to acquire a model.

39



STARTUP

DetailedResults: Expert Meeting 1

> It is very important to choose the right specied &m ask the right questions.
There’s no point in doing animal experiments whhayt are not relevant to
humans. Therefore much emphasis has to be givasgess the relevance of a
given animal model prior to run the experimentse Televant species should be
selected on the basis of predictability for humans.

» When it comes to reducing and to refining, it skiolé realised that a number of
in vivo tests used today are considered not appropriatd, &s the uterotrophic
assay as a general marker forvivo endocrine disrupters. When it comes to
refinement, in particular non-invasive methodology important, but some
systems are over-claimed and cannot be used ftireaindpoints mentioned.

» More attention should be devoted to the issue 0bsimg the right target. Most of
the targets are multi-tissue related and in diffetessues different targets can be
present (also silent targets). Today one jumpgasbinto one single target.

» In vivoandin vitro research should go together and not be seen aspipasites.

“‘Humanised animal models” & transgenic&ne of the difficulties with animal models
is that compounds do not always have the sametgfiacthe model species as in
humans. This could be solved by creating transgesficed models (i.e. humanised
models), more representative of the human situatids, however, not known what the
effects are on the total physiology of the testraais in general when only limited parts
e.g. one organ is humanised. The use of transgeadels also can help through, for
example, the use of transgenic enzymes.

Requlatory toxicologyA frequent problem withn vitro tests is that they tend to be
oversensitive. Examples on this exist: in genotitxistudies, for instancen vitro tests
have been used already for a long time showingtheat are very sensitive, but not very
specific;in vitro tests for phototoxicity give large numbers of éapsitives (i.e. positive
in in vitro, while negative inn vivo tests); a similar situation is observed forvitro
clastogenicity assays. Oversensitivity could peshla@ reduced by using more complex
models (i.e. 3D models, like reconstructed human #kat can help to analyse false
positives in the case of irritancy or phototoxigity

In vitro methods should be re-focused to address the @fstiesk assessment”, instead

of only “hazard assessment”.

Drug metabolism and pharmacokinetic§tudies on pharmacokinetics and drug
metabolism must be carried out at early stagesrag development, because the data
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generated is important to choose the right animatieh for further efficacy studies.
Knowledge of pharmacokinetics is important befavenpounds undergo clinical trials.

While there are well consolidated methods to ingastin vitro metabolism of drugs
that generate highly predictive data of thevivo situation,in vitro/in silico modelling of
drug pharmacokinetics is still in a juvenile phadedevelopmentln vivo experiments
remain necessary, because, for example volumdhdistm and transporter studies are
not possible by only using computer simulations/anish vitro methods. Consequently,
in vivo animal experimentation seems in this case unalkteda

Experts made a series of comments that could lelmake a more rational use of
animals:

» There is doubt whether a full set of regulatoryrphecokinetic data is needed at
an early stage of development. It seems possiltentoine pharmacokinetic and
good quality toxicokinetics data that can be ol#dirduring routine toxicity
testing (i.e. in the course of repeated-dose toxstudies).

» In many companies, pharmacokinetic studies areootdinated with toxicology
studies. Combining pharmacology and toxicology issidshould also lead to
reduction in the use of animals. This would reqsmene adaptation of regulatory
guidelines, since for toxicology studies high dosesrequested for margin safety
assessment, which is not the case for pharmacaotbggies (except for the
therapeutic window determination). Next to this,igtthought that studies at
unrealistic high doses (in toxicology) often aré abhelp.

» Miniaturisation of certain common methodologies Idopossibly also lead to
reduction and refinement. For example, investigetiosing smaller volumes for
urine and blood are realistic and feasible poss#sl using the nowadays very
sensitive analytical methods

» More attention should be given to species seledgtiggharmacokinetics. For the
time being, rat and dog are chosen as testing epdm@cause of availability,
regulatory requirement, cost and historical dathands of companies. There is
too much of a “tick-box attitude” and not an attieuto determine whether these
studies are really helpful or valid.

5.1.3.3.6. Clinical pharmacology and trials withhkans

Would it ever be acceptable to go to clinical sialithout animal testing? When
biotechnology-derived drugs are being developeztjuently there is no suitable animal
model. Can those drugs then be accepted by onhg ursivitro methods? The question
was discussed in detail, and the experts pointedexeral considerations:
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» Performing clinical trials without (or with reducednimal testing is possible in
two exceptional cases. First, when one is dealiity Iife threatening diseases
and there are no animal models available (reduc@dad testing is accepted in
certain anticancer products, vaccines, biologicdbpetc.). It is also important to
take into account the risk—benefit relation for piatient.

» However, distinction can be made between the use given animal model to
study efficacy and to study drug safety.

» Second, when a compound is under consideratiowifiich it is not possible to
get a suitable animal model. In such cases, thét@mtion of humann vitro and
animalin vivo data for pharmacology and toxicology testing maybceptable. A
report with these data is presented instead ofdhgentional animal data dossier.

» Another example is mAbs directed to human tumolis,cenducing apoptosis.
This is very human specific. If there is a goodgfrof conceptin vitro that the
mADb only acts on tumour cells and not on normaisg¢el good rationale and good
communication with authority, then it seems reabt;m#o perform clinical trials
without testing on animals first.

> A very interesting issue raised by experts is thet that the heterogeneity of
human populations is not taken up by currenvitro tests. This can even be a
problem with “pure-bred” test animal species, whach more homogeneous than
natural populations, including humaris. vitro models capable of mimicking
human variability should be developed.

Toxicity testing of monoclonal antibodies. The Tege case.Monoclonal antibodies
(mAbs) are the newest therapeutic approach to nd&seases (e.g. malignant tumours,
AIDS, Hepatitis). With the use of humanised mAbg thossible species differences
become very important, and thus there is a big @sn@bout choosing the relevant
models. Discussion about the use of appropriateohagous systems is an issue, because
of its intrinsic difficulties (sometimes it mightebpossible to use transgenic models
vivo). Because of the molecular targets addressed bysmiAlbeally depends case by
case. This is probably the type of compounds whaxeng an integrateish vitro / in vivo
approach might be determinant to assess its safety.

Monoclonal antibodies were once tested on humatis eisastrous consequences (the
Tegenero case). The six volunteers all got verl sjgon administration of the mAb.
What did go wrong? Apparently, the possible diffees in pharmacology were not
taken enough into consideration. The cynomolgus kapsn were pharmacologically
responsive, but not very sensitive, something thas noticed from the beginning
(pointed out one of the participants). Should tlase been taken into consideration, the
tested dose in man would have been much lowerast wery risky to test this compound
with six persons simultaneously. One wonders whgy tdid not start with one person

42



STARTUP

DetailedResults: Expert Meeting 1

with a lower dose, then gradually increasing theeddJnfortunately, thén vitro tests
were predictive only after they had been modifedddress this problem.

The special case of cosmeti€&som March 2009 onwards cosmetic ingredients ate n
anymore allowed to be tested on animals within Ekke Exceptions are repeated dose
toxicity, developmental toxicity and toxicokinetidarom March 2013 onwards all animal

testing is banned and products tested, even ouisidape, with the help of animals are
completely banned from the EU market. This couklltein more actual testing of new

ingredients and more testing outside Europe. Olslyolioth of these possibilities do not

help in saving animals.

Companies from the USA and Japan come to Europeotofor alternatives which they
can and do use. The difference is that in thesatoes the use of alternatives is not
obligatory, while in Europe it is. They can used@dests that are useful / valid and that
have been developed and tested in Europe.

The fact that there will be soon a ban on the rigstif cosmetics is, at least partly, a
consequence of extensive lobbying by animal weltaganisations often supported by
scientists. Most people only think of “make-up prots” when cosmetics are mentioned.
Nowadays, cosmetics consist of a broad group afymis extensively used and having in
many cases a preventive action on disease (for ghedny applying UV-filters to prevent
skin cancer by sun exposure). This makes clear shédty control is important in
cosmetics and science should keep being involvéd tve development of alternatives.
However, lobbying for using a methodology whicinc yet fully scientifically available
is dangerous and bad practice. Pharmaceuticalddshewspared of this type of lobbying.

5.1.3.3.7. Further considerations

Several ideas were finally posed by experts:

Improved animal act regulation3here should be more concern on the burden of pain
that animals suffer from during tests, than tokitleng itself. Now we see too many bits
and pieces, which make it easy to go to anothemtcpuwhen certain tests or experiments
are not allowed in one’s home country. Expertsdatiid that there should be a clear
basic regulation (laws) for the whole of Europedabsn the following:

- European Convention for the Protection of VertebrAnimals Used for
Experimental and Other Scientific Purposes (adoffl), including ETS
No 170 (adopted 2005)

- Appendix A: accommodation and care of animals (&tb@007)

- Appendix B: Tables for the presentation of statedtidata on the use of
animals for scientific purposes

- Directive 86/609/EEC which is under revision.
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Ideal world. Harmonisation and standardisation of methods wowdd#te inter-laboratory
comparisons of tests and procedures easier. Howdwer is difficult to achieve in
industry, as some people are reasoning that this heive a negative impact on
innovation. Communication and collaboration betwaeademy and industry have to be
improved. Academia is nowadays also interestedatepting knowledge as industry is,
and this should facilitate collaboration.

Concerning acute (single-dose) toxicology, the OHCIPganisation for Economic Co-

operation and Development) states that a numbemnwhals could be saved. But this
doesn’t seem to be important for pharmaceuticajgsnane, but has still a considerable
impact on other industries, i.e. for Chemicals, dapemicals, Pesticides and Food
industry.

In practical terms, the introduction of alternatvi@ regulatory toxicology can only be

reached nowadays through the ICH (Internationalf€ence of Harmonisation) process.
The latest progress to this respect is remarka&bie [CH Guidelines draft S2, M3 ...).

Meaningful political implication.

> Politicians should be taught about the real usealdérnatives with their
limitations, as important as to teach the publid #re patients. Contacting high-
level European politicians (Commission, Parliamesty representatives from
regulatory bodies (EMEA (European Medicines AgencjH) to improve
awareness of the issues and points of concerng t@ubf great value. Ideas like a
one-day face to face meeting were suggested.

> Participation of representatives in such meeting&d representatives, EFPIA
(European Federation of Pharmaceutical IndustnesAssociations) and EMEA,
should be encouraged to proactively drive the IG@bkpss with respect to
alternatives.

> It may be a recommendation that an “Alternatiaeshocgroup” be created at
EFPIA, to better represent the alternative “sceme’the European industry
association. Currently, the competence and expduisthe 3Rs are not focused.

Avalilability of “negative results” to scientist©ne of the unsolved problems still is that
negative results regarding certain classes of drogscome in a particular animal model,
are almost never published, but they can providgomant information, and avoid the
use of unnecessary animal experiments. Only wheh positive and negative results
become available real progress could be made.vierig important to have access to the
knowledge about negative results and to get a rbatiderstanding on why a model
doesn’t work. There is a lot to be learnt from i ksts before certaim vitro models are
“killed”.
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5.2. Expert Meeting 2

5.2.1. Executive Summary

The second expert meeting was intended to (paciyer the bottlenecks in animal
disease models used during the drug developmemregsoof New Chemical Entities
(NCE) by the pharmaceutical industry. Because afiges in clinical success rates of
NCE (lack of efficacy, differences in human metadml unexpected toxicity) and lack
of predictive validity of animal disease modelstiatives to improve research strategies
for drug development and efficacy testing were makeluding further development of
animal disease models, going together with furttemelopment and implementation of
the 3Rs.

Animal models include initiation and progressiontioé diseases involved. These either
are experimentally induced or expressed via gesgtimmodified experimental animals.
The models are incorporated at an early stage ug desearch followed by efficacy,
safety and toxicity studies.

In depth discussions took place between 28 researchctively working with disease
animal models in different European, globally agtiypharmaceutical companies. In
seven workout/disease groups participants weresfoguon animal models representing
psychiatric diseases, degenerative diseases inbtthi@, inflammatory/autoimmunity
diseases, oncology, infectious diseases, respjrdiseases and metabolic diseases.
Participants were asked to describe the state edfath in their research field and to
redefine and update 3Rs bottlenecks/strengthseiratiimal disease models in their field
of expertise and how the 3Rs could be further adge. Disease animal models are not
standardised and protocols are optimised to theifspaeeds and symptoms of a disease,
often developed only for internal use only. Thiscréases the chance to build up
experiments on published data and requires corabtieresources in each laboratory to
establish own standardised protocols. In the paainly symptomatically and only when
possible mechanistically based disease animal reodekre in use. Disease animal
models allow drugs interacting at different progres stages of a given disease to be
tested and their relevance is determined, if albbilaby drugs already in clinical use.
Based on these principles, a summary is given here.

- Further development of the 3Rs:

» The direct replacement of disease animal modglénbvitro tests seems not to be
realistic today since in most diseases, many differcell types are participating and
mechanisms involved in the dynamic progression disaase are often quite complex or
not known. However, with data obtained from prdges more complexn vitro
approaches, e.g. the use of isolated organ, caresglior 3D cultures, a better filtering of
compounds befori vivo experiments start, could be achieved.
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* There is a need to increase the work at thefaterof preclinical and clinical trials. The
more translational the animal models are the lessntumber of animals that need to be
used. Preclinical scientists need to maximize theetstanding of what is been done in
the clinic, while the clinical researchers shous/da more knowledge of the preclinical
testing.

» Optimisation of protocols through laboratory matetions and workshops is necessary to
lead to a reduction of the number of control tégtsitive controls /overall sample size.
Expert groups from industry and academia shouldkwaut recommendations for
efficacy profiling in animal models for differenisgases, with respect to study design
(numbers of subjects, models to use, most relexféiocy read-outs), and the possibility
to use and develop target-based models includilgyaet pharmacodynamic markers.
CRO’s (Contract Research Organisations) may haesn enore knowledge regarding
protocols in disease animal models, because they imaltiple companies as clients that
are approaching similar type of models or stratedifp to now, this knowledge was not
transferred between companies (particularly if av nmodel is viewed as being a
competitive advantage). This information about gtddsign and protocols together with
data on compounds should be collected in a datadnadebe used by the contributors.
This exchange of information between companies ireginew strategies for dealing
with shared intellectual properties.

* Maximising the number of read outs per animal Maeduce the number of animals
used, e.g. in psychological disease models, imagiP§/PD (pharmacokinetic /
pharmacodynamic) measuring and multiple behavioeasures could be done in one
animal; in arthritis models, swelling data, MRI (feetic Resonance Imaging) data,
microCT (X-ray microtomography), blood sampling, syndévilaid and urine samples
can be taken of the same animal, while histologyth&f joints, metabonomics and
genomics data can be gathered post mortem. Whenpussible translational,
mechanism-based read-outs in animal efficacy gsthould be chosen via comparison
to corresponding clinical data from patients.

» The screening paradigms should be carefully cemed to avoid unpredictive models
(reduction), e.g. use of toxin models evaluating theuroprotective potential of
compounds for Parkinson’s Disease.

* Non-publishable (negative) data should be maddable to the researchers working in
a particular disease area. Published negativerdasa fulfill similar quality standards as
the positive ones. Journals/scientific associatishsuld be encouraged to provide a
forum within which negative data can be presentetidiscussed.

» Academia should be involved in developing newitro models that are predictive of
clinical outcomes and that would be accepted byle¢gry agencies and companies. This
includes the use of isolated organ studies, theldpment of 3D cell cultures e.g. in
oncology or to use human stem cells to grow wh@sue/organs. Human stem cells
would eliminate the problem of species differenaed improve the predictive ability of
the tests. But very few studies have been donpedoifscally compare the data from such
cultures with those of the actual efficacy studiesivo.

* Non-invasive techniques should be encouraged fas infectious disease models
(bacterial infections). The longitudinal observagsonot only reduce the number of
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animals in experiments, but might provide more gime#relevant read outs and allow to

determine the humane endpoints more exactly.

 Population pharmacokinetic models (PRKsilico) are a powerful technique which can
be applied for different diseases. Its utility ergcularly valuable in dose setting in the
absence of pre-existing animal models (or as angpiatemethod to replace animal

models). Much of the development work is alreadynal@specially in the human

oncology area.

* In general, education and awareness of the 3Raldhe improved e.g. scientists
should be trained in the proper use of statiséosl, the application of power analyses to
determine the minimum number of subjects needeah iexperiment.

- Specific disease animal models with high burdenexperimental animals:

There are disease areas in which animals are setjechigh and long-lasting burdens.

* Inflammation models are inherently painful, sinpain is a cardinal sign of

inflammation and analgesics cannot always be useg shese could adversely affect the
outcome of the model. Even opioids have been sthiovrave an effect on cell migration
in inflammatory models. Some valuable recommendatiovere presented e.g. tissue
chamber model. In pain models, direct studies im fs@e also microdosing) would be
preferable to let them score their pain becauseynaammal pain models are not very
predictive.

* In oncology models, genetically engineered moaeld primary tumour models (e.g.
tumour tissue biopsies taken directly from patieartd transplanted into animals) were
put forward as being more predictive of the effes¢éen in the clinic. A refinement

strategy could be to apply PK/PD in surrogate @sste.g. tissues of normal animals,
instead of looking at tumour bearing animals, sincany of the pathways that are
targeted are fully functional in healthy tissues.

5.2.2. Recommendations

1. Development of human pathways/mechanism baseidhabndisease models
(translational animal models, less symptomatic ng)de

2. Optimisation (quality standards) and harmonisatof study protocols (based on
clinical applications) for individual disease mazlel

3. Maximising the number of non invasive and earlysurrogate endpoints (read-outs)
within a model (lower burden, more relevant for lamdiseases, less analgesics, no
pain related pathophysiological disturbance of reatd).

4. Development and use of more complaxvitro systems (human cells, functional

organ specific tissues, co-cultures, sli@syivg in which predictive clinical effects
can be investigated e.g. human stem cells derived.
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5. Exchange of non-publishable protocols and dgfee(of compound) derived from
animal disease models among pharmaceutical indasthypublication of negative

data.

6. Reduction or replacement of animal efficacy Esiénd long-term carcinogenicity
studies (carried out at later stages of drug deveémnt) by intelligent combination of
information derived from studies performed durihg trug research phase.

7. Development and use of human population pharkiiaetc models instead of non-
existing (or not reliable) animal disease models.
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START-UP Expert Meeting 2

5 September 2008, Novartis, Basel, CH

3Rs Bottlenecks in Animal Disease Models

Introduction. Vera Rogieespopa BE
Europe and alternatives: progranisatines, projects and networks.

1) Psychiatric Diseases, 2) Degenerative Dise&3dsflammadory Diseas
4) Oncology, 5) Infectious Diseases, 6) Respiraiseases, 7) Metabolic
Diseases, 8a) Bone disease, 8b) Cardiovasculasgise

State of the artStudy design, Reproducibility, Role of the modebhtem:

Representatives from individual geolpmin presentation, 2 min

Walking tour within the Novartis Camsp

1) Psychiatric Diseases, 2) Degenerative Dise&3dsflammatory
Diseases, 4) Oncology, 5) Infectious Diseases e8pRatory Diseases, 7)
Metabolic Diseases, 8a) Bone disease, 8b) Cardialeasdiseases
Implementation and further development of the 3Rgommendations:
for a particular disease area, for a particuladehonew concepts, new

Representatives from individual ggolomin presentation, 2 min

Questionnaire: additional personadmemendations for upcoming 3R

5.2.3. Report of Expert Meeting 2
Program:
09:15-09:20 Welcome. Peter Maiecopa CH
09:20 — 09:30
09:30 — 09:40

Bernward Garthoffecopa DE
09:40 — 09:50 Instructions. Peter Maiecppa CH
09:50-10:10  Coffee Break
10:10-11:00  Workout Groups:

regarding 3Rs
11:00 - 12:30

discussion per group
12:30-13:15 Lunch
13:15-13:45
13:45-13:50 Instructions. Peter Maiecppa CH
13:50 — 14:40  Workout Groups

approaches
14:40 — 15:10  Coffee break
15:10 - 16:10

discussion per group
16:10 — 16:20  Discussion
16:20 — 16:30

Workshops 2009 and Road Map
16:30 - 16:35  Conclusions. Peter Maezopa CH
16:35-18:00

Individual informal discussions in gosu
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Scientific committee:

Peter Maier, Board Membercopa Forschung 3R, CH
Bernward Garthoff, treasurecopa Bayer, DE

Vera Rogiers, chaiecopa VUB, BE
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5.2.3.1. Introduction to the report

The 2 Expert Meeting, as preparatory meeting for the ksbops on 3Rs of the
START-UP projects, addressed specifically diseasmlats, used in pharmaceutical
research and development. This is due to the gesdtmtion of complex disease
symptoms only to be shown in whole organisms amdldick of meaningful alternative
methods, especially vitro methods. This situation is predominant in the a@aCNS

and disruptive diseases such as arthritis and@aadcular diseases. Because the experts
present were mainly active in these areas, thesfotthis report is on these disease areas
and models. Thereby, a sound basis for improvemeiagd by the START-UP project.

5.2.3.2. Introduction to the Expert Meeting

5.2.3.2.1. Background information on animal diseasedels, by Peter Maier,
Forschung 3R, CH

After a welcome from PM and thanks given to thenspos, the background for the title
of this 2 meeting BRs Bottlenecks in Animal Disease Mojlelas presented.

The focus on bottlenecks in disease models defiwes several observations or concerns
raised in the past concerning the drug developpetess. These are:

- Continuing decline in clinical success rates @ivty developed drugs. In some disease
areas, this may be attributable to a lack of effyjcabut, in other areas, it is more
commonly based on species-specific metabolism expegcted toxicity.

- Biases on preclinical assessment due to the ipert@ressure to demonstrate efficacy
in preclinical models within drug discovery are chiésed and target-based discovery
might increase the effects of bias (Lindner, 2007).

- Apparent lack of predictive validity of animal h&ls in some disease areas (McArthur
and Borsini, 2006), typically in diseases where disease mechanism is either poorly
understood or very difficult to model in an anirspkcies.

Using observations such as these, some have regsealis doubts on the use of animal
models as a whole.

On the other hand initiatives are going on whiclpriove research strategies for drug
development and efficacy testing. This includesnges in the use of animal disease
models. Modelling of human disease in a varietgramal models has provided a distinct
advantage in the search for new therapies andsiade areas where animal models are
adept at predicting efficacy. Further refinementh&f models may allow better prediction
of clinical PK and toxicology.

This further development of models has to go togrethith further development and
implementation of the 3Rs. This is a challenge amapportunity for reaping benefits of
every kind - scientific, economic and humanitariaifthis workshop was intended to
examine some of the challenges that are facedaaeata, industry and government try
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to move towards increasingly useful and refinedarehimodels as well as to look at some
of the areas where progress has been made in mingrthe need for animal models.

5.2.3.2.2. Background information on ecopa and STAFP project, by Vera Roaqgiers,
ecopa

After the introduction, VR explained to the indystexperts the role oécopaand the
ultimate aim of the START-UP project.

5.2.3.2.3. Background information on Europe andaBBrnatives: programs, initiatives,
projects and networks, by Bernward Gartheffopa

An overview of what is done in Europe with respext3R alternative methods was
presented; which projects and initiatives are utaten and which networks are active in
this field.

The diversity of European bodies that are dealinth wssues of 3R-alternatives is
impressive. These are organised at different leviels example in the EU there are
organisations like Estiv (European Society of Tolagy In vitro), IVTIP (In vitro
Testing Industrial Platforin ecopa(European Consensus Platform on 3R Alternatives),
ECVAM (European Centre for Validation of AlternagivMethods) at JRC (Joint
Research Centre) and efsa (European Food Safehoiy) consultation processes (e.g.
also addressing the new Directive 86/609). In tleenfmer and associated states there are
local national platforms, for example the NCPsifratl consensus platforms) connected
with ecopa like SET (Germany), Norecopa (Norway), IPAM (gl 3R Research
Foundation (Switzerland)... Indeed, an initiativeel&copais especially specialised in
networking between the different countries and ketw the different stakeholders
concerned with animal testing.

Programs such as the EU R+D Framework Programmeésé&b,7 sponsor projects in
alternative methodology with increasing amountse Tdtal funds in 2008 have run up to
€237 Mio. The attention given to alternative methbds especially gained in importance
since the REACH legislation. Examples of such migj@re Esnats, ReProTect, START-
UP, CarcinoGENOMICS..., which are mostly projectswestn academy and industry
participants.

The European Commission itself has launched inigat such as EPAA (The European
Partnership for Alternative Approaches to Animalsfieg), IMI (The Innovative
Medicines Initiative) and DG RTD (Directorate-Gealdior Research) at the same time.
The START-UP project is an FP7 project, which aahsaking a roadmap to be used as
a guideline for future EU work programmes. ThetfiExpert Meeting took place in
Madrid, in the Ministry of Health, and was alsolased meeting with invited experts.

This expert meeting here is the second one andhile one will be held in Alicante,
Spain.
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5.2.3.2.4. Workshop Instructions, by Peter Maiersehung 3R, CH

After the introductions, PM explained the objectived the meeting, namely to redefine
and update 3Rs bottlenecks/strengths in Animal &3seéModels in the preclinical phase
of drug development, in specific disease areasaaimdal models and with respect to the
type of drug candidates.

The information gained will contribute to the dey@minent of a Road Map for further
implementation of the 3Rs within coming EU Framekvd?rograms and National
Initiatives.

Participants were divided into 7 working groupssusing on themes such as psychiatric
and degenerative diseases in the brain, inflammpataoimmunity diseases, oncology,
infectious diseases, respiratory diseases and oietaliseases. These are all areas where
animals are used to model aspects of the diseasetgor extent.

First the state of the art of each of these fields discussed and bottlenecks in 3Rs
development were identified.

Afterwards discussions were leading to recommeadatiabout possible solutions for
some of the problems raised and where the 3Rs d&aufdrther developed.

The outcome of the discussions and conclusions megented to and discussed by the
other participants.

5.2.3.3. Summary of the presentations of the indidual working groups

5.2.3.3.1. Brain: Psychiatric diseases, by Chris¢ofPryce, Novartis, CH

5.2.3.3.1.1. State of the art, identification os3#ttlenecks:

There are four major psychiatric diseases in teaihsncidence: depression, anxiety
disorders, schizophrenia and sleep disorders. Tdiseases are severe and common, e.g.
by 2020 it is estimated that depression will besbeond most prevalent disease, second
only to heart disease.

This is a very complex group of diseases. Theyd#feult to understand and treat in
humans and increased understanding and futuremteeatare dependent on animal
studies.

Traditionally modelling of psychiatric disorders sh@ought to recapitulate its key
behavioural features as described in diagnostg&siflaation schemes such as DSM-IV or
ICD-10 (APA (American Psychological Association)994; WHO (World Health
Organisation), 1992). An example of such a trad@lanodel of depression, for example,
is the “forced swim test”. During this test, ratsmice are placed in a jar of water from
which they swim and struggle to escape. When exptsehis procedure subsequently
they become inactive; an inactivity that has basarpreted as feeling of helplessness
and despair analogous to the lack of activity aedlifigs of lack of worth and
helplessness reported in depressed patients (MaAdhd Borsini, 2006). Clinically
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active pharmaceuticals are known to counteract ithastivity and consequently this
model has been used extensively to compare theteftd new chemical compounds
against those of clinically active drugs as a pnézdl measure of efficacy before the
compound is progressed for clinical developmentothar interpretation, however, is
that the animals stop swimming to save energy| sathething happens so that they can
escape, which makes it an adaptive response/sirafBigis example shows that
interpretation of read-outs of animal models basedsymptoms only, as performed in
the past, is very difficult.

The limitations of diagnostic criteria and the mmesemphasis of developing more clearly
defined research criteria of psychiatric disorderg., Cooper, 2003; Hyman, 2007), and
the virtual impossibility of modeling all aspectiseocomplex disorder in a single animal,
academics and industrial researchers are focusingi@deling specific phenotypic or
behavioural changes of the disorder and correlahegh with changes in brain function
and molecular alterations, that is the “endophepiotgpproach” e.g., Cryan and Holmes,
2005; van Os and Tamminga, 2007).

A representative example of this is the “fear ctinding test”. It is based on a specific
brain region, the amygdale, which shows highervagtin psychiatric diseases, e.g.
anxiety, in humans (Bishop, 2007). The homolog@&gson exists in the brain of rodents.
By understanding the behavioural neurobiology efdmygdale and fear conditioning in
rats and mice, the importance of the altered dgtofithe amygdale in human psychiatric
diseases, and potential drug targets for modiboaf this altered activity, can be
studied. The fear conditioning test in rodents taen also be used as a predictive
translational test to do compound screening (Da&gaidal., 2006). Thus, more robust
interpretations of the behavioural changes indungedhe model of the disorder and its
pharmacological modification can be made, therefgyroving its predictive validity (cf.,
Millan, 2008).

The following major challenges and bottlenecks weeatified:

A major challengeis the development of brain function-related oemdtypic disease
models requiring basic and translational researphciic in symptomatology or
biomarkers, so that the relationship between thangbes in animal behaviour and
expected changes in patients following drug treatroan be accurately predicted.

A bottleneckis the subtle, but potentially important procedlwmariations introduced by
different labs when establishing a particular mamtgbrocedure such as the forced swim
or fear conditioning tests described previouslyeSén subtle changes are introduced
pragmatically in response to environmental reaiiad instrumentation availability. For
example, many companies produce their own versbapparently the same equipment,
and the choice of buying equipment from one compargnother, or building one’s own
equipment, is determined by many reasons. The maa®l procedures, however, are
“standardised” through the demonstration that céfy-effective standards are active
and therefore internal and external consistency lmrachieved. Notwithstanding this
standardisation through pharmacological isomorph{dficzek, 2008), it is at times
difficult to reproduce and compare results obtaibetiveen laboratories. It was proposed
to organise a workshop, which would not necessaniity to dictate or impose fixed
protocols across laboratories, but to compare pobtadetails that would allow
identification of critical parameters that wouldlhéncrease the validity of the animal
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model of the human disorder to predict the effica€ynew pharmaceuticals developed
for its treatment.

5.2.3.3.1.2. Implementation, further developmerthef3Rs and Recommendations:

Optimisation of protocols through laboratory intgrans and workshops is necessary to
lead to a reduction of the number of control temtsl positive controls as well as a
reduction of the overall sample size.

Maximizing the number of read outs that is obtaifredh each animal would also reduce
the number of animals used. Imaging, PK/PD meaguand multiple behaviour
measures could possibly all be done in one anifRat. example, when a specific
behaviour is being measured, at the same timeethergl locomotion could be measured.
Traditionally locomotion and fear condition freegimre measured in different tests,
whereas these could be measured in one test witimated systems.

There is a need to increase the work at the irderéd preclinical and clinical trials. The
more translational the animal models are the lessumber of animals that need to be
used. Preclinical scientists need to maximize theetstanding of what is been done in
the clinic, while the clinical researchers shous/da more knowledge of the preclinical
testing. This should lead to less negative clinicals and maybe to more rapid drug
development and reduce the number of animals #ed to be used.

5.2.3.3.2. Brain: degenerative diseases, Christ@i@ssner, Merck-Serono, CH

5.2.3.3.2.1. State of the art, identification ok3®ttlenecks

The biggest problem with neurodegenerative diseabke Alzheimer's Disease,
Parkinson’s Disease and Huntington’s Disease,as tthe etiology and the mechanisms
of the degenerative processes are still largelynank. Currently no treatments are
available to prevent disease progression in patieontributing to lack of validated
predictive models for neurodegenerative diseagebad been impossible to develop
clinically predictivein vivo, and certainlyn vitro, models for neurodegenerative diseases,
or to recommend standand vitro or in vivo tests for efficacy profiling for potentially
disease modifying drugs. This has resulted in tiodifpration of many different testing
methods and consequent use of animals.

Some suggestions and ideas which might help tocowse some bottlenecks in
neurodegenerative disease animal models:

- Expert groups from industry and academia shouttkwout recommendations for
efficacy profiling in animal models for neurodegeateve diseases, with respect to study
design, addressing topics such as: numbers of&sbjghich models to use, what are the
most relevant efficacy read-outs, and the posgibith use and develop target-based
models including relevant pharmacodynamic markers.
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- Improvement of the evaluation of translationakamanism-based read-outs in animal
efficacy testing, by using techniques such as gergmproteomics, metabonomics and
imaging is necessary. Thereby the relevance ofviddal animal studies could be
increased. In addition comparison to correspondiimgcal data from patients will help
to better match animal and cell culture model$ieoituman disease.

- Increased application of patient-derived IPS usefd Pluripotent Stem cells) cell
models should also be considered.

5.2.3.3.2.2. Implementation, further developmerthef3Rs and recommendations

- In view of reduction, the screening paradigms sthdad carefully considered to avoid
unpredictive models, such as the use of toxin nso@ehkluating the neuroprotective
potential of compounds for in Parkinson’s Disealeté: toxin models are still very
important in the evaluation of improved symptomateatments for PD as well as the
development of treatments for L-DOPA induced dyskias [Lane and Dunnett, 2008]).

- Development of imaging techniques should be stupdo

- In terms of replacement and reduction, more stidin the effects of disease-relevant
mutations on cell lines and lower animals, suclCaslegansneed to be carried out to
show their real possibility to be used as a scregpiatform. Careful comparison with
whole-animal study and available clinical data fsuas genomics, proteomics,
metabonomics, disease-relevant signalling pathwagscificity of compound effects,
that is, do compounds hit the same target and mehain C. elegansversus
mammalian system, etc.) will be required to vakdiiese models.

- Over the past 2 decades animal models for AlzbegnDisease and other
neurodegenerative diseases are based more oftgarmgenic mouse lines expressing
disease-relevant genes. However, mechanical ananplalogical lesioning technique
are still being used (cf, Lindner et al., 2008)ténms of refinement, the development of
more clinically relevant biomarkers for endpoimdang-term studies could be promoted
such as, for example, functional outcome insteadtime-to-death in ALS SOD1
transgenic models or in Huntington’s Disease mauselels. Ideally such functional
outcome measures should be closely related toptitbglogical) function of the disease-
relevant gene/protein in order and allow transtatmclinical read-outs later.

- The use of inducible pluripotent stem cells dfedentiation of embryonic stem cells
might result in a better understanding of diseasegsses that can hopefully be “back-
translated” tan vivo models and improve the quality and predictabiityfficacy results
of potentially neuroprotective compounds.

- In silico models for target relevance (such organ-specifgnailing pathways,
involvement in disease relevant pathways, intevactiith other targets, etc.), drug
properties (prediction of brain penetration, metsio, transport), brain structures and
connectivity clearly need further development, viahshiould help increase predictability
of results from animal data.

Predictability ofin vivo andin vitro models ofblood brain barrier penetration and brain
exposure of drugs is a topic that is being activdicussed by academics and within
European projects. There were questions raisedhehatailable in vitro models are also
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used to their full potential within industry. Far vitro systems assessing the affinity of
new compounds for efflux systems (P-gp encoded Hey multidrug-resistance gene
MDR1) there is broad consensus that they provid&car and predictive information
regarding potential brain exposure of compoundghWéspect to attempts to model the
blood-brain barrier in vitro (such as co-culturiafjimmortalized endothelial cells with
astrocytes on filters, etc.) there is concern altbatpredictability of models available
presently that limits their generalized use witlmaustry, especially when new and
hitherto unknown cemical space is explored. It idely accepted that increasing the
knowledge on how the brain controls in-and outftiixmolecules using in vitro systems
will help to improve CNS drug development with thetential to reduce the number of
certainin vivo experiments such as PK studies.

Microdialysis in the brain is also an emerging mefnent technique, but it is very
expensive and is only occasionally used.

5.2.3.3.3. Inflammatory diseases, Paivi Alajuunentgn, Fl & Janet Dawson, Novartis,
CH

5.2.3.3.3.1. State of the art, identification os3#ttlenecks:

Glaucoma and corneal defects:

Nowadays,in vitro studies are applied at a preliminary stage in ahsgovery andn
vivo studies are used to check for eye irritation, €ty there is no gooth vitro eye
disease model to study pharmaceuticals. ihhatro bovine cornea test is only used for
chemicals, and is not refined enough for pharmacaudrugs.In vitro models should be
developed for testing for e.g. redness or slighheal defects.

For agueous humour outflow (in glaucoma reseatwdretis a gooth vitro model, using
bovine and porcine eyes, but this is only usable darly stages. Rats, rabbits and
monkeys are still used. It will probably be harddtally replace them.

Acute inflammation models:

Acute inflammation models, are mainly establishedrats. They are in use for drug
candidates which are developed for treatment af, faver, swelling. One of the most
frequently used model of pain is the “Randall-$elltyperalgesia” model, in which the
pro-inflammatory substance is injected into thentda surface of the rat’s foot and then
the pressure eliciting a response (vocalizationwdhdrawal) is measured. Fever is
induced through the injection of bacterial endatexiin the form of LPS
(lipopolysaccharide). The effects determined witis imodel are comparable in rats and
in humans and results therefore highly translataBldéema s modeled through the
injection of carragenan into the paws of rats d&dfoot swelling is measured. All these
protocols cause low pain to the rats and they da@aase long-term damage.

It was mentioned during the discussion that a nunobgroups use an acute synovitis
model in dogs. This model, has very little varigbilassociated with it and has been
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accepted by FDA and EMEA for several registratiaskages of veterinary medicines. It
has been used successfully as a preclinical evatuttr human development.

Mechanistic models:

Natural or artificial cavities are used in mech#@aimodels. Small Teflon chambers can
be implanted in the backs of rats. Injection of-pritammatory substances can induce
inflammation in these areas. In these chambersjatoed and cell influx can be easily
measured. These models can be adapted and desogmedticular questions. The tissue
chamber models allows the reduction of the numlbeanamals used through repeated
sampling in the same animal at different time mint

Arthritis models:

Arthritis models are time-intensive as chronic anfimation is induced in animals. A
rigorous pain assessment is performed that monib@progression of arthritis and the
efficacy of new drug treatments. This allows th@exmenter to terminate an study in
the case of lack of efficacy. Although the induntiof arthritis is different between rats
and humans, the resulting pathology is quite simila

In general compounds are first testedvitro and only if they have an effect at cellular
levels (e.g. inhibition of TNFalpha or IL-1beta grwtion/release, etc), which are known
to correspond to an analgesic or antiphlogisticveigt Successful compounds are then
testedn vivo for efficacy.

5.2.3.3.3.2. Implementation, further developmerthef3Rs and recommendations:

Glaucoma and corneal defects:

In vitro models for corneal opacity, using bovine eyes, aready available. Other
models of ophthalmic disorders with different enidp®are needed.

Cell cultures and cultured corneal tissue are alslg| but it is still a question whether
this 3D model is actually usable to the full extent

In regard to allergic conjunctival models (for latlease allergic reaction) rat and mouse
models are available. In the future, a comparidwoukl be done to determine whether
the mouse is a more sensitive species than the rat.

There is a great intraspecies variability with exggo the allergic reaction response. The
guestion is whether these problems could be redibgeing different species or even a
different strain of animals, and thereby, refinihg

Inflammation models:

One issue in this field is that inflammation modate inherently painful, since pain is a
cardinal sign of inflammation. Analgesics usuallgncnot be used since these can
adversely affect the outcome of the model. Evemidpi have been shown to have an
effect on cell migration in inflammatory models.idt almost never possible to use any
sort of pain relief in these models.

In the past, arthritis model studies extended gearods of months. These have now
changed and now rarely extend past 3 weeks. THiggause controls reach a plateau,
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which makes further testing unnecessary. This & way of refinement that is already
put into practice to a major extent.

The regulatory authorities can not easily be coreththat 3R models are relevant and
useful.

In terms of recommendations some proposals wengghtaip:

- The tissue chamber model is a refinement of #r&qgnitis or air pouch model, since
animals can be used as their own control. Thisaeslthe number of groups that has to
be used. Multiple time-points can be sampled froendame animal, this also reduces the
number of groups needed.

- Many pain models are not very predictive, sodistudies in man would be preferable.
It is also much easier with humans to let themestogir pain.

-When sufficient toxicity tests have been carriedt dor the compound under
consideration, then single dose tests in healttynteers could be carried out.

- Arthritis experiments should be very well planrsedl co-ordinated so that as much data
as possible is obtained from a single experimanth s swelling data, MRI (Magnetic
Resonance Imaging) data, microCT, blood sampliggpwal fluid and urine can be
taken, histology of the joints, metabonomics anaogeics data.

- Much of this information can be gathered postteror so that the number of animal
interventions can be limited.

- Arthritis research probably can not be done futlyitro, because for example in the
joints many different cell types are present aradjttint structure and mechanics of joint
movement quite complex.

5.2.3.3.4. Oncology by Robert Cozens, Novartis, CH

5.2.3.3.4.1. State of the art, identification ok3®ttlenecks

The majority of models in oncology are human orerdgenetically engineered tumour
xenografts in immunocompromised animals. In oncplagmost exclusively mice and
rats are used. The tumours can be provoked by farneous (tumours grow under the
skin) or orthotopic (tumour grows in organ of onginjections of tumour cells. There are
many types of tumours, about 900 tumour cell liaesavailable, of which many, but not
all grow in nude mice (or other immunocompromisediss) and many of these will also
grow in nude rats. They are all distinct, so therenough potential to test a compound in
a large number of models.

In the last years genetically engineered mouse hadugve gained importance. Their
genomes have been manipulated to change or cah#oéxpression of specific genes
that has the consequence that spontaneous tumoearsoemed. In some cases
spontaneous tumours can be transplanted into estipiice for evaluation of therapies.

In targeted therapy complementarity is high, betdbestion is whether the large number
of models is interchangeable. Do we have to testyhing in all models? In targeted
therapy this may not be strictly necessary, if theget drives the tumour in multiple
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tumour types, then the effect in one tumour shariedict the effect in other tumour
types, however it is known that this is too sinmpdis

The choice of models is dependent on the presendeiraportance of the target to
tumour growth. Ideally, one would like to have twm® for drug discovery and
development that are dependent on a certain téogegrowth. The inhibition of that
target will result in no or reduced growth of tluenour. There are compounds, which are
called neo-cytotoxic, they will not only target tihamour cells, but also normal
replicating cells, in this case the choice of modely be based on tumour type as
essentially all replicating cells possess the targe

Information exchange is a common problem in oncplogarticularly between
companies. It would also be good to have accesggative data. It cannot be expected
that negative results at specific targets are tefdsut, for example, it would be useful to
know whether a particular tumour grows in a speatfiouse strain, so that the test does
not have to be repeated. Other useful informationld be to provide tolerability data
from already marketed anticancer drugs.

Reproducibility is another issue, because it isvkmdhat cell lines, which are nominally
the same, may have differences in growth and/qrorese when coming from different
labs. Also in different strains of immunosuppresaeuinals, there might be differences in
results or even in the same strain from differempipdiers.

The most important role of the animal model is denitify drug candidates for further
development. This part of research probably useserfeanimals than profiling
compounds during drug optimisation and profilingelepment compounds.

Profiling of development compounds is needed temxktthe indications such as a new
combination of drugs. The use of combinations incea treatment to support clinical
trials is the rule rather than the exception, tus tincreases the number of animals
considerably.

It is difficult to make conclusions on the relevanef using these animal models in
oncology, since there are many different types afcers, which makes it difficult to
conclude by a handful of models, how a compound walrk in the clinical trials for a
particular tumour type.

5.2.3.3.4.2. Implementation, further developmernhef3Rs and recommendations

Genetically engineered models are being put forvedoeing more predictive of the
effects seen in the clinic, but actually few datgporting this view are available. It
should be investigated whether transgenic modelsndeed more predictive.

For example, a mutated gene leading to breast cam¢eimans can be introduced into
the mouse. The tumours develop stochasticallyomesanimals tumours might develop
immediately, in others it could take some monthshis latency period, other mutations
might take place, as it is generally believed ttatdevelop cancer more than one
mutation is needed. So it is thought that the ststib variety that develops is similar to
that in the patients.

So far there are, however, little or no data abélget that would back up definitely that
data in such models is more predictive of thatiokthin clinical trials.
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In primary tumour models, e.g. tumour tissue biepdiaken directly from patients and
transplanted into animals are also thought to beemeedictive of the clinical situation.
In this field few or no prospective studies haverbeone to prove this one way or the
other. Gathering data from earlier research inghmedels and comparing these with the
outcome of clinical trials would result in usefofermation.

In terms of complementarity one important quesieohow many models are needed to
convince regulatory authorities or clinical investiors that a new drug is worthwhile to
go into clinical trials.

Cancer is a complex disease and many companiesalgyoban not afford the time and
the animals to do all the tests that some autkesritixpect to be done. To get further
clarity on the expectation and requirements of l&guy authorities may reduced
unnecessary experimentation.

PK/PD studies could replace efficacy studies. They already often used in terms of
compound optimisation and selecting compounds fiicagy studies. The question is
whether PK/PD studies alone could be used to stleactompounds for development or
even to further go into clinical trials.

3D cell culturesn vitro have been suggested to be more predictive ahthiero situation
than standard cultures in efficacy studies, butyview studies have been done to
specifically compare the data from such cultureth whose of the actual efficacy studies
in vivo.

Cancer and infectious diseases have many elemegctammon. In the past) vitro PK
models have been used for infectious diseasesutdabe worthwhile to look at whether
these could be also used in oncology.

A refinement strategy could be to apply PK/PD inrggate tissues, which is sometimes
done in clinical trials. Instead of looking at tuamdoearing animals, tissues of normal
animals, could be used since many of the pathwagtsare targeted are fully functional
in healthy tissues.

Gene reporters, in tumour bearing or healthy arspwuld also be used more often.

It was also emphasised that it would be very uséfabn-publishable data could be in
some way made available to the oncology community.

As soon as clinical data are obtained, which ugwak PK data, the PK profile could be
reproduced in an animal and the efficacy of the mommd can be studied under those
circumstances. This has not yet been done extdpsibat would probably deliver
interesting results regarding the best way to usena models in oncology drug
discovery and development.

5.2.3.3.5. Infectious disease, by Barry Wright,rAg8eneca, USA

5.2.3.3.5.1. State of the art, identification ok3®ttlenecks

There are relatively few viral animal models avaléafor human viruses. As a rule, anti-
viral pharmaceuticals are generally progressedtiyréo the clinic after safety studies.
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The efficacy of animal tests for anti-bacteriality is held to be predictive of the
outcome in the clinical effects. The infectious rgeused in research are the same in
clinical trials as in the preclinical amal vitro tests.

In vitro studies are carried out and have to show a pesgtifect before compounds are
progressed fom vivo testing. This limits the number of compounds whack actually
tested in animals.

Surrogate endpoints can also be used, because ofidhg diseases are fairly acute in
animals. When the bacterial infection has reacheertin level, the test can be stopped,
since it is known that the animal will succumb te tinfection. By this method the
suffering and pain for the animals is reduced.

Bacterial disease models, especially for respiyatiizeases, are not amenable to the use
of analgesics proposed to reduce the pain assdaatk the models. Part of that is due
to a lack of knowledge on how non-inflammatory geaics impair the model. It is,
however, known that anti-inflammatory analgesicshdwe an impact on the model.

Bottlenecks:

- In vivoanimal models, as well as more complexitro models for anti-viral research is
required. These would help establish the prediotadelity of preclinical discovery with
clinical outcome and lower the cost for this reskar

- There is a difficulty in agreement with regulatagencies regarding the predictive
value ofin vitro methods.

- Specific strains of bacteria are sometimes phbtisthat could be useful in a certain
model. The strain, however, is not available aml tbais not be used for own research.
So it would be good if those strains could becomndiply available.

- The cost of running clinical experiments is hutgading to the need for predictive
animal work, so that no unnecessary clinical expents are conducted.

- The cost of animal models also drives refinem8ntifin vitro tests could be proven to
be predictive of the effects in the clinic, lessnaal testing could be done, so that more
and/or better data might be available for the seost.

- Timeline and cost pressures inhibit companiesafexpending internal time/resource to
develop more predictivén vitro or organoculture models. Is there a greater rofte f
academia in this arena?

5.2.3.3.5.2. Implementation, further developmernhef3Rs and recommendations

Validation of microdosing in humans to eliminatemso or all of the PK work in
preclinical species could be an option, but thécathquestion of validating a model in
humans needs to be solved.

Imaging of infectious agent® vivo should be made more sensitive in order to allow
monitoring of effects over time, at least for baiete infections this could be an
improvement.

Negative data, e.g. when a model is not predictsl®uld be disclosed. Since there
would be issues with intellectual property ass@datith chemical structures, it might be
an option to start with generic drugs.
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Published negative data must fulfill similar qualgtandards as the positive ones, and
that journals/scientific associations should beoenaged to provide a forum within
which negative data can be presented and discussed.

Independent review of data to determine numberanofhal experiments proposed or
done within a clinical class of compounds coulddé&ad to the reduction or refinement
of protocols.

Improved PK/PD models that are increasingly prédiciare being developed at the
moment.

Population pharmacokinetic models (PPN, silico) are not often used, since their
predictability is not certain yet. It is often amal to generics only, due to intellectual
property problems. This should be overcome via datfta and neutral data analysis.
Regulatory acceptance of submission data in abseheaimal efficacy data (prior to
first time in man) is also something to be worked Ib is already ongoing in some viral
diseases. Such an approach could be extendedeodisiease areas.

Academics could be involved to mine preclinicaladahd look for predictive outcomes
for clinical trials. Academia might also be invollvén developing newn vitro models
that are predictive of clinical outcomes and thaiuld be accepted by regulatory
agencies and companies.

- More peer-review of protocols or methods wouldubeful in order to refine models.

- CRO’s (Contract Research Organisations) may hawvee knowledge, because they
have multiple companies as clients that are appiogcsimilar type of models or
strategies, but this knowledge is not transferretdvben companies (particularly if a new
model is viewed as being a competitive advantaGempanies might thus be using
models from 20 years ago, without knowing aboutamecent models.

5.2.3.3.6. Respiratory diseases by Alexandre &ifjlNovartis, CH

5.2.3.3.6.1. State of the art, identification os3#ttlenecks

The focus was on asthma and chronic pulmonary sksead models for these diseases.
In the research for these diseases the severiugually moderate. The techniques used
are usually terminal, making the opportunitiesrisfinement rather limited.

The main models used are small rodent models (mandeat) and the morphology of
rodent’s lungs is different from humans (i.e., noidedo not have alveoli). This is a
problem in lung function measurement or when tryimgnduce structural changes. This
of course poses problems for the predictabilityttod models. However, since lung
structure is not so important in the developmentirdfammation, the models are
considered predictive when used for studying arftammatory approaches.

There is a lack of standardisation across labaestolf one takes asthma, as an example
the classical ovalbumin model, every lab has aebfit protocol. So there is a need for
harmonisation of techniques.

In the past lung function measurements were exalsidone in anesthetized animals,
using terminal procedures. In the last ten yearsieav technique (whole body
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plethysmograph) has been developed, which alloweqmeing lung function tests this in

conscious animals. This has the advantage of kaieyto perform longitudinal studies
in the same animal and therefore has the poteatiakducing the number animals.
However there is controversy around this test aatlihg respiratory journals have
decided not to publish work that use this technigBecause of this, the known and
validated tests are used and the reductive polesftisests is in most cases not put to
practice.

Much work is done with inhaled products. This, hoemr also poses a problem since
rodents are nose only breathers. Aerosol treatmastsa way to mimic the clinical

dosing, is often used in rodents. However, bec#usanose is highly vascularised, this
might lead to increased systemic exposure. Thereiatratracheal delivery is mainly

used, by which the product is injected into theglwith a syringe.

However, in man, 80% of inhaled drugs will hit th&ck of the throat and end up in the
stomach. This could contribute to systemic sideectf, which are not detectable in
rodents, when the intratracheal route is used.

Isolated organ experiments are not commonly usk. ffpe of assay is certainly helpful
for the refinement/reduction. One animal can gineaaswer for four different conditions,

reducing the number of animals per experiment.

The publication of negative data could be very futlm saving animals. At the moment
the acceptance of negative data in journals istdithiThe inability to evaluate the true
efficacy of certain tests would help reduce the bhemof experiments in different

laboratories and companies.

5.2.3.3.6.2. Implementation, further developmernhef3Rs and recommendations

In the last 10 years, many non invasive techniques& been developed, such as MRI
based techniques or lung function measurement msaous animals. But within the
pulmonary field very few groups are working with MRor example. This means that
such techniques are not yet fully characterizedvdtild be recommended that industry
and academia be encouraged to develop more of timesmvasive techniques. This will
not only reduce the number of animals, but alssdeghe burden for the animals used.
There are two major congresses in the respirately, foeing those of the American and
the European Respiratory Societies, but when lapkintheir agenda the 3Rs are not
considered there. The concept of 3Rs should bedated in these congresses.

There are some naturally occurring animal modelsgsthma can develop spontaneously
in cats, sheep and monkeys and COPD (Chronic QitisteuPulmonary Disease) in
horses. These diseases in animals, however, athaught to be fully representative of
the human disease. Furthermore they are also pobdsacterized. It is concluded that
the use of these naturally occurring models iseglimhited and very few groups are
working on these models.

Another recommendation is to increase the useotditesd organ studies. This can deliver
a lot of information, especially for pharmacologyt it is not very often applied.

A general problem, applying to all fields, is tlalkot of scientists seem to have a lack of
knowledge of the proper use of statistics, and application of power analyses to
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determine the minimum number of subjects needeudhiexperiment. Numbers of 8 to 10
animals per group are typically selected on theshaisliterature and/or preference. The
number of subjects needed is dependent upon thestrtdss and properties of the
techniques used and the inherent variability ofrédseilts.

Stem cells could be used to grow whole organsdaatthen be used for testing. Human
stem cells would eliminate the problem of speciffier@nces and improve the predictive
ability of the tests.

In silico approaches are also being developed to targetinflatinmatory pathways.
These approaches are not fully established asuteme is dependent on the quality of
the input.

5.2.3.3.7. Metabolism, by Robert McArthur, McArtramnd associates, CH

5.2.3.3.7.1. State of the art, identification os3#ttlenecks

Metabolic diseases are complex diseases, chawedely both pathophysiological and
behavioural disorders. The focus of this group @&nty on diabetes and obesity.
Compounds available for obesity, are not very éffedor long-term weight reduction or
have major side effects limiting their use. Congsuly, the pharmaceutical industry in
general is not very keen on developing anti-obeditygs. In addition none of the
marketed diabetes drugs although effective in lawgeblood glucose, modifies the
disease progression and effectively treats diabeiicrovascular and macrovascular
complications.

The models used for obesity diabetes or dyslipideoan differ and depend on the
specific target of interest. Genetic animals (spoabus mutations) are widely used for
target based drug discovery. However, models oftigad obesity/diabetes are more
relevant to the human phenotype.

The screening cascade and the numbers of animedsaus as follows:

- Target identification and validation as well aslg safety toxicology is mostly done
vitro (tissue, cell lines...).

- In general PK studies are the finstvivo studies performed. For these tests less than 10
animals are used per compound.

- Following a satisfactorin vitro and PK profile the first efficacy studies are penied,

in mice or rats, if possible acutely or subchroltycaAbout 6 to 8 subjects are used per
group, and usually there are 4 to 5 groups. Thikesiabout 30-40 animals used per
compound at this stage.

- For longer chronic treatment the same is donghisouses again about 30-40 animals.
In most studies a reference compound (usually &eted drug) is included as a positive
or negative reference. The duration of every stigdyompletely dependent on the
mechanism of action of a specific compound.

If all of the above mentioned tests still indicatee efficacy and safety of a drug
candidate, either mechanism of action specificistudr studies with a second species
could be performed in dogs, mini-pigs or non hurpamates (rarely).
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In Switzerland, for example, the reuse of rodestsestricted to experiments with low
severity degree (e.g. PK studies) but as a ruléezppith dogs, mini-pigs and monkeys
if the wash out period is long enough.

The important thing about metabolic research i¢ three can get multiple read outs
(physiological, anatomical, behavioural, toxicitifom the same animal rather than
performing parallel studies. In order to reduce lnenber of animals used, one should
always try to get as much information as possibdenfthe same animal. Thus, a very
thorough experimental design that addresses adiilfplesquestions without compromising
the study is very important.

Feeding is important in such animal models as te@bolic syndrome can be induced by
modifying their diet and the behavioural mode ofiatg specificity and toxicity of
potential anorexic drugs can be accurately assed3edrish et al., 2008). Multiple
behavioural parameters such as feeding, drinkiegprhotor activity, as well as
physiological parameters such as heart rate, mietahdEEG can be measured from the
same animal over long periods of time.

5.2.3.3.7.2. Implementation, further developmerthef3Rs and recommendations

Reducing the number of animals would probably bgcdit, since rather low numbers
are already used. However, incorporation of mudtipksessments in an experimental
design allows each animal to be its own controt] #me data can be stored for later
evaluation, such as the videotaping of experiméeFts reduces the number of animals
needed for particular experiments as well as avbalsng to do sequential experiments
with other animals in order to assess the effettsnoexperimental compound on other
parameters.

A database on standard procedures, data on comgbtimibuld be very valuable, so that
information between companies could be more eaifred, even though this is quite
unrealistic.

Experimental medicine as an info basis has a lobtdribute. Biomarkers could be used,
but bio patterns would probably give more inforraati Therefore there should be more
emphasis on metabolics. This would not help in cetdythe number of animals in the
first place, however it would feed back to the disery of new compounds and
mechanistic understanding.

In general, it is doubtful that animal models wikcome fully replaced, because in
metabolic diseases, the effects derive from alugs, which requires the complexity of
an intact organism.

It is also doubtful that there will be real cures fmetabolic diseases, since there are
always side effects and long term chronic toxititype observed. In fact the drugs on the
market aid to prevent and/or slow down the develapnof metabolic diseases. This
means that patients have to take these drugsvYeraelecades.
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5.2.3.3.8. General plenum discussion, cross settissues:

Reduction of animal studies could be obtained ugtry by an optimisation of the
process of compound development towardwitro testing, in order to obtain a better
filtering of compounds befori@ vivo experiments are started.

Population pharmacokinetic models (PPK) are a pmvdechnique which can be
applied for different diseases. Its utility is pewtarly valuable in dose setting in the
absence of pre-existing animal models (or as angpiatemethod to replace animal
models). Much of the development work is alreadpedéor this particular application
especially in the human oncology area.

Microdosing which have application across individareas — it may be worth giving this
point more prominence in the final Road Map wittiie START-UP project.

This report was edited by the participants of theetimg, by the corresponding working
groups and speakers and coordinated by Peter Maier.

This internal report will be used as guidance Fa following 3Rs workshops within the
EU project START-UP. The dissemination level isined as restricted to all participants
of the meeting. This final version was approvedh® managing team of START-UP at
the ecopaboard meeting in Rome, 9®f February 2009.
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5.3. Expert Meeting 3

5.3.1. Executive Summary

The third expert meeting was intended to cover nesthodological and technological
developments in areas, which are prone to innogapproaches in 3Rs methodology.
This is especially true for the cosmetics area whadternatives had to be introduced
because of legislative changes accompanied byttingent legal testing and marketing
bans situation in the EU, and therefore, might havenroad also to the pharmaceutical
area of research and marketing. A number of cedtesygs, new and existing models,
formulations and biopharma-related issues wereudgad and in particular toxicological
and regulatory implications with new methodologgfteology were taken up and are
summarised here.

- Promising use of cell culture systems:

* HepaRG cells seem to offer a new standard insystiems of liver, i.e. the target organ
for many toxicity effects of chemical substancesd @aherefore, of major use for the
safety evaluation of chemicals in tests for acatepnic and genotoxicity. The human
HepaRG cell line expresses a unique set of livactions including the major CYPs
involved in drug metabolism and the key nucleaeptars, at least over 4 weeks, which
is considered as long-term in @nvitro system.

Primary hepatocytes cultures stabilised by epigenetodifiers such as histone
deacetylase inhibitors could demonstrate usefullliestions e.g. distinction between
non-carcinogens and carcinogens, and should beefufbllowed-up. A combination of
both methodologies could be beneficial and repteseew development.

* In dermato-cosmetics as in pharmaceuticals, nesays are being developed, such as
human keratinocyte models. In these, interestimmpp@s of microRNAs can be studied
e.g. miRNAs as potential drug targets in skin dissasuch as psoriasis, and of gene-
silencing (siRNA (small interfering RNA) technolgggnabling deletion of individual
genes in a complein vitro human cell system (less expensive, less time ved)!
instead of working with knock-out animals. In aduht several delivery systems for
SiRNA into the cytoplasm of the target cells seeteresting for further follow-up e.g.
ultrasound combined with microbubbles, and polynuesies

- More attention for formulations / Biopharma-rel&d issues:

* Nanoparticles exhibit a specific area of concerrsafety testing in cosmetics and

pharmaceutical formulations. Models such as pregisut lung slices might serve as a
suitable tool to check the effects of nanoparticleghe respiratory tract, but there is also
ample opportunity making use of nanoparticles, spheres and nanocapsules for topical
and oral drug delivery and safety testing is aipaldr issue in nanomedicine in general.
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The cell lines employed for checking into cytotatyioften are (too) simple with limited
functionality and further model development seemghlly desirable.

» Biopharmaceuticals pose new problems to reseanchsafety testing. Since they are
complex molecules, they cannot fully be characeetilike low molecular weight drugs.
New, sometimes whole body tests (e.g. whole bodgagle tests) have to be developed
from the start, with a less invasive vivo approach than standard pharmacological
models of the past.

» Cancer models are a special target for furthgravements, since by the development
of biologicals for this topic, the area is moresmgely covered (e.g. in 3 D culture models
of human skin carcinoma). Also, further follow-upspecificin vitro biomarkers, which
are also detected and relevant in the clinicab$ita, is necessary.

- Improvements in toxicological testing:

* In immunotoxicity testing, assays such as peptédetivity or tests based on dendritic
cells (e.g. in the lymphocyte transformation t&StT) or monocyte-like cells are being

investigated. Sensitisation testing in the LCSAo$le-fit co-culture-based sensitisation
assay) might evolve, validated by murine local lymode assay (LLNA) as the standard
to test against and providing dose-response inftioma

In addition, differentiation of skin sensitizers bgll signalling pathways in murine and
preferably human skin explants or reconstituted dourskin models is identified as a
promising target for further model development.

- Further development of new methodologies and teglogies:

» More alternative methodologies, less invasive anwle refined are being presented, in
particular in vivo molecular imaging offers the possibility to nonasively monitor
health and disease of small laboratory animalsthedffects of the drugs administered.
Even a combination of different methods can be us@d/oin a non-invasive way.
Predicting organ biodistribution and targeting @. @reclinical cardiac imaging are to be
given attention in this field. Also new vitro applications using molecular imaging
techniques were brought to the attention and nextkder development and follow-up.

» Sampling, even single individual cells or tissparts can be performed by less
interfering methodology such as the LCM (laser eepmicrodissection).

Methodology, already introduced into alternativetmoes, such as th& vitro Comet
assay oin vitro flow based assays in blood for drug monitoringeotbryonic stem cell
based tests for tumour-induced angiogenesis, arently substantially being improved.

- In a final discussionwith regulator input and views presented, it beeastear that

trans-sector, cross sector - cutting informationncd be valued high enough — the best
example given was the tremendous output of thigexporkshop.
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5.3.2. Recommendations

The workshop provided evidence for bottlenecks e 3R methodological and
technological area and provided some new solutiotise problems identified.

1.

Cell systemsdliver as a major target of toxicity of pharmaceails has to be analysed
with most accurate and more appropriate cell lirteg proposal is to work further on
HepaRG cells, most likely with appropriate stalilgs (epigenetic modifiers such as
histone deacetylase inhibitors) to further imprdivein vitro model. In addition, as
much user input as possible should be ensuredearlgl define the applicability
domain.

Models new in vitro models for cancer/skin diseases research e.g. cdger,
psoriasis as well as flow chamber systems (bloadhain diverse areas of drug
application/indications should be further encoudage

Methods:imaging techniquesn vitro / in vivg such as SPECT (Single Positron
Emission Computed Tomography) or Micro PET (PositEEmission Tomography)

scanning, alone or preferentially several techrsquembined, should be further
improved and implemented in as wiallvivo as inin vitro studies.

Formulation / Biopharmanew approaches to drug delivery such as the dse o
nanoparticles (including their toxicity testing byain skin and lung) have to be
followed, especially under the aspects of more amde biologics in the global
pharma pipelines. Other areas of nanoformulategsdsuch as target respectively
organ directed have to be anticipated.

Toxicology already existing immunotox-/sensitising modelsl aachniques (LTT,
LLNA, resp. LCSA) should further be delineated wéjirecial emphasis on endpoints
such as MAP (Mitogen Activated Protein) -kinaseshiolr seem to exhibit
discriminatory potential for sensitising and irtit& compounds.

Regulatory Communication on new models across sectors, wnglthe responsible
regulatory agencies and competent authoritiesariEtd, should further be enhanced.
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5.3.3. Report of Expert Meeting 3

START-UP Expert Meeting 3
17 - 18 October 2008, Pueblo Acantilado, Alicant&S

New Avenues to research and development incluadifegystesting of
pharmaceuticals and cosmetics

Program:
17 October

08:30-09:00Welcome and introduction. Vera Rogieesppa BE

Topic 1: New approaches in regard to research andaety testing of bio-
pharmaceuticals

Pharmaceuticals

09:00-09:40Functional Hepa RG cells: a breakthrough in 3Raed€ André Guillouzo
Université de Rennes, FR

09:40-09:50Hepatocytein vitro systems for gene expression studies: compariso
different culture systems. Markus Schug, Universit{portmund, DE

09:50-10:00T SA-stabilised hepatocytes in the study of genatoand nongenotoxic
carcinogens. Tatyana Doktorova, Vrije Universigitissel, BE

10:00-10:10Cytotoxic and genotoxic affects of two heterocyciimines in functiong
hepatoma HepaRG cells. Julie Dumont, UniversitReenes, FR

10:10-10:2Discussion with speakers
10:25-10:50Coffee break
Dermato-Cosmetics

10:50-11:30Markers of proliferation and differentiation in ham keratinocyte model
Yves Poumay, University of Namur, BE

11:30-11:50miRNA as new regulators in skin researchndor Pivarcsi, Karolinsk
Institute, SE

11:50-12:1QUse of gene silencing in skin models. Michael MddnUniversity of Vienna,
AU

Nanopatrticles

12:10-12:20Safety aspects of skin penetration of nanoparties dosmetics
pharmaceuticals. Alexa Patzelt, Charité Univerdgrlin, DE

12:20-12:40Nanoparticle induced pulmonary toxicity. Susannetdg BASF Laborator
of Alternative Methods, Ludwigshafen, DE
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12:40-12:50Toxicological studies of poly (anhydride) nanopaes for oral drg delivery.
Patricia Ojer Ojer, University of Navarra, ES

12:50-13:10n vitro techniques and testing the ecotoxicity nanoparticlesRichard D.
Handy, University of Plymouth, UK

13:10-13:2Discussion with speakers
13:00-16:00LUNCH & free time
Topic 2: Immunotoxicology of pharmaceuticals and denato-cosmetics

16:00-16:40mportant issues in immunotoxicity testing of phaogauticalsMarc Pallardy
University Paris Sud, FR

16:40-16:50Development oin vitro strategies for studying T-cell medidt@nunologica
reactions to drug. Enrique GOmez, University of Mg, ES

16:50-17:09New ideas in basic research in allergic skin disgaReinhard Wanne
Institute of Molecular Biology and BioinformatidSE

17:05-17:20Reactivity studies to complemethe development of alternative methods
the prediction of skin sensiéison: the case of formaldehyde and formaldel
releasers. Mustapha Kireche, Clinigue DermatologigtiU, FR

17:20-17:30n vitro differentiation of skin sensitisers by ksignaling pathways. Lydia-
Mareen Koeper, Bayer HealthCare AG, DE

17:30-17:40dentification of cell responses induced by a d&®si in a reconstructe
human epidermis. Aurélie Frankart, University ofniNa, BE

17:40-18:00Discussion with speakers

18 October

Topic 1. New approaches in regard to research andagety testing of bio-
pharmaceuticals and cosmetics
Biotech products

09:00-09:4Biotech - What's in the pipeline? Daan Crommelinivdrsity of Utrecht, NL

09:40-09:50Prednisolone-treatmenhduces hepatic insulin resistance in C57Bl/6Jea
measured by a newly developed whole body glucose ke Laskewitz
University Medical Center Groningen, NL

09:50-10:10A suitable delivery system is key in the concept SSIRNA -medicatec
treatment. Roosmarijn Vandenbroucke, Universitgbent, BE

10:10-10:20NN
10:20-10:35Discussion with speakers
10:35-11:00Coffee break
Topic 3: Research / Development and 3R-Alternatives

11:00-11:40maging biomarker# vivo / in vitra Tony Lahoutte, Vie University Brusse
BE

11:40-12:00Non-contact laser capture microdissection: an altereatnethod in live ce
sampling. Renate Bugemeister, Carl Zeiss MicroimggBernried, DE
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12:00-12:20COMICS: Developing high throughput comet assays D& A damage ant
DNA repair. Amaya Azqueta Oscoz, University of Q3i®

12:20-12:4Discussion with speakers
12:45-16:00LUNCH & Free time
Topic 4: Research / Efficacy Testing / 3R-Alternaties

16:00-16:40Use of flow-based assays to monitor drugs wittittmombotic, anticoagulal
or anti-inflamatory potential. Johan W.M. Heemskerk, University
Maastricht, NL

16:40-16:50Confrontation cultures of embryonic stem cellerived embryoid bodies a
multicellular tumour spheroids: a new in vitro mbé& the study of tumour-
induced angiogenesis. Nada Milosevic, Justus Litlmiyersity, DE

16:50-17:00Cancer associated fibroblasts influence epidermicarphogenesis ar
invasion in reconstructed 3D-culture models of han@arcinoma.Susar
Commandeur, University of Leiden, NL

17:00-17:13Discussion with speakers

17:15-17:4%Coffee break
Topic 5: Miscellaneous

17:45-17:55=valuation of toxicological effects of POPs usingrary fish cell culturesLiv
S@fteland, The National Institute of Nutrition aBdafood Research, NO

17:55-18:05Applying the free concentration concept ito vitro assays.Nynke Kramer
University of Utrecht, NL

18:05-18:15A cell-based assay for the detection of a protein algatatexin in biologica
matrices. Mirella Belloci, University of Modena, IT

18:15-19:00From successful research to regulatory implemeantatiurdles for alternatiy
methods and the validation necessity. Sonja Belk@aderal Agency fc

Medicines and Health Products, BE
Discussion with speakers and Round Table

Scientific committee:

Bernward Garthoff, treasurecopa Bayer, DE

Vera Rogiers, chaiecopa VUB, BE

José Castell, co-cha#copa Hospital Universitario La Fe, ES
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5.3.3.1. Introduction to the report

This third Expert Meeting is one of the 3 pre-megsi running prior to 3 Workshops of
which each addresses one of the 3Rs, being RefimerReduction and Replacement.
These Workshops constitute the core of the STARTpldiect.

This pre-meeting is in particular concerned withtmoeological and technological
bottlenecks and new developments in the 3Rs arba. Meeting was deliberately
combined with the two-yearly eSkedopa Science Initiative) workshop. Indeed, this
ecopainitiative aims at bringing young and promisingestists working in the field of
3Rs and coming from all over Europe in contact witil-established “senior” scientists.
It is a unique opportunity for young scientistptesent and discuss their own results and
to be challenged by experienced experts in the.fial delegation of EPAA (European
Partnership for Alternative Approaches to Animasfiieg) was present in order to let the
young people think about the applicability of thethods and technologies proposed.

5.3.3.2. Introduction to the Expert Meeting

A short introduction was given by the chairemfopa Vera Rogiers, about the nature and
goals of the START-UP project and the way it waisctired with a series of expert pre-
meetings to gather all relevant information possibith respect to alternative methods.
The most important ideas will then be “loaded” e 3R Workshops and will, together
with the input given by the local organisers (Na#b Consensus Platforms, NCP),
constitute the main discussion points of the 3R k&oops to be organised later on in
2009. Further instructions about the developmenthef meeting were given by José
Castell and Bernward Garthoff as vice-chair anddueer oecoparespectively.

5.3.3.3. Summary of the presentations within the fferent sessions

5.3.3.3.1. Session I: New approaches in regarcesearch and safety testing of bio-
pharmaceuticals respectively cosmetics - Pharmmaedsit

5.3.3.3.1.1. Functional Hepa RG cells: a breaktlyjouin 3R-research?, by André
Guillouzo, Université de Rennes, FR

Several hundreds of chemicals are hepatotoxic, getamhich a substantial amount of
newly developed drugs. A problem here is that alooet third of the drugs are found to
be hepatotoxic in clinical trials, where this wad the case in animal models.
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Since the liver is a target organ for drugs ancotihemicals and plays a major role in
bioactivation,in vitro human liver models are needed to mimic the huntaatsn, as it

is clear that this is not always possible with aadsn

For the evaluation of chemical toxicity there arenamber ofin vitro liver models,
amongst which tissue slices and primary hepatoayiteres, cell-based and reporter gene
assays, hepatocytes derived from stem cells arddell lines. All of these models show
some positive, but also some negative properties ekample, the availability of tissue
slices and primary hepatocytes is limited, ther@ansimportant interdonor variability,
early phenotypic changes occur and the life-spabotii models is limited. Hepatocyte
cell lines obtained either by oncogenic immortdimaor from liver tumours, have lost
most, if not all, major cytochrome P450 (CYP) aitids. These models are usable for
metabolic studies, but not good enough for toxisttydies.

However, the HepaRG cell line derived from a hurhapatocarcinoma is an exception
and exhibits morphological and functional propertitose to mature human hepatocytes.
The HepaRG cell line has a subnormal, subdiplaideate karyotype.

Adding DMSO (Dimethylsulfoxide) to the culture isnportant, because it induces
maximum morphological differentiation, without DMS3Be activity remains low.

Stable long-term expression of several liver trapsx (such as: CYPs and membrane
transporters, phase Il enzymes such as GSTAL {glote s-transferase), UGT1Al
(uridyl difosfoglucuronly transferase) and mEH (mmomal epoxide hydrase),
antioxidant enzymes including catalase and MnSOBn@anese Superoxide Dismutase)
and nuclear receptors (CAR (constitutive androstameepto), PXR (pregnhane X
receptor) is kept when the cells are seeded at &md at high densities. The
responsiveness to inducers is also well maintained.

HepaRG cells can be used for the evaluation of atadmin tests for acute and chronic
toxicity and genotoxicity. Experiments with AflatoxB1 show that human hepatocytes
and HepaRG cells have a comparable sensitivityevties is not the case with HepG2
cells.

It is possible to prepare recombinant HepaRG a&disl which can be useful for testing
for oxidative stress.

The number of genes expressed in primary humantdmgas and HepaRG cells is
comparable. The expression patterns of the gesessasimilar.

To conclude it was mentioned that the human Hepe&Qine expresses a unique set of
liver functions including the major CYPs involved drug metabolism and the key
nuclear receptors (CAR, PXR, AhR (Aryl Hydrocarb®aceptor), PPARs (Peroxisome
Proliferator Activated Receptor)). This cell linegsesses both the functional capacities
of adult hepatocytes in primary culture and theefimdte growth capacity of hepatoma
cells and it can be used for various applicatioduiding hepatitis B infection. It must,
however, be kept in mind that these cells are toamed and derived from a single
individual.
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5.3.3.3.1.2. Hepatocyte in vitro gene expressiostesys: what is the reason for
differences between in vivo and in vitro systems,Markus Schug, University of
Dortmund (IfaDo), DE

An answer was provided on the question whether gbee expression alterations
observedn vitro are also relevant for the vivo situation.

Methapyrilene was taken as an example. The modaldei culture system was
determined and was found to be collagen sandwiltbres.

Concentrations of 0.002, 0.02, 0.39, 6.25 and 1dOmethapyrilene were used with an
incubation of 24h. It was concluded that alteragiomgene expression were observed at
in vivo relevant concentrations.

Furthermorein vitro observed alterations in gene expression wereralseant for then
vivo situation. It was suggested that the reason Barepancies often seen forvivo and

in vitro data could be the different pharmacokinetics seeitro andin vivo.

5.3.3.3.1.3. Non-genotoxic hepatocarcinogens spatif target mitochondria and gap
junctions, by Tatyana Doktorova, Vrije UniversitBitussel, BE

A major shortcoming of currenh vitro carcinogenicity testing is the lack of clear-cut
biomarkers to discriminate between genotoxic and-genotoxic carcinogens. In this
preliminary study, it was investigated whether mitondria and gap junctions could be
used to distinguish between both types of carcinsgePrimary rat hepatocytes
functionally stabilised by treatment with the histodeacetylase inhibitor Trichostatin A
and non-treated cells were exposed to the protaymenotoxic hepatocarcinogens 2-
nitrofluorene and benzo[a]pyrene, and the non-geaotmethapyrilene hydrochloride
and sodium phenobarbital. Mitochondrial functiorsvessessed by means of a MTT test.
Gap junction integrity was evaluated by measurreggrotein levels of connexin32. Both
methapyrilene hydrochloride and sodium phenobdrb#areased mitochondrial activity
in a dose-dependent way. There effects became rdvile lower concentrations in
Trichostatin A-treated cells compared to non-tréab@es. By contrast, hepatocellular
mitochondria were left unaffected in the presenic2-nitrofluorene and benzo[a]pyrene.
Methapyrilene  hydrochloride downregulated conneRin3expression, whereas
benzo[a]pyrene did not. The results of this pratiany study suggest that abrogation of
mitochondrial homeostasis and interruption of gapcjion formation can be, besides
other markers, used to distinguish genotoxic haegaitinogens from their non-genotoxic
counterparts. In addition, Trichostatin A-stabilséepatocytes seem to represent a
sensitive system for assessing the non-genotosjoepties of hepatocarcinogens.
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5.3.3.3.1.4. Cytotoxic and genotoxic effects of tveberocyclic amines in functional
human hepatoma HepaRG cells, by Julie Dumont, Wsitéede Rennes, FR

Two heterocyclic amines (HCAs), mainly produced dopking meat or fish, but also
detected in cigarette smoke, are mutagenic chesnézal carcinogenic at multiple sites in
experimental animals.

Their chronic hepatic toxicity and genotoxicitydimidually and in combination, was
studied in HepaRG cells. These retain their spedifnctional capacities for at least 4
weeks at confluence, including CYP1AZ2 activity whis involved in HCAs metabolism.
Both compounds triggered no cytotoxicity in HepakRé@ls. This was measured by
intracellular ATP (adenosine triphosphate) contamd neutral red incorporation
measurements. No morphological changes were olmsemver increased caspase-3
activity.

Genotoxicity was tested via a Comet assay. Only @inthe HCAs was positive and
induced DNA damage. The genotoxicity detected cowidbe explained by an increase
in cytotoxicity or in apoptosis.

5.3.3.3.2. Session |l: New approaches in regartbsearch and safety testing of bio-
pharmaceuticals respectively cosmetics - Dermatsri@&ics

5.3.3.3.2.1. Markers of proliferation and differiation in human keratinocyte models, by
Yves Poumay, University of Namur, BE

Human epidermal keratinocytes were discussed wepect to their utilization as
monolayer cultures and their utilization to recomst an epidermis with all typical basal,
spinous, granular and cornified layers at theigiril interface, with special emphasis on
the expression of proliferation and differentiatioarkers.

Monolayer cultures are preferably analysed in autecculture conditions where no
peptide (e.g. EGF) is added to the culture medilinese conditions allow detection of
early (keratin 10) as well as later (involucrin)nkexs of epidermal differentiation.

The epidermal differentiation of these keratinoaytenolayers depends on a number of
factors, such as the choice of the house-keepimgsgethe effect of cell density, the
effect of cholesterol depletion and the presenceaetinoids. The conclusion is that
monolayers are easy to produce, can proliferateouponfluence without addition of
growth factors, house-keeping genes must be tdsteskperimental conditions and
detection of markers needs to be done under relegpanditions. Monolayers are
adequaten vitro models for the study of alterations (stress, plaaotogy) of epidermal
differentiation.

When Reconstructed Human Epidermis (RHE) is kegteurserum-free, collagen-free
conditions, it is a simple model, which is adequfde easy interpretation of data
regarding cell release. This model can be usetidsue response, for example in order to
evaluate the release of interleukins, such as IbfihIL-8, during its response to irritants
or sensitizers. Data from keratinocyte monolayews loe transposed to RHE: the role of
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signalling intermediates and the activation of ipatar (stress-response) signalling
pathways are under investigation.

For the time being, the RHE model is more difficuttd more expensive to produce than
the monolayer, it requires addition of growth fastéo the culture medium. But it is
available for studies of markers of proliferatiand differentiation, cellular release and
signalling.

In the future this model will, however, be produdsddifferent manufacturers that will
bring more information about the model and alloviinements in the analysis of the
tissue.

5.3.3.3.2.2. MicroRNAs: new requlators in skin s¥sbh, Andor Pivarcsi, Karolinska
Institute, SE

MicroRNAs, discovered in 1993, are short, non-greteding RNAs, of approximately
22 nucleotides, which regulate the expression ofgm-coding genes. They inhibit gene
expression at the post-transcriptional level an ttheir function and importance can be
compared to those of transcription factors. Theplae basic biological processes such
as apoptosis, morphogenesis, proliferation, meistnol.

MIiRNA is encoded in the genome, transcribed from BNA as pri-microRNA, then
processed into pre-microRNA in the cell nucleusthia cytoplasm it is processed into
mature microRNA, this forms complexes with the 3TR (untranslated &gion) of target
MRNA and suppresses their translation or induceis tegradation.

The emergence of miRNAs will not make the undeditam of regulatory networks
easier, because each miRNA regulates more thargeme while at the same time each
gene is regulated by more than one miRNA. Many nARfdrgets are transcription
factors, while miRNA expression is also regulatgdranscription factors. Therefore the
potential regulatory effect of miRNAs is enormous.

Abnormal miRNA expression can cause diseases, asicdancer and developmental and
metabolic diseases.

Their importance for skin e.g. their role in psersawas investigated.

Genome-wide analysis of miRNA expression using mayawith LNA (locked nucleic
acid) probes showed that a set of microRNAs is expresshdman skin and that healthy
skin, atopic eczema lesions and psoriatic lesiaogglal distinct microRNA expression
profiles.

It was shown that miR-203 is a keratinocyte-speciiiRNA and that it is overexpressed
in psoriasis. The up-regulation of miR-203 in pasis is concurrent with the down-
regulation of its target, SOCS-3, which may resultan increased inflammatory
response.

Due to their role in skin diseases, miRNAs are piaedrug targets.
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5.3.3.3.2.3. Use of gene silencing in skin moddishael Mildner, Medical University
Vienna, AT

Gene silencing in organotypic skin models is irgéng, because it enables the study of
gene deletions in a compler vitro system of human cells and strongly reduces the
necessity of animal experiments in dermatologieaéarch.

In this model system primary human keratinocyt@&sg@own on a support consisting of
collagen and fibroblasts at the air liquid intedafor several days. During this time
keratinocytes start to form a multilayered, welfetentiated epithelium with a stratum
corneum- like surface.

To investigate the reliability of short interferif@NA (SiRNA) mediated gene knock
down in this model, the phenotype of 2 genes (VEG&iptase-1) strongly expressed in
keratinocytes, was compared to that of the cormdipg knock out animals. It was
demonstrate that the use of siRNA technology irs ttmodel is able to reproduce
functional changes comparable to those seen iregponding knock out animals. The
genes remained silenced up to 8 days.

This method was also applied to DNase 1-like 2 (8Na&L2), which is of particular
interest for keratinocyte differentiation and fohish no animal knock out data are
available. The results showed that DNAse 1L2 iiijgally expressed in the epidermis
and that this expression correlates with keratitoagifferentiation. Knockdown of
DNasell?2 results in parakeratosis. A specific kilogkn of DNAsellL2 by si RNA
technology in skin epidermis culture results irengton of nuclei in corneocytes

This model enables the study of deletion of indidldgenes in a complex system of
human cells and it is less expensive and muchtilesconsuming than animal models
The model could be improved by generating organotgkin cultures containing other
cell-types of the skin.

5.3.3.3.3. Session lll: New approaches in regartesearch and safety testing of bio-
pharmaceuticals respectively cosmetics - Nanopastic

5.3.3.3.3.1. Safety aspects of skin penetratiomasfoparticles in topically applied
cosmetics / pharmaceuticals, by Alexa Patzelt, @&&miversity, DE

The main question in this research is whether nartigies remain on the skin or whether
they can pass the skin barrier and gain accesstersic compartments.

There are three penetration pathways: intra- areddellular and follicular.

By using the method of tape stripping, it was fouhdt titanium dioxide does not
penetrate into the living tissue via the interdalipathway.

However the results showed that nanoparticles adrtain size (most probably between
400 and 700nm) can penetrate into the hair folléeld remain there for some days. This
makes nanoparticles promising for drug deliveryteys for non-particulate active
agents.
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Most probably nanoparticles can also penetratedatoaged skin. Until now, there is no
evidence that nanoparticles can penetrate throogicti skin. Nevertheless additional
investigations have to be performed for nanopagisimaller than 10nm.

5.3.3.3.3.2. Nanoparticle induced pulmonary toyicity Susanne Boehn, BASF, DE

The production and use of engineered nanopartldasdramatically increased due to
their various applications such as in medicinepnmiation technology, and chemistry.
They are especially interesting because of thein kurface to volume ratio.

A lot of research to possible toxicological effestdl has to be done and exposure via
inhalation is of the highest concern. Since themoin vitro model available yetn vivo
inhalation studies are required for the investmabf nanoparticle induced effects on the
respiratory tract. These experiments are resourdensive and, especially for
nanoparticulate matter, technically challenging.efBfore research is being done to
develop, establish, and validate precision cut Isinges (PCLs) as aim vitro model or
alternative method for lung toxicity of nanopamiel PCLs may be employed for
grouping approaches in which a limited number afaparticles belonging to a group
with specific physico-chemical properties are teéstevivo and the toxic properties for
others are extrapolated from the in vitro methddie aim of the study was to investigate
the effects of different nanoparticles for theixito potential. The effects of titanium
dioxide, cobalt nanoparticle aggregates, and cdealites at different sizes with and
without serum protein stabilisation were studiele Effects on mitochondrial metabolic
activity (WST-1 assay), membrane integrity (LDH ¢tate Dehydrogenase) assay), total
protein content (BCA assay) and Ht1production (ELISA (Enzyme Linked
ImmunoSorbent Assay)) were assessed. The posgibtlit extrapolate from
physiochemical properties of nanoparticulate maketo toxic effects was assessed.
Furthermore, DNA single and double strand breakbkakali-labile DNA modifications
induced by titanium dioxide were investigated using Comet assay. This way it was
demonstrated that PCLs @svitro system are a suitable tool to investigate thectffef
nanoparticles on the respiratory tract.

5.3.3.3.3.3. Toxicological studies of poly (anhgdi nanoparticles for oral drug
delivery, by Patricia Ojer Ojer, University of Nava, ES

“Nanomedicine” is a term which has been appliedit@rse medical fields such as drug
delivery systems. Nanopatrticles can be divided manospheres and nanocapsules. The
nanospheres contain the drug uniformly disperse@ imatrix and the nanopatrticles
contain the drug encapsulated inside. Using natiofes it is possible to decrease the
administration dose and the drug degradation becanfsthe protection that the
nanoparticles give. It is thus possible to decreadeerse reactions and to increase
efficacy. All these reasons make it possible tdyappnoparticles in oral drug delivery.
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The main problem with this type of technology iatthttle is known about their potential
toxic effects because there are no specific guidslifor assessing the toxicity of these
new nanomaterials.

The polymer chosen to prepare the nanoparticles @astrez® AN, which is a
copolymer of methyl vinyl ether and maleic anhydrido evaluate the toxicological
effects of Gantrez nanoparticles, different typds nanoparticles were prepared:
conventional nanoparticles that increase the bitahiity of the presystemic drug
metabolism, pegylated nanoparticles that decrdasenteraction of nanoparticles with
components of the lumen and cyclodextrin nanogasgtidhat increase the carrying
capacity of the nanoparticles in the case of liplopdrugs.

The physico-chemical characteristics (size, surfeltarge, shape and stability) of the
prepared nanoparticles were determined. The natdpaformulations that have been
studied displayed a size of approximately 190 nmegative surface charge due to the
carboxylic groups of Gantrez® AN and a sphericatphology with a homogeneous size
distribution.

In order to evaluate the toxicity of Gantrez® ANnpparticles,in vitro assays were
performed using the Hep G2 cell line derived frommian liver adenocarcinoma.
Cytotoxicity was first evaluated by visual inspeatiof the cells, under the microscope
and by using the MTS (Soluble Tetrazolium Salt)agssThe nanoparticles were
incubated for 30 minutes, 3, 24, 48 and 72 hourdiféérent concentrations (0.0625,
0.125, 0.25, 0.5, 1 and 2 mg/mL). Then the MTS yas&as performed and the survival
percentage of treated cells with respect to noatéde cells was calculated. The
nanoparticles were non cytotoxic at the concemtnatitested. In contrast, at 48 and 72
hours significant cytotoxic effects were observed 1 and 2 mg/mL nanoparticles
concentrations.

5.3.3.3.4. Session IV: Immunotoxicology of Pharmadioals / Dermato-cosmetics

5.3.3.3.4.1. Important issues in immunotoxicitytites of pharmaceuticals, by Marc
Pallardy, INSERM, FR

Immune responses can be classified roughly aserarat acquired responses.
Immunotoxic effects are best divided into four gatges: immunosuppression,
immunostimulation, hypersensitivity and autoimmuynias each category is associated
with relatively specific and clinically distinct adrse events.

Due to new legislation, there is a need for mareitro testing, therefore tests are being
developed foiin vitro testing of immunosuppressive molecules, basederfunctional
evaluation of the different components of the immsgstem.

In the case of chemical sensitizers detection sévwaportant results have been obtained.
Based on the assumption that one of the features dfemical-allergen is chemical
reactivity, allowing binding to proteins, a peptideactivity assay has been developed.
Recent publications on this test show an 82% calaare for the detection of chemical
sensitizers. Cell-based assays are also undersaxtetievelopment, these tests are based
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on dendritic cell or monocytic-like cell models. mkitic cells present in peripheral
organs such as the skin or the lung are capalibkéoup and to process allergens. Upon
antigen capture, stimulation by Toll-like recep(®L.R) agonists, but also in response to
inflammatory cytokines, the dendritic cells undeaonaturation process leading to the
upregulation of co-stimulatory molecules (CD86, ©D8CD40), MHC (Major
Histocompatibility Complex) class Il molecules, th@D83 protein and cytokine
production. Thus, in addition of antigen processaendritic cells need to receive signals
through the so-called “danger signals” mainly cosgab of pathogen-associated
molecular patterns (PAMPS) recognised by TLRs. Arant hypothesis is that
considering similarities between immunity to simgleemicals and that to infectious
agents, it is reasonable to speculate that the ichésensitizer itself stimulates dendritic
cell maturation and that chemical sensitizers cdaddperceived by dendritic cells as
“danger signals” with common signalling pathwayadmg to maturation and migration.
All the cell-based assays currently under develapnaee exploiting the above concept
and prevalidation studies are currently ongoing.

5.3.3.3.4.2. Development of in vitro strategies fetudying T-cell mediated
immunological reactions to drugs, by Enrique Gonisraversity of Malaga, ES

Part of all adverse drug reactions are produceanbgitered immunologic response to the
drug and are named allergic drug reactions withmanunological basis. They can be IgE
mediated or T cell mediated. Immediate reactionesé occurring in less than 1 hour
after the intake drug, are mediated by IgE. Non-ediate reactions, occurring more than
1 hour after the intake of the drug, are T cell ratdl.

In T-cell mediated reactions, the hapten is recogphiby the Thl Response, this starts
changes in the maturation state of dendritic c&lteese cells migrate to the lymph node
and present, the hapten, now in a mature stateginee T-Lymphocytes. The contact
between mature dendritic and T-cells, together vaitlequate co-stimulatory signals,
provoke a release of IL12 from T-Lymphocyte andaliferation process of the specific
T cell clones. These clones can become either Mgmocells or cytotoxic cells can
develop the effector function. They recruit oth#eeor cells, such as macrophages, to
develop the effector action.

In vitro testing has some advantagesntwivo testing, for example that it bears no risk
for the patients. However, the main problem of itheitro tests is the low sensitivity in
comparison ten vivo tests.

Non immediate reactions can be monitored and @iffegenetic markers or proteins can
be measured. Likewise one can also determine ffexatht sub-populations. These data
give important information about the cellular trelking occurring during the reactions.
To evaluate the non immediate reactions, commohniques can be used such as:
immunohistochemistry, real time PCR (PolymeraseitCR&action), flow cytometry and
cell culture.

Another alternative method to evaluate non immedisgactions is the lymphocyte
transformation or proliferation test. This methadbased on the lymphocyte capacity to
proliferate in the presence of the specific hajteantigen.
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In the last years, flow cytometric methodology bagen introduced in LTT (Lymphocyte
Transformation Test). As such information can béaimied, not only on the specific
proliferation, but also on the proliferating callbspopulations.

The LTT has demonstrated to be useful in varioseabes and with many different
drugs, but it can be improved with the use of ditiedeells as antigen presenting cells.
The application of flow cytometric methods will peio identify the cell subpopulation
involved in the drug recognition.

5.3.3.3.4.3. In vitro quantitation of sensitisin@t@ential, Reinhard Wanner, Charité
University, DE

Allergic reaction development is controlled by deticl cells, which are professional
antigen-presenting cells. For the induction of mmune response, they sense potentially
harmful environmental substances. Contact withelfdanger signals” is then translated
and integrated into signalling pathways which irglucaturation. Antigens are sampled
and processed for presentation to T-Lymphocyte® fiimction of dendritic cells is
communication with their cellular environment. K&macytes may provide danger
signal-induced cytokines or chemokines. iArvitro assay to predict sensitising potential
should therefore contain both, keratinocytes amaidec cells.

In vitro 3D models of skin, including keratinocytes, fibladis and melanocytes are
available. The problem, however, is that denddétis do not steadily integrate into 3D-
cultures. In thein vivo situation dendritic cells are also not fixed stBado the
keratinocytes. A more natural model exists of asé&bt co culture of keratinocytes and
dendritic cells.

The application of exogenous cytokines induced oomtant keratinocyte activation and
differentiation of monocytes to dendritic cells.€elboculture developed to an allergen-
sensitive system. Sensitisation could be determimednalysing the expression of the
dendritic cell maturation marker CD86. Estimatidrttee concentration required to cause
a half-maximal increase in CD86-expression allowedntitative risk assessment (QRA)
for chemicals. The presence of keratinocytes irsg@athe vitality and sensitivity to
allergens of the cocultured dendritic cell-relatlls as compared to solely cultured
dendritic cells. This allowed testing at concemtratranges without general toxicity,
allowing discrimination between allergic and irntapotential. The new assay was
entitled LCSA (loose-fit coculture-based sensit@atssay).

The murine local lymph node assay (LLNA) is a valetl sensitisation assay. LLNA-
results can be used as a standard during develapanenvalidation of a new assay.
Various substances, grouped by the LLNA into pogecategories, were tested. EC3-
values of the LLNA have good correlations with cemications of half maximal CD86-
upregulation in the LCSA. LCSA and LLNA achieve amalogous grouping of allergens
into categories like weak, moderate and strong.

The LCSA provides dose-response information, theralblowing prediction of the
relative ability of a substance to induce senditsa This new model may have the
capacity to replace the currently used animal-basedy for sensitisation.
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5.3.3.3.4.4. Reactivity studies to complement theeldpment of alternative methods for
the prediction of skin sensitisation: the caseoofifaldehyde and formaldehyde releasers,
by Mustapha Kireche, Université Louis Pasteur, FR

Allergic diseases are gaining importance becausee rand more chemicals are used.
Since animal testing must be reduced, due to Earopecent legislations, there is a need
for alternative methods to predict the allergenateptial of chemicals. Studies on the
reactivity of allergenic compounds with nucleophiéimino acids on proteins, which is
the key step to form the antigenic structure thdk start the immunological process
characterizing skin contact allergy, are essemiathe development of new alternative
methods. A French network aims at developingravitro method for the evaluation of
the allergenic potential of chemicals.

In contact dermatitis there are two associated inotagical steps: (i) the sensitisation
phase leads to the formation of a hapten-protempdex, antigen formation and to the
production of specific T cells. (ii) The elicitatigphase also leads to the formation of a
hapten-protein complex, the activation of the Tscahd to an allergic reaction.
Formaldehyde is often used as a biocide, in testijgainting, cosmetic products...
However, it is a strong skin sensitizer and it h&® been classified as carcinogenic.
Formaldehyde releasers are used to control/decteadece formaldehyde concentration
in the product, thus reducing the toxicity of theegervative. It has, however, been
observed, however, that persons nallergic to formaldehyde itself can be sensitised t
formaldehyde releasers.

The reactivity of formaldehyde releasers towarddeaphilic amino acids was studied in
order to detect whether adducts were formed bytimaof the released formaldehyde or
by reaction of the releaser itself. Therefore @ formaldehyde releasers were labelled
at the reactive sites and their reactivity towautleophilic N - acetylated amino acids

was followed and analysed b§C mono and two dimensional nuclear magnetic
resonance (NMR). The results obtained were compuaidit the reactivity of single
formaldehyde with the amino acids.

The results showed that different adducts corredipgnto direct reactions of the
formaldehyde releasers on the amino acids werenautaeither by reaction of the intact
molecule or by reaction of an original breakdowadurct of the molecule.

These results could be at the origin of the expilanaf why some people are allergic to
formaldehyde releasers and not to the releasedafdehyde.

5.3.3.3.4.5. In vitro differentiation of skin sdirmdrs by cell signalling pathways, by
Lydia-Mareen Koeper (Bayer HealthCare AG, DE

The focus of this study was to investigate whetralyses of cell signalling pathways
can provide a methodology for the detection of gisitey compoundsn vitro. For this
purpose a differentiation between non-specific immteactions (skin irritation) and skin
sensitisation was of major importance.
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The models used were murine and human skin expkstwell as reconstituted skin
models (EST-1000: Epidermal Skin Test, consistseohtinocytes; AST-2000: Advanced
Skin Test, full-thickness skin model, consists efdtinocytes and fibroblasts ). These
models were exposed to different concentrationssafsitising compounds, such as
Oxazolone and DNFB (2,4-dinitro-1-fluorobenzene),to irritant compounds, such as
SDS (sodium dodecyl sulphate) and TritonX-100. Bothtant and sensitising
compounds have irritant properties leading to aedependent decrease in viability. The
lowest observed effect level (LOEL), defined as ¢bacentration resulting in a decrease
in viability of about 10% after 24h of exposure,sadetermined for each compound and
skin model by using the MTT (3-(4,5-dimethylthiazbiyl)-2,5-
diphemiltetrazoliumbromide) viability assay. Eadtinsmodel was then exposed to the
appropriate concentrations of the LOEL for 1h or Bhosphorylation of MAP-kinases
(p38, ERK1/2 and JNK1/2), STAT1 and PL@ere determined by cytometric bead array
(CBA).

In the murine and human skin explants, all three Avidnases (Mitogen Activated
Protein) were exclusively activated after expostoresensitising compounds. For the
reconstituted skin models, phosphorylations of @8 JNK1/2 were obtained after
stimulation with allergens, whereas treatments witltant compounds lead to ERK1/2
activation.

The conclusion of this study is that MAP-kinaseivation was shown to provide a
promisingin vitro tool for the discrimination between sensitisingl amitant compounds.
Skin explants seem to have the best capabilitydentifying sensitizers since complex
interactions leading to an activation of all thig&\P-kinases can be measured. The
disadvantages of skin explants are high inter- iatrd-individual variabilities and, for
human explants, a limited availability. Especidhg reconstituted skin model EST-1000
showed high induction levels of phospho-p38. Thauations were comparable to those
found in skin explants and specific for an expostresensitising compounds. With
respect to availability, variability and simplicitg handling, the EST-1000 turned out to
be the model of choice for further analyses of coumals.

5.3.3.3.4.6. Identification of cell responses inellidoy a sensitizer in a reconstructed
human epidermis, by Aurélie Frankart, UniversityNafmur, BE

With preliminary results obtained with one sensitiz(DNFB: 2, 4-dinitro-1-
fluorobenzene) and one irritant (BC: benzalkoniuhtogde), it is confirmed that a
discrimination between irritants and sensitizerpassible using a profile of ILeland
IL-8 release from Reconstructed Human Epidermis ERHndeed, acquired data show
that DNFB induced only an IL-8 release, whereasiiiliced release of the two analysed
cytokines. In this study several cellular mechasismossibly responsible for the
differences in IL-1o. and IL-8 release, were investigated.

In RHE, HO; in contact with the basal layer induces the reezsIL-8 in extracellular
medium. The hypothesis then is thaiGd could be an intermediate in the response of
RHE towards DNFB. To study this RHE were co-treatdth DNFB/ H,O, and an
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antioxidant agent N-acetylcysteine (NAC). It waowh that NAC reduces the IL-8
release by RHE treated withy®, so it seems indeed to be an intermediate.

H,O, is also an important intracellular messenger, thicegulates protein
dephosphorylation of tyrosine residues

To understand which mechanisms could be involvedyiokines release by RHE treated
with DNFB, cell signalling pathways were analysed RHE treated with sensitizer
DNFB. A time-dependent phosphorylation of EGFR (Epmal Growth Factor
Receptor) and of ERK %2 MAPK was obtained after station with DNFB, suggesting
their possible involvement in the IL-8 release proed by this compound.

RHE was incubated with inhibitors of the kinaseiwaités of EGFR and ERK
(Extracellular Signal-Regulated Kinases) ¥2 MAPK tddien Activated Protein Kinase).
Both inhibitors reduce IL-8 release in the DNFBatesl RHE.

The results of this study are preliminary resultsl dhe experiments still have to be
repeated for better statistical results. Studigsliing more sensitizers and with irritants,
to compare with sensitizers, still have to be penfed. However, analysis of MAP-kinase
activation seems to provide a promising tool foe tldentification of sensitising
compoundsn vitro.

5.3.3.3.5. Session V: New approaches in regarcgesearch and safety testing of bio-
pharmaceuticals resp. cosmetics - Biotech products

5.3.3.3.5.1. About Pipelines and Shifting paradigm®pharmaceuticals versus low
molecular weight drugs, by Daan Crommelin, Tl PharmdL

Biopharmaceuticals are pharmaceutical productsistomg of (glyco)proteins. The first
biotech therapy to earn FDA approval was recombifmaman in 1982. Nowadays, a
substantial number of the FDA approved drugs aspharmaceuticals.

Later, endogenous biopharmaceuticals were brougtih® market, such as interferons,
interleukins, different growth factors and monoebrantibodies. The clinical and
economic importance of the group of biopharmacaigics illustrated by the fact that
over 60 billion Euros are annually spent on bioptereuticals.

Biopharmaceuticals deserve attention as they hawengber of special characteristics.
Their activity depends on their complicated geognétased on secondary, tertiary and
guaternary structures. The way biopharmaceutica@shandled is very important, since
the conformational structure of a protein is easllgturbed. A correct structure is
important in order to optimise the therapeutic @ffend to minimize adverse reactions,
among which immune responses.

These structures can not be fully defined with pressent set of analytical techniques and
approaches for potency testing, because they oftesely resemble endogenous proteins.
This means that in safety and clinical tests, mattbntion has to be given to species
specific responses (cf. Tegenero case), corredborbase levels, selection of dosing
schedules and the possibility of immunogenicitymiumogenicity can be tested by doing
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sequence analysis, reactivity tests with antibodied animal studies on conventional
animals, non-human primates and transgenic immaleeant mice.

At present there are five expression technologoespfotein production. They can be
derived from bacteriaEscherichia col, yeast, mammalian cells, transgenic animals and
transgenic plants.

Nearly all biopharmaceuticals are injected, buthwitie growing importance of these
drugs, the need for alternative methods of adnmatish increased as well. Alternative
routes were studied for a long time, but at presaettion is still the method mostly
used.

In conclusion, biopharmaceuticals are complex mdéscthat can not be characterized
fully in terms of their structure like low moleculaveight drugs. The performance of
biopharmaceuticals relies on strict production @rots and close monitoring of their
activity in the clinical situation.

5.3.3.3.5.2. Prednisolone-treatment induces hepasialin resistance in C57BIl/6J mice,
measured by a newly developed whole body glucssebie Anke Laskewitz, University
medical center Groningen, NL

Glucocorticoids are hormones produced by the atirgleand under control of the
hypothalamic-pituiary-adrenal axis. They play ardegenous role in salt and water
metabolism, blood pressure, glucose metabolism thedimmune system. Synthetic
glucocorticoids, such as prednisolone, are widagduas immunosuppressive drugs in
chronic inflammatory diseases. However, chronic afsglucocorticoids leads to severe
side effects, such as hypertension, skin thinnmgaired immune response, weight gain,
osteoporosis, and insulin resistance. The goahisfstudy is to identify the underlying
mechanisms of glucocorticoid-induced insulin resise. The organs which are most
probably involved with insulin resistance are thaseies, brains, liver, pancreas and
adipose tissue. Here the focus was on the liver eripheral tissues. To this end
glucocorticoid-induced insulin resistance was meain C57BI/6J mice fed by a newly
developed whole body glucose test.

The mice were kept under a normal chow diet anatgcewith vehicle or prednisolone
for 7 days. As a control, mice were fed a highdiat for 6 weeks. Insulin resistance was
assessed by a whole body glucose test (WBGT), st GJaday 35 and day 42.
Glucoselevels in the blood were measured everyni@ates for 1.5h. Label distribution
was measured by GC-MS from which endogenous glugosduction (EGP) and
metabolic clearance rate (MCR) were calculatedeAthe last WBGT mice were
sacrificed and characterized for general metalparameters.

The WBGT showed an increased endogenous glucostugiron upon prednisolone
treatment, showing prednisolone—-induced hepatiglimgesistance in mice. A high fat
diet reduced metabolic clearance rate, which pahseripheral insulin resistance. This
shows that this test can be used to discriminateds® hepatic and peripheral insulin
resistance.

These results show that the WBGT is a good metbhaddasure insulin resistance in a
less invasive manner than the standard hyperireulim euglycemic clamp. Other
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advantages of the WBGT are that it is repeatalbleag and it doesn’t require surgery.
There are also some disadvantages, because itlgsgesmformation about insulin levels
and the glucose and insulin levels are not adjlstab

5.3.3.3.5.3. A suitable delivery system is keyZnéndoncept of sSiRNA-mediated treatment,
by Roosmarijn Vandenbroucke, University of Ghekt, B

RNA interference (RNAI), a naturally occurring pess of sequence-specific post-
transcriptional gene silencing, is an importantldgacal process for modulating gene
expression. In gene therapy, it can be necessarguse RNAI in target cells, this can be
done by the delivery of chemically synthesized sMRNresulting in a sequence-specific,
robust silencing of the targeted gene.

The major problem is that cells do not easily tagesiRNAs. Therefore, it is important to
have good methods, which can deliver intact siRN& the cytoplasm of the target cells,
by overcoming cellular barriers. At the moment haad non-viral (polymers, lipids...)
methods are used, however they both have theidvksdages (such as safety and
immunogenic response in the case of viral and tawsfection efficiency with non-viral
methods).

There are two possibilities which give good chancéle first method is to use
ultrasound combined with microbubbles to ‘shoote teiRNA complexes into the
cytoplasm of the cells and the second is the ugeolyimers which induce endosomal
release of the siRNA after endocytosis.

To avoid endosomal uptake and subsequent breakdalivasound can be used. It is
believed that ultrasound, especially when combingth microbubbles, causes small
(100 to a few 100 nm large) transient pores indbk membrane which allows large
molecules to enter the cytoplasm. Microbubbles pdaokith a high amount of SIRNA
containing nanoparticles can induce higher gemamaiihg than free siRNA nanoparticles.
The advantage of this system is also that the elgfils targeted.

Another method is to use Poly amino esters (PbAEs). These are biodegradable
polyamines that are synthesized by Michael additébreither primary amines or bis
(secondary amines) to diacrylate esters. Two diffePbAE:sSiRNA complexes were
tested. They both induced efficient gene silencinghepatoma cells and primary
hepatocytes without causing significant cytotoyiciAn important result was that
PbAE2:siRNA induced gene silencing was maintairgedaf least 5 days in fast dividing
cancer cells. This supports the hypothesis thatetmdosomal release mechanism of
PbAE:siRNA complexes is based on an increase obbtsmpressure in the endosomal
vesicles after polymer hydrolysis.
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5.3.3.3.6. Session VI: Research / Development als&natives

5.3.3.3.6.1. Molecular imaging in vitro and in vivay Tony Lahoutte, Vrije Universiteit
Brussel, BE

Molecular imaging is the visualization, charactatian and measurement of biological
processes at the molecular and cellular leveblindi systems.

The point of this research is that it is possilbleld imaging of animals as if they were
patients. Imaging does, however, not work if thereats are stressed, which is the same
in the human situation.

The question posed (anatomy, physiology, cell otemdar imaging) determines the
technique to be used, such as CT (computer tombgyaf’ET (positron emission
tomography), fMRI (functional magnetic resonanceagmng), SPECT (single positron
emission computed tomography)...

In the selection of the most suitable ‘in vivo’ ignag biomarker for a given molecular
target there are two important properties that némdaddressed: affinity of the
radiolabeled molecule for its target and backgrobradlistribution of the radiolabeled
molecule. Both issues are equally important forithaging process.

Dynamic imaging, using luciferase, is a technighat tcan be used for cell tracking
purposes and in oncology. For example in cancerligiint is proportional to the size of
the tumour.

Optical imaging gives 2D images, but the problenthwihis technique is that the
reproducibility is not very high.

Fluorescence is another 2D method, this howevethedisadvantage that it has limited
reproducibility and the quantification of the resuk difficult.

Thanks to new software and the advancement ofeittentques, results which are really
in 3D view can now be obtained, by MicroSPECT/Cd 84icroPET/CT scans.

Another method is nanobody imaging, which uses outée imaging probes for disease
related cell surface biomarkers. With this metharatjbodies have to be produced, then
they are injected in the animal, which is, after dhesthetized to make the image. This
way you can quantitatively measure the amount efditug reaching the target. This can
be used for organ biodistribution and targetingarpiaco-kinetics, intra-individual
comparison and serial intra-individual monitoring.

A last method that was discussed is preclinicatliearimaging. This can be used for
serial measurement of myocardial infarct size aydaardial function. So, in an infarct,
this method can be used to quantify the size ofltmeage to the heart and the recovery.
To conclude, imaging methods are non-invasive dimvarepetitive measurements,
disease related parameters can be measured atseaghs, intra-individual comparison
reduces the variability of the measurements. Thamkgis last point, a lower number of
animals is needed for obtaining statistical relévasults.
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5.3.3.3.6.2. Non-contact laser capture microdigsactan alternative method in live cell
sampling, by Renate Burgemeister, Carl Zeiss Mmmaaling, DE

Laser microdissection is an interesting techniqité which it is possible to get a high-
resolution control of the sample composition. Sengldividual cells, tissue-parts... can
be selected or rejected for preparation. This setbaupon a microscope with a built-in
laser, connected to a computer program. The compudase can be used select a part of
the sample that one wants to cut out.

This technique is also called Non-contact Lasert@apMicrodissection (LCM), because
there is no manual contact with the samples, wprelvents contamination.

Zeiss developed the PALM MicroBeam system, whicmismes this laser technology
with robotic tools for precise microdissection. Matriking is the patented pressure
catapulting feature, which makes that the cut amtde is catapulted upwards, into the
collection tube. As such, no impairment occurshriecovery of DNA, RNA or proteins.
An important innovation is the laser driven isaatiof live cells out of a cell culture.
Individual or small groups of cultured cells orrateells can be used for direct molecular
analysis or re-cultivation. This makes it easieistwate cell clones and separate different
cell types by morphology or fluorescent labellitgith the focused laser it is possible to
make small holes into cells and nuclear cell wallkis enables the injection of for
example drugs or genetic material into the celthaut having to use viral vectors or
having to treat the cells with chemicals.

5.3.3.3.6.3. COMICS: developing high throughput epassays for DNA damage and
DNA repair, by Amaya Azqgueta Oscoz, University ibONO

Comics is an EC strategic targeted project (STR&Phe PF6, aimed at turning the
comet assay into a high throughput assay suitableuse in screening chemicals for
potential genotoxic and cytotoxic effects. It remto the EC policy on REACH and the
philosophy of the 3Rs.

The comet assay is a qualitative method for meagigingle- and double-strand breaks
in DNA. Cells embedded in agarose are lysed witergent and a high concentration of
NacCl, leaving the histone-depleted DNA as ‘nuclebidnd electrophoresed. This results
in comet-like structures, stained with DNA-bindidges, which can be examined with
fluorescence microscopy. The relative tail intgnséflects the level of DNA damage.

The comet assay was adapted to measure DNA remzactty in cell extracts, to be used
in biomonitoring studies.

The applicability of the comet assay to the scmegrof chemicals for genotoxicity is

limited because the number of samples that cambatthe same time is limited by the
size of the electrophoresis tank. Even with compbésed image analysis, scoring is
labour-intensive and time-consuming. Medium- okilgroughput versions of the comet
assay and an automated scoring system are necdéssangnitoring damage in a large

number of samples.

One of the tasks of the University of Oslo is to&lep anin vitro repair assay based on
the comet assay to detect different pathways, andompare this method with DNA
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repair chips. Thisn vitro repair assay estimates the repair activity of egtracts by
measuring their incision activity.

5.3.3.3.7. Session VII: Research / Efficacy testiBR-Alternatives

5.3.3.3.7.1. Use of flow-based assays to monitougsir with antithrombotic,
anticoagulant or anti-inflammatory potential, by him Van Heemskerk, Maastricht
University Medical Centre, NL

Cardiovascular diseases are the most common cadsésath in the Western world.
Thrombosis, through increased coagulation of treodyl and atherosclerosis, through
inflammatory responses caused by circulating leytes; are two of the main diseases.
Prevention of these diseases exists in antithrombberapies and antiplatelet and
anticoagulant medication. The treatment is oft@omplete or, if too strong, there is risk
of bleeding.

Validated laboratory assays are only used forrigsplatelet or coagulation function
only. There are no integrative or bedside assagsnantests incorporating blood flow.
Therefore dose and type of medication is very irtgurin the treatment of these
diseases.

Research to thrombus formationvivo is difficult, because it is not possible in humans
so it has to be done in animals. Some of the modsds the haemostasis model
(mechanical puncture of rabbit mesenteric arteyjdlee arterial thrombosis modgtee
radical-induced damage of mouse mesenteric artgranid the atherothrombosis model
in mouse carotid artery (ultrasound-induced ruptirearotid plaque in apoE-/- mice).
Flow chambers are now also used darvivomeasurement of thrombus formation. Also
here there are multiple choices in design, sulestesid measurement. One of these
methods is the pulse-free flow of whole blood ocs@itagen type I.

Next to immunoglobulin-type collagen receptor GRviIplatelets, there are a lot of other
factors and proteins that are contributing to tHsasformation under flow conditions. It
is known that human protein kinase C is requirediioombus formation.

To conclude there is a need for physiologicallyevaht integrative assays (bedside
assays) to quantify the prothrombotic activity ¢ddal. Flow chambers with collagen
coating are valuable for measuring the multifaetigorocess of thrombus formation. This
markedly resembles thrombus formation in vivo. Sdidw chambers have a high
potency for monitoring the efficacy of old and nantithrombotic drugs. They make it
possible to test, among others, drug interactions.

The advantages in terms of alternatives are tloaidofrom genetically modified animals
can be testenh vitro instead ofn vivo. Human blood instead of animal blood can be used
for drug testing. However, there still are limitats in analysis power, therefore higher
capacity test systems need to be developed.
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5.3.3.3.7.2. Confrontation cultures of embryonienstcell-derived embryoid bodies and
multicellular tumour spheroids: a new in vitro mbder the study of tumour-induced
angiogenesis, by Nada Milosevic, University of Gaégs DE

Vascularization is a prerequisite for tumour grovethd metastasis. Therefore anti-
angiogenic therapy is one of the most promisingtstiies to defend against cancer. As a
consequence, a lot of anti-angiogenic agents arerdly tested in animal experiments.
Presented here is a néwvitro (hESC) model for anti-angiogenic screening basedm
culturing of embryonic stem cell-derived embryoiddiees and multicellular tumour
spheroids. Embryonic bodies and tumour spheroide Wweught in close contact by the
hanging drop technique. After 24h, the two partswgtogether and were plated on
petriperm dishes for additional time needed. Tuminduced angiogenesis was analysed
by CLSM (confocal laser scanning microscopy), FAQBorescence activated cell
sorting) and PCR (polymerase chain reaction).

The co-culture can be used for human tissue tegsngh as hESC), exclusion of
additional inflammatory processes from the aninral axclusion of metabolic activity
effects from the animal.

This model can replace a numberimfvivo models, amongst which the rabbit corneal
assay, the mouse cheek pouch assay, and the muaisgbadit cranial and skin window.

It was observed that blood vessels produced inuttove are denser than in embryoid
bodies grown alone and have directed growth ofalsgewards the tumour.

The anti-angiogenic effect of three substanceslidibraide and the tyrosine kinase
inhibitors SU5614 and ZM323881) are shown by imnaytaechemistry and flow
cytometry. The results showed that the number ot cells did not decrease, but that
the degree of vascularization was reduced aftatrtrent.

Inflammatory cells, invading the tumour spheroitkate a pro-angiogenic environment.
However, one of the results showed that tyrosinease inhibitors also have anti-
inflammatory properties.

Co-cultures have a great potential to reduce thmbeu of animals needed for drug
screening, since they have a good resemblancestetdmaour interactions. A possibility
for further research is to study the role of axarndgnce proteins in tumour induced
angiogenesis.

5.3.3.3.7.3. Cancer associated fibroblasts infleenepidermal morphogenesis and
invasion in reconstructed 3D culture models of honskin carcinoma, by Suzan
Commandeur, Leiden University Medical Center, NL

The aim of this project is the realization of anvitro human skin cancer model for the
development and testing of therapeutics. An explaahnique is used to culture skin

cancer biopsies of squamous cell carcinoma (SCCa @ibroblast populated collagen

layer. These biopsies are acquired from immune+&ggpd individuals.

In these skin cultures, features specific of SCR lma seen, such as formation of keratin
pearls, hyperproliferation and invasion.
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To make the model more realistic, cancer-associfibtzdblasts (CAFs) were added.
These CAFs directed the invasion of the epidern@hpartment into the dermal
compartment.

These observations indicate that the dermal mistiommment plays a crucial role in
tumour development and that this process can bensixely studied and modulated in
vitro in order to increase resemblance of these skncer models to the in vivo situation.

5.3.3.3.8. Session VIII: Miscellaneous

5.3.3.3.8.1. Evaluation of toxicological effectsR#rsistent Organic Pollutants (POP)
using primary fish cell cultures, by Liv Sgftelarditional Institute of Nutrition and
Seafood Research, NO

Since large quantities of fish are used every yearesearch, development of vitro
models is important. Since various fish speciepard differently to toxic chemicals,
species-specific systems must be developed, eflgdaafarmed fish, such as salmon
and cod.

The model presented here, is a factorial desigrieapfor multiple-endpoint toxicity
evaluation in salmon hepatocytes.

Organic pollutants (PCDDs (polychlorinated dibenmmohs or dioxins), PCDFs
(polychlorinated dibenzofurans) and PCBs (polydhkted biphenyls)) are of great
concern for food safety, relatively high concentnag are measured in farmed fish.

The toxic responses of dioxins and dioxin-like PCBse induced through aryl
hydrocarbon receptor (AhRBinding of a ligand to AhR results in transcripté up-
regulation of the CYP1A gene, which is used asoanbrker for these chemicals, and the
AhR gene battery. The toxic responses of non-diikenPCBs are thought to be induced
through other mechanisms.

The toxic equivalency (TEQ) concept is used in askessment of mixtures with dioxin
and dioxin-like compounds. This method relies oms@assumptions, such as identical
dose-response curves and that the combined efféctsemicals are additive. But these
assumption are usually not achieved in complex uned. TEQ can therefore
underestimate toxicity. Thus, an alternative methadale to evaluate the occurrence of
combined effects, is needed. The aim of this exgostudy was to use a multi-endpoint
strategy to evaluate the combined effects of chalsin a simple mixture with the non-
dioxin PCB 138 and the potent AhR agonists 2,3;7T@DF (TCDF or tetrafuran) and
1,2,3,7,8-PeCDD (PCDD or pentadioxin).

For the factorial design, primary hepatocytes wsodated from four salmons, the cells
were exposed for 24h. gPCR (quantitative polymereis@n reaction) was used to
qguantify the transcriptional levels of eight genebjch were taken from phase 1 and Il
enzymes, cellular stress, apoptosis and contra@gen

In this study, it was shown that only CYP1A and WBIP (uridyldiphosphoglucuronyl
transferase) were good biomarkers for PCDD, TCDé RE€B138. Using primary fish
cell cultures and multivariate data analysis of RRfata are shown to be a useful tool in
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toxicological studies. A multi-endpoint strategyhanhance the quality of risk evaluation
of chemical compounds. But TEQ is a useful conagepisk assessment of mixtures with
dioxin and dioxin-like compounds, until a betteakation strategy is developed

5.3.3.3.8.2. Free Concentrations in In Vitro Cytobtity Assays, by Nynke Kramer,
University of Utrecht, NL

Only the free or unbound concentration is considleéreailable for uptake by the target
tissue or organism to cause an effect. Understgndime differences in free
concentrationsin vitro and in vivo may well be critical forin vitro - in vivo
extrapolations. Currently, mosh vitro studies base their results on the nominal
concentrations, this may be incorrect, when thepmmd can bind to serum protein or
evaporate.

The aim of the study presented here was to asskat system components and what
physicochemical properties determine the free aminagon and cytotoxicity of
polycyclic aromatic hydrocarbons (PAHSs) to Balb/€33fibroblasts in a neutral red
uptake assay.

Solid phase microextraction (SPME) was used to oreathe partition coefficients of
PAHSs to serum, well plate plastic, cells and headspThese partition coefficients were
used to model the free concentration of the comg@onrvitro and correlated with the
compound’s Henry’s Law Constant (HLC) and octanatav partition coefficient{ow).
The estimated free concentration was comparedetérée concentration measured in the
assay using SPME, compared to the proportion ofpoumd measured in each assay
component, and linked the effect concentrationssfE@®esults indicate that the free
concentration of volatile and hydrophobic compourds significantly reduced in a
typical in vitro set-up as they readily evaporate and bind to oestrsuch as serum
protein and plastic. This reduction in free concaiin is accompanied by an increase in
the EGo and can be modelled using the partition coeffiseof the compound to assay
components, which in turn may be estimated byihgand HLC.

Currently different tests and different laborateriese differentin vitro set-ups with
different serum levels in their culture mediacdil assay procedures are standardised, by
using free concentrations, this may lead to a battderstanding of th@ vivo situation.

5.3.3.3.8.3. A cell-based assay for the detectiammotent algal neurotoxin in biological
matrices, by Mirella Bellocci, University of Moder&

In the last years, the occurrence of toxic harmldoms has increased in the
Mediterranean Sea. The gen@streopsisproduces palytoxin, which causes severe
neurological symptoms and can be lethal. Accordmghe current EU legislation all
seafood must be analysed for the detection of dbjatioxins. The mouse bioassay
remains the reference method in the EU for theaéyses.

The goal of this study was to develop functionalags in biological matrices, preferably
using cultured cells, to obtain toxicologically-emted methods that can effectively detect
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and quantify the overall burden of biologically igettoxins in unknown samples and to
decrease the number of animals used for thesesasaly

A cytolytic assay that could detect palytoxin ateddongeners in biological matrices by
the use of an established cell line grown as mgeolavas developed. MCF-7 cells were
used and cytolysis was measured by the releasgasgadic lactate dehydrogenase (LDH)
in the buffer added to treated cells (culture sopemt). A dose-dependent increase in
LDH activity in culture supernatants was detectdtew MCF-7 cells were exposed to
palytoxin and its analogue ostreocin D. The cyiolygsponse induced by palytoxin and
ostreocin D was specific for this group of compainacting on Ng K*-ATPase, as it
was prevented when cells were pre-incubated wittbain. The specificity of this assay
for palytoxin and its congeners was confirmed bg fimding that cytolysis was not
detected when MCF-7 cells were exposed to unrel&&ths. Using extracts from
biological materials after spiking with the palytoxstandard, a good correlation was
found between palytoxin levels measured by ourlgitoassay, and the expected values.
Palytoxin was detected in naturally contaminatedennes in this assay. This assay is a
viable alternative to animal-based methods for determination of palytoxin and its
congeners in contaminated materials.

5.3.3.3.8.4. Requlatory Acceptance and Use oftino Wlethods for Non-Clinical Testing
of Human Medicinal Products, by Sonja Beken, Fddé&gency for Medicines and
Health Products, BE

Developing new medical products is a process whitjuires a lot of time and labour
and bears a high risk of early termination. Themefatrict regulations are needed to
ensure the quality and safety of the new products.

For non-clinical studies recommendations are madeabious institutions, for example
in Europe by EMEA (European Medicines Agency) andifalex (EU legislation in the
pharmaceutical sector), in the USA by the FDA (Faod Drug Administration) and in
Japan by the Japanese Ministry of Health and Welfaut regulatory acceptance iof
vitro methods passes mostly via the ICH (Internatiormadf€ence on Harmonisation).
The CPMP (Committee for Proprietary Medicinal Prcisgy Position Paper on
Replacement of Animal Studies by Vitro Models (CPMP/SWP/728/95 - adopted 1997)
gives recommendations on a number of topics, sat¢hefeasibility of replacing vivo
animal studies, the procedure for validatingitro tests, the procedure for incorporating
in vitro tests into the regulatory requirements and areasvhich the acceptance of
vitro tests can be considered.

The criteria of acceptance @fi vitro methods depends on the goal of the test. For
example early toxicity, compound screening tests) go by in-house validation by
companies, there is no regulatory involvement. \Wagrfor exploratory, mechanistic
studies for regulatory decision-making, they hawebe based upon demonstrated
“scientific validity”. Pivotal (guideline-driven)tadies can go via different routes of
validation: if they are historically introducad vitro models, no formal validation is
needed. Transition from exploratory, mechanisti@eging models to pivotal studies is
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based on accumulated experiences (for which datab@® reviewed). Replacement of
established animal studies ioyvitro models requires formal validation.

Examples ofin vitro methods accepted as pivotal non-clinical studietude formally
validated tests such as the 3T3 NRU (3T3 Neutral Bptake) phototoxicity test. The
use of this test is recommended by the EU, butogahe ICH yet. Another example is
thein vitro micronucleus test, which was recently validatedEBYAM and is now taken
up in the new ICH S2 Guideline. This test is toused in the standard testing battery for
genotoxicity. Also for safety pharmacology and hepaicity testing examples were
given of regulatory accepte vitro tests, although they are not formally validatet ye
For the future it is important that there the comination with other sectors (such as
chemicals, cosmetics...) is increased, although wulith help of EPAA (European
Partnership for Alternative Approaches to Animaskfiigg) this has already increased. It
is also important to identify areas where nawitro methods might be appropriate.

5.3.3.4. Discussion

Q: In vitro methods have a lot of variables, more tlarvivo testing, so what is the
motivation to develofn vitro methods?

A: Beken: This question can not be answered fromagalatory view only. But if amn
vitro method gives the same endpoints as animal té&ts,it is obligated, according to
Directive 86/609, to use tha vitro method. Therefore, it is important that gaodvitro
methods are developed.

A: Boehn: Anin vitro test, is a good test when it can be used for etgry purposes.

A: Rogiers: One reason is also that the ethicavyiare changing, and people want to
have to rely less on animal use. Animal welfareugsare also getting stronger and
having a greater impact.

The development of alternative methods is far mdificult than thought before.
Therefore, it is also important not to oversell nethods. Having goouh vitro tests is
more important than pressure. To this end, it igartant that regulators trust researchers.
Liability is another issue for which it is importathat the industry has goaal vitro tests.

A: Garthoff: From the industry, there is the quastivhy add onn vitro tests have to be
done, if thein vivo test is still used. The reason for this is tmavitro tests have to be
performed in Europe, but for the rest of the wahlein vivo tests still have to be done.
Industry is interested im vitro tests, not only because of ethical views, but bEtause
animal testing is costly. It even went unnoticedttin some fieldsn vitro tests were
already performed. Cosmetics and safety testiogl a part of the fields where animals
are used. For example, in development, the numbanimals used has decreased a lot
already over the past 20 years.
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Trust is a very important issuén vitro tests can be used in industry without being
validated, but if a test is validated, that is gywécreating trust in that test.

Discussion between government and industry is afificult, which is also a problem to
come to consensus about certain issues.

Q: In Europe, Japan and the USA, there are strahgcag issues and regulatory
guidelines. This seems to be less the case in upgooountries like China and India.
They seem to have less problems wiittvivo testing. Is there a chance that Europe will
loose competitiveness due to this? Or is the imgusbving away to those countries?

A: Rogiers: For cosmetics, this is clear. From Matl, 2009 there is a cosmetic
ingredient testing ban. Alternative methods havédoused to test cosmetics and their
ingredients, with some exceptions, such as devedopah toxicity. From 2013, also the
existing marketing ban plays an important role, mreg that products and ingredients
tested in animals may not be sold in Europe, efi¢inely are tested outside of Europe.
This means that companies will probably move outwfope and only sell old products
in Europe, because they can not test new ingrediéant this market. The use of
alternative methods is now a political field. Thelgem is that science can not be pushed
and decisions are not always scientifically based.

A: Garthoff: The fact is that industry is alreadpwing out of Europe, due to cost issues.
However, discussion with regulators is importantl dor this it is necessary to have
experts from the field and from the companies. gparbas a good knowledge base, so
Europe will continue to play a role in this.

A: Beken: EMEA has already been approach by, antootpers, China and has sent
people from their regulatory agencies to those unopge, to learn about legislation and
the implementation of alternative methods.

Q: Rogiers to all speakers: Can the subject of yesearch be used in a practical way?
Are there possibilities to use it in safety, efGgdesting...?

A: Pivarcsi: The research to miRNA in skin is bassearch, but some biomarkers may
come out of it and of course the field moves quidkiward.

A: Sgfteland: Evaluation of toxicological effectsROPs using primary fish cell cultures
is the best way to study this subject. This cande=l in legislation.

A: Laskewitz: Prednisole treatment can partly replaypoglycemia

A: Kramer: Applying the free concentration concpin vitro assays is more a principle
now. It can be used as a checklist.

A: Belocci: A cell-based assay for the detectiormgiotent algal neurotoxin in biological
matrices can be used for regulatory testing fom®in seafood.
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A: Wanner: New ideas in basic research in allesfiin diseases is about sensitisation.
The new method is transferrable from one lab tdlaaro

A: Commandeur: The research to cancer associdtenbfasts is basic science, but can
also be used in efficacy testing.

A: Milosevic: Confrontation cultures of embryonites cell - derived embryoid bodies
and multicellular tumour spheroids can be usedfinaey testing and for drug screening.

A: Schug: The comparison of hepatocytevitro systems for gene expression studies is
useful, because carcinogenicity studies cost aflahimals.

Q: Rogiers: It is very important to know the apabdity domain, can the tests be used
for chemicals or for pharmaceuticals?

A: Ojer: The study of nanopatrticles is very impattéor regulators.

A: Oscoz: The main output of the COMICS projedbisievelop a high throughput comet
assay.

Beken: The Comet assay is very controversial, lsdlgives a lot of false positives.

A: Koeper:In vitro differentiation of skin sensitizers by cell signgl pathways can be
used to screen for sensitizers.

A: Frankart: Identification of cell responses inddcby a sensitizer in a reconstructed
human epidermis is also research to find methodeteen for sensitizers and to make a
difference between sensitizers and irritants.

Beken: Different people are working on methodsstemsitizers, but in the end regulators
want one good method.

Vandenbroucke: People working on gene delivery eaudiers, it is important to start
with in vitro work.

Kireche:In silico methods for the prediction of contact dermatitis @eveloped to know
more about the chemistry, which is important toarsthnd the results of later tests.

Rogiers: Chemistry is indeed important. The nundrer reason why cosmetic ingredient

dossiers are rejected at the SCCP level (Scier@idimmittee on Consumer Products) is
that the physico-chemical properties and the chieyrage not done correctly.
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5.4. Workshop Refinement

5.4.1. Executive Summary

The first workshop on Refinement opened a highlgessary dialogue between the
different parties involved in the use of experina¢rdgnimals in the drug development
process. It also offered different points for dssion and as summarised below.

Refinement was defined as “any approach which avordninimizes the actual potential
of pain, distress and other adverse effects suffateany time during the life of the
animals involved and which enhances their wellbeasgfar as possible”. Refinement
does not only deal with the wellbeing of the anirdating experiments, but the whole
life of the animal is taken into account, startingm birth, until death. This means that
also breeders and housing are factors to whichnBefent can be applied. Breeders and
animal care takers need to be educated about R&dimenitiatives.

- Refinement as moral education:

From a philosophical point of view, Refinement @t only a technical practice, but a
moral relation as well, because it involves respolity and care, hence its
implementation needs both scientific and philosocghanalysis. It must be seen as a
moral relation between human and non-human agé&nasning concerning refinement
could therefore be seen as a sort of moral educatio

- Importance of well-trained and well-organised cqmtent authorities:

Refinement can be reached through education, ademetrol and support on aims,
technical, operational, pre- and post-operationakcfions by official, institutional and
public review. The competent authority must autripersonnel who carry out
procedures on animals, including supervising origihésg procedures and projects,
supervising those who take care of animals, peffgneuthanasia. They must have
followed education and training and have demorstrétteir competence. Member States
should establish National Animal Welfare and EtH@mmmittees to give advice to the
competent authorities and to permanent ethicalevevbodies of establishments. The
network of these national committees should plagi@in the communication about and
exchange of best practices.

- Opportunities for Refinement:
Some refinement opportunities were presented.
As far as “procedures”, i.e. direct inhumanity (Bels and Burch), are concerned,
existing procedures clearly could be improved:
- use of surgical techniques taking more animafavelinto account;
- application of better methods for anaesthesiaaaradgesia;
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- identification of more humane endpoints;

For “housing and environment”, i.e. contingent imfanity, also opportunities for
improvement exist:

- need for group housing of social animals;

- creation of possibilities for natural behavioaddor exercising a certain degree
of control of the environment. The latter can bggitally enriched through the
use of objects and diminishing noise and contrgllend quality, without
disturbing standardisation of tests.

- New ways of interacting with animals: positiveinéorcement training:

Positive interaction with humans is fundamental. é&@ample is Positive Reinforcement
Training (PRT), which enhances voluntary co-operatf the animals with husbandry,
veterinarian and research procedures. Its sucagssnds on a lot of factors including
species, gender, age, history of the animal and/ithehl factors. As it is a training
technique, which is positive for both animals andiners, breaking routine and
decreasing the risk of injuries, it merits furthencouragement. After the initial
investment of time, later onwards it substantiagiyes time during daily work. It might
also positively affect the quality of the data eotkd, as stress in animals is lower.
Pharmaceutical and chemical companies clearly sthiomterest in applying refinement
techniques, also implementing the European ETScbB8ention on husbandry and using
the new methods such as PRT, micro-surgical proesdand imaging techniques. All
staff working with animals should be adequatelyned and facilities for animals should
be well equipped. Progress is being made, but afletork still has to be done. New
techniques and methods are being developed andiraay in use, but it is often not
certain how to implement them. Implementation oymefinement techniques costs time
and money, but could also have a positive effectttmm public acceptance of the
pharmaceutical industry and the use of experimesmahals in the drug development
process.

- Importance of vaccines:

Vaccines are not always considered, while thetkista lot of work to be done in that
field. For this reason, the European Directoratettie Quality of Medicines (EDQM),
started 16 projects on 3R methods of which 8 ataded on refinement in vaccines.

- Special concern for animals used as models tadgthuman diseases:

* In the use of non-human primates for the studyPafkinson’s disease, refinement
methodologies can be used covering different aspsad will result in an improvement
of the quality of the animal life and the reseaduality. Positive training, through

positive reinforcement, can be applied to proceslisech as injections, removal of
individuals from a cage, environmental enrichmemsiltiple recordings of neuronal

activity in one session, use of telemetry. All prsasf animals life should be improved:
pre-, during and post-treatment.

* For Multiple Sclerosis, various refining methadstels exist. First of all, it is

important to gain more pertinent information at kest possible cost of animals well-
being. The animal model is carefully chosen takimig account the current state of
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knowledge of species and protocols. Correct plapron protocols helps to avoid

disturbances in early end-points. Preference shibelldiven to non-invasive procedures,
such as imaging and telemetry. If necessary anemafhnalgesia should be used,
humane endpoints should be established beforeldod:invasive pharmacokinetic /

pharmacodynamic techniques could be included.

When transgenic animals are involved, the genenaliples of bioethics apply, but

special attention should be paid to unexpectedistfe

- Barriers in the progression of Refinement:

Change is not always welcomed, since it comes witlertain degree of uncertainty for
success, and habits of years have to be changed. Ngthods are often not easily
accepted by regulators, who require validation hifse methods. Researchers are not
always aware of existing alternatives and everhéfytare, there is not always enough
time and money to investigate and validate theteeraltives.

Some of the barriers mentioned, however, also nbghopportunities for change since
attitude changes in researchers may result in marvative thinking.

- The need for global harmonisation:

Global harmonisation is difficult and slow, butig highly important to be pursued.
Animal Welfare Acts exist in all EU countries, howee, substantial differences exist
with respect to their execution. European harmdiosashould be further extended. The
revision of Directive 86/609 will help in this press.

- Does Refinement lead to better science?

Whether refinement leads to better science wasueiatrpoint of discussion. It was
concluded that cases exist where it is indeed bettg. environmental enrichment
providing healthier animals. In other cases, toalthg animals might not respond to
certain treatments.

Sometimes, there might only be benefits for thenate while the quality of the data
might stay the same. Therefore, it is necessaamtays perform cost/benefit analysis for
any particular experimental procedure.

5.4.2. Recommendations

1. General ViewsReplacement, Reduction and Refinement should @a@bbsidered as
separate issues only, but they should be viewednasntity on various levels, in
education, research, and testing. In legislatiba,interplay between the 3Rs should
be recognised, and awareness of converging andgdigearguments and effects
should result in practical and ethical guidelin@svihat to do in situations of conflict.
Education and training in different aspects musptmnoted among all stakeholders
in the drug development process.
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2. Planning and Performing Animal Experimerpplying refinement methods for the
most painful experiments as e.g. for cancer rebeascurgently needed. Advanced
methods, e.g. non-invasive imaging methods allopetitve measurements and
register the disease-related parameters at an gagg (non-painful stage) of cancer
development. Early screening of drug candidatesirung development makes it
possible to avoid unnecessary animal studies ahtteeresearch costs.

3. Animal Breeding and Maintenandeis necessary to promote the positive welfare of
experimental animals rather than just focus onrtiieimisation of suffering. The
notion of animal welfare as simply the ability oh @animal to cope with the
environment must be abandoned, in favour of a riahvee that includes active
improving of the degree of welfare.

Positive training techniques should be enforceayrder to reduce the stress imposed
on the animals participating in experimental praced.

Refining animal conditions entails the understagdof their needs. Ethological
studies can provide such an understanding. As @rilbotion to animal welfare
science, the possibilities of an “ethology of ladtory animals” must be investigated
to fully understand the needs of species bred @&regations in captivity, such as
those involved in laboratory practice. For refin@ine be successful, appropriate
objective measures of welfare states need to belaged and validated. Refinement
must include even the life of the animal outside éxperimental procedures, with a
focus on housing conditions and enriched enviroriman order to promote a
satisfactory level of welfare.

4. Global HarmonisationThe dissemination and promotion of refinement méphes
should be a matter of the highest concern in ELht@s.
The most advanced practices (experimental techsigod animal housing) should be
required in all the research sites of the pharmiazadundustry in different countries,
as well as CROs and academic research partners.
After the new directive in EU will come in forceharmaceutical industry should
verify and update the realisation of refinementité functions with experimental
animals. Similar principles should be followed ith @untries inside Europe and
measures should be undertaken to extend them lalbally. The implementation of
3Rs in the spirit of the new European directiveustidoe ensured also in research
sites outside the European Union. Awareness ofittportance of animal welfare
should be emphasised.
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5.4.3.

Report of the Workshop Refinement

START-UP Workshop Refinement

26 — 27 February 2009, Istituto Superiore di SanitaRome, IT

Program:
26 February

14:00 — 14:30
14:30 — 15:10
14:30 — 14:40
14:40 — 14:50
14:50 — 15:00
15:00 — 15:10
15:10 — 15:40
15:10 — 15:20
15:20 — 15:30
15:30 — 15:40
15:40 — 16:20
16:20 — 16:40
16:40 - 17:35
16:40 — 16:50
16:50 - 17:00
17:00-17:10
17:10-17:20
17:20 — 18:00
27 February

09:00 - 09:30
09:00 - 09:10

Welcome and introduction to START-UP
Annalaura Stammati, ISS, IT
Vera Rogiersecopa BE
Introduction

Conclusions on refinement from AnsealEU Project. Flavia
Zucco, Istituto Neurobiologia e Medicina Molecolafe

Refinement opportunities - an ovevvieeter Thornton, Animals
Scientific Procedures Inspectorate, UK

Point of view of a philosopher. Simétollo, Universita di Roma, IT

Discussion
ROUND TABLE 1: Housing and legal aspects

Refinement in the proposal for adfiive of the European parliament
and the council on the protection of animals usedd¢ientific
purposes. Kai Pelkonen, Ministry of Agriculture drarestry, Fl

Environmental enrichment and stansaidn, by Simone Macri,
ISS, IT

Focus on Refinement in a pharmaadutompany is good for
business, by Jan Lund Ottesen, Novo Nordisk, DK

Discussion

Coffee break
ROUND TABLE 2: Recent methodologies in refinement

New imaging techniques, by Vicky Giave, VUB, BE

Operant conditioning in lab primateglementation of PRT in
experimental and husbandry procedures. Fanélie Washaversité
de Strasbourg, FR

Stress reduction in working with Beatpgs; a win-win situation.
Pieter Verbost, Schering Plough, NL

Animal research in a global pharmiacauand chemical company.
Pierre Coérs, Solvay, BE

Discussion

ROUND TABLE 4: Refinement in drug development procss
Refinement in the ADME studies, bawwIPelkonen, University of
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09:10 - 09:20
09:20 - 09:30
09:30-10:10
10:10 - 10:50
10:10 - 10:20
10:20 — 10:30
10:30 — 10:40
10:40 — 10:50
10:50 - 11:30
11:30 - 12:00
12:00 — 13:00

Oulu, FI

EDQM activities for Refinement ofraal experiments in the field of
quality control of vaccines, by Karl-Heinz Buchh&DQM, FR

Refinement in the development of h@&maceuticals, by Gisbert
Sponer, Bioassay GmbH, DE

Discussion

ROUND TABLE 3: Animal models in humardiseases

Refinement in non-human studies dkiRson’s disease, by Augusto
Vitale, Istituto Superiore di Sanita, IT

Application of Refinement in transgemice, by Igor Branchi,
Istituto Superiore di Sanita, IT

Refinement in Multiple Sclerosis mitidg, by Valeria Muzio,
Merck Serono, IT

Refinement in animal epilepsy mod®atsRalph Clinckers, VUB, BE

Discussion

Coffee Break

Final discussion and conclusions

Scientific committee:

Franca Fassio, member of NCP IPAM, Merck Serono, IT

Bernward Garthoff, treasurecopa Bayer, DE

Peter Maier, Board Member etopa Forschung 3R, CH

Vera Rogiers, chair adcopa VUB, BE

Annalaura Stammati, member of NCP IPAM, ISS, IT

Maciej Stepnick, member of NCP Polcopa, Nofer togti of Occupational Medicine, PL
Hanna Tahti, member of NCP Fincopa, University afripere, Fl

Augusto Vitale, member of NCP IPAM, ISS, IT
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5.4.3.1. Introduction to the workshop

This workshop is the first one in a series of thesech of these is concerned with one of
the Rs in the 3Rs concept of Russell and Burch ehafiRefinement”, “Reduction” and
“Replacement”. This workshop is dealing with thestfiR, namely the sensitive issue of
Refinement. Since it is important to understandtémminology used and the ethical and
philosophical implications of Refinement in the usk experimental animals, much
attention was given to the introduction. AnnalaBtammati (member of the NCP IPAM,
IT) organised with her team the meeting and took o a clear introduction.

Vera Rogiers, chair cécopa presented the structure and aims of the STAR Tptdiect
and explained the role of the Expert Meetings &ed input in this first Workshop.

5.4.3.1.1. Introduction lectures

5.4.3.1.1.1. Conclusions on Refinement from Ani®e&l. EU project., by Flavia Zucco,
Istituto Neurobiologia e Medicina Molecolare, IT

The Anim.Al.See project had as a goal to updatevieer on 3Rs models, both from a
philosophical and scientific point of view. Amonghers, new definitions of the 3Rs
were made.

The definition of Refinement: There are differemterpretations of refinement and these
should be harmonised for better communication. phaposed definition from the
Anim.Al.See EU project and used here is: Any apghoahich avoids or minimises the
actual or potential pain, distress and other adveffects suffered at any time during the
life of the animals involved and which enhancesrtivellbeing as far as possible. This
definition applies to the whole life of the animal.

5.4.3.1.1.2. Refinement opportunities - an overviby Peter Thornton, Animals
Scientific Procedures Inspectorate, UK

Russell and Burch published 'Principles of Humaneeimental Technique' in 1959.
Since then much progress has been made, howeeeg, gtill is room for improvement.
This lecture takes a look at some of the barriethé progression of Refinement.

Russell and Burch divided Refinement into diredhumanity, which contained the
procedures, and contingent inhumanity, i.e. hustyaad housing.

Some Refinement opportunities were presented. &irall some of the procedures could
be changed. Other surgical techniques can be @sediell as better anaesthesia and
analgesia. Another possibility is the usage ofss Igentient species. Finally, endpoints
can be changed to more humane endpoints. For lgpasih environment there also are
opportunities. For example group housing of soar@mals is a possibility, scientists in
the UK have already tried it with success with .r&srichment and environment (noise,

113



STARTUP

Detailed Results: Workshop Refinement

air quality...) can be improved. Another importanirads to give the animals enough
space and the opportunity to perform natural behavilt is also important that the
human-animal interaction goes smooth, to give thmals as little stress as possible.
Furthermore some possible barriers were discu$sest.of all there is the problem that
change is not always welcomed, since it comes aitbrtain degree of uncertainty on its
success, and habits have to be changed. New methedéso not always easily accepted
by regulators, who require validation of these rmadth Then there is the problem that
researchers are not always aware of alternativiesteTis not always enough time and
money to research and validate alternative methiddasing and husbandry refinement
might have an influence on data. It is not alwagarcto researchers who is responsible
for initiating or implementing refinement in thegamnisation. Commitment is not always
shared between the individual researcher and thanaation he or she is working for.
Finally, regulation might also be a barrier, if ardeents are required.

However, some of these barriers, might also be appities for change. If for example
an establishment changes its view on Refinemeistntay cause a change in the attitude
of the individual researchers, so that they camrmioee innovative and risk new ways.
Training and education increase the awareness fofeneent and its advantages. A
positive culture will also induce positive peergsere. Since costs for doing animal tests
are increasing, it might be good to look into refimprocedures, as they in the longer term
might cost less, since they may lead to better ixeatal design. Increasing costs can
also lead to the use of a less sentient speciashwsicheaper in housing etc.

To conclude, it is important to identify the barsido and opportunities for refinement.
Barriers may be turned into opportunities and fog temaining barriers a strategy for
their removal must be developed.

5.4.3.1.1.3. Refinement: a philosopher’'s point iefw by Simone Pollo, Universita di
Roma, IT

The practice of the 3Rs is not just science, sihaevolves ethics and morals as well.
Therefore, the philosophy should be taken intddberatory.

Refinement is not only a technical practice, bunaral relation as well. It involves
responsibility and care.

For these reasons, the implementation of Refinenmegds both scientific and
philosophical analysis. Some issues concern boitnse and ethics, these are the
responsibility of the research and animal welfare.

The responsibility in the practices of Refinemermirkg on different levels. First of all,
the researcher has a responsibility towards thmaej secondly towards the scientific
procedure and lastly there is the responsibilitwaims the public, which trusts the
researchers take good care of the animals they withk These levels of responsibility
must be balanced.

Animal welfare is a moral concept, and not justesadiption of an animal’s state. It is
normative, since it wants animals to be in a cersate of health and well-being, and
entails philosophical concepts as well.
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When comparing human and animal welfare, it becoclesr that in the case of animal
welfare there is a search for objectivity, whergathe case of human welfare there is a
search for subjectivity.

To conclude, Refinement must be seen as a moadiaelbetween human and nonhuman
agents. Refinement procedures are the outcome iehtfic and moral judgments.
Training to Refinement could therefore be seen s@taof moral education.

5.4.3.1.1.4. Discussion

A comment from the public was that although Refiratns meant to make the burden
on the animals due to testing less heavy, it migipipen that just due to Refinement even
more animals are used than before. Peter Thorntwwered that by Refining
experiments the variation is reduced, which gehelads to a reduction of the numbers
of animals for testing procedures. However, it cadeed happen that it is the other way
around and that due to decreased variation, moneadégihave to be used in a certain test.
What is more important than the numbers of animaéx, is the burden of suffering they
have during their lives, which is anyway less wheing Refinement.

Flavia Zucco told us that it would be good to havést of recommendations on how
animals should be best treated and which needshi#wes. This list should of course be
made for every species on which tests are perfarmbis is only possible when the
ethology of the animals is known. However, anthrapgohisms must be avoided. It is
important that the animals welfare from birth toatie is taken into account. The
personnel that handles animals should be trainedha& the animals endure the least
possible stress upon handling. It is

5.4.3.2. Round Tables

5.4.3.2.1. Round Table 1: Housing and legal aspects

5.4.3.2.1.1. Refinement in the proposal for a divecof the European parliament and of
the council on the protection of animals used faestific purposes, by Kai Pelkonen,
Ministry of Agriculture and Forestry, Fl

In the Directive, the 3Rs must be implemented tghowa strict hierarchy of the
requirement to use alternative methods. Therefoeentethod must be chosen which is
able to provide the most adequate results and sausenimum of pain and distress.
According to the Directive, Refinement means to lyphe methods which reduce the
animals pain and distress to a minimum. Care,nreat and housing must be improved.
The life-time experience of animals must be takea consideration as well. Refinement
is considered as an interim, since the ultimatel geaReplacement of all animal
experiments.
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Refinement can be reached through education, ademetrol and support on aims,
technical, operational, pre- and postoperationactions by official, institutional and
public review.

People who carry out procedures on animals, inotudilling, supervising or designing
procedures and projects, or supervising of those veke care of animals, must be
authorized by the competent authority. They museHallowed education and training
and have demonstrated their competence. The amdfion must be renewed every 5
years, after demonstrating the competences agammnmim requirements concerning
education, training etc must be published by thenldler States.

The permanent ethical review body of the establesftngives advice on ethics, the
application of refinement, gives information onheal and scientific developments. It
must also establish and review internal operatipnatesses in relation to the welfare of
animals housed or used.

Member States should establish National Animal Wfelfand Ethics Committees to give
advice to the competent authorities and to perntarethical review bodies of
establishments. The network of these national cdtees should play a role in the
communication about and exchange of best practices.

The permanent ethical review body of the establestitrmust annually review all projects
which last longer than 1 year, with a focus on tise of humane killing methods and
whether new developments are used. They must alamiee whether the project
authorisation needs to be submitted for amendnremrnewal.

All establishments must be authorized, which isygrdssible after inspection and they
have all the needed equipment and sufficient tchstaff. This last point, however, is
presented very weakly in the proposal. The authtdm will specify a person
responsible for compliance with the provisionste Directive.

Each establishment should have the appropriateinatg care available, a staff member
responsible for the care and welfare of animalsmidler States should carry out at least
two inspections annually.

The project authorization can only be acquiredradteethical evaluation, which verifies
that a project meets criteria, such as being s@iaity justified or required by law, the
purposes of the project justify the use of aninaald that the project is designed as to be
as humane towards the animals as possible.

Non-technical project summaries of authorized mtsjeand updates, including a
demonstration of compliance with the requiremefinemnent, shall be published by the
Member States.

The EC and Member States must contribute to thesldpment and validation of
alternative approaches and encourage researchsirfield. Each Member State must
designate a National Reference Laboratory for Hielation of alternative methods.

5.4.3.2.1.2. Environmental enrichment and standaiibn, by Simone Macri, ISS, IT

Laboratory ‘standard’ housing conditions may vamnsiderably between different
facilities. While in several laboratories rats angte are kept in barren cages lined with
bedding, in some others, they are given accesader cages provided with toys, shelter
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and various forms of enrichments. Instead of compgathe superiority of one over the
other housing approach, this lecture covered thestqpn whether the adoption of a
unique standard (be the latter impoverished orched) constitutes an appropriate
methodology capable of providing valid experimentasults (externally valid and
reproducible). The arguments discussed in thiseptasion relate to the studies in which
possibility of generalization of results is involkeA normal population is generally
assumed to show a Gaussian distribution for a girget Similarly, parametric statistical
analyses — adopted to extrapolate experimentahiysdobtained in experimental subjects
to a larger population — assume data to be nornaidlyibuted. Yet, experimental data
obtained with a small sample size under a unigailedstrd housing condition are unlikely
to be normally distributed and to represent a gdnaopulation that naturally occupies
several different environments.

Another important point is reproducibility: whenmaparing two control groups, the exact
same median will never be acquired, since themwsys an amount of ‘experimental
noise’. Traditionally it was thought that standaedion and removal of environmental
confound would reduce this variability and that iemmental enrichment would increase
the experimental noise. However, a study done bk, Wahlsten & Dudek (1999)
showed that even when all possible variables weamdardised, there still were
differences in the results between labs. Resultanother study (Wolfer et al., 2004)
showed that enrichment did not cause more expetahapise. Thus, enriched housing
and barren cages appear to grant a similar levegmbducibility. Such reproducibility,
however does not guarantee an adequate level efnaktvalidity, considered as a
measure of the possibility to extrapolate a givedihg to the general population.

The working hypothesis of this presentation is,tiredependently of the prevailing view
as to the dispute barren cages vs. enriched eme@ots, the adoption of a unitary control
group fails to represent the general populatiorerétore, future studies may predispose
the adoption of several control groups housed istesyatically variable housing
conditions. This effort would be aimed at mimickingtural environmental variation.
Systematic variation should be an integral patiedfavioural neuroscience studies.

5.4.3.2.1.3. Focus on Refinement in a pharmacdutmampany is good for business, by
Jan Lund Ottesen, Novo Nordisk, DK

Novo Nordisk is a large pharmaceutical company withre than 27.000 employees in 81
countries. Some of its main focuses are diabetess baemostasis management, growth
hormone therapy and hormone replacement therapg. dhe of the largest users of
experimental animals of Denmark. For the last teary, about 50.000 animals were
purchased annually.

In housing laboratory animals attention is mainlyeg to environmental enrichment and
the possibility for the animals to show natural dabural patterns.

An important milestone was the organisation of aieseof workshops in 2000.
International animal welfare experts were inviteddiscuss the most important needs of
animals. The goal was to use this information teettgpp new types for housing the
experimental animals.
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Mice and rats are kept in Type IV cages of 1800cmi#h a height of 25cm (mice) or
32cm (rats). Rats also have a shelf of 400cmztioge@xtra space. The cages are filled
with an aspen bedding, paper based nesting materthla gnawing stick. The animals
receive corn and maize twice a week and at least arweek the feeding is given in the
bedding, so that they must seek for it.

Guinea pigs and rabbits are kept in a pen systerB0dd00cm? with aspen bedding,
hiding places and a gnawing stick. Next to nornoaldf they get cucumbers, apples,
carrots etc twice a week. They also get hay, wisetves both as food and nesting
material.

Dogs are kept in pen systems of 3,5m2 with freeesedo an outdoor area of 2m2. The
individual pens can be connected in a flexible widyere is a platform and a ramp which
provides resting and observation opportunities. dbgs can play on regular periods in a
large outdoor enclosure. The dogs are kept underage-divided socialisation
programme.

Goats are kept in a large outdoor enclosure wih #ficcess to shelter places. For food,
hay is provided ad libitum.

Pigs and minipigs are kept in pens of which the siegpends on the size of the pigs and is
between 3 and 5,6mz2. They are covered with woodisgs and straw. They get carrots,
apples... three to five times a week, once a weekaiba is hidden in the bedding. In the
pens there are chains and other objects for thetpi@ite on. On regular times they also
get exercise out of the pens. They, however, arallawed to churn in the mud, because
they have to be clean for the tests.

These examples can set new standards for housidgcame of animals. These are
initiatives taken to fulfil the basic needs of theimals. This, however, does not mean
that this is necessarily the best practice. Theg ahow how a company can combine the
needs of a commercial business with the need ®gmough attention to animal welfare.
Generally it can be said that having good animdfame as a company contributes to a
broader acceptance of experimental animal use dytiblic. A good example of this is
that Novo Nordisk has recently been elected as Ahkmend of the Year.

To conclude this might not lead to better pharmacals being developed, but it raises
the awareness of ethics in business.

5.4.3.2.1.4. Discussion

Assessors and regulators must also be trained dnch&d. Inspectors of companies
must be specialists in the matter to do their jetl.w

Recently it was stated that countries must impldmeference labs, one question from
the public was how small countries should manage th

There are different levels on which this has tanpglemented in different countries. First

of all, there already must be an established laborabefore it can be chosen as the
reference lab. Finland already has such an edtablieb. Susanna Louhimies had earlier
on already mentioned that countries that can rfotchfr reference lab, can be referred to
other countries.
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Another comment was that Refinement can actuadlg studies, very healthy mice can
stop experiments, due to their high immunity. Fertain tests, anxiety has to be
relatively high and mice, living in an enriched gomment, can be unresponsive to
anxielitics. The conclusion is that enriched enwimeznts is not a gold standard for all
experiments.

5.4.3.2.2. Round Table 2: Recent methodologiesfingment

5.4.3.2.2.1. New imaging techniques, by Vicky GanelVUB, BE

Molecular imaging is the visualization, charactatian and measurement of biological
processes at the molecular and cellular levelwiimg systems.

With these techniques it is possible to do imaghghe animals in the same way as is
done with human patients.

Different techniques can be used, such as CT, RER], SPECT. The required
information (anatomy, physiology, cell or moleculanaging) determines which
technique has to be used. In the selection of th&t suitablan vivo imaging biomarker
for a given molecular target there are two impdriamoperties that need to addressed:
affinity of the radiolabeled molecule for its tatgand background biodistribution of the
radiolabeled molecule. Both issues are equally maoo for the imaging process.
Bioluminescence, using luciferase, is a dynamicgimg technique. This is a 2D
technique that can be used in cell tracking andlogy. The interesting fact is that the
emitted light is proportional to the size of themtur. The tumour can be detected
immediately after injection while it is still vesmall and almost invisible.

Fluorescence Imaging is a quantitative method witich 3D images can be acquired,
when they are combined with MicroSPECT/CT and Mr&G/CT scans.

Another method is Nanobody Imaging, which uses mdé imaging probes for disease
related cell surface biomarkers. The first stefiproduce marked antibodies, which are
injected in the animal. After 1h, the animal is sthetized to make the image. This way
you can measure quantitatively how much of the draches the target. Nanobody
Imaging can be used for organ biodistribution agéting,in vivo pharmaco-kinetics,
intra-individual comparison and serial intra-indival monitoring.

Advances in nuclear medicine technology and thétylo radiolabel a wide variety of
compounds for in vivo use in humans, have createdngeresting technology for
assessing pharmacokinetic properties of drugsemptibcess of drug development. This
can be accomplished by isotopically labelling aeptial new drug and tracing its
pharmacokinetics and metabolism with imaging and shydying the effect of the
unlabelled drug using established radiopharmacastitike alterations on blood flow...
Due to the non-invasive nature of these approagitesiological, pharmacological and
biochemical information can be obtained in humabjestts and accordingly aid in the
evaluation of new drug therapies.
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To conclude, imaging methods are non-invasive diodvaepetitive measurements and
disease related parameters can be measured atstaglys. Early screening of drug
candidates in drug development makes it possiblavtdd unnecessary animal studies
and reduce research costs. Intra-individual coreparireduces the variability of the
measurements. Thanks to tHest point, a lower number of animals is needed for
obtaining statistically relevant results.

One question was how the animals were immobilizedhd the imaging. This is done
with anaesthesia, which can indeed have an infeiemt the data. To avoid this,
comparisons are made and the best method is used.

5.4.3.2.2.2. Operant conditioning in lab primategnplementation of positive
reinforcement training (PRT) in experimental andbandry procedures, EUPRIM-NET
NA3 Activity, by Fanélie Wanert, Université de Shaurg, FR

EUPRIM-NET (European Primate Network) is an FPggut) which brings together 8
main public European primate centres that comb#search and breeding. It consists of
4 network activities contributing to the 3R concefne of these activities is
implementation of training methods to increase kel of animal cooperation in
experimental procedures.

Nonhuman primates are easily stressed when beimdiédd which can have a negative
impact on animal welfare and the data. Positivefoecement training (PRT) is a method
to make animals used to handling, by rewarding th€ms improves animal welfare,
reliability of data and safety for both animals greatsonnel.

The present activity will ensure that positive fenesement training of primates becomes
a standard technique across Europe.

The objectives of this action are to organise wiooks on PRT with the 8 primate
centres and to start an education program and aleveiitten instructions and a video on
the PRT for personnel working with primates. Thesgructions will then be published
and presented to other institutions holding prirmate

PRT is part of behavioural management of primatdsch also includes enrichment of
cages and socialization. Behavioural managementoweg welfare by providing mental
stimulation. PRT enhances voluntary cooperationtted animals with husbandry,
veterinarian and research procedures.

PRT is done by operant conditioning, so that tlegudency of a behaviour increases or
decreases according to its consequences. Themiffent tools to communicate with
the animal. You need a primary (such as food) &edrsdary reinforcer (a learned signal,
such as a clicker) and a target (something the @nd@n touch, such as a shoe horn).
Natural behaviours can be reinforced, a behaviaaralso be divided in tiny responses
and cues, such as discriminative signals and stisncontrols are also given.

An animal is reinforced when it shows the desirethdviour. In PRT timing is very
important, hence the bridge is very useful.

PRT can be used for target training (sitting, entgin capture devices...), cooperate
during handling (no aggression, show hands, aret..fe take temperature...), avoid

120



STARTUP

Detailed Results: Workshop Refinement

unnecessary handling (while weighing animals, digma..) and tolerate painful events
(such as injections).

The success of PRT depends on a lot of factor$, asithe species, sex, age, the history
of the animal and individual factors. The experitsgrerformed with this method may be
limited by previous harmful experiences, painfubgedures and timing schedules. There
are also time and cost limits, because you neelifigdgpeople who dedicate time to this
every day and you need an adapted caging design.

Labs should be encouraged to start working with PBeCause this is positive for both
the animals and the trainers, it breaks routinedaweases the risk of injuries. It is also
rewarding, because after the initial investmentrog, it saves time with the daily work.
It reduces the animal’s stress response, so ittnaigh increase the quality of the data.

5.4.3.2.2.3. Stress reduction in working with beadihgs; a win-win situation, by Pieter
Verbost, Schering Plough, NL

Schering Plough has recently changed its way olirdpavith Beagle dogs. The basic
methods did not change, but the procedures andgcenere changed.

The dogs were kept in standardised environmentsghylas was discovered recently,
makes them more stressed. This can negativelyeinde the results. Therefore, as well as
for ethical reasons, procedures were changed,adhb dogs could show more of their
natural behaviour. It also was known that the ¢akers do have a better feeling about
their work if the animals are feeling good as well.

Dorthe Odefey (of Dyreadfserdscenteret), who hasmige in working with dogs, was
asked to give instructions to the technicians albowt to deal with the dogs in the most
positive way. She helped to let the care takerserstdnd the signals of the dogs.
Understanding this leads to a better intercourgh thie animals. Reinforcement is also
used, also with clickers.

These new methods are first tested in a small gafuanimals and the results are very
promising. The care takers experience is that thimals behaviour is different now.
From the dogs perspective, they are more willingdoperate, they hardly bark anymore
and they are physically stronger. From the humant d view, there are, however, some
concerns. Since these new methods require an meastof time, this might become a
problem when it has to be done with a larger nunabetogs. This might be a point of
discussion with companies management, however, legislation can help. If these
methods are in the legislation, then the managehesnto allow it.

One of the important points is to approach the dwmgs uniform way. This way
procedures are predictive for the dogs, which gihesn the least stress. Of course it is
not possible to make the handling and proceduresplaiely stress free, but it is
important to minimize this as much as possible.

The ultimate goal for Schering Plough is to haveertoained staff and provide the dogs
with outdoor pens for daily exercise.
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5.4.3.2.2.4. Animal research in a global pharmamalitand chemical company, by
Pierre Coérs, Solvay, BE

Solvay is a global group of pharmaceutical and ahahcompanies.

The “Laboratory Animal Policy” is based on the 3Rnpiples. They are applied in a
hierarchical order. Replacement is done wherevessipte, if this is not possible
Reduction is applied. Refinement is then used wier¢he two former options are
unusable.

The health of the animals is monitored daily by thee takers, every 3 months they are
taken out and investigated for infections. Enviremtal enrichment is applied to the
cages, the animals are also housed in groups whempassible. The European ETS 123
convention on husbandry is implemented. Technigusesl include PRT and the use of
micro-surgical procedures. The technicians and ¢takers are also trained for this
purpose. Before procedures are started, the aniaralsggiven pre-emptive analgesia,
whenever possible. For experiments the appropspezies are always chosen, lower
order species are preferred. New techniques, ssidiMR, are used, as well as mini-
pumps to avoid daily treatment. Humane endpoints kaling methods are used. The
aim of Solvay is to refine all aspects of animad.us

Next some of the challenges and limitations wees@nted.

Solvay has three pharmaceutical research sitediffe3ent countries, the site in France
was added only recently, but in the other two tloekwvas organised independently. The
result is that there is a different cultural view animal welfare. Still, there is no global
coordination yet.

30% of the animal work is done by CROs (Contracsd@ech Organisation) and
universities. At these places, there is no comergarding animal welfare.

Some other limitations are the fact that there isead for technical improvement and
more space on one of the sites. Sometimes theveasdsrestrictions due to the scientific
objectives.

The solutions include the implementation of a Gldtaboratory Animal Science Officer
and Animal Welfare Officers at the sites, who mhave regular meetings. A general
document on animal care and use standards wiltadfeed.

Plans are made to improve the sites, due to thstiegidifferences between the site, the
plans will be adjusted to each site individually.

Staff will be educated and trained on a continumass.

The SACUC (Solvay Animal Care and Use Committed)nds general standards for
Solvay's laboratory animal practices and for anidtparties performing animal tests for
Solvay. An overview of all activities involving anals testing in the different sectors is
maintained and areas of special interest or coneeencritically reviewed. Finally,
SACUC informs the management about animal caraiaadvhen necessary.
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5.4.3.2.2.5. Discussion

The first comment on all four presentations giweas that the work being done was all
very exciting, but that all required a lot of intreent, thus the question was how much
this is a barrier for implementing these techniques

Pierre Coérs told that in his company the managemas changed the way it looked at
animal testing. Thanks to this change in view cleangpuld be implemented. To this end
it is important to have good communication betwélea@ animal caretakers and the
management.

Fanélie Wanert admitted that PRT is difficult toplement in all companies. One of the
barriers is that you have to start the trainingobeftesting. With monkeys, the training
takes at least about four to six weeks, althouglefiends on the tests to be performed.
CROs, for example, don’'t have enough time to ds.tiihe amount of animals not
responding to the training depends on the age achvithe training is started, the earlier,
the better, therefore it is best if the breedersaaly start training the animals.

Vicky Cavéliers told that it is important to showw techniques to management and the
outside world, to get them to spread the messagernganies that new techniques can
be useful. Making images is easy, but quantifyihgse images is difficult. Since
scanners are very expensive, work is also donesasvece lab for small companies. Of
course, these techniques are also important fac besearch.

Pieter Verbost commented that one of the main dxaris time, because testing whether
new methods work often requires quite some time.

Another comment was that there actually are fewepapn the scientific successes of
Refinement. The reason is that nobody is willingltoa study to compare experiments
performed with and without Refinement techniques.

Due to this, it can not be said with certainty tHRefinement leads to better
pharmaceutical results. So, the question one marst t ask, is, if Refinement does not
lead to better results, then why does it still havde done? This might indeed be true,
however at the moment it is a good reinforcemempietdorm the Refinement.

As said, the implementation of new Refinement tepies costs time and money, but
they can make the public acceptance of the phantiaakindustry bigger, which is an
important argument for the management of companies.

One problem is that in 86/609 the reuse of aninsadienied, there even was one proposal
to avoid any reuse of animals.

Asian companies and CRO’s have other views on dniaHare, which is according to
their national laws, but this sometimes makesfftadilt for European companies to work
together with them. If, for example, people fromiri&se companies come to European
laboratories, they want the same methods, for tiadity of the data, and not so much for
the animal welfare. China and India are not fullRExompliant, so the EU is not obliged
to accept their data. Of course, the one who pagsORO’s defines the rules, so if a
European company will work together with an AsiadR@, the management can ask the
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CRO to adapt to the European animal welfare rdlbegs once again makes clear that all
stakeholders (technicians, management...) must khevbénefits of alternative methods
and animal welfare.

Finally, the academic world deals with a money @ssmhich makes it difficult to apply
Refinement in this area. However, 15% of the tgst@mimals is used in academic
research. In the UK, the academic world often wdadgether with the industry, so that
there is no problem to use expensive equipmenttarimply Refinement.

5.4.3.2.3. Round Table 3: Refinement in drug dgwalent process

5.4.3.2.3.1. Refinement in the ADME studies, byi@®alkonen, University of Oulu, FI

The number of biochemicals on the market is inéngasapidly.

In doing PK studies, and especially in predictingsential ADME (Absorption,
Distribution, Metabolism and Excretion) charactiécs there are some hurdles. The
mechanistic processes can be reproduced and stiogipdrformingin vitro studies, but
the biological component must be human or humaivel@r Animal studies can not
reproduce or predict human PK (pharmacokineticratteristics without detailed
mechanistic investigations, and even when thesaaiable it still is difficult.

As a means to overcome these problems, PhysiolbgBased Modelling (PB-PK/PD)
is used. With this methodh vitro data are integrated into a physiological modelictvh
incorporates variable factors such as sex, ageasks.. This way a kind of virtual
experiments are carried out.

The ICH has guidelines for pharmaco- and toxicakose In ICH M3 (Guidance on Non-
Clinical Safety Studies for the Conduct of Humaninichl Trials and marketing
authorization for Pharmaceuticals) there is a statdé about PK studiesdn vitro
metabolic data for animals and humans, and expaiieein animals should be evaluated
prior to initiating human clinical trials. Furth@formation on absorption, distribution,
metabolism and excretion in animals should be alibélprior to exposing large numbers
of human subjects or treating for long durationn@ally prior to Phase 3). These data
can be used to compare human and animal metabalitdsfor determining if any
additional testing is warranted.

Animal PK/TK (Pharmacokinetic/Toxicokinetic) studieare done for exposure
ascertainment and concentration yardsticks, fagrpmetation of toxicology and safety
pharmacology studies. The possibility to extrapol#tis to the human situation is
limited. Therefore, animal PK/TK studies are usdtirl for example, veterinary drugs,
but they can not be used for predicting human Pd¢attteristics.

There are some very useful advances in methodotagy as new analytical possibilities
for the identification and quantification of cheml, in vivo non-invasive imaging
techniques and the appliance of microdosing. Gétles are also being developed for
better use. Examples of these are the enzyme-+amnspbrter-competent human cell lines
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and the 3D culture systems, which mimic tissues nmore realistic way. Finally, with the
development of -omics techniques, better screesiagailable as well.

Due to these advances, animal experiments areonget needed for predicting human
PK characteristics. Most PK factors can be studiedumanin vitro systems, based on
cellular and molecular mechanisms. Animal studids e performed, but mainly as
‘proof of concept’ studies.

In early drug development, a number of factors altleel metabolism and the interaction
with the drug have to be known. Metabolic stabibiyinstability of the drug is a very
important factor, just as the main metabolites #mel routes by which the drug is
metabolised. The enzymes which catalyse the drugagithe metabolism must also be
known, as well as whether there are potential nodialnteractions. Finally, genetic
deficiencies and species differences also playea ro

Somein vitro drug metabolism screening methods include the afseecombinant
expressed enzymes, sub cellular fractions, cultbhegzhtocytes, liver slices and tumour-
derived cell lines. Immortalized cells and geneélycananipulated cellular systems are
used as well.

5.4.3.2.3.2. EDQM activities for Refinement of aadiexperiments in the field of quality
control of vaccines, by Karl-Heinz Buchheit, EDCRR

EDQM (European Directorate for the Quality of Medes & HealthCare) is part of the
Council of Europe, who published the “European Gomwn for the protection of
vertebrate animals used for experimental and attientific purposes” in 1986. This was
the first international legal text in this field.h@ work of EDQM is based on this
convention.

EDQM is involved in ensuring the quality of medies including vaccines, for human
and veterinary use. To this end, the European Pdwpoeia (Ph. Eur.) is published.
EDQM also runs the Biological Standardisation Paogme (BSP), which gives
information about reference standards and methmdgufality control of biologicals. The
3R methods are taken up in this programme. EDQRIg8 part of the Official Control
Authority Batch Release (OCABR), who is responsibide control on human and
veterinary vaccines and plasma derivatives. Atbents mostly given to Reduction and
Replacement and less to Refinement.

In Ph. Eur. it is stated that reduction of animse @nd the use of alternative test methods
is encouraged, if they gives satisfactory reswtagared with the official methods.

For both human and veterinary vaccines, Reducsomastly discussed, followed by
Replacement and then Refinement.

The general monograph recommends the use of huemalp®ints wherever possible. For
human vaccines for diphtheria and tetanus serdbgssays are performed. For a
number of animal vaccines, such @anine leptosprirosisClostridium novyiand C.
perfringes serological batch potency assays are performed.

BSP gives information on the establishment of stashsl and the validation of alternative
methods. It contributes to international harmomisaby common projects with WHO,
FDA and the Japanese Authorities.
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BSP has initiated and/or concluded 98 projects, wdfich 30 are on methods
development. 16 projects are done on the 3R metlmddghich 8 on Refinement (all on
vaccines), 2 on Reduction and 6 on Replacemenpr@8cts deal with the establishment
of BRPs (including antisera standards for Refinetinen

Lethal challenge tests are replaced by serologissays for tetanus, diphtheria and swine
erysipelas vaccines. Assays for acellular and wilelk pertussis are being developed.
The serological vaccines for tetanus and diphthaliews the perform assays of 2
antigens in 1 experiment and the use of a onelaiitassay. This way, there is a
significant reduction in the number of animals usdte method is described in Ph. Eur.
There are some problems in introducing the 3Rs. EDQd a survey among
manufacturers and OMCLs (Official Medicines Controaboratory) about which
measures have been implemented and what are tkenrdar non-implementation.
Responses were received from 26 OMCLs and 8 irtienaly active vaccine
manufacturers.

For example in the case of using a serologicalmyt@assay instead of a lethal challenge
assay for tetanus and diphtheria vaccine, thisnly ased by 1 manufacturer and 2
OMCLs for batch release. The reasons given aredsts are too high, the validation
process is long and costly, personnel and traimimg housing and equipment are not
adapted. It is also said that it is too time-consgrand that there is a lack of global
harmonisation.

5.4.3.2.3.3. Refinement in the development of biopaceuticals, by Gisbert Sponer,
Bioassay GmbH, DE

Biopharmaceuticals is a name for the group of rdmoed peptides and humanised
antibodies. A lot of the humanised antibodies whark tested in preclinical studies
aimed for the treatment of oncological diseases.

The burden of animals in cancer research mightaiget than in other areas of research,
due to the fact that in cancer research the aniaralsubdued to painful cancer growth,
toxic side effects of test compounds and immunalaigbroblems.

To do refinement in a research project it is venportant that all researchers, personnel
and staff are aware of this goal and are adequataiged for it. Rating scales are
available, but most companies are not aware almsiahd thus do not use them. When
planning a project, it is important to weigh betsefagainst the potential discomfort
caused to the animals. Another way to possiblyneefiesearch, is to start with pilot
studies with a limited number of animals. This wig certain drug or method doesn’t
give any positive results at all, no further stgdive to be done. The number of animals
sacrificed is then only small. In the case thdos give positive results, this only costs a
small number of animals extra.

Defining humane endpoints is another important fplmnrefinement in research projects.
As a start, it is important to avoid survival rae an endpoint. The use of imaging
techniques is a humane endpoint, this also givese nidormation and can be done
repeatedly. Euthanasia is also a humane endpoaily Bhonitoring is another way to
look after the animal’s welfare.
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AAALAC certification, which can be received if thieles of accreditation are fulfilled,
can help in the effort to effectively implementinefment. These rules include, amongst
others that all staff working with animals is adatply trained and that facilities for
animals should permit a state of well-being.

Concerning the regulatory and legal aspects,abisous that Animal Welfare Acts exist
in all countries of the EU, however, there are tamtsal differences between the member
states concern the execution of Acts. European draisation is started, but should still
be extended. The revision of Directive 86/609 Welp in this process. It must be taken
in mind, however, that over-regulation can haveeask effects.

Finally, global harmonisation is a topic that slibbk taken up by the ICH. As a matter
of fact, this is now in the progress of being takgnby ICH and guidelines are being
published.

5.4.3.2.3.4. Discussion

When European companies want to do work togeth#r international partners, they
must be involved from the start, early in the depetent. For example, in Japan a lot of
attention is given to animal studies. Thereforepgl acceptance is important.

The new incentives, of which Karl-Heinz Buchheieaks, are for example reducing the
costs of animal experimentation. For example, to tdsts for Type Il Variation,
companies have to show clinical data, which areg eapensive and time-consuming to
get. So, incentives could help convince compamggetform Refinement.

If a company replaces a stressful experiment wah,example, ann vitro approach,
marketing this product will be easier.

Classic animal PK studies are not very predictiee the human situation. For

biopharmaceuticals for example, it is not very ukedince it are proteins which are made
similar to endogenous proteins. However, animalkctrgy studies still have to be done,
and to interpret these, PK data must be avail&me new technique which could help in
the future, arén silico test methods, they also can process a lot testyé@my short time.

Another difficult point is global harmonisation, wh is a very slow process, it runs
about 10 years behind on the actual scientific ibgveents.

Refinement and Reduction are often more easily piedethan Replacement. This is
especially the case for old vaccines, which oftenkedly analysed mixtures. One of the
reasons for this is that, although a lot can bentelsomin vitro testing, the mechanisms

of a whole animal or human still provide very usefiiormation, which can be acquired

from in vitro testing alone.

Also, in general a kind of first confirmation iniarals is required. Even though, it is not
always very predictive, as was clear from the Tegertase, which is why it is best to
start with small doses. It is also very importaat ihterpret the data correctly, as
misinterpretation of data also has been a freqeeumge of disasters.
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One very important comment was that the regulattrsnot ask to do a tick box
approach, but to think and be critical about whetts one is going to perform.

5.4.3.2.4. Round Table 4: Animal models in humaedses

5.4.3.2.4.1. Refinement in non-human studies okiRPson’s disease, by Augusto Vitale,
Istituto Superiore di Sanita, IT

Parkinson’s disease is a pathological and fataditiom. It is a widespread disease,
therefore it is important to understand the undegyauses to find a possible cure.

To this end invasive animal experiments are peréotnilthough rodents are used for the
study of Parkinson’s disease, non-human primatesised as well, because they can give
more information about the underlying mechanismeelation to motor deficits. Among
non-human primates, the common marmo€aetlithrix jacchug, who are a good model
for different diseases, amdacaca sppare used.

Because of the ethical concerns in working with-haman primates, the 3Rs must be
implemented wherever possible.

Refinement methodologies can be used in differspeets of the use of monkeys for the
study of Parkinson’s disease. For example posittv@ning, through positive
reinforcement, can applied to procedures suchjastions, removal of individuals from
the cage. The use of restraining chairs givessteethe animals, but they have still to be
used in the case of precise neuronal measurent@mspossibility for refinement is to sit
the monkey in the chair in the presence of a comparwhich gives the individual a
more secure feeling. However, the companion careréxpce some stress as well, and
therefore a cost-profit analysis must be made edtoe project is started.

Environmental enrichments are also important invigiag some sort of comfort to the
Parkinsonian monkey. However, because the ill mprdeannot move properly. It has to
be assured that the enrichment do not require apecotor skills to be properly
exploited.

Performing multiple recordings of neuronal activiilyone session can reduce the number
of animals, and reduce the number of recordingicessrequired as well. A tight
recording session schedule will reduce the stresser to the experimental animals,
which will not have to habituate to the procedugaia every time is tested.

Finally, telemetry might be another good way oirreinent, if it is possible to collect
data without having to handle the animals, lesssstis caused.

Refinement is the easiest of the 3Rs to implemerPD studies utilising non-human
primates. All phases of the life of the monkeys thesimproved: pre-, during and post-
treatment. This effort will result in an improvener the quality of the life of the animal
and of the quality of the research.
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5.4.3.2.4.1. Application of Refinement in transgemice, by lgor Branchi, Istituto
Superiore di Sanita, IT

Since 1995 the number of genetically modified atsmesed, has increased a lot, but the
total number of animals used in all areas of redehas decreased.

Of all the genetic animals used, mice comprise 68B&. reason for this is that mice are
the easiest species to modify.

However, there still are concerns about the paéniks in using genetically modified
mice. In consequence, it is uncertain which theat#f on the animal’s welfare is. But it is
important not to forget that in the first place gecally modified mice are still mice and
thus the same welfare concerns as with normal stioceld be taken care off.

So, even when working with transgenic mice, the 3Rst be implemented. If it is
possible to replace a certain test with an alt@reahethod, it must be done, no matter
whether the tests are performed on transgenic aricet.

In some cases, such as with obese, nude or graswedcence mice, further
considerations must be made. But most of the gmaitimodified animals show no
notable physiological and behavioural alteratioAs. example of this are the SCID
(Severe Combined Immune Deficiency syndrome) mice.

Transgenic mice might have unexpected effects dudhé genetic manipulation,
alterations in pain threshold, sensitivity to psydocial stress, which can lead to a high
susceptibility to infections, and subtle metabakn appear. It is important to know this,
to rightly interpret the results. To this end, €ceheets are available, to quantify how the
animals react to opening of the cage and handlirthen can be deduced whether these
reactions are normal or not. The question must beeposed what is normal for a mouse
line, since each strain has its own characteristngsvay. It is probably most meaningful
to compare the reactions of the transgenic anitoalsose of wild type animals.

There are several ways to improve the conditionshfi®@ mice. In housing, reducing noise
and crowding are good ways to reduce stress. Baakgr strains can be changed to
improve the breeding performances and to lesseretfeets of a severe phenotype.
Breeding strategies can also be changed, for exarpl maintaining heterozygous
breeding pairs. Care takers can be trained. Finlallgnane end points are another way of
refining the conditions for the animals.

To conclude it can be said that genetically mamifmad animals represent a powerful way
to understand the genetic bases of a phenotyp® alissect the complexities of a
phenotype. General principles of bioethics cangy@ied to transgenic animals, however
special attention should be paid to unexpectedsife

A comment from the public was that the first 12 flay a mouse’s live can serve as a
window period, because then the animals are s#Nebbping. Then unexpected
behaviour can be published, which would be intargstnformation for everybody
working with the same strain. The speaker then &ddut a strain of mice, who were
unable to learn, so it was thought that they wereck-out for intelligence. Only after a
while it was found out that they were blind. Thésaigood example of how important it is
to know the unexpected side effects.
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5.4.3.2.4.2. Refinement in Multiple Sclerosis miadglby Valeria Muzio, Merck Serono,
1T

Multiple sclerosis as a complex disease, whichniswn for a heterogeneity of clinical
forms, with inter-individual variability in its pgression. Various forms of CNS lesion
and pathogenic mechanisms can be involved. Fromrtaie point in its development,
after reaching a certain threshold of axonal ldssdisease is irreversible.

Merck Serono’s strategy for developing disease fydj therapies is performing a
translational research from the clinic to the grecél field. This approach incorporates
data from genetic, genomic and proteomic analysekiaaging techniques from the
different Multiple Sclerosis disease phenotypes Thlimarks of these data are used to
select relevant animal models. Taken together wmitthecular profiles of the compounds
this leads to targeted pathwaysnrvivo animal models.

This disease runs in phases, starting with an rmflatory phase, followed by a
demyelination phase and finally going into axowakland neurodegeneration.

Genomic approaches are used to validate the taftyetse biomarkers and surrogate
markers are then used to apply clinical relevamid+euts on the relevant models.
Preclinical imaging, MRI with clinical non invasii@omarkers is applied.

The exposure range obtain from the imaging teclesgs used for a PK/PD analysis and
the establishment of a safety range.

As a conclusion, the different methods of Refining Multiple Sclerosis modelling were
summarized. First of all, it is important to gairoma pertinent information at the lowest
possible cost of animals well-being. The animal elasl carefully chosen taking account
of the current state of knowledge, which concerath lihe pertinence of the choice of
species and the protocol itself. Planning the pmaltacorrectly helps to avoid any
disturbances likely to establish the earliest eoiis possible on the basis of the
experiment's objective. Preference must be givenai-invasive procedures, such as
imaging and telemetry. Appropriate care must besmgiat all times and if necessary
anaesthesia/analgesia must be used. Human endpuistde established beforehand.

5.4.3.2.4.3. Refinement in animal epilepsy modlgifRalph Clinckers, VUB, BE

In epilepsy research there are several objectaigs) as unravelling the pathogenesis of
epilepsy, identifying new drug targets and drugesning. To this end, two models are
used, the seizure and epilepsy models. Seizure lmbdee been used for years and are
still used in the study of epilepsy. They have beeny helpful in understanding the basic
mechanisms of epilepsy and for screening new algmm drugs. Nowadays,
antiepileptic drugs work on suppressing the segofgatients. However, in a number of
cases, the drugs do not work and the seizure persis there is a need for drugs which
completely prevent epilepsy. For this purpose, ahepilepsy models are used.

A number of techniques is used to maximize the remab read outs obtained from an
animal in an acute seizure or chronic epilepsy maalkich thus helps to refining the
research to this disease.
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In vivo microdialysis works on the principle of kineticadlisis. In situ administration
tools are used for proconvulsants and drugs. Pragsants are used in the focal
pilocarpine model for complex partial seizurestagenerates an epileptic focus. Samples
are takenn viva This is done for endogenous compounds, such atnansmitters,
metabolites and neuropeptides. This gives inforomadibout the mechanisms of action of
antiepileptic drugs and the pathophysiology ofegmsly. It can also be used for exogenous
compounds, such as antiepileptic drugs, which tigeres information about the
biodisposition of AEDs (Anti-Epileptic Drugs) in eh brain, blood-brain barrier
penetration and pharmacokinetics.

Pharmacokinetic/pharmacodynamic modeling is alsedus epilepsy research. An
integrated pharmacokinetic model using nonlineatehieffects modelling is developed.
PK parameters are derived from a model, for theravg@opulation as well as the
individuals. Parameters are estimated in termaxefdfand random effects. Covariates
affecting PKs and intra- and interindividual difeces are identified. It was discovered
that seizures affect brain disposition of AEDSs.

In seizure models EEG (Electro Encephalography) itoong is performed. When
PK/PD modelling is done, with the EEG parametdris tan be used for predicting the
progression of the disease. For example, an inerigg-activity (11.5 - 30 Hz) of the
EEG reflects facilitation of GABA-ergic (Gamma-arabutyric acid) inhibition; i.e.
biomarker for the effect of GABA-ergic ligands. Bide explanations for this are the
loss of neurons or GABAreceptors.

Imaging can be used in combination with PK analyBisthis case, quantification of
alterations in GABA receptor density in epileptic rats using positremission
tomography (PET) is performed. Simultaneous pomnaPK analysis of blood (LC-
MS/MS) and brain (PET) concentration-time profitdsflumazenil are performed. This
shows that both the GABA-receptor density, and possibly also the blood-rbbairrier
transport of flumazenil are altered after kindling.

Magnetic resonance imaging (MRI), to monitor histptal artefacts and epilepsy-related
brain damage, and Single Photon Emission Computechography (SPECT) (+
microdialysis), monitor blood-brain barrier permigip changes and identify
biomarkers, are done to evaluate the efficacy tfepileptogenic interventions.

5.4.3.2.4.4. Discussion

A general question was whether, since techniquesedily measure pain, they are
actually used. The general response was that thelgd e used, although they're quite
costly and therefore most of the time not used. ikdoing can be used to see whether an
animal is in pain or not. From the behaviour ofnaalss it can also be known whether they
are in pain or not. Ralph Clinckers told that &t lab the tests are stopped, if the suffering
can't be stopped. In other tests, like for exantpéecases reported by Augusto Vitalo, it
is known that certain procedures cause some pairthere is (currently) no way to avoid
this.
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Genetically modified animals are already used.dxample, the use of knock out mice is
already routine when looking for new targets. Hogre\numanised transgenic animals
are not that popular yet, but they will most prdigdie used more in the future.

A remarkable comment was that science might haventarge its attitude, since, even
without the most appropriate model, science carldgviurther.

5.4.3.3. Final Discussion

To start the final discussion, some points wereraanzed first.

One comment was that the way to view experimentis c®operate with the animals, this
way animal welfare gains importance. One exampleomiperation with the animals is
PRT.

Progress is being made, but a lot of work still hase done. New techniques and
methods are being developed and are already in bsg¢dften it is not certain how to
implement them. There also are barriers, like tané money.

It is important that everybody dealing with animglsreeders, animal caretakers,
researchers...) all are educated on how to handieadsi The educational demands are
also gaining importance.

Global harmonisation is, although difficult andw|omportant to be pursued.

Permanent ethical committees will control whethenmeal welfare is taken into
consideration when performing animal tests.

National Reference Labs will be started to validdternative test methods.
Environmental enrichment does not disturb standatitin of tests.

Finally, Refinement can improve the marketing sgterof companies, since there will be
more public acceptability.

Vaccines are not always taken into consideratidmlenthere still is a lot of work to be
done in that field. One problem is that nobody seémmknow who to turn to, to talk
about this and make sure more work is done. Thastésk thaecopa for example, could
take up, to spread information about where onddge for new innovative ideas.

For biopharmaceuticals a lot is in the pipelinewbwer the techniques are not fully
established and agreed upon. Here the questiolsashaw these techniques should be
looked upon in the light of the 3Rs.

Other techniques that are interesting to be useck nmothe future include the use of
genetically modified animals and more hunmanitro cell cultures.

On the other hand there are a lot of methods @tajlavhich are not used. For this
problem, ideas must be found to make people use.tRer companies, a reward in some
form, for investing in new techniques and methaaight be interesting.

Concerning Global Harmonisation, it was mentiorfeat ¢écopa amongst other groups, is
active, but that there is no certainty whetherrtfessage spreads in the rest of the world.
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The question is also whether the other parts ofwtbed are interested in this? Does it
make sense to demand Global Harmonisation if thieofethe world is not interested?

Another interesting discussion was held on thectagh replacing one species with
another for a certain test. If for certain testepieys are replaced with minipigs, this can
not really be called Replacement, however, it carRiefinement, if the new species is
indeed less sentient. There might be the riskttitedata are of less quality, because the
species is less related to the human. For exaropleafdiovascular research, this might
not make a difference, since there is a large antyl between humans and pigs in this
organ. In the view of animal welfare activistspight not make much difference which
species of animal is used. It is also not realBaclwhether a species feels less pain or
not, since it is expressed differently by each msec

Whether Refinement always leads to better sciescanother point of discussion. As
became clear from the presentations and formeusisans, there will be cases where it
indeed is better, for example thanks to environaleahrichment and thus healthier
animals. In other cases, too healthy animals, rmghtespond to certain treatments.

In other cases, there might only be benefits ferahimals if Refinement is done, but the
quality of data might stay the same. In cases sagkhthese, must the Refinement
procedures then be followed or not?

It was argued that more attention might be givemawality in research, this is especially
interesting for the marketing of products. Othearththat, the main barriers within
companies are time and money. There are also gtiiffatences in morals, linked to
culture, religion... Therefore, there should actuéidéyone consensus in the world, which
goes beyond the actual moral discussions.

What might be more feasible is to find very goodirdéons on pain and distress, since
there is little discussion on this, and connectethis, the use of anaesthetics.

Finally, it is necessary to always compare thesrigkd benefits, for both the companies
and the animals, before performing certain testguAstion that comes to mind here is
also, whether people are willing to use drugs #éinatnot fully tested for safety if this way
animals can be saved.
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5.5. Workshop Reduction

5.5.1. Executive Summary

The second Workshop on Reduction was concernedthdttguestion of how to reduce
the number of animals during the whole drug develemt process. It was found that
different possibilities exist at different stagéghe process.

Reduction was defined as “any approach in scientiisearch, product testing or
education that leads, directly or indirectly, talecrease in the number of animals used
while meeting the scientific requirements of theject”. This makes clear that Reduction
can only be performed, when there is no dangerttigaguality of the data will decrease.
Reduction can be reached, for example, by usimngér statistic analytic techniques or
by getting more data out of a single animal.

Some important ideas, focused on Reduction, arensuised here.

- Reduction possibilities for new chemical entiti@$CESs):

For NCEs, during early drug developménvitro andin silico methods are well applied.
It is in particular in the more advanced developimghase that animal reduction is
possible.In vitro testing and alternative methods in general cap belreduce the

number of animal studies by helping to decide anright drug candidates. Important
fields for reduction are genotoxicity (e.on vitro micronucleus), pharmacology (e.g.
receptor binding studies), and toxicology (e.g.raebsh eggs in reproductive and
developmental toxicity;, embryonal stem cell testST{E in early embryotoxicity

screening). Optimisation af vitro tests in these fields have priority.

- Reduction possibilities for new biological en@s (NBES):

For NBEs, several parameters could be combinech@éamimal study, performed on a
relevant species e.g. safety pharmacology, pharkrestics, local tolerance and
immunogenicity. Furthermore, standardisation iscafcial importance (animal strain,
environmental conditions, techniques...). Transganienals and humanised rodents are
often used.

- Special case of vaccines:

High numbers of animals are used in the qualitytrobiof vaccines since in the EU every
batch must be tested. Moving from this traditiogality control approach of safety and
efficacy to a so-called Consistency Approach oéasing a whole batch when all critical
steps during production have been monitored andirooed product consistency, could
save a lot of animals. Global harmonisation, howenemains critical.
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- Better integration of in silico and in vitro data

More user-friendly and comprehensive mechanistiatf@ms are necessary for
integrating ADME models and databases to optimis®cal trial design, predict drug

exposure and interactions in different populatioMore attention is needed for
identifying and determining the data and their deadisation to populate the models
envisaged.

- Availability of negative results and data sharing

The importance and availability of non-public datad negative results was discussed
together with issues such as intellectual propastnfidentiality and quality of these
data.

It was considered that more efforts should be donéetween companies to share
information and that coding of substances by araéltody (super party entity) that
could guarantee confidentiality seems highly retévén addition, quality control of data
is crucial together with the standardisation oftpcols used.

- Non-invasive diagnostic methodologies:

Transfer of non-invasive diagnostic methodologieg. enagnetic resonance imaging
(MRI) from human medicine to laboratory animalsoait long-term monitoring and
could represent a powerful tool in animal reduction particular when different non-
invasive techniques are combined (e.g. in caseespiratory disease models where
experimental methods are very invasive).

- Need for further qualification of more biomarkers

Non-invasive biomarkers are the only ones thathmaranslated into a clinical setting.

Further detection and also qualification of suiéabiomarkers for different species is

necessary in order to allow translation from aninmalman. Species such as dog are
actually not well covered. This is a resource isbe® work and the potential to reduce

animal numbers only works on the long term.

- Better controlled production and use of transgeranimals:

In basic research, animals used often are transgdnwas emphasised to leave the
development and surveillance of transgenic anirt@lquality controlled and certified
specialised facilities. Indeed, to produce trangganimals in only a few well-structured
centres with high qualified personnel could resulsmaller numbers of animals needed
to generate and breed transgenic animals.

Furthermore, the use of switch-able gene constmmetg further reduce the number of
animals in the maintenance of transgenic animalrsr Microbiological quality control
is important in animal reduction. Indeed, clinigaBilent infections of experimental
animals could remain undetected and be at thenoafimodified study results. It was
mentioned in particular happening at universitiesl aesearch centres and less in
pharmaceutical industry (e.g. parvovirus in mideyvas generally agreed that the use of
microbiologically standardised animals is a basiscept in animal reduction.
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5.5.2. Recommendations

1. Priority for test development/optimisation shoulel diven to thosén vitro methods
that can be easily applied in the later stagesrad development to eliminate toxic
substances and as such screen more efficientlinferesting new compounds e.g.
zebra fish eggs and embryonic stem cells test (EST©mbryotoxicity.

2. Application of non-invasive diagnostic methodologigne or in combination, should
become common practice, in particular in those cadeere invasive animal disease
models are still in use.

3. Data sharing between research institutes/compacedémia should be substantiated
by the creation of a pan-European neutral bodyyagueeing confidentiality, data
guality and standardisation.

4. In vaccines production, monitoring of all criticaiages should become the quality
control rule rather than traditional animal testofdpatches.

5. In the development of biologicm vivo safety testing should only be performed when
human relevant species have been identified. Hupagsed in vitro screening
(pharmacology and safety) should be applied whereasible and appropriate.

6. Transgenic animals should be produced only forvesie purposes and in a limited
number of well-controlled specialised facilitiestofh-quality standard.
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5.5.3.

Report of the Workshop Reduction

START-UP Workshop Reduction

3 — 4 July 2009, Hotel Grauer Béar, Innsbruck, AT

Program:
3 July

14:00 — 14:30
14:00 — 14:10
14:10 — 14:20
14:20 — 14:30
14:30 - 17:15
14:30 — 14:45
14:45 — 15:00
15:00 — 15:15
15:15 -15:30

15:30 — 15:45
15:45 - 16:15

16:15-16:30

16:30 — 16:45

16:45 -17:00

17:00 - 17:15
17:15-18:30

17:15-17:30
17:30 - 17:45

17:45-18:30

Welcome and Introduction

Welcome Address. Walter Pfaller,laegbruck Medical University, AT
ecopa Realisations and Future Perspectives. Vera Regieopa BE

Conclusions éteductiorfrom the Anim.Al.See-Project. Flavia Zucco,
IPAM, IT
Session I: Bottlenecks in the Development of NCEsid NBEs (new
chemical and biological entities)

In vitro Prediction of Side EffectdNewly Developed Pharmaceuticals.
Joachim Coenen, Merck, DE

Animal Reduction in the InvestigatadrEmbryotoxicity Studies of
Candidate Drugs. Femke van de Water, Schering-RldJg

“Reduction” in the Development of Bgicals. Werner Hollriegl, Baxter,
AT

Reduction in Animal Testing in Va@drfor Human Use. Johan
Descamps, GlaxoSmithKline Biologicals, BE

Discussion (Part 1)

Coffee Break
Session | (continued)

Early Screening Methodologies in Rizaeutical
Conrath, Galapagos, BE

Use of Modelling and Simulation ire tRrediction of inter-individual
Variation in Human Pharmacokinetics: Potentials fReduction of
Animal Studies. Zoe Barter, Simcyp, UK

Assessment of Current Guidelines Badilities to Reduce Animal
Testing in the Development of Pharmaceuticals.Iyay TI Pharma, NL

Discussion of Session | (Part I1)
Session 1l: Reduction Potential
Experimental Data

Systematic Approach to Tune Number Safbjects to Scientific
Hypothesis. Peter Vijn, Schering-Plough, NL

Data Mining Tools for the ReductiohAmimals for Adverse Effect
Testing of Pharmaceuticals. Christoph Helma, icitoxicology, CH

Round Table: Importance and Avaiigbibf Non-Public Data and
Negative Results

Research. Katja

by Handling Statists and
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4 July

09:00 — 10:30
09:00 — 09:15
09:15 - 09:30
09:30 — 09:45
09:45 - 10:00
10:00 — 10:30
10:30 - 11:00
11:00 — 12:00
11:00 - 11:15
11:15-11:30
11:30 — 11:45
11:45-12:00
12:00 — 12:30

Session Ill: Reduction via Study Design and Methodsn Drug
Research and Development

Non-invasive Small Rodent Imaging: e@®jc Examples and
Contributions to Reduction in Drug Research anddblmyment. Nicolau
Beckmann, Novartis, CH

The Principle of Reduction of Animigsting in non-clinical Safety.
Stefan Platz, Roche, CH

Reducing the Number of Animals Usedtibiotic Discovery. J. Barry
Wright, AstraZeneca, UK

Tissue-Specific, Non-Invasive ToyiciBiomarkers Patrick Miuller,
Novartis, CH

Discussion of Session |l

Coffee Break
Session IV: Transgenic Animals in Pharmaceutical Reearch and
Drug Development

Reduction in Generating and Maintgjniransgenic Animals. Thomas
Rulicke, University of Veterinary Medicine, Vienn&T

Transgenic Animals in Pharmaceuti¢gatiustry: Contribution to
Reduction. Rainer Nobiling, Heidelberg, DE

SPF-Housing in Relation to Reductvierner Nicklas, DKFZ, DE

Discussion of Session IV
Plenary Discussion and Summary

Scientific committee:

Janna de Boer, member of ZonMW, NL

Bernward Garthoff, treasurecopa Bayer, DE

Gerhard Gstraunthaler, member of NCP ZET, InnsbMe#ical University, AT
Peter Maier, Board Member etopa Forschung 3R, CH

Walter Pfaller, Board Member ecopa Innsbruck Medical University, AT
Vera Rogiers, chair afcopa VUB, BE
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5.5.3.1. Introduction to the workshop

This workshop is the second one in a series oktleach of these is concerned with one
of the R’s in the 3Rs concept of Russell and Bur@mely “Refinement”, “Reduction”
and “Replacement”. This workshop is dealing witle second R, namely the issue of
Reduction. Walter Pfaller (member of the NCP ZET)&yjave a welcome address and
introduction to the general aim of and ideas belimglworkshop.

Vera Rogiers, chair cécopa presented the structure and aims of the STAR Tptdiect
and explained the role of the Expert Meetings &ed input in this second Workshop.

5.5.3.1.1. Introduction lectures

5.5.3.1.1.1. Conclusions on Reduction from AnirBgd. EU project, by Flavia Zucco,
Istituto Neurobiologia e Medicina Molecolare, IT

The Anim.Al.See project had the goal to updateviesv on 3Rs models, both from a
philosophical and scientific point of view. Amonghers, new definitions of the 3Rs
were made.

The definition for reduction proposed by this pojaes: “Reduction refers to any
approach in scientific research, product testingeducation that leads, directly or
indirectly, to a decrease in the number of animaed while meeting the scientific
requirements of the project.”

5.5.3.2. Summary of the presentations within the fferent sessions

5.5.3.2.1. Session I: Bottlenecks in the Develogmé&éNCESs and NBEs (new chemical
and biological entities)

5.5.3.2.1.1. In vitro Prediction of Side EffectsNd#wly Developed Pharmaceuticals, by
Joachim Coenen, Merck Serono, DE

Legal requirements regarding the preclinical depelental process of new drugs include
proof of pharmacological efficacy and safetyivo, therefore pharmacology and toxicity
testing must be performed. Apart from European ginds, also international guidelines
exist. Since drugs are developed on a global stateefforts of the ICH (International

Conference on Harmonisation) are very importanteducing the number of animals,
although there still is room for improvement. Howevthe M3 guideline requires the
performance of animal toxicity studies in two manharaspecies, one of which must be
a non-rodent.
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When looking at attrition rate and choosing thétigandidate, a general pattern seems to
return. In basic research, one starts up with ail@uto 30.000 entities and eventually
ends up with one compound on the market. Savingalsiis not possible at the level of
early basic research, because this is mostly dveady with usingn vitro or in silico
studies. So, most animals could be saved in tharaxbd developmental part.

Before the first studies are performed in humainis iequired to do animal studies and
also during the clinical development stage, accomipg animal studies are performed.
The first phase, being screening and early toxgylas mainly done usingn silico
toxicology. QSAR (Quantitative structure-activiglationship) is a technology, which is
capable to help in deciding whether a compoundesaprts the best candidate for
development.

In the next phase, tests such as genotoxicityfyspfearmacology, and single and repeat
dose toxicological studies come in. Most of theajericity studies are quite old, such as
the Ames and bacteria tests, they can be regasiegbtacements, but they help also to
reduce animal studies. Chromosome aberration acdomucleus tests can be done
vitro, but it is also required to perform oire vivo genotoxicity study. Thusgn vitro
studies help to decide on the right candidate harckfore reduce animal tests.

Similarly, in safety pharmacology and in particular cardiovascular studies, animal
studies are performed, but can be further reduéedexample, by using simple receptor
binding studies, electric field potential studiesdaautomated electrophysiology. With
these tests, for example, 100 candidate compowardbe reduced to 10. Then with more
specific studies, such as papillary muscle refrgctione, the number of compounds can
eventually be reduced to one compound, which Wwéhtgo intan vivo studies.

During toxicity studies,in vivo tests still have to be performed. Thanks to the
aforementioned tests, however, these can startthéthight dose and thus the number of
animals is reduced.

Before clinical development staris, vivo studies have to be performed, as it is required
by the Health Authorities, bum vitro tests can accompany these studies, for example in
the fields of developmental, reproductive and maedtge studies. For reproductive
toxicity studies, the fish egg assay is a well ldsgghedin vitro model (drafted in OECD
guidelines). It can also be used as a screeningyaBy developmental toxicity.
Advantages are that a huge number of eggs areablaiat the same time and the turn-
over is fast. However, proteratogenic compoundsnatedetectable. Merck developed a
new test that includes a metabolic activation systwo that teratogenicity can be
demonstrated. So far, this has been successfulfprpeed with four proteratogenic
substances, being cyclophosphamide, ethanol, ba&lmo¢ne, and thalidomide. Of
course there still are some challenges.

‘Omics will, in the future, help predict side-effedn preclinical studies. But at present
they are mostly used as a mechanistic instrument.

In conclusion, the pharmaceutical industry alreasigs a lot oin silico andin vitro tests

to predict side-effects and to select drug candslaDne of the bottlenecks still is
harmonisation in guidelines.
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5.5.3.2.1.2. Animal Reduction in the InvestigabbfEmbryotoxicity Studies of Candidate
Drugs, by Femke van de Water, Schering-Plough, NL

The Embryonic Stem Cell Test (EST) might be ableetuce animal experimentation.
Regarding reproductive medicine, the main partrafdailure due to toxicity was caused
by reprotoxicity. Therefore, it is interesting tewklop an alternative test method, that
could be introduced early in the screening. Thisy save the costs because it is
expensive to delete drug candidates after relgtilate performedn vivo studies and
reduce animal testing.

There are different alternative test methods fobmtoxicity screening, such as the Rat
Whole Embryo Culture, Rat Micromass Assay and ZetiraEmbryo Teratogenesis
Assay. The EST does not use animals at all. Ineonieryonic stem cell line, the cells do
not differentiate, if Leukaemia Inhibitory Facteradded. If this factor is withdrawn, the
cells differentiate into beating cardiomyocytes.

The EST consists of two parts. The first part ie thfferentiation assay, which gives
information on embryonal development. The secontl ginsists of cytotoxicity assays,
performed on embryonic stem cells providing infotiora about general embryotoxicity
and on a 3T3 cell line, giving information on maiar toxicity. In the differentiation
assay, hanging drops of ES cells are exposed fterelhft concentrations of test
compounds, after three days embryoid bodies araddr After ten days, these cells can
be seen beating in multi-well plates. When expdeetifferent concentrations of the test
compound, ID 50 values can be obtained. In thetoyicity assay, cells are seeded in a
well plate and after several re-exposures, an M3%4(5-dimethylthiazol-2-yl)-2,5-
diphemiltetrazoliumbromide) test is performed ol ten. From both types of cells an IC
50 value can be determined . In the prediction mdbe function with the highest value
determines to which class the compound belondaniition 1 contains the highest value,
then the compound is likely to be non-embryotoXithen function 3 is the highest, the
compound is probably strongly embryotoxic.

The EST was scientifically validated by Genshovalet2004. 22 chemical compounds
with well definedin vivo embryotoxic potential were tested in four differ&aboratories.
No pharmaceutical compounds were included. Test€rganon, the predictability was
quite good for non-embryotoxic compounds. The @ienoi however was not good for
non- and strong embryotoxic compounds. All cameasuiveakly embryotoxic.

A lot of bottlenecks in the EST were identified.the differentiation assay, only a single
differentiation route was detected, the sensitiofyES-D3 cells to different culture
methods is unclear, the scoring method is subjectiegree of beating not taken into
account, there is a possible bias by direct aatibnompound on cell contraction (e.g.
diphenhydramine, A.K. Petees al, 2008) and there also are problems with the exposu
schedule: it is unclear whether the effect measuieedon proliferation or on
differentiation. There are also some problems witie prediction model, it is not
validated for receptor-mediated pharmaceutical cmmgs, the prediction of relatively
poorly soluble compounds is incorrect; most stramgbryotoxic compounds in the
validation study were extremely cytotoxic/mutagenand the non-embryotoxic
compounds were not cytotoxic at all. The predictioodel is based on pg/ml
concentrations. Then there are also some otheesssuich as translation ito vivo and
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human situation, the fact that there is no disaration between embryotoxicity and

teratogenicity and a lack of well defingdvivo data.

To conclude, the current EST protocol needs furthytimisation before it can be

successfully implemented in pharmaceutical indusByccessful implementation may
prevent drug attrition in a relatively late phadedoug development and hence reduce
animal experimentation. In the near future, themfacus should be on extending the
general knowledge on stem cell development, imprere of the current protocols,

obtaining well-definedn vivo data and the development of an accurate prediotiodel

for pharmaceutical compounds.

5.5.3.2.1.3. “Reduction” in the Development of Bmikals, by Werner Hollriegl, Baxter,
AT

Focus here lies on plasma-derived recombinant pleeta proteins.

In the past these compounds were derived from huptasma. Nowadays, a CHO
(Chinese Hamster Ovary) cell line is used. It isgiole with new production strategies to
develop recombinant analogues of plasma proteidsraified therapeutic proteins.
There are analytical problems for these proteinsealthy volunteers, because they have
the same characteristics as the native proteinsth®rother hand, in dogs with canine
haemophilia, therapeutic proteins for the humaeatie can be tested.

Before those investigations will be performed, egtee biochemical andn vitro
characterisations have to be carried out. In tls¢, paconsiderable number of tests had to
be done in dogs, but by now, more and more getigtitadified mice are used.

The number of animals used in such investigatisnafluenced by the strategy, which
should aim at including as many parameters as lpessine single study. In well
designed studies assessment of safety pharmacglbgymacokinetics, local tolerance
and immunogenicity can be done in one study. Arrotfegy is to try to reduce scattering
in pharmacokinetic and efficacy studies, this canréached by standardising mouse
strains, experimental environmental conditions, axgerimental techniques. A last
option is to reduce the number of highly sensiimenals such as dogs by replacing them
by appropriate transgenic mouse models.

An example of standardising procedures is with Thd-Tip-Leading Model. Mice are
anaesthetised, the tail cap is clipped off andbibed can be withdrawn. They are on a
heating pad so that every animal has the same tatope, since this has an enormous
effect on the diameter of blood vessels.

Another possibility in pharmacokinetic studies & wse automated blood-sampling
machines, but this is not easy in mice. The cathetest continuously be perfused with
isotonic saline in order to prevent clotting. Thgthod is capable to reduce the number
of mice, if used properly.

An important issue with therapeutic proteins idrtiramunogenic potential when derived
from bacteria. The protein undergoes modificatibma. patient is exposed for a period of
time to such a protein. it is possible that theigmatdevelops neutralizing antibodies
against the protein with the consequence thatabimes biologically inactive. Animal
models therefore can only be used to assess eelmtimunogenicity, because there are
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immunological differences between animals and huemér example, when a human
protein is injected into mice, identified as a xprodein for this species. This problem
may be solved by humanisation of the murine immsystem. This can be done by
translation of human genes into mice with the cqueace that the human protein is no
longer identified as a xenoprotein.

5.5.3.2.1.4. Reduction in Animal Testing in Vacgirfer Human Use, by Johan
Descamps, GlaxoSmithKline Biologicals, BE

Animals are often used in vaccines testing, inlthsic research phase, candidate testing,
preclinical phase and in the production to validdie process. Furthermore, regarding
guality control of vaccines, each batch has todstet. This is not only a requirement
within Europe, but also when importing vaccines fior, example, from Korea. This
means that vaccines can be tested on safety wutdimes. So, in vaccines, most of the
test animals are used for the quality control ph@bkes is completely different compared
to classical pharmaceuticals, where most animads umed in investigations during
research and developmental phases. Animal tesapgesents 50 — 70% of the total
production cycle of a vaccine. The testing timenfean vivo would take up to 70% of the
time. In vivotesting is thus a major limiting factor in the é®pment of vaccines.

Besides ethical reasons, there are also othermeasolook for alternatives tm vivo
testing. For example, the fact thatvivo tests have a high variability, additionally,
vivo testing is also very time consuming.

The 3Rs have been applied in this field, examptesttis are the implementation of
humane endpoints, the move to single diluiiorvivo assays for diphtheria and tetanus,
the in vitro potency assay for Inactivated Polio Vaccine, a enbom monkey NVT
(Neurovirulence Testjo transgenic mice in polio and finally, for allmeraccines it is
tried to avoidin vivo tests for potency testing. Improved statistics @lso help, although
in some cases, the requirements of statistic kdesincrease the number of animals. By
increasing the sizes of the produced batchestdsss have to be done for the respective
step. On the European level, the national conalbbtatories now have a procedure for
reducingin vivotesting.

A new approach for routine commercial release esG@onsistency Approach. Using this
procedure each batch of a product can be regaaclédve the same quality within the
given limits of the specifications. Thus, all thinical trial lots can be regarded to be
safe, efficacious and stable. Quality control tegtis aimed at confirming product
consistency by monitoring all the critical stepsidg production rather than relying on
control of some samples as the sole indicator fdtgand efficacy. This procedure is
being discussed, but is not always yet implemerifetie principle of moving from the
traditional quality control approach of safety afficacy to the batch release principle of
consistency is generally accepted as a proof ofitguahen in vitro tests are more
powerful tools.

An example of this approach is the inactivated ggulccine, thein vitro assay for
potency, called D-antigen assay. The D-antigenyassable to detect a degradation of
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the vaccine much sooner than thevivo test, when exposed to high temperatures or for
instance to thiomersal. This procedure has now Bpproved and has been introduced in
the European Pharmacopoeia. The basic idea igshtbatame principle can be used for
many other vaccines, for instance Diphtheria, Tesaand acellular Pertussis vaccines.
The prerequisites for acceptanceirovitro testing are than vitro tests do not measure
the intended outcome of the vaccine i.e. the imnmesponse but are rather a marker of
consistency and that alternative tests have toagiee the highest standards of quality.
The main advantage oin vitro testing are that the methods are powerful and
reproducible, allows quantitative figures, they daa used appropriately for multiple
antigens, they inexpensive and saves animals.

However, there are also some limitatiohs.vitro tests will not be available in a short
time due to divergence in regulatory authority fiegments, the lack of a global
harmonised environment, the ongoing developmentvatidation, lack of collaboration
between various users for test development andctimeently limited scientific and
technical knowledge. Also, when developing new wa&s or changing major factors,
there is a request by regulatory authoritiegriorivo testing.

A technical platform should be set up for discussisetween regulators, control
authorities, manufacturers and international orgmtions. The goal would be to combine
efforts and technical know-how for a common objextiargeted to development of tests
applicable to several vaccines. Ideally, this disoon would be chaired by the control
authorities. Funding is needed for developing aH#ve tests for classical vaccines. A
timeframe should be defined in order to make pregyie the next future

Discussion

Answering the question (of Jon Richmond), whetherlack of funding might have to do
with the fact that ECVAM is more involved in cosmestand chemicals at the moment,
Mr. Descamps answered that vaccines and biologicasneral are suffering a bit under
a low visibility at the moment.

Q: Vera Rogiers (VUB) asked each speakers whichhesor she would change and
where his or her priority would lay if there were restrictions.

A: Descamps responded that he would focus on ptedbat already are on the market,
for which lot of animals for routine quality tesginare being used, and to develop
alternativein vitro tests for these.

Van de Water responded that the EST may be veeyasting, but probably, it would not
work sufficiently in the future, so her focus woudd on the zebrafish assay.

Coenen and Hollriegel stated that industry is oa tlght track, efforts should be
combined to find the right battery or right set aternative methods that would
eventually at least reduce the number of animalete
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Q: It was asked to Mr. Hdllriegl regarding biologis whether the number of animals
would decrease , kept constant or maybe even iseraden humanised mice will be
used.

A: The main goal is of course to provide the pdtemith better and safer medicine. The
numbers will probably stay in the same range, loelfully there will be possibilities to
decrease the numbers.

A discussion was held on who had to take the lepdunction in the search for
alternatives. Should industry search for alterretjiwwegardless of the demands of the
regulatory authorities and push the authoritiematoept these methods when they are
finally developed? Or should the regulatory autiesi push the industry to look for
alternative methods? It became clear that in tlst path situations have already taken
place. No general consensus could be reached, leowexcept for the fact that both
regulators and industry need to know each othezdsiand requirements.

5.5.3.2.1.5. Early Screening Methodologies in Phrareutical Research, by Katja
Conrath, Galapagos, BE

The focus of this presentation is on the earlyesdag the drug discovery process.

A first step in the drug discovery process is teniify the human protein responsible for
the disease. A generally recognised powerful tooldetermining protein function in a
specific biological or disease pathway is RNA ifgeznce (RNAI). Target-specific
RNAI can be introduced into mammalian cells eitbgrthe transfection of synthetic
small interfering RNAs (siRNASs) or by viral deliweof short hairpin RNAs (ShRNAS)
that are subsequently intracellularly processed siRNAs targeting a specific mMRNA
thereby leading to gene silencing. However, withuiiman primary cells, viral siRNA
delivery is more efficient. It also provides lorgy#h expression of the siRNA (example
was given for 1 week post infection) which alloves &éxperiments with longer read-out
times. In addition, adenoviruses specifically hthwe advantage that they do not integrate
into the genome (unlike retroviruses and lentivag)sand therefore there is no risk of
altered cell phenotype as a result of genome nauati

Within Galapagos, a biologically-driven target aigery and validation strategy is used
based on the use of human primary cells and arrsg@ambinant adenovirus production
using the PER.C.6 cell line. Since the PER.C.6sqalbduce adenoviral vectors without
any replication-competent or wild-type adenovirumtamination, they can be safely
used for the production of adenoviral librariesmicrotitre plate formats. The produced
adenoviruses cause lysates of the PER.C6 celltharslipernatant is subsequently put in
a high throughput screening using human primarylscelhese cells allow the
identification of human targets of interest in areio vivo-like situation than is the case
with animal or tumourgenic cell lines. As suchaged adenovirus platforms have been
generated at Galapagos that can deliver either shfilenceSelect) or full length
cDNA (FLeXSelect) to effectively knock-down or knock-in human geriesprimary
cells, respectively. The libraries focus on diffaremall molecule tractable (druggable)
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human targets. Galapagos mainly applies their adexidechnology platforms for the
identification and validation of targets in bonedajoint diseases, osteoarthritis,
rheumatoid arthritis and osteoporosis. However, dtrategy has also proven to be
successful for other therapeutic areas. The tadysetovery strategy followed by
Galapagos was exemplified with a case study oroagteritis.

The next step after target identification and \atiioh is to find chemical entities or
proteins that bind to the respective protein targée ‘critical path’ followed is mostly
the same for all companies, i.e. interesting compeuare selected by screening
compound libraries using biochemical and cellulgét-based assays. The new ‘hits’
then go through a specificity screen, also to lémkclose homologues of the target.
Next, in vitro ADME and disease relevant cellular assays areopedd. In addition,
within Galapagos, new hits are tested on rodemotog targets, either by biochemical
assays using rodent recombinant proteins or fumaticellular assays using transiently or
stably transfected cell lines. As an example, Gadap’ early drug screening
methodology was explained for kinase.

In conclusion, in order to be certain that potdni@w drugs will be effective in humans,
Galapagos uses human primary cells for new tangebdery in combination with their
adenoviral technology for knock-down and knock-4mgenes. As such, no animal models
are needed for target validation. In addition, yearing the discovery phase, new hits
coming up are tested on rodent ortholog targetshan way, the amount of compounds
entering the preclinical studies and risk of absent efficacy in disease models is
significantly reduced.

5.5.3.2.1.6. Use of Modelling and Simulation in tReediction of inter-individual
Variation in Human Pharmacokinetics: Potentials fReduction of Animal Studies, by
Zoe Barter, Simcyp, UK

When using animals to predict human pharmacokisghere are several problems, for
example, the predictability of animal data to estimhuman bioavailability is not good.
Few animals or animal-based systems mimic the hufoantion or response. For
example, regarding cytochrome P450 enzyme actvitiere are big species differences
leading to different pattern in the metabolismesfttcompounds.

Traditional allometric approaches, scaling metabolata from animal models versus
humanin vitro / in vivoextrapolation, have been under debate. In a pafpéugo et al.,
2001, a range of different models were comparesl,ctinclusions were that “the most
cost-effective and accurate approaches, such asgbbyically based direct scaling and
empirical in vitro-in vivo correlation, are based an vitro data alone”, “inclusion of
animal in vivo preclinical data did not significantly improve dretion accuracy” and
“prediction accuracy of allometric scaling (usingiraals) was at the lower end of all
methods compared”. A study was performed to charaet some of the scaling factors
needed to extrapolate from recombinant metabolzyres to human beings and to
compare a number of allometric scaling models Witmanin vitro/in vivo extrapolation.

It was also found that the humanvitro data provided better predictions in most cases
than the allometric approach.
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Simcyps’s task is to develop and update a usesndiy, comprehensive, mechanistic
platform for integration of ADME models and datagmsThere is a consortium with 19
pharmaceutical companies as members. Each yeditwas® product is released, which
is used by the industry to optimise clinical trkdsign and predicting drug exposure and
interactions in different populations. There isoailsteraction with regulatory bodies and
licenses are offered to academia. Regular workshopsheld with key players in drug
development and consultancy services are provided.

One of the main focuses of Simcyp is to integraeagraphic, physiological and genetic
information within vitro, drug absorption, metabolism and transport data. Joal is to
simulate and predidh vivo drug absorption and drug-drug interactions inwaltpatient
populations. To simulate population pharmacokisetgystems data, drug data and trial
design are integrated, these together give a metltamestimate ofin vitro/in vivo
extrapolation, and physiologically based pharmavwetics. These parameters can be
translated into variables of population pharmacekos and can help to identify co-
variates. Systems data includes information on dgaphics, physiology and different
ethnic groups. This is time consuming, but onceedtmr a certain population, such
information can be used for many different drugsugddata, such as physico-chemical
properties, are always different of course. It lIsoamportant to be able to simulate
different dosages, however, trial design is alsy waportant. These two factors have to
be adapted each time.

When establishing a population, in order to gemerairtual patient populations,
information on demography, with factors such asiaoh, AIDS, cardiovascular
diseases diabetes etc. are very important.

Some of the models used are mechanistic modelali®orption, physiologically based
pharmacokinetics, distribution models and modeih&patic metabolism. These models
alone are not enough. The goal is to incorporagntlinto individual variables. For
absorption, there are differences in pH, permegpiliameter of the small intestine...
For distribution, the volumes of the various diffiet organs will be affected by age, sex,
weight and height etc. With respect to metabolisath individual has a specific pattern
of each enzyme activities which obviously has apaot on the metabolism of a drug.

It is also important to look to population diffecss. Because of ethnic differences in the
expression of certain enzymes. Thus depending empdpulation in which to market a
drug, clinical trials should be adapted. It migl#oabe possible to eradicate compounds
faster.

To conclude there are many limitations for the alsanimals and there seem to be many
advantages in the application of in-vitro systeffbe bottleneck is identifying and
determining the data to use within the model. Ofb@e must rely on using literature
studies to populate the models. Standardisatiopratiocols would help to use all data
together.
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5.5.3.2.1.7. Assessment of Current Guidelines ammiliffes to Reduce Animal Testing in
the Development of Pharmaceuticals, by Jay lyePAdrma, NL

Tl Pharma’s mission is to stimulate public and atévcollaborations between academia
and the international pharmaceutical industry. dach this, TI Pharma has the following
objectives: to create excellence in basic reseamdss-disciplinary research, within the
framework of Priority Medicines to focus on improgithe efficiency of the entire drug
development process, to facilitate direct contath &nd to get input from regulators and
to educate and train the next generation of biooadesearchers.

One project of Tl studies is the assessment okatiguidelines to reduce animal testing
in the development of pharmaceuticals. The reasothis is that studies on animals play
an important role in the drug discovery and dewveleptal process. These studies are
performed according to the guidelines and are téyethe different regulatory bodies to
establish the efficacy and safety of pharmacewjdalit their predictive value is under
discussion. There is no recent comprehensive séwdjuating the predictive value of
animal tests and no recent assessment of alteesativreplace, to reduce and to refine
the use of animals within already marketed dru¢ie potential benefit of this study is to
identify and evaluate the redundancies and inefficies of the dossier system, simplify
regulations and add a reduction to the use of daimaesting and reduce the cost and
time taken to bring a drug to the market.

This project is financed by several ministries amjulatory associations of the
Netherlands. The input of regulators is also ersufidhe goal is to bring all parties
together which are involved in animal testing.

The goals of this project are to assess the cupmatdtices and the guidelines and to
discuss the consequences and implications for égalatory guidelines, to assess the
predictive value of animal studies based on datgaéselected companies for classical
chemical and biological entities. Another goal ds dvaluate the predictive value of
animal tests in the various development phases weébpect to toxicity and
pharmacokinetics and to evaluate emerging techredogvhich can replace animal
studies. A last goal is to design further scenaaiod actions in pharmaceutical discovery
and development strategies.

Individual files and data sets from the public domaf already marketed drugs were
merged with predictive value parameters of thesabdses. The output will be presented
as recommendations, workshops and publicationsinéentory is made of all the data
available at the Dutch Medicines Evaluation Boaod dll the products in the market.
National and international regulations and guidedion these drugs are being screened
and a study is made of animal studies used in batelase testing. Products introduced
into the market within the last 5 years with safietgrventions will be studied. Studies in
primates in biotech products will also be studithally, there is a student program
dedicated purely to technological assessment ofmetihods for activity and toxicity of
drugs.
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Discussion

Q: Gianni dal Negro (GlaxoSmithKline) asked Ms. 8amwhich would be the minimum
information they would need to make a model like times she discussed.

A: Some of the information needed includes molecwaight, and some information
about the clearance of the compound. Ideally atsnesmeasure of the metabolism and
elimination would be needed.

Q: Vera Rogiers asked Ms. lyer about how they walde to overcome the
confidentiality of clinical data, because of theatvement of patients.

A: The same regulations as those of the Dutch MreelcEvaluation Board were applied.
The researchers were blinded in the study, sotlegt could not see actual patient data.
All data were coded by the Dutch evaluation forum.

Q: Jon Richmond (Home Office) said to Ms. Bartetthe agreed with the desirability of
standardised protocols. But apparently this is \fycult to get this working. He also
asked whether the database includes lifestylenmdtion, such as physical activity,
smoking, dietary preferences, social factors, ahdrs

A: This information is not included at the momehiis is also a matter of gathering the
data and link them all together. There has beemllaboration with pharmaceutical
companies, which had their own smoking populatidith these models you can modify
the parameters yourself, so if you do have theriné&tion, you can use it. There is a kind
of wish list, with factors, such as health, thatuwabbe likely to be included in the
models. But basically it costs time and effort t ip all together and gather enough data.

Q: (speaker unidentifiable) asked Ms. lyer whether3Rs were also part of the training
programme.
A: Since the project agreement was signed in JgnB@09, this is not part of the

programme. It might be interesting to discuss V@timcyp about possible collaboration,
since their education and training symposium sesi@geresting for this.
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5.5.3.2.2. Session Il: Reduction Potential by HempgStatistics and Experimental Data

5.5.3.2.2.1. Systematic Approach to Tune Numb8ubfects to Scientific Hypothesis, by
Peter Vijn, Schering-Plough, NL

In this presentation a live connection with thepowate data base of Schering-Plough
was made. Using this technique, a presentationgiesn of the data base which this
company’s research scientists use every day in anaxperiments. This database is
global, it can be interactively worked with. Thisayy there is the possibility of doing
matter analysis and statistical methods, which loang up interesting questions for
science.

The example was an osteoporosis study, whered Intvivo studies have been done. A
lot of parameters are measured for each individmamal, amongst others bone
parameters, such as. structure of trabecular bodaraneral density. These factors can
be only measureth vivo under anaesthesia or during sleeping. The comsliews
besides others, positive controls and all drugs Were tested in this assay including
statistics such as average response, differentesd® the negative and positive control.
These plots are then shown to the senior managamerdke decisions.

There also is a button ‘extend’. In this case,ullgpout 8.120 animals. This will show
how all the parameters are distributed in thesmalsi., e.g., as histograms. The program
shows the effect of the drug, but also the biolanoise.

Since all the basic parameters are known, alsontban value of the negative and
positive control is known and can be displayed doparticular parameter. It is also
known how much noise there is on the variatiorhefdata.

An interesting option is that simulations are pblesiFor example, factors, such as the
number of treatment groups, can also easily beggthrBased on the compounds, which
are based on real-life data, the number of anirpatstesting group can be decreased.
When using, for example, only one animal, the n@seery high, but when using about
25 animals in a group, the means get stable. Tieeeisting part here is of course that it is
interactive and that factors can easily be changed.

Automatic simulations can also be run, this is tdamen by a routine that automatically
varies the parameters. This results in a powergfapm the real-life data. In this case, it
advises the scientist that he should use, if hetsvamth 80% power to separate the
negative from the positive control, 3 animals peaty group.

These simulations can be made as realistic as hjj@ssSo, with this database, new
guestions can be asked and it can be used tostantists. Of course, scientists can also
get training to use the database in the company.

Q: Karl-Peter Pfeiffer asked Mr Vijn whether théarmation about the trial is also in the
database? So that scientists know what kind of th@gare dealing with.

A: All information is available in the database.davof pharmacokinetic studies, all
individual concentration data points and the dringé were administered to the animal or
excreted by the animal are available in the dawmbakis way, no files have to be
transported, which makes it very efficient. But dese of this efficiency, the
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management asks to handle more projects, which aggiroves the performance. But
on the other hand the more projects are runningnibv@ animals have to be used.

5.5.3.2.2.2. Data Mining Tools for the ReductiorAofmals for Adverse Effect Testing of
Pharmaceuticals, by Christoph Helma, in silico tmtogy, CH

The limitation of databases is that you can onlgklat information that is already
available in the database. But if you for exampénimo see if a new compound is toxic
and you only have part of the structure, then yani look at compounds in the database
which contain this part of the structure as welef, with data mining or prediction
algorithms, a toxicity prediction can be made, gsihe information from the training
data.

Data mining algorithms are generic, therefore they applicable to all types of small
molecules, be it pharmaceuticals, pesticides owustrchl chemicals. They are also
applicable to all types of endpoints, such as adverffects, efficacy etc. Data mining
algorithms need experimental training data, bus thata can come from very different
sources (e.gn vitro, in vivo, clinical trials, epidemiology.). Data mining models have a
limited applicability domain, which is mainly deteined by the training data that an
algorithm has seen.

Data mining can be used when not all processesraterstood and not all parameters are
known, as is the case with toxicology. The Lazastay can be used for this, it is
publicly available on the internet. A chemical stire can be drawn and then different
endpoints can be selected. The main goal of tlugram is to automate the process that
the risk assessors would do. The first step iéovehether there already are experimental
results for this. If not, one can look for similstructures in the database. If those are
available they will be listed as neighbours. Thegoam also shows whether these
compounds are active or inactive. Based on thigdiptions are created. Also a
confidence number is given for each predictionif $his number is high, it is relatively
certain that the prediction is correct. If the édahce is low, it might be better to do
additional tests. A lot of links are also given,ighprovide additional information, links
to other databases...

This program works quite well, but it depends om ¢bnfidence in the predictions. As an
example, rodent carcinogenicity is a rather hargredict end point, while salmonella
mutagenicity is easy to predict. In both cases,at@uracy decreases with confidence,
which is an indication that the applicability domas very important. A cut off can then
be made. When looking at the accuracies, they @ite glose to the replicability of the
individual assays. For the salmonella assay thécedylity is about 80%, for rodent
carcinogenicity it is not exactly known, becausesr¢h are not much replicated
experiments. But it is to be expected that theicapllity of anin vivo assay is much
lower than for ann vitro assay.

OpenTox is an FP7 project, with the goal to coltalb® on a common framework for
predicting chemical toxicity. The whole framewogan open source, so that scientists
can check what the programs are doing with theta dad it also has the advantage that
other people can extend the program if they witle Tvebsite (www.opentox.org) will be
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made open for the public in the future. The maiggaaudiences are toxicologists, model
developers and algorithm developers. There is &@rmalifocus on endpoints that are
relevant for the reduction of animal experimenente working on the database side are
also supported.

One goal is to make simple end user interfacessiwtéan be easily used by toxicologists.
Thus, there is an easy access to well validatedseaiedtifically sound prediction models,
which would result in an interpretable presentatbprediction results and rationales.
Data mining techniques could help reducing aninxgleements.n silico screening for
toxicity is already established for early candidsteeening for adverse effects. Successes
vary between companies, but in some companies geog reduction of attrition rates
have been gained. The US FDA is already usmgilico techniques to support their
regulatory decisions in the pharmaceutical areegéiad testing strategies can be used to
fill information gaps. In some areas timesilico models are already very reliable and it is
not necessary to do additional tests. In othersanghere there is little information, data
mining can help to select compounds with specdgtihg to cover these empty spaces in
an optimal way with at least experiments as possibirect utilization of human data
(e.g. from clinical studies, adverse effect reoges) is possible. A test was done with
liver toxicity and the predicted capabilities otfin silico system were much better than
those of the in vivo assay.

5.5.3.2.2.3. Round Table: Importance and Avail&piif Non-Public Data and Negative
Results, Moderator: Bernward Garthoff, ecopa, DE

For this round table all speakers were asked toectmthe front, including Mr. Gianni
dal Negro, who is representing EPAA.

Q: Bernward Garthoff told that in both previous tiregs as in this one, the issue of a
journal of negative results was mentioned. The tijpreshen is how to get these data?
Because there are several issues, such as intellgmtoperty, confidentiality and the
guality of those negative data, these have to vedo

A: Mr. dal Negro made clear that the expressiorgatire data” should be more defined.
Do we mean negative in the sense that the expaesatn terms of pharmacological

efficacy were disappointing or do we intend toxiaielated data because in this case,
they should be considered true data, which wouldblento avoid useless use of
additional animals.

To avoid intellectual property issues someone sstggethat there could be a provision
of some generic information or background informmation class of compounds for

example, but very similar molecules with just snakifferences can make big differences.
So, this solution would be far from ideal.

A: Statistician (unidentified): A journal of negati results would not be necessary if

results are just published, independent of the idwtther they are negative or positive
data.
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A: Man (unidentified): In the USA part of his compasome people keep negative
results to themselves, they are not even in thebdae. In the EU, all results are kept in a
database, so they can always be checked back. péztexthat his company will never

share data in the public domain.

A: Helma: To make it really useful, there should &@eombination of a journal and a

database, so that the data are searchable andecaseld for data mining. However,

discussions on sharing data have been going oa figcade and everybody seems to
agree that it would be good, but it never gets pdstihrough. Probably the scientists
agree with it, but the idea is stopped at the mamat level.

Q: Garthoff: In some companies data sharing is daready and there are also some
examples of archives of toxicology. Then the quesis, why is there no world-wide
data sharing yet, if it proves to be possible ime@ompanies?

A: lyer: When the consortium was started, thereo aisas resistance, due to
confidentiality, which is why the Dutch regulatdsgard was brought in. This gives some
leverage to get some data, but this can only be dorough partnerships. In the first
year, only data from already marketed drugs coeldliitained, so no negative results yet
were available. Now, the consortium started to @sbple about compounds that passed
safety and toxicity, but failed in efficacy testjngecause these compounds could have
relevance for other indications. In this way it danseen whether there is an interest in
expanding the use of the compound libraries.

Q: Garthoff: One possibility is to code substanctrmation, but how is this done?
Which information does the index have, which parttide other people have? How can
this be done and still share important informafamthe data base?

A: unidentified: Coding could be a way to encouragepanies to share information,

because a code is signed to the molecule, whittuis blinded. The problem is that at a
certain point there must be the disclosure of tiséeoular structure, because otherwise it
is not possible to make structural relationshipkerT there again is the problem of
intellectual property. So, there must be a supeypantity that guaranteed that the

confidentiality related to these molecules is seduBut this party should then be totally
neutral world-wide, so it cannot be one of the shaitders or even the authorities.

A: lyer: one of the things they try to do is to pdata sets, biological entities are pooled
together, which gives the provider of each indiadantity a certain leverage, because
the results are based on data, predicted valugssopool of animal tests, or this pool of
indications are also available.

Q: unidentified: If meta-analysis is done, somesnaebias can be found in a selected
paper. The same can be done here and if a biasnsl f publications for negative results
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are missing, then imputation strategies can beopedd to get more balance. When this
is introduced and data are pooled, the questibnwsdata are pooled.

A: Vijn: Pooling is done across valid comparabled#s, this is possible when the
protocols are very valid and stable, to guaranteé¢ the data are legitimate. Only then,
meta-analysis or data mining should be done.

Q: Garthoff: A lot has been said already about llaemonisation of guidelines and

directives, which would help having to do less colnexperiments, such as batch control.
Maybe data which are normally confidential andliet#ual property could in some cases
be used for guidelines? Could this be managed &yGH?

A: dal Negro: Global harmonisation of guidelinesiicbbe a potential way for sharing of
negative results. The ICH does not pay to achiesenatant support to revise guidelines,
therefore revising this implies the revision ofally regulatory agencies and companies.

Q: Garthoff: Are appropriate data banks availalslare there more needed?

A: Helma: It would be best to focus on one system aot scatter data over too many
places, which makes it harder to search for it.

Q: Garthoff: Is some kind of internal database eeéd

A: Vijn: There is a discussion in Schering-Ploughlow open the database should be,
even within the company. In the USA all data aretguted, it is considered to be very
important. It is impossible to really dig into them

Q: unidentified, comment to Helma: It was said tHata mining tools are useful for
people who do not know much about statistics. Thidangerous, however, since these
persons will not recognise when results are wrdigerefore, in this case data mining is
good for general hypotheses, but not for concliusion

A: Helma: It was meant that the tools can be usetbkicologists, without necessarily
having all statistical background. The developexgehstatistical background of course.
They also inform the users when results are ndisstally reliable. So, data mining is
used together with statisticians to make final twsions.

Q: Maier: The production of homogenous resultssiarulation and speculative analysis
might also include the same protocols, which migip to change an assay or test.

A: Vijn: One of the objectives of this exerciset@sconsult statisticians and other experts
in the field of pharmacokinetics/pharmacodynamexsgd people dealing with clinical
studies, to get them earlier on in the researchga® Their knowledge must then be put
into a pool of which scientists can later make mopti use. Most of the work done in
research is rather basic, such as logarithmic fibamsitions, drug tests, repeat measures
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analysis. When this information is collected antideded tools are added to the database,
then one has an Oracle database, a SARS modulex arsgr interface. These three
together make the system very powerful.

Q: unidentified, to lyer: How many years could @ueback with the analysis?

A: lyer: It is yet unknown how far can be gone batlgeneral numbers. It is different in
each study. Last week there was a discussion Wlevaluation board to see which sets
of data could be stopped. Concerning disseminaiforesults, different layers, such as
advisory boards, arbitration committees and othersst be contacted before results can
be disseminated or published in a journal, whicthesfirst goal. The second goal is to
organise or attend workshops and disseminate segialtthat way. EMEA supports this
project and since some of them are also in the IDMedicines Board, they will also
have access to the results.

Remark: Van Gompel (Johnson & Johnson): There isiraiative with 6 or 7
pharmaceutical companies that donated data of ®@pconds. In second trials, each
company donated ten compounds, then this goesefuoiin The donation and openness,
however, is only between these companies and @ateonly be accessed if the same
amount is shared. This project is about genotoxiddta. With IP related compounds
there was a pool of about 5000 pharmaceutical comgg Here coding was applied.
Information could be extracted or probabilities Icobe calculated, but the chemical
structures could not be seen. The data were alycaocnessible to the companies sharing
the data.

Q: Richmond (Home Office): In the pharmaceuticattse product or target market
protection is present in an early stage. There aenrisk that two companies will
sequentially be pursuing the same molecule to amalegpplication, rather than
simultaneously. “Protection databases” could be enadhere there is some protection
compensation for the organisation that generatesldte and the cost is then for example
for the company that seeks the information. Anofi@nt is that data comes in different
gualities. Regulated submissions are often done@® (General Operating Procedure)
and high standards, whereas this is less certdimagademic partners. The danger is that
the EC is trying to achieve the sharing of inforimatoy amending Dir. 86/609 and is not
distinguishing between the commercial sector ardamia.

A: unidentified: GOP does not stand for qualityonty tells about traceability.

Q: unidentified: Many of the guidelines have noebdormally validated, because they
are too complex. The OECD has started to analyseseks that have been obtained with
these guidelines. It gives promising results, imtipalar in the area of reproductive

toxicity, where it was found that the second getenastudies, required by regulators, is
not contributing significantly to regulatory deass. Leaving this second generation
studies out would lead to a reduction of more th@90 animals per chemical.
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A: lyer: It would be good to expand the projeceaf2010 outside the Netherlands, so it
would be interesting to combine results and methétisv are results disseminated?
Certain guidelines are recommendations and areepies to the regulatory bodies, but
are they also presented to the public?

Q: Garthoff: Are there chances in pharmacologyefficacy measurements to exchange
or share data? Without going into certain substatasses?

A: unidentified: The field of pharmacology is maself regulated, because the human
system is the most important system. So, in phastogyg there is less use of animals,
but in toxicology it is more difficult due to re@itlons and restrictions.

A: Garthoff: There are some activities in the ICidld to go as early as possible to
human clinical data.

A: unidentified: The problem in sharing data frofmapmacology is that they are not so
well standardised. For example, with cardiovascukesearch, the investigation in
anaesthetised or conscious animals is very differen

A: unidentified: In early research (for exampleoimcology), models are developed on an
almost daily basis, so there is a shift away fraamdardised protocols. This is also not
shared with other companies, because there ismiafiton even in sharing the protocols,
because they are highly specific for one particpl&thway.

A: unidentified: In TI Pharma, there are PhD studedata are shared with them, but they
have to sign confidentiality agreements, but naghgets published, not even in their
thesis.

Q: Rogiers: In European projects, data is ofteerakom a lot of different sources, put

in one big group and then used. This is mainlytimep areas than pharmaceuticals, but
the question is whether this is useful at all. Tuestion is how collaborations, more or

less as the one done in the Netherlands, couleédesed on a more international scale
with different companies, but at their benefit draling it paid, and of course, keeping

protection in mind.

A: dal Negro: The EPAA can help in this work. Bhete are also other initiatives going
on in Europe. One example is the sharing of negatoxic results. A consortium exists
that brings a number of private companies and awed@stitutions together. It is hosted
by Agnum. This joint effort has the goal to fill the gap still existing in predicting
unexpected severe liver injury in humans. In cdikesthis toxic results are shared for
specific purposes.

Q: unidentified: When pooling data, one should asvde aware of the problem of

heterogenicity. When data sets are contradictine, ltas to find out what the reasons for
this contradiction could be.
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A: Mittlbock (Medical University of Vienna): Hetegenicity may be a problem, but one
can also learn from it, as it offers the possipitiv investigate why the results of one
study differ from those of another one.

5.5.3.2.3. Session lll: Reduction via Study Desimad Methods in Drug Research and
Development

5.5.3.2.3.1. Non-invasive Small Rodent ImagingclipeExamples and Contributions to
Reduction in Drug Research and Development, byl&licBeckmann, Novartis, CH

Imaging is used for diagnostic purposes in hospitiechniques have been developed
since a long time, but recently they have also lmByMeloped for imaging small animals,
to characterise animal models of disease. Magnesenance imaging (MRI) is based on
the use of magnetic fields and radio frequencysTéchnique is used e.g. for the study
of models and for respiratory diseases.

The most common methods used in experimental re@dseae terminal or very invasive.
An example is bronchoalveolar lavage. Fluid is tkdter the animal is killed and
invasion of inflammatory cells into the lumen, lufignction, airways resistance are
investigated. Also, pulmonary chambers can be intpthto collect fluid from the lung.
Research was done to see whether MRI could be séhis area. The idea was to
develop a very simple technique in which measurésnepuld be carried out without any
preparation of the animal, except anaesthesia. mkeasurements are performed in
spontaneously breathing animals. A technique wasldped to eliminate the movements
from respiration or from the beating heart. Althbuthe lung is a black area, some
inflammatory signals can be detected. In practcseries of images is made through the
chest, so that, after computation, volumetric da&available. This normally takes about
20 minutes.

Allergen-induced changes can be retrieved, whemalsi are actively sensitised to an
antigen for three weeks, the allergen is instilididectly to the trachea, eliciting
inflammation of the lung. When saline is instilledbthing happens, but when ovalbumin
is instilled, a quite pronounced signal is receiaftér 24 hours. This signal usually lasts
a couple of days. This could be correlated to pecular oedema determined
histologically or to the protein in the lung fluidshich showed that this signal is indeed
related to the inflammation, elicited by the allemg

The technique was tested by using pharmacologiealiye compounds. In the following
example 12 animals were used. With a traditionahoek 60 animals would be needed.
24 hours after the installation of ovalbumin a coonpd (budesonide) was administered.
On the MRI a reduction of the signal was detectexy ¥ast. The results of the MRI were
compared to those of conventional lung: At thidyepoint there were no changes in the
fluid parameters determined by the conventionalhows. But with the MRI technique,
there was a good correlation between the findingh& imaging and the perivascular
oedema determined histologically. This example shthat the MRI signal reflects better

160



STARTUP

Detailed Results: Workshop Reduction

what is happening at the level of the tissue. Téthinique can replace the conventional,
terminal technique to analyse compounds and ireine experiments since it is able to
detect effects which were not detected with theveational fluid lavage technique.
Lipopolysaccharide induced mucus secretion is aratiodel where MRI can be used.
The signal is related to mucus formation elicitgdhe lipopolysaccharide. Also here the
number of animals can be reduced.

Oxygen has paramagnetic properties and can mayloedikas a natural contrast agent.
The acquisition parameters where changed a bitjniages are less clear, but some
signal from the lung is acquired. An experiment wase in which the content of oxygen
through the mask were changed, which gave a diféerén signal intensity.

This information was used to investigate wheth@mbhoconstrictive effects could be
detected. A series of images was made, then a cauging bronchoconstriction was
injected intravenously, thereafter, an increassigmal intensity was observed. Then a
bronchodilating substance was injected, which walowed by a decrease of signal
intensity. This was compared with the invasive fiomal analysis of the airway
resistance, which gave the same response. The elmgtensity is thus a result of the
bronchoconstriction. This information can thus lsedito obtain functional information.
The advantage is that this technique is non-ineaaid the experiments can be repeated.
Another model is elastase-induced emphysema, wheralveoli are destroyed by the
injection of elastase. After two and four weeksr¢hwas a reduction of the signal and a
peak after eight weeks. If compared to the hisickignethod of the same animal, the
MRI technique provided exactly the same resultsis ik again an example how a
reduction in the number of animals can be reached.

One goal is to try to adapt the image acquisitiorthie physiological situation of the
animal and not vice versa. To get very good imagles, acquisition time can be
heightened, but then the animals need to be inddband artificially ventilated. But it is
probably better to go for spontaneously breathimgnals, then the acquisition time can
be much shorter.

By using this technique, the number of animalstamneduced between 60 — 90%. It also
works as refinement, since it is non-invasive, fhthe same animal can be monitored
over time, which is important in the study of chmmodels of diseases. This also
facilitates the study of compounds and the respdosé&reatment. The animals are
spontaneously breathing and are neither tracheaszhmior intubated.

5.5.3.2.3.2. The Principle of Reduction of Animesfing in non-clinical Safety, by Stefan
Platz, Roche, CH

There are several constraints on reduction, ousaéntific reasons and regulatory
requirements. First of alin vitro systems cannot provide a reliable picture on aptera
biological organism, because of cell interactiond functional aspects. There are almost
no alternative methods which allow responsibletgadad risk assessment on endpoints,
covering subchronic and chronic toxicity, reproduat toxicity and carcinogenicity.
Wherever feasible, alternatives are used, for e¥arfgr phototoxicity testing, local
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irritation, pyrogen testing etc. Global regulati@yuests a fixed setting of animal studies
for risk assessment and marketing authorization.

In regulatory toxicity studies different phasesséxin phase 0/l (enabling entry-into-
human studies) the tests needed are a 2- / 4-wea@alkty study in rodent and non-rodent
animal species, including toxicokinetics and recgya single-dose toxicology study in
rodents, for the Material Safety Data Sheets, ltalarance studies, genotoxicity studies
and safety pharmacology. In phase l/ll (early clhidevelopment), there are 3 month
studies, 6 month rodent and nine month non-rodeentiess,in vivo genotoxicity study,
embryo-foetal toxicity studies in rats, pilot stesliin rabbits and fertility studies in rats.
In phase Il (entry into ‘life-cycle managementatal or post-natal development studies
are run and carcinogenicity studies in two rodgrgcges or one rodent species and an
alternative.

The estimated number of animals in repeat-doseitgxstudies for full development is
about 600 — 800 mice, 1000 — 1700 rats, 100 — aBbits and 150 — 250 non-rodents.
This will probably not change in the coming yeaBut in some parts of the
developmental process there are possibilities.example, the predictability of mouse
carcinogenicity studies is low, but it still haslie done due to regulations. The classical
approach is to use two rodent species (rat and e)cursd have three doses and one
control, so about 400 — 500 animals per study. 8h@e some alternatives, such as
transgenic mice, who are not oversensitive, butensabject to false negatives.

There are opportunities for reducing the numbearmals in early predictive toxicity, so
that the right compounds are brought forward, andeatoxicity studies, where the M3
guidance allows MTD (Maximum Tolerant Dose) studibgse data can then be used on
behalf of acute toxicity studies. Then there aterahtives in carcinogenicity and dose-
range finding studies can be optimised. From tlgellegory environment ICH guidelines
can provide opportunities. Also, new approachesasfier Entry-Into-Human can help,
such as exploratory clinical studies (e-IND (Explory Investigational New Drug),
microdosing procedures).

In discovery researclim silico approaches have made progress, and can be usedeh
selection, for example there are assessments c¢alatd the ‘likely fit to target’ and for
molecular modelling. Also high throughput screesingre now available. Target
validation and efficacy models are being usednirvitro pharmacology for structure-
activity-relationship (SAR) and selectivity /specify screening. In the lead development
and optimisation phase, progress is also madeammdrcological profiling, evaluation of
potency, selectivity and pharmacockinetic propsréad metabolism (DMPK) and in
early (predictive) safety studies.

In discovery, Clinical Candidate Selection (CSS}gdor early (predictive) safety studies
thus includen silico tools, Ames, micronucleus and embryonic stemtestl The hERG
test is very well established for cardiotoxicityngbotoxicity and phsopholipidosis can
both be useth silico as well asn vitro. Other areas, which are still under evaluatios, ar
in vitro toxicogenomics and the primary cell cultures figgam toxicity.

Some examples for the DMPK parameters and for G88iscovery include P450
interactions, time-dependent inhibition, reactiveetabolites, these tests might help
predicting idiosyncratic toxicity and the industsylooking into biomodels for this. Other
tests include microsomal hepatocyte stability, Gacell monolayer, with which
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progress is made for permeability, protein bindiagd transporters, such as P-
glycoprotein.

The ICH M3 guideline for the Timing of Pre-clinic8tudies in Relation to Clinical
Trials has created some possibilities. Separatée @oxicity studies can be eliminated
and repeated dose toxicity studies now have expaand dose limits which allows to
establish valid study designs. New exploratoryictihstudies section will reduce the use
of animals needed to support clinical studies affier sgefinement of toxicology study
design. Local tolerance toxicity is recommended iregja stand alone designs.
Reproductive toxicity studies are deferred intedatages of development, which means
that they are eliminated for failed compounds. Biedi recommendations will eliminate
routine use of a second juvenile toxicity study amaimizes the cases where juvenile
toxicity studies are needed. Recommended photaaagenicity studies generally are not
of value for pharmaceutical development. Abuseilligbis generally recommended
against use of primates with preference for roatit limited doses. Combinations are
recommended to be limited to one species, usuadlgnt

On the ICH meeting of June 2009 in Yokohama, aratggdn S9 (nonclinical evaluation
for anticancer pharmaceuticals) was done. Mainthirend expanded specific
accomplishments leading to a reduction of anim& ase: a 3 month studies will be
sufficient for marketing authorization, the need fertility and pre- and postnatal
development studies is eliminated, only one emliogtal development study is
required, safety pharmacology assessments couladtobeucted within the general
toxicology studies, the need for the non-rodentgtior initiation of clinical trials with
cytotoxic drugs is eliminated, this is reduced e oodent study, recovery requirement is
reduced to a single species prior to phase | (fi@erkcovery period based on scientific
justification) and there is no need for photosatesting anymore.

The pharmaceutical industry is seriously involved @nterested for a variety of reasons.
There are alternative models in place, on whiclvacesearch is done. Good progress on
some aspects of ICH guidance documents is madesappgbintment from the industry is
that the FDA requires carcinogenicity studies fardgics, which needs to be discussed
again.

5.5.3.2.3.3. Reducing the Number of Animals Usefnitibiotic Discovery, by J. Barry
Wright, AstraZeneca, UK

Reduction of the number of animals in antibiotisadivery is possible through new
testing paradigms, modelling and new technologyttl&wecks to reduction and benefits
of reducing the number of animals required are mfgmortant items. The use of animals
in antibiotic discovery is still needed, for examph efficacy studies and in safety studies
before going into human. But costs and timelinesednéo be trimmed to increase
efficiencies.

An advantage in this field is that the target i® ttame in animals and humans.
Theoretically, when a drug works vitro, it also worksn vivo. Of course, there are also
some complications, such as with pharmacokineticget the right concentration of the
drug to the right place, protein binding, physigadperties and toxicology.
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A paradigm shift has occurred: In the past a lethalise model was used to screen
compounds. The bacteria were administered to tloe mnd then the drug was given. If
the mice survived, then the next step could bentakethe mice did not survive, one
would move on to the next compound. Nowadays, aofatcreening is dona vitro
before a compound goes o vivo examination.In vitro screenings include plasma
protein binding, compound solubility assays, phgisiproperty determinations and
toxicological screens. Pharmacokinetic screeningl$® done, which is often done in
animals that are re-used.

Phamacokinetic/pharmakodynamic (PK/PD) modelling a@so becoming more
sophisticated and more effective in predicting thances of success in humans. Data
collection is done through these models, which alsolves animals work, but less than
in the past. New tests are also becoming availahleh as a variety ah vitro tests,
where different PK parameters can be simulatedresults be acquired on the effect of a
compound on a particular bacterium. It is also fidsgo determine some of these PK-
PD parameters upfront in am vitro system. The advantage is that animal model studies
are very well designed and defined in terms of eatration and other such factors.

There are also additional tests which allow to lablPK. Probes can be put in place and
the concentration of the antibiotic at the actui ef infection can be looked at. Other
new techniques allow to take microsamples and gethnmore data from a single
animal, which can reduce the number of animalskifPP experiments.

Of course there are a number of bottlenecks inateaiuin antibiotic discovery. A first
consideration might be that the ‘easy’ steps hdready been taken. New methods are
being developed, but they often have their own lgraks. One of those is the non-specific
binding of compounds to plastic, sometimes to tkierg that thein vitro method is
useless. Microsampling can sometimes cause problethsdetection limits. Separation
of these samples can also be a problem. A questlooh one has to ask oneself is
whether the two different kinds of studies leadht® same results and answers.
Bioluminescence seems to be a technique that &luse antibiotic discovery, but,
except for very peripheral type infections, theed&bn limits are not broad enough, to
see changes in bacterial viability within a despue.

Organisational aspects are another bottleneckt &irall, there are regulatory concerns,
but also at the corporate level, it has to be prdhat new methods are equally or more
predictive than the old methods. It takes time a@ada to convince both company
management and regulators. However, at the monmentndustry is looking for new
ways of reducing the number of animals requiredabse the mindset has changed and
the 3Rs are now accepted as good science. Thisatpnncrease the quality of the data,
because, for example, full PK can be done in onmanas opposed to one individual
PK (e.g. plasma concentration) value being acquirech one animal in the past. The
speed of data collection has gone up, becauséro screening goes faster and one can
do this before going to lengthier animal studiebe Tcost of data decreases, because
animal research is expensive, although it has tealethat not alin vitro techniques are
inexpensive either. Finally, it also is good foe tleputation and image of the companies.
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5.5.3.2.3.4. Tissue-Specific, Non-Invasive Toxidtipmarkers, by Patrick Miller,
Novartis, CH

Non-invasive biomarkers are the only ones thatbmatranslated into a clinical setting.

A biomarker is a characteristic that is objectivelgasured as an indicator of normal
biological processes, pathogenic processes, oaar@tological / toxicological response
to a therapeutic intervention. The term biomarkar be considered as an umbrella term
that encompasses a variety of markers quantifiedabgnultitude of technologies.
Biomarkers are a valuable decision-making tooltf& pharmaceutical industry. Ideally,
a biomarker is an early surrogate marker for auleggry) endpoint otherwise hard to be
guantified at an early stage.

For example, nephrotoxicity has classically beeydosed by increased serum creatinine
levels. Although it is most frequently used to monkidney toxicity, this parameter has
its limitations, it is rather a parameter of kidnemction. It focuses on the glomerular
filtration rate and thus it is of limited value fearly detection of nephrotoxicity, in
particular of drug induced tubular injury as mobtie drugs affect the tubules. Several
biomarkers are emerging, which enable to coveetiige nephron going down from the
glomerulus to the proximal and distal tubule andlecting duct. Several other
histological compartments of the nephron can be/now.

For nephrotoxicity, NGAL(Neutrophil Gelatinase-Associated Lipocalin) canused as
marker for tubular toxicity. It is released inteethrine upon toxic inserts in the tubules.
When male mice were injected intraperitoneally Erdpses of 5 and 20 ml/kg b.w.of a
solution of cisplatin, a strong tubular toxicarg|lcreatinine levels were measured in the
past, but no changes were measured, even threaflayslosing. Thus, cell ceratinine is
not a good measure for tubular toxicity. Howevehew NGAL is determined in the
urine, a quite pronounced increase can be seeadsgliater three hours post-dosing and
it stays elevated up to three days. The increaseristant, not just a peak which can be
missed easily. This is a good example of the chamatics of a biomarker, such as a low
baseline level, a high dynamic change, relativelgrsafter a toxic insult occurs, a short
latency, and the increase should last for a redderaanount of time. There should also
be a clear dose response between 5 and 20 ml/kg.

Ideally, toxicity biomarkers can be translated intbnical trials for target organ
monitoring. During early preclinical toxicity stueli, requirements for serum and urine
sampling need to be made and based on the histdpgyhfindings, a preselection of
biomarkers should be made before the first clingsdty. If there is a correlation between
the level of these biomarkers and the histopathottaga, a confirmed existing biomarker
for this setting is found and can be used for $imesspecific target organ monitoring in
clinical trials. If histopathology changes are atis¢here is a high negative predictive
value.

In the regulatory field, there are two terms whare important, being validation and
guantification. Biomarker validation is the form@abcedure to prove the suitability of an
analytical assay for a given biomarker, it refeos @ccuracy, precision, limits of
guantification, stability of analyte etc. It is airp in vitro procedure to validate an
analytical method. Biomarker qualification refere® tthe correlation with and
predictability for the endpoint of interest, sosthiefers to physiological, toxicological,
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pharmacological or clinical significance. Accorditaythe FDA, biomarker qualification
draft guidance, biomarkers can be distinguisheexpatoratory, probable valid or known
valid biomarkers, depending on the level of quedifion they have undergone.

Recently EMEA and FDA together endorsed qualifmatf renal toxicity biomarkers to
monitor tubular toxicities in a preclinical settinghis was based on data from the
Predictive Safety Testing Consortium (PSTC), atjomdlustry / authority collaboration
aiming at identification of new biomarkers for gadetection of organ toxicity. The
outcome of the qualification process was publisiredn EMEA/FDA guideline, which
states that clinical biomarker monitoring for negtbiicity can be done on a case-by-
case study in first-in-human trials when renal saé®ncerns are raised based on animal
toxicology studies.

More biomarkers will be qualified in the futuregtiefore guidelines are issued to outline
the process that needs to be followed to qualibmarkers, which refer to non-clinical
and clinical biomarkers equally and it involves ablic consultation step for new
biomarkers before they are endorsed or approved.néphrotoxicity biomarkers, this
gualification was provided by two-week GLP toxicistudies in rats with various
compounds. The performance characteristics of thmsmarkers were assessed by
receiver operation characteristics (ROC) curvesd dhne diagnostic / prognostic
performance in terms of the AUC (Area Under the v@yrof the ROC curve was
assessed on the basis of histopathological scosingubular kidney lesions and
corresponding biomarker levels by time course ihgasons.

To measure biomarkers, valid assays, which canebsonably implemented, must be
available. Toxicity biomarkers allow translatiorofn animal to man, but not all are
qualified or accepted by health authorities. ELIS#says for human and monkey are
available for most of these biomarkers and at labsst for one rodent species. Dogs are
not well covered, but dogs are often required as-nodent species in safety testing of
pharmaceuticals.

Biomarkers enable to do non-invasive or minimatlyasive investigations. If biomarkers
correlate very well with histopathology, they cam Used for time course investigations,
and thus save animals which would be required ést pnortem read-outs. This applies
equally to pharmacology and toxicology studies.

Biomarkers can also be used for clinical monitoriofgcertain toxicities which are
otherwise not monitorable by classical clinicalhmgy parameters. Normally in this
case no clinical trials can be done except withehgafety margins. Thus if such toxicities
can be made amenable by biomarkers, less predlimeahanistic studies for showing
human irrelevance in such cases are needed.

The implementation and qualification of biomarkeygesource intensive and relies on
animal experiments, the potential to reduce anmuahbers works on the long term. At
the moment, only ten qualified renal toxicity biakexs are available on a regulatory
basis. For toxicity biomarkers, there are hardly assays available for the dog, which
also is a bottleneck.
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Discussion

Q: Why is there a lack of specifical biomarkers flmgs? If biomarker identification is
possible for primates, then why not for dogs?

A: Miller: In academia where most of these biomeskeave been discovered, dogs are
commonly not used as models, therefore most oflisevery work is based on rodents.
There are also no antibodies available for nepkioty in dogs.

Q: Maier: What was the driving force to change khel of studies, quality of the data or
a combination of management issues?

A: Beckmann: The quality of data is driving thisvdlopment. Better data can be
acquired by using 3R methods, which is a good poiett to reducing animal use. Time
courses can be accessed. Furthermore, other coagpean be tested, which is not the
case with terminal tests.

Q: Maier: The number of animals used in pharmacalticompanies and drug
development is more or less stable. Do the new odstloverall reduce the number of
animals or is there a compensation for more efiicéend more testing of new candidates?

A: Wright: The overall number of animals being &sktfor compounds is decreasing, but
the number of compounds being required to moveutitds increasing, thus, it indeed
compensates.

Q: unidentified: Animals are often re-used nowaddyg does this not raise concerns
about the quality of the animals, after repeatedtments and tests?

A: Wright: The idea of re-using animals is undesatission, but the number of animals
would increase dramatically if they were only toused once. For example, for local PK,
the dose of the compound administered to the asimsavery small, therefore, after a
certain time there is no negative impact, the alsrda not suffer. There also might be
some impact of the animal being handled and dospeéatedly. But when weighing the
benefits versus the negative points, the benefieaising animals certainly outweighs
the negatives.

A: Beckmann: A differentiation between terminal amah terminal experiments has to be
made. Most experiments done in safety, need higtofmy, this requires terminal
experiments. In non-terminal experiments, there #awe categories. In classical
pharmacokinetics, non-rodent species are re-us&K brofile must be determined in a
dog, it gets a vacation, recovery period and thets gn another dose. These are
pharmacological doses, which do not induce anycityxiln pharmacology models, the
second category, good quality data are neededharsdite animals cannot be re-used, for
example with a rheumatoid arthritis rat model thergignificant swelling of the joints.
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Q: Maier: Carefulness is needed when relying onctireelation between pathohistology
and some of the non-invasive markers release bedauwsan change from species to
species quite remarkably, thus if different speearsused. The pathohistology findings
may not well correlate with some of the markersduséhuman.

A: Muller: The qualification process for such biarers is only done in one species and
sometimes they must be re-qualified in other sgediee qualification of a biomarker
cannot be translated from one species to another.

Q: Garthoff: Is there a reluctance at the corpotatel, when there is expectation of
hindrances at the regulatory level, in particuléuew the corporate level anticipates that it
will not work anyway? How can this vicious circle broken?

If add-on alternatives in reduction do not makessemhen to what extent do alternatives
themselves make sense?

A: Wright: If new techniques like this do have gosdentific background, there usually
is not that much resistance from the corporatellé/pist has to be proven that the new
techniques are equally valid.

With add-ons, people first have to be convincedualloe new method, for which it has
to be compared with the old method, during a peofoalsing both methods in parallel.

Q: Rogiers: Are the non-invasive techniques of lunbalation also used in other
industrial fields? Inhalation technology is not ymhteresting for the investigations of
drugs, but also for cosmetics, cleaning producte these techniques known in other
fields? How can they be made known to the public?

A: Beckmann: The most important way to show nevinégues to the community is by
publishing data. Interest is coming from differesnes now, both from academia and
from pharmaceutical companies.

5.5.3.2.4. Session IV: Transgenic Animals in Phasmn#cal Research and Drug
Development

5.5.3.2.4.1. Reduction in Generating and Maintagnifransgenic Animals. by Thomas
Rillicke, University of Veterinary Medicine, VienAd,

In basic research often more than half of the alsimaed are transgenic, which means
that breeding and maintaining of transgenic stramstribute, to a large extent, to the
total number of experimental animals used for nesedl his is a target for reduction. In
general there are two kinds of transgenesis. Tis¢ i using non-homologous DNA.
This includes the most used pronuclear injectiocht@ues and viral vectors of
transgenesis with sperm cells use. A relativelendy developed technique is involved,
namely the use of mobile genetic elements, thespasons. The second kind is
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transgenesis by homologous DNA recombination, gargeting in embryonic stem cells
(ESC) to generate knock-out mice.

Homologous recombination starts with the injectmfnan ESC into a blastocyst. The
genetic background of ES cells is mostly the gep@tyf the host blastocyst C57BL/6.
When generating a knock-out line, the chimera isalig bred with a C57BL/6 mouse.
The chimera can produce three different kinds efspcells, sperm cells with BL/6 of
host blastocyst origin, and sperm cells with ES@iorwith or without imitation. The
next step is to identify the animals with the taeglemutation and start to breed the
heterozygous F1 generation to produce homozygooeskkauts. In the F2 generation one
has about 25% homozygous offspring.

The problem is that the animals of the F2 genemadind the following generations have a
mixed genetic background. Genetic modifiers ofdkaetic background can be a source
of artefacts, the genetic background can be c@ddey reading a congenic strain, which
means backcrossing for ten generations over thesasyto get a clean recipient
background for the mutation. Nowadays marker assiselection can be used to reduce
the time and to reduce the number of backcrossrgtoes. But this does not reduce the
number of animals.

This backcrossing can be avoided by inducing th&atimn directly into the appropriate
background. This is done by three consortia, KOMRogck-out Mouse Project) in the
USA, EUCOMM (European Conditional Mouse Mutagenesisthe EU and NorCOMM
(North American Conditional Mouse Mutagenesis pr)jat Canada, they all use ESC
with C57BL/6 origin. By now there are thousandsknbck-outs in form of embryonic
stem cells.

Non-homologous DNA end joining is more complicat@tonuclear injection is most
often used, with an efficiency of about 20% fousdeA new method, transposon
transgenesis, has increased the efficiency, wititess rates of about 70% founders,
which may lead to a reduction of animals. The faradare now going to be genetically
re-characterised, the first results are very prorgiand this technique will most probably
be in routine soon. Nevertheless, there are stitles problems with all techniques based
on this non-homologous DNA end joining.

The most striking characteristic of this approaglthie random integration of the DNA,
due to which there is a problem with position arifita variation. This means that
conclusions regarding a transgenic phenotype cadréden only from at least two to
three independent lines, because each line produyctds technique is unique.

With random integration, about one integration éviena founder is expected and,
according to Mendelian law, about 50% transgenfspoing in the F1 generation is
expected, but this does not happen in reality. Jifeat number of founders are genetic
mosaic founders, which either have a low transmissr no transmission of the
transgene. Sometimes, seven to eight litters haveetbred before the first transgenic
mouse strain is found, which means that a lot ahats are bred, which are not needed.
Another problem, due to this random integrationthis occurrence of an inappropriate
expression of the transgene.

With non-homologous DNA end joining a lot of redamtl reading of several
independent lines with unpredictable transmissiod axpression of the transgene is
done. This technique however, is the most used tongenerate transgenic animals
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nowadays. What is needed, is the possibility tealithe integration of the transgene in a
neutral genomic site. This could maybe be donertayme mediated cassette exchange
or with an acceptor strain which is prepared nuojggomic docking site. The transgene
is flanked by hazard-specific sequence motives wingact by the help of site-specific
recombinators of site-specific integrators, resgltin a stable integrated transgenic
cassette. This is for the future, but some promigimjects are running at the moment.

An interesting new possibility is the archiving miutants. If animals are not used for a
while, it is not necessary anymore to continue direg Animals can be archived by
cryo-preservation of early embryos or germ celighis is not possible within the own
institute, animal models can be sent to Europeandddutant Archive (EMMA), there
are several centres around Europe, where thisceeivprovided. This will also facilitate
the incorporation of information about models iatdatabases, which also helps to avoid
repetition of already existing animal models. Thidl also contribute to reduction of
transgenic animals.

5.5.3.2.4.2. Transgenic Animals in Pharmaceuticalulstry: Contribution to Reduction,
by Rainer Nobiling, Heidelberg, DE

Transgenic animals do not only include animals imcl transportation of genes has
been carried out, but should include all animalsvimch genetic manipulation has been
done, so that also all (conditional) knock-out mére called transgenic animals. In the
past, genetic modification was done with forced atiah by irradiation. Until 1990, in
Germany this was not seen as an animal experireentp numbers are available before
this time. Animals often suffered severely durihgde procedures and there were a lot of
lethal mutations. One of the reasons that targetacipulation of genes developed is that
forced mutagenesis quite often was painful forahienals.

In the German statistics of experimental animdisrd is a minimum around 1997, and
after that the number increases again. The reawmothis is not that at suddenly more
experiments were done. The German animal welfaravas changed in 1998 and the
statistical procedure was modified in 2000. In tiesv statistical procedure all animals
have to be included, also animals killed for pradgccell cultures. Before the animal
welfare act did not include the animals killed smientific purposes but also not those
used for immunisation. Thus, all these changes niakeally difficult to compare
statistics. Alternatives, likén vitro work, are supported since 15 years, this number
perhaps also increases, but this trend can onlgele@ since 2000. This all makes it
difficult to compare the statistics to those ofetEuropean countries.

When looking at the German statistics, it becomlearcthat the number of animal
experiments increases in the last couple of ydarsto a much lesser extent than the
number of experimental animals. In the years ‘060%# the number of animal
experiments decreased, but the number of experahanimals increased.

The British statistics show the same trend, the bermof transgenic animals increases,
and the number of total procedures also, but nat@ash. In Austria, there is also a small
increase in animal numbers, but here transgenimasicannot be separated from the
rest. Switzerland also has the same main trendseTik a steep reduction until 2000 and
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a slight increase since then, although Switzerlzasla completely different contribution
of industry than the other countries. In total Eagahe number of animals used for
research purposes is around 25 million at 500 oniliesidents.

Thus, there is an increasing trend for the numdemaromals; for the number of
experiments there is a reversed trend. This fignag be explained by the fact that the
use of transgenic animals still increases. The gt this may refine research by gene
targeting.

Animal experiments are performed in disease rebedrat mainly in basic research,
which normally has nothing to do with diseases. iM&dresearch, really applied
research, going into industry, has rather smalllmens) of animal experiments, but this is
increasing in the last years. Without relation teedses, this number is much smaller
than the number with animal experiments that aieee to diseases. This trend did not
reach the pharmaceutical industry. For the futbopefully translational research can be
transferred from academia to industry, so that nttey design can be done because
there is better insight into signal systems, mdecmechanisms of signal systems and
receptor systems. Improved transgenic models ¢peltific / organ specific expression)
will result in even better defined, smaller experntal groups of animals. Incorporation
of reporter genes (dyes and more) will improve delity of results and contribute to
reduction of animal experimentations.

This development is not yet fully introduced as lsggpresearch into industry, although
some innovative projects already have been laundktgaresent, it must be admitted that
the development of these models takes more anithals the benefit that can be
extracted from these animals.

5.5.3.2.4.3. SPF-Housing in Relation to ReductimnWerner Nicklas, DKFZ, DE

SPF (Specific Pathogen Free) housing is used tegetith microbiological quality. A
qguestion could be: why should microbiologically rstardised animals be used for
experiments? Microbiological quality means dealwith infectious agents, which may
cause clinical signs in laboratory animals. Otheasisons to be careful are that some
agents can be zoonotic, can reduce the lifetimalmfratory animals and can have an
impact on physiological parameters. Many infectioagents may increase inter-
individual variations, which is important becausehis case more animals are necessary
to get significant results or test results areigtaally not significant although the animal
numbers are based on the biostatistical calculation

As an example, the variation coefficient of kidrmayes of 58 groups of rats, all having
the same genetic background, did not differ magketetween animals housed under
highly standardised laboratory conditions and afsnfeused in a game reserve with
maximal environmental diversity. However, in sommeups the variation coefficient was
much higher. All these animals were artificiallfaated byMicoplasma pulmonisThis

is biological noise, which can be increased by r@infections or by animals that are not
sufficiently microbiologically standardised. Foreie reasons, it is fair to state that
infectious agents may have an impact on the restiigimal experiments.

171



STARTUP

Detailed Results: Workshop Reduction

Overt infectious diseases may result in substaméaéarch complications, for which
reason clinically ill animals should not be useddaentific experiments.

However, the effect of clinically silent infectiomsay even be worse because they often
remain undetected and modified results may be médaand published. This happens
very frequently. This might be mostly a problemuimiversities and research industries,
but less in the pharmaceutical industry. Unfortahygatmany researchers are not aware of
this problem. because in most infections, the rtelérave no clinical symptoms and
modifications of research results due to naturf@ations very often occur in the absence
of clinical disease. Thus, the absence of clinioa#nifestations has only limited
diagnostic value.

Complications in the absence of clinical signs udel changed behaviour, suppressed
body weight, reduced food and water intake, whgla iproblem when drugs are given
with the food or drinking water, and reduced lifgpectancy, tumour rates can also be
influenced. Samples and tissue specimens can &scobtaminated, which can be a
problem when transplantations from one animal wttzer are done. Sperm cells can also
be contaminated, and there is some proof, from es\aimd mice, that agents have been
transmitted by sperm which has been taken frontiateanimals, although it is not a big
problem.

Even if animals are clinically healthy, it can happhat clinical disease or even death
can be induced by experimental stress. In additmvjronmental factors can lead to
clinical disease in previously healthy animals, é&tample when rats are housed in
metabolic cages. They are housed singly and ra&ssacial animals. An increase in
temperature may activate infections. Interactiongh warious microorganisms can
happen, as a synergistic effect.

The parvovirus is one of the most frequently fommdises in mice. It, however, is not
pathogenic. The autonomous parvovirus can infedtdastroy cells only during the S-
phase of mitosis, so biological effects can ocaully on rapidly growing tissues, e.g.
during embryonic development and pregnhancy. It mesult in embryonic death,
malformations, reduced litter size, which severaffects teratogenicity studies. This
group of viruses can also affect carcinogenicitydes. Different allotropic strains exist
of this virus. The first found strain, the protogyptrain, replicates only in fibroblasts and
only affects connective tissues, which is a problanexperiments for wound or bone
healing. Another strain, an immuno suppressive avdyi MMVi, replicates only in
lymphocytes and has various effects on the immyses.

SPF is a concept, but does not say anything abeuartiimal quality. SPF animals might
differ in quality. There is no need for keeping atlimals under SPF conditions, but it is
necessary for those that have defined or at leaswvik health states. To describe the
health state of animals must include details abmlividually listed microorganisms and
their absence has to be demonstrated by regulaitoniag of a sufficient sample size at
appropriate ages of the animals and by appropmaté&ods.

The use of animals that are clean of infectiousntsyethat may influence health or
physiological and other parameters, is necessaggtietter and more reliable results of
animal experiments. The use of microbiologicallanstardised animals is also an
important basis for the reduction of the numbeamimals. These aims can be achieved
only when animals are housed under conditionsgreatent the introduction of unwanted
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agents. An awareness of risk factors is importdkisk factors are animals with
insufficiently defined microbiological status andblbgical materials taken from such
animals.

Discussion

Q: Unidentified: What are the effects of housingtandard housing better than a free
environment? Is environment enrichment possiblaltextent?

A: Niklas: Housing has some impact on the physiplofl animals, but the effects of
housing are most likely less important than thea# of infectious agents. The effects of
environment enrichment are not yet fully clear,igtstill too early to make valid
conclusions.

Environmental enrichment is also not standardissen bedding can be understood as
environmental enrichment. Breeding animals are yvwdeaned, but it probably happens
in every institution that once in a while some ¢tézl animals breed.

Q: Garthoff: In the regulatory part there appaneatle no transgenic model sets that are
sufficiently used in, for example, toxicology. Homuch of transgenic material is re-used
in pharmaceutical industry, is it done in basieesh and then supplied to industry?

A: Nobiling: Transgenic animal models are used mamaceutical industry, but not in
the complete strength onto the regulatory. Veryl @efined animal models are still too
young. The efficiency of marking specific recepidie specific metabolic path, is not
yet sufficient for these models to be used for otidn. But progress is being made.

A: Richmond: The trend of using transgenic aninisdeed increasing in academia and
in the commercial sector.

When bringing biological products, such as cellat thave been passaged, it is very
important to screen the incoming materials, otheewt is useless to define the health
status of animals.

A: Nobiling: The problem with the statistics is theansgenic animals are not counted in
the same way in the different countries in the B0, to really know in how far the use of
transgenic animals is on the rise, statistics shtel harmonised. The harmonisation of
statistics and the counting in Europe, would béngresting initiative. One possibility is
to bring this into the revision of Directive 86/609

Q: Garthoff: What are the application areas, the minarmaceutical applications?

Q: Rogiers: And what is the role of academia? Edamia doing research only for the
research or is there also a real use in creatingkouts?
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A: Riulicke: The genome of the mouse is decodedjthsitunknown what is written on a

specific gene. The only chance to get informatiboua the function and the inter-relation
of the genes is in mutated genes. This is one ®frdasons why most probably the
number of transgenic animals will increase durimgniext years.

Q: Rogiers: Is this helpful for the development wot? Maybe it is done not
professionally enough and in too small projectghso there is very little relevance?

A: Nobiling: It would indeed be probably betterafhuge consortium of professionals is
doing this, than when each single level and departnm Europe tries to knock-out a
specific gene. This way, the numbers of animalshinsgjll increase, but then it is certain
that the mice are of high quality with a specifeng knock-out. This is a project that is
running at the moment.

A: Rulicke: It is indeed being done, but it is nary well known in the public, what's
going on in this field. So, it must be made morpar.

A: Garthoff: It probably will become more popular the scientific community, when
there will be publications where it is written thpople got their knock-out mice from a
certain company.

Q: Zucco: Patenting can be an obstacle when uggabme transgenic mice. Does this
European consortium has an agreement about pagentin

A: No, it is open for both academia and industrys$e, an inexpensive fee has to be paid
though.

Q: Garthoff: The function of genes can also be kedcout by gene silencing RNA. Is
this a method that is used at the moment?

A: Rulicke: This is not done yet.

Q: Gstraunthaler: Is it possible that this in theufe might be more efficient?

A: Rulicke: It is another method and it sill neasigprovement, although it is a promising
one. But it will not completely be an alternatiwethe knock-down. There is also another

phenotype as in the knock-out.

Q: Kolar: What is happening in genetic engineeiim@ther species? Are there options
for reduction there?

A: Rilicke: Two publications in Nature stated thatople were able to establish
embryonic stem cells for rats. Maybe this will ogiba possibility to produce knock-outs,
a genetic model with target modifications compagablthat what was done in mice. But
there are no other species where it is possibéstablish embryonic stem cells. So RNA
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interference of knock-down is the only alternatatethe moment or inducing targeted
mutations in somatic cells with reproductive clapafterwards.

5.5.3.2.5. Plenary discussion

Rogiers: Reduction is an important field for theaphaceutical industry where a lot can
be done. It seems that there is an internal witless in the pharmaceutical industry,
because a lot of cooperation exists to addresbdtikenecks and possibilities. From this,
and the previous meetings, a lot of ideas wereegath which will be put in a report,

addressing the bottlenecks, possible solutions anchumber of proposals and
prioritisations of what can be done.

It is the responsibility of the START-UP project bwing forward correct messages.
These messages should also be brought to the ¢eabtae to help wrong ideas out of

the world, and to scientists, who often do not sdembe aware enough of new
developments.

The chairs of the different sessions were thendatikéell what they found interesting in
their sessions.

Pfaller: It is interesting that there is a substdtossibility to reduce animal experiments
in the development of biologicals. The models withmanised immune systems are very
interesting. It also is quite new. It is also ie&ing to learn that although using these
transgenic modified animals the number can be feay low.

Hendriksen: An interesting point is to make thefeddnce between inter-, super- and
extra-experimental.

Apart from that it is clear that not only new medsaare important, but also a change of
philosophy, a paradigm shift in the way testinglase. In pharmacological testing, for
example, this paradigm shift is already happenibyg, introducing a lot of high
throughput methods in order to screen products.

Garthoff: New data systems and systematic apprgaahe being developed, but what
still needs to be worked on is the procedure of howetrieve the data, how to get
confidential data, and how to deal with intelle¢tpeoperty. This could for example be
dealt with by a data trade organisation on a glsbale.

Maier: In the process of drug discovery there isreal regulation, but the progress is
science driven.

Van De Water: In drug discovery a lot of progreas hlready been made, a lot of new

tools have been developed to refine and cause tieduaf animals. But training and
education of people who work in drug discoverylselélps to cause reduction.
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Rulicke: As long as there are no good statisticramsgenic animals, it is not possible to
give answers on how to reduce these numbers anthithh extent they can be reduced.
There is hope for refinement and to do better diegjgn by using transgenic models, but
the numbers show that the relation between basgic raedical research is not good
enough yet.

Richmond: Coming back to the paradox raised by Kblar, that if progress is made
with reduction and replacement, then why do thenahnumbers still go up?

May Petter, a contemporary of Russell and Burcpyed that better experimental tools
were needed to overcome the limitations in expanthe scope of the animals that were
available. New developments do not simply replaxisti|eg animal models, but also
open new areas in scientific inquiry. Thereforegpess will not necessarily end animal
research, it may actually create the demand foitiaddl and different types of animal
research. To get a clear view on reduction andaogphent, one has to look at case
studies.

Rogiers: A point that is often overlooked, is tleed for better science and understanding
and what this means in terms of animal use andnalti®e methods.

Pfaller: By having biological and biotech drugse tpectrum is shifting to some extent
and people have to be made aware of this.

Rogiers: When mentioning pharmaceuticals, most Iegeogtil have the “old”
pharmaceuticals in mind, namely chemical compoufdey often not think of the
compounds in the pipeline, namely the biologicalbiopharmaceuticals.

Unidentified: One problem is that it is not alwgysssible to know the benefit of certain
developments, but it also is not possible to kndvemvcertain developments will not be
beneficial. So at the end of the chain many expemisicould be identified as inefficient
or not very useful for medicine. This also needssteration.

Q: Unidentified: Are human tissues useful in indysand academia? How can the
collection of human samples be improved, to redumkmaybe even replace some of the
animal studies?

A: Unidentified: In comparing the number of marlkktdrugs and with the number of
animals used, this is a reverse relationship. Toerdhe use of human samples is a must
and will be supported by the industry.

A: Unidentified: Coming back to the reduction oéthumber of animals, it must be kept
in mind that, compared to 20 years ago, societyde@®me more complex and a lot of
new questions and research areas are rising.

A: Zucco: With computer modelling very complex etijoas can be done in seconds, in
order to simulate different functions, binding ctiwhs from the molecular to the
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physiological level. For biologicals, this would ba important and powerful tool. The
topic of bio-simulation should be taken up as dassalternative method.

A: Hollriegl: When working with human tissues, fexample blood, it is often the case

that while answering one question, a couple of rstheome up, which can not be

answered with this specific tissue. Therefore, ¢heew elements are often taken to
animal testing, so that the numbers still risavduld be good if it was possible to divide

the statistics in categories. Because now all thidip and animal welfare organisations

see a rise in total numbers and they have to thestpharmaceutical industry that an

increased amount of questions has been answerethanéh some areas reduction is

effectively done. The problem is that this trushag there, so with these categories in the
statistics, it would become more clear what is #yd@ppening.

A: Unidentified: Projects are now in the pipelindhave human tissue material from
surgery can be used for testing biologicals, amotigers. But this is a very recent
development, so there are no results yet.

A: Unidentified: The availability of human tissuissa problem, not only purely because
of availability, but also because of ethical prolde For example, must a surgeon ask the
allowance of the patient to take a part of the twauscles for research?

A: Garthoff: The quality and standardisation of fammaterial also is a problem that
needs discussion.

Pfaller: In cardiovascular research, material duteart transplantations was gained, but
the quality was very different between samplesstages of cardiac decomposition were
present and so on. So, analysis was done on homtiseles are reacting and this was
then transferred into transgenic animals.

A: Rogiers: Also human cells are important. It iten believed that stem cells can be
used for the production of all kinds of human celtgl that these can be combined into
organs and that therefore no more animals are de@®ig this is still quite far from the
stage that we actually are.

A: Dal Negro: Human tissues are already extensiwedgd in the early phases of
development of mechanistic screening. But thedé istianother problem with human

tissues. Humans are one of the species with theekiggenetic polymorphism and single
cells coming from one individual are not represewtafor the population.
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5.6. Workshop Replacement

5.6.1. Executive Summary

Replacement was defined in this workshop as avoelah any animal experimentation
in the respective part of development of a new iplageutical product, which is
performed to demonstrate proof of efficacy, to éaassessment of safety or to ensure
quality control of the production. Pre-selectiondofig candidates performed by vitro
methods or mechanistic investigation were regarded reduction of animal
experimentation and, therefore, not discussed tailde

In the Replacement workshop, the individual parts dsug development e.g.
pharmacology and various safety aspects were disdusy experts of the pharmaceutical
industry and regulatory bodies. In the same waglobics including vaccines and sera,
monoclonal antibodies and certain aspects of quedihtrol of production (batch control)
were discussed too.

A number of key points are summarised here.

- Efficacy / pharmacology

» Before a new entity can be considered for clintcals, a successful outcome in an
experimental model remains crucial. It is, howewportant that this model is relevant
and predictive for the proposed indication. It ddogdeliver additional information with
respect to pharmacokinetics and safety. It becalear,chowever, that more relevant
models are needed to improve the predictabilityefficacy. If no specific animal model
exists, efficacy studies in animals are highly goesble.

» One of the upcoming strategies is based on PBBHelting in animals. This strategy
needs further optimisation: smaller blood volum&sarse sampling and a population
approach were among proposed strategies. Regulatesty often is limited and is not
very helpful for further improvement.

- Toxicology / Safety pharmacology of small moleeydharmaceuticals
 Safety of small molecule pharmaceuticals is pritpariven by risk assessment based
on (sub) chronic repeated dose toxicity studiess Tdpresents the key bottleneck due to
its complexity. General agreement existed that élienmost sophisticated combination
of cell cultures oin vitro systems, available today, cannot provide a redigblrogate for
the complexity of a complete biological organism.
» Agreement, however, also existed on the necesdity new safety testing strategy
based upon knowledge gained, new technological loeweents, and existing and
emerging alternatives, based upon a number of arpaints identified by the experts
present:

» excluding high dose animal exposure
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* more extended use of high-throughput screeningsdoas well-identified
pathways of toxicity in human cells, invertebrapeaes, computational
methodsin silico expert systems

* inclusion of in vitro tests focusing on mechanistic approaches, target
activity, metabolism, specific organ toxicity...

» development and inclusion of batteries of sensitispecific safety
biomarkers for most key target organs wittvitro andin vivo relevance

* intensified use of imaging technology as well fiorvivo experiments as
for in vitro systems

* increased research efforts for better knowledgehwhan and animal
genomes, stem cell technology and systems biology

* more efforts in data sharing between different canigs, well-organised
and thus without loosing competitiveness

* Dbetter integration of pharmacokinetics, safety pteaology and toxicity
studies into one package

» development of argumentation for a gradual shdtrfranimal to clinical
studies (micro dosing)

» a more focused involvement of ICH and increasedrefffor more global
harmonisation

* it was also thought that the possibilities for emgment was higher in
pharmacodynamics than in toxicology because of rihe-existence of
specific performance guidelines in that field

» the need for a two generation study within reprodectoxicity was
discussed and it was thought that in general thdyscould be omitted

- Biopharmaceuticals, vaccines and quality control

» With respect to biopharmaceuticals, classicalicmrgy is not of real help and
alternative strategies need to be used includimghkdout animals, transgenic, humanised
mice.

» When no scientific relevant animal model existsually because of high target
specificity, animal studies become highly questidea The relevance of studying
biologicals in non-human primates was heavily dised including the necessity to
justify their use for each case based on crossivéigand functional data.

* For efficacy assessment, vaccines and sera g®veltt, toxicity testing, some
replacement methods exist and are in use, but wes#l far away from full
implementation in all companies due to technicasoms, hurdles regarding regulatory
procedures, high costs and lack of incentives.

Some countries require animal-derived data althaedgvance for efficacy and safety
assessment is highly criticised.

 Discussion at a global level is highly requedbeaiging together all different players
such as ICH, WHO, ICCVAM, ECVAM. European fundingr fprojects on biologicals
was also seen as a high priority.

* A particular problem exists for veterinary vaasfor which in particular incentives are
needed in order to obtain some 3R improvements.
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5.6.2. Recommendations

1. In general, the efficacy of potential drug candidaheeds to be studied in animal
experiments before entering in clinical trials. §hs, however, only true when a
relevant model exists. If not, animal experiments laghly questionable and should
even be deleted. Authorities should accept sudifigation.

2. New safety testing strategies are highly needededan knowledge gained, new
technological developments and existing and emgrgiternatives. Science should
be the driving force.

3. Attention should be given to a better integratioh safety pharmacology,
pharmacokinetic and toxicity studies, whenever ibss

4. The development of a battery of sensitive and $ipesafety biomarkers with clinical
relevance is a high priority and should be inclugtedew safety testing strategies.

5. Improvements in safety testing seem feasible thralifferent means e.g. intensified
use of non-invasive imaging; application of moreedfic screenings of well-
identified pathways; use of more human-based ¢é¢itsues; better integration at all
stages ofn vitro, in silico, ex vivowith in vivo results; data sharing; availability of
negative results; excluding of high dosage whemals are involved, etc.

6. Consideration of micro dose clinical trials undeeliwcontrolled conditions before
finalising safety studies in animals, at leastdarly PK studies.

7. From a regulatory point of view, make the use téraktives easier for defining the
potency of vaccines and sera; also in quality atdhocontrol, provide incentives and
give more attention to veterinary products.

8. Global harmonisation of requirements by regulatbodies is essential to realise

progress. In particular, adequate testing of biapbaeuticals should be clarified.
Europe could take the lead in these discussions.

183



STARTUP

Detailed Results: Workshop Replacement

5.6.3. Report of the Workshop Replacement
START-UP Workshop Replacement
2 - 3 October 2009, Airport Hotel, Budapest, HU

Program:

2 October

13:00 — 13:35 Welcome and Introduction

13:00 - 13:10 Welcome. Lajos Balogh, hucopa, HU

13:10 - 13:25 Introduction tecopaand START-UP. Vera Rogieregcopa BE

13:25-13:35 Introduction to the workshop. GislSpbner, set, DE

13:35 - 15:20 Session I: Replacement in the development of newexrnical
entities

13:35 - 14:00 Keynote | Friedlieb Pfannkuch, Roc®id,

14.00 - 14:40 Preclinical Pharmacology. Klaus-Di&emm, Bayer Healthcare,
DE and Jan-Willem van der Laan, RIVM, NL

14:40 - 15:20 Toxicology including Safety Pharmaggl Tim Hammond, Astra —
Zeneca, UK and David Jones, EMEA, UK

15:20 — 15:40 Coffee Break

15:40 — 17:40 Session II: Replacement in the development of nevinemical
entities (cont)

15:40 — 16:20 Mutagenicity and Cancerogenicitylipe Vanparys, Altoxicon, BE
and Jan-Willem van der Laan, RIVM, NL (replacingri3dH0schele,
EMEA, DE)

16:20 - 17:00 Reprotoxicology. Michael Schwarz,uénsity of Tubingen, DE and
Klaus Olejniczak, EMEA, DE

17:00 - 17:40 Pharmacokinetics. Mario Monshouwdd, BE and Sonja Beken,
FAGG-AFMPS, BE

17:40 — 18:10 Free communications

17:40 —17:55 Replacement, by Jon Richmond, Honfiee)UUK

17:55-18:10 Conclusions of the day Gisbert Spaetr DE

3 October

09:00 — 10:45 Session lll: Replacement in the dewgiment of new biological
entities

09:00 — 09:25 Keynote lecture “Vital benefits fammans by replacing animal
experiments?” Levente Pencz, Fauna Society, HU

09:25-10:05 Biologics | — sera, vaccines. Coahtdendriksen, Netherlands
Vaccine Institute, NL and Steffen Gross, Paul-Ehrinstitute, DE

10:05 - 10:45 Biologics Il — peptides, humanisetbawlies etc. Bernd Mueller-

Beckmann, Roche, DE and Beatriz Lima, EMEA, PT
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10.45-11.05 Coffee Break

11:05-11:45 Session IV: Replacement in quality otrol

11:05-11:45 Aspects of quality control, requiretseof the pharmacopoeia. Jean-
Michel Chapsal, Sanofipasteur, FR and Karl-Heinztweit, EDQM,
FR

11:45-12:15 Free communications

11:45-12:00 In vitro —in vivo: alternative or complementary approaches? Istvan
Gyertyan, Gedeon Richter, HU

12:00 — 12:15 Replacement: Laying the groundworlcfange. Katy Taylor,
European Coalition to End Animal Experiments, UK

12:15-13:00 Round table discussion

13:00 —13:10 Concluding remarks. Gisbert Sponer, set, DE

Scientific committee:

Gisbert Sponer, member of SET, Bioassay GmbH, DE
Lajos Balogh, member of Hucopa, OSSKI, HU
Bernward Garthoff, treasurecopa Bayer, DE

Vera Rogiers, chaiecopa VUB, BE
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5.6.3.1. Introduction to the workshop

This workshop is the third one in a series of thezeh of these is concerned with one of
the R’s in the 3Rs concept of Russell and Burcimeig “Refinement”, “Reduction” and
“Replacement”. This workshop is dealing with thdrdhR, namely the issue of
Replacement. A welcome address was given by LagdegB (member of NCP Hucopa,
HU). Gisbert Sponer (member of the NCP SET, DE)egaw introduction to the general
aim of and ideas behind this workshop. Each dathisf workshop was opened with a
keynote lecture. Then every theme was dealt withway experts, of which one of the
field of industry or academy, the users, and onelired in the regulatory side of animal
testing.

Vera Rogiers, chair cécopa presented the structure and aims of the STAR Tptdiect
and explained the role of the Expert Meetings ddt input in this third Workshop.

5.6.3.2. Summary of the presentations within the fferent sessions

5.6.3.2.1. Session I: Replacement in the developofamw chemical entities

5.6.3.2.1.1. Keynote lecture by Friedlieb Pfannkud¢bffmann-La Roche, CH

This presentation focused on toxicology, becaugettpic is most important for safety
aspects of new pharmaceuticals. There is a pufitiicast on the one hand to allow only
products in the market with a well-characterisefétyaprofile and on the other hand to
reduce, refine, replace animal testing for ethieasons. Due to legal aspects there is also
an interest of the pharmaceutical industry to perfahe necessary animal studies in
order to avoid harm to volunteers and patients Baildilities, which can harm the
reputation of the company. Industry’s activitiese amainly driven by regulatory
requirements.

Regarding replacement, there are some limitatioasedb on scientific reasons. In
particular, cells orin vitro systems cannot really provide a reliable surrodatea
complex and complete biological organism, i.e. meraative methods are available
allowing reasonable safety assessment on endpaftés repeated dosing. From the
regulatory side, animal studies for risk assessraemharketing authorisation stage are
requested.

In safety testing, there is always a battery ofligtsi and it will be difficult to replace
them all, because there are many different tests awlifferent degree of complexity.
Nonclinical safety testing was in particular intiéiesl after the thalidomide disaster in
1956. In recent years a variety of test systemsaastadily growing number of testing
parameters have been introduced, consisting oftdiisscal methods, GLP (good
laboratory practice), PK/PD modelling, toxicokimsti in vitro testing, -omics
technology, transgenic animals and stem cells amgulatory needs and global
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harmonisation. Many tests have to be done andata¢ procedure gets more and more
complex. One key problem, however, is that the iptability for side effects in humans
based on results generated in mice or other animdby far not ideal. About twenty
percent of the withdrawals of drug candidates @u@xicity occurs during clinical trials.
This is the case when one considers the “classibalgys with low molecular weight.
However, about half of the classical toxicology téesare not of real help for
biopharmaceuticals such as human proteins and pibgtia antibodies which are
important new drugs in the pipeline. Another aspgdhat animals may be exposed to
too high doses, which causes many false positsgtseand has a negative impact on the
potential extrapolation to man. Testing of multipledpoints may also contribute to false
positive correlations. The activities of ICH cobtrie to the general wish to use fewer
animals in safety investigations on a global schlg, it works slowly and the actual
complicated international consensus process hirmtgisal scientific modernisation.
Despite this evolution, radical changes in mind aeeded. When developing new
candidate drugs, all existing information about¢hadidate itself and structurally similar
substances must be used. Many companies haveod ilotsilico data and it would be
good if these data could be shared, without lo simigppetitiveness. When performing
animal tests, they should be well targeted. Toxigplshould include knowledge from
both the identified human and animal genomes.

Nevertheless, a new safety testing strategy shéeldconsidered. High-throughput
methods based on identified pathways of toxicitthwiuman cells, invertebrate species,
etc and computational methodis,silico expert systems, must be used more. Instead of
exposing animals to high doses and observing aitodat of possible effects, precise
guestions must be raised about whether sensitiygiqglbgical processes are disturbed.

In a mid-term to far future perspective, developtdrbatteries of sensitive and specific
safety biomarkers in a collaborative approach psamising approach. A shift from non-
clinical to clinical studies, can take place if gdmomarkers are available. ‘Idiosyncratic’
toxicity could better be tackled by pharmacogenentii@n by animal testing.

A number of biomarkers are now undergoing the mead validation and acceptance by
FDA and EMEA, including biomarkers for liver, kidpand muscles. Kidney biomarkers
accepted by FDA and EMEA, include KIM-1, Albumin|uSterin and Trefoil Factor-3
and Total Proteinp2 Microglobulin and Cystatin C. Liver biomarkersden validation
by C-Path, include PON-1, MDH, PNP and GLDH (whake identified for initial cross-
gualification) and alpha-GST (multiplex assay expdf which is under discussion.
There are different isotypes of muscle biomarkérsplved in regulation of muscle
contraction: troponin C binds Ca++ (identical irmheand skeletal muscle), troponin I is
an inhibitor of actin-myosin interaction (cardiaedaskeletal muscle isoforms), for this a
sensitive test is available and troponin T linkeptnin complex (C, | & T) to
tropomyosin (cardiac and skeletal muscle isoforms).

To conclude, the scientific base of safety testimgst be improved, the reliability of
extrapolation from animals to humans has to bevasigy improved, which may then
lead to replacement of some animal tests. On tlietenim to far future perspective, the
basis for a potential shift from non-clinical (amithto clinical studies must be further
developed. Batteries of most sensitive and spes#fety biomarkers must be developed.
The ICH process is the most appropriate platformttie replacement of animal testing.
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Contribution to public risk awareness and accemaran be achieved by an improved
information policy.

Discussion

van der Laan: The ICH is said to be working slow aring complicated, but sometimes
ICH works too fast and certain documents end upghant well formulated, because of

time pressure. It also is a fact that the integireth of the guidelines done by the

industry, is often too strict. In general, the galides should rather be used as flexible
advice, in particular when there is good scientdfrgumentation for the modifications

that one wants to introduce during certain safgpeements.

5.6.3.2.2. Session II: Replacement in the developmienew chemical entities

5.6.3.2.2.1. Preclinical pharmacology, view frondustry, by Klaus-Dieter Bremm,
Bayer Healthcare, DE

As long as there are unmet medical needs, theofollee pharmaceutical industry is to
develop and provide patients with innovative, safe efficient medicines. For ethical,
scientific and regulatory reasons and despite fsogmt technological progress, currently
this mission is depending upon studies in animéAlsenever performing such studies in
animals, the pharmaceutical industry fully applies 3Rs. When alternatives, such as
computer modelling or cell cultures are availalihey are used. Often answers can only
be given by testing in a complex living organism.

The evolution in technologies led to a paradignit $hiR&D. 20 years ago, a compound
was tested nearly exclusively in animals with tbasequence that only few compounds
could be tested and many animals were needed. Nywwachuch more compounds are
tested with fewer animals. Within these 20 years thumber of animals used in
pharmacological investigations has been reduced3®s. This has been possible by
using new approaches such as target identificatiaoh validation and lead compound
identification and optimisation, often based on igsn

Non-animal alternatives are used wherever possiliiere are several reasons for this
change, amongst which the fact that animal tessngxpensive due to breeding and
housing costs. Alternatives are more cost effect@mputer models and cell cultures
are good tools for screening tests and are therefsed frequently. However, such
models cannot provide reliable information aboumnpbcated interactions in the whole
system. The combined use of animal and non-anieséd may be the best approach.
More than 95 % of all mouse genes have homologuestimologue forms in man, which
means that mice have a similar, but not identicahogne compared to humans.
Therefore, it always has to be kept in mind thatnah models only give a hypothesis for
the human situation.
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The use of animal models in R&D is subject to a hanof challenges. A first problem is
the high attrition rate, there is a 3% chance &xhepreclinical development for a NCE
(New Chemical Entity) against a new target versd%o for a validated target. New
targets often lack the essential expertise ab@irt Hological functions. Due to diverting
technologies, drug development for different tasgetcomes increasingly complex and
costly. There is also an innovation gap, the phaotogical industry must create space
and incentives for entrepreneurship and innovatiBolypharmacology is a major
challenge for the development for the gene-to-kad) discovery concept and clinically
differentiated therapies.

Nowadays an integrated technology platform senges g@rerequisite for a successful
translational medicine strategy. Screening of tsrglead finding and optimisation, are
done with high throughput methods and computatiordemistry. Animal
experimentation is only performed in the developtakestages of a new pharmaceutical
product, but this is done in conjunction withvitro andex vivotests, such as toxicology
profiling. This helps reducing the number of anisadtor example, the use of imaging
technology also in small animals provides the pmktsi to observe the development of a
disease continuously and the response to a new @mgdoe observed more precisely.
Using the conventional method, 20 animals were eg@ddr a distinct investigation,
whereas using the small animal imaging techniqug m@yuires 5 animals to generally
achieve equivalent results.

Integrative pharmacology allows complete bio systamalysis: target validation, safety,
efficacy, DMPK (drug metabolism and pharmacokirgticurrogate markers. This has
become possible thanks to the availability of thenan and mouse genome and
transgenics. Mice can easily be genetically modifie mimic human disease. Mouse
miniaturisation is another new process, which Im@sadvantage that lower amounts of
the compound are needed for the investigation.n@rother hand, such technology may
imply also a challenge, since physiological recaogdi and bio analytical chemistry
measurements become more difficult.

Replacement has many advantages, because knowgipf@ecan be applied to new
systems, mechanistic studies can be extended imitadly less challenging cellular
models and are less expensive. In particular, leellmodels can be used to screen large
numbers of agents for activity or toxicity. The atisantages, however, are that these
alternative models are dependent on pre-existirigrnmtion and it is difficult to
incorporate the complexity of living organisms, doeunknown variables in physiology
and pathology in living organisms. Therefore, neiwldgical processes will require
validation in living organism. Thus, regarding biedicine aspects, animal tests will still
be performed in the coming years.

To conclude, the evolution of technologies in ddigcovery and development provided
not only the possibility to incorporate the 3R oepicin the development of new
pharmaceutical products but, in fact, it has bearased by the companies. Improved
study design and focussed testing strategies leelgeduce the animal numbers and
replace some animal studies. However, despiteffalitg, studies in animals still play a
significant role in the industry’s mission to prdei innovative and safe medicines for
complex diseases. The pharmaceutical industry rezeg the importance of the highest
possible ethical standards in animal welfare whemnenal testing is still necessary.
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Moreover, it strives together with all stakeholdeysontinuously reduce the number of
animal tests. Together with all stakeholders thal @b the pharmaceutical industry is to
broaden the number of validated and accepted atigenmethods to replace animal tests.
However, for preclinical studies animal studies| Wi needed, at least for the next 20
more years.

5.6.3.2.2.2. Replacement of animal testing in plaodynamic development - a
requlatory view, presented by Jan Willem van dearLaon behalf of Doris H8schele,
BfArM, DE

Primary pharmacodynamic studies are concernedtivittmode of action and effects of a
substance in relation to its desired therapeuticgeta whereas secondary
pharmacodynamic studies are not related to itsetbtiherapeutic target.

There are no specific guidelines. In Directive J(#001/83/EC, Annex |, part |, point
4.2.1, there is a part about pharmacology studiégre are two distinct approaches
possible: the first one is the investigation andcdgtion of actions relating to the
proposed therapeutic use by means of recognisedaitthted assays, both vivo and

in vitro. New experimental techniques must be describesieh detail as to allow them
to be reproduced. The second approach is the igaish of potential undesirable
pharmacodynamic effects on physiological functions.

The goals of pharmacodynamic studies are diverdarariude elucidation of the modes
of action (primary and secondary) (can be done bottitro andin vivo), selectivity and
sensitivity to the target, which is testadvitro and prediction of possible efficacy in
humans (testeth vivo). With all these studies, proof of concept is vienportant. Other
goals are the dose-response-relationship of tleetefh vitro/in vivg), dose selection for
non-clinical and clinical studies(vivo) and selection of the dosing scheduhevivo).
Pharmacodynamic studies are relevant during eady development, when there are no
or only a limited amount of toxicological and cbai data available. They can help with
decision-making on further non-clinical/ clinicagé\delopment of the substance, species
selection for toxicological studies, dose selectiontoxicological and clinical studies
and give information on the MABEL (minimum antictpd biological effect level).
Pharmacodynamic studies are also supportive duting approval, when information
from clinical studies Phase I, Il and Il are aghie and efficacy has been investigated in
humans.Clinical data are more important for theopmf concept, especially when no
animal disease model is existing.

For pharmacodynamic studies, the same rules asthier studies apply. Under article 7
of Dir. 86/609 it is stated that if good alternasvare available, then no animal tests
should be performed. There is much more possibibtydevelopment of non-animal
studies in the field of pharmacodynamics compacetbokicology because there is no
specific guideline for performance. In Dir. 2001/83e use of new techniques is allowed
and there are few standardised models. However,th@ majority of cases
pharmacodynamic development of a drug relies omalnstudies as the pivotal studies
before starting clinical trials.
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One of the reasons that animal models are stiéinofised is than vitro studies have
limitations. It is for example difficult to estimatthe pharmacologically active dose
vitro. Traditional models which one has with long-terrpa&rience are often preferred,
because there is not only a lack of validated étive models, but also experience is
lacking.

As a first example, anticancer drugs are presemiettumour activity against human
glioblastoma cellén vitro and in nude mice subcutaneously implanted witbbdgistoma
cells are both possible therapeutic options foattnent of glioblastoma in humans.
However,in vivo distribution studies in rats showed low distribatiinto the brainin
vitro effects, on the contrary, are not under influen€ghe pharmacokinetics of the
substance.

With anticoagulant drugy vitro studies showed selectivity and sensitivity foriliing
coagulation factor and blood clottingn vivo studies, however, are still necessary to
investigate the effects on bleeding time at artitiitvotic doses. These effects can only be
investigated in a whole organism.

In vaccines,in vitro studies showed response of dendritic cells to ahttgen and
adjuvant.In vivo studies are necessary to investigate effects oteqtion against the
invader (virus or bacteria). These effects can drdyinvestigated in a whole organism,
preferably an animal sensitive to the disease,jflgenza in ferrets.

The National Cancer Institute (NCI) Developmentgsean for anticancer drugs has, in
the early 90’s replaced vivo murine p388 leukaemia model used as a pre-screeelm
by anin vitro human tumour cell line assay comprised of differell types. For HIV
(Human Immunodeficiency Virus) infection, there ame relevant animal models,
therefore the non-clinical pharmacodynamic dataesebnin vitro studies.In vivo
pharmacodynamic studies are complementedhbyivo pharmacokinetic safety studies.
A question to be asked is whether animal studiesxacessary, when no relevant animal
model exists. A final answer does not exist so Ifawnitro screening tests are used on a
range of receptors, enzymes and ion channels iondacy pharmacodynamic studies.
However, also for secondary pharmocodynamic studigs/o studies are still requested.
To conclude: In most cases, development of a deligsron whole pharmacodynamic
animal studies. No standardised models are recowhgenin guidelines. The
development of more animal-free methods in thiklfie possible, and this is and should
be applied wherever possible. Final confirmationdayulation of a whole organism
actually is impossible bin vitro tests only. If no relevant animal model of diseasists,
the performance of animal studies is questionatdeshould be carefully considered.

Discussion
Garthoff: Has there ever been a final acceptant®owi animal model?
van der Laan: More clarity is still needed, by nihwe regulator has to decide whether or

not the testing is sufficient. In HIV related resgmand with antibiotics, there are not
always infection models available.
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Bremm: Bayer would probably not step into a projedtere no animal model is
available. Even for antibiotics, there were alweyadels for all relevant pathogens.

Hammond: Small molecules do not exert their toxaggl only through their
pharmacology, but also through their chemistry,avhis much more difficult to predict.
Ten years ago, AstraZeneca looked at the reasons dmings failed during their
development. Around 50% of the candidates failedcabse of an exaggerated
pharmacological response, but the other 50% waladgafor reasons, not related to
pharmacology. When the chemical structure of a @amg is changed slightly, this can
result in a totally different toxicological outcom&he challenge is to find the right
screening methods to predict what will happen @rthvivo situation.

Bremm: The problem also is that often differentdesust be used for different chemical
core structures. Tests might work with one classtrofctures, but not with another one.

Gross: In research related to biopharmaceuticals as monoclonal antibodies often no
animal models are available. Knock out models canploduced, but this remains
difficult. There are examples where no appropratienal models are available.

van der Laan: New compounds in the pharmaceutiela &re new by intention. This is
not the case in the chemical industry. This maked there is by definition some
unpredictability in then vitro systems.

Vanparys: In the past, at J&J there was a compowiich induced cataract. After
testing in lenses, it became clear that this effears caused by an inactive enantiomer,
which was not active in the proposed indicationwiNd&J also performs chemical
screening.

5.6.3.2.2.3. Replacement in Toxicology and SaféigriRacoloqy, the reality, by Tim
Hammond, AstraZeneca, UK

For ethical, scientific and regulatory reasons, awspite significant technological
progress, the development of innovative, safe diedtere medicines is dependent upon
some studies in animals. These are a small bak pért of the development of a new
medicine. The principles of the 3Rs are appliedrasmtegral part of drug discovery and
development. Replacement is inherent in screenasgades that are used to select the
best potential new medicines for animal studiesw lraquires regulatory toxicology,
because it actually is the best way to protecep#tiand volunteers.

Most compounds are killed before the clinical tegtiphase. Scientists apply a
“reductionist” approach nowadays, thanks to taidentification, due to which more
compounds can be tested with less animals. Onelgmngbhowever, is that the
predictability is decreasing.

Replacement is good business, because using anisnalgensive, resource intensive
and time consuming. Alternatives offer many advgesa such as lower costs, a lower
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amount of testing material is needed and high gjinput testing is possible. Howevaer,
vitro reductionist approaches cannot mimic the compteitan intact organismn vitro
systems are also poor predictors for systemic anohic effects in man.

Data mining,in silico prediction, are fast working tools for better izakion of internal
and external unstructured data. Reduction shoulseka in context of better knowledge
management. However, this system is not yet perfeicice the understanding of
pathways must get better.

Animal tests for toxicology and safety pharmacologge required by law, and
scientifically supported by ILSI (International kifSciences Institute) concordance data.
Animal testing is not perfect, but currently ittlee best way to protect volunteers and
patients. Animal use in regulatory safety assessmegmesents less than 10% of the total
animal use in research and development of new nmedicbut the focus for replacement
has been very much on toxicology. The questionctcbel posed whether this focus is not
disproportionate.

Replacement is science and technology driven, egislation driven. Despite being a
small percentage of the total animal use, theredog of efforts and funding possibilities
(ECVAM, EPAA, FP’s...) in safety assessment for replaent. Replacement
alternatives of other sectors, however, will notafls be relevant for the pharmaceutical
sector, due to the differences in properties of chemical entities. Global regulatory
acceptance is also very important, before alteraatiethods can replace animal testing.
In vitro methods in safety pharmacology and toxicologyraaenly used for compound
selection. They are also good for understandinghar@ems, and are as such used for in
depth profiling of activity at primary target andecendary effects, kinetics and
metabolism, general cytotoxicity, hepatoxicity... Yhae also used in regulatory safety
testing, for example in cardiac toxicity (hERG (HamEther-a-go-go Related Gene)) and
phototoxicity (3T3 NRU (Neutral Red Uptake)).

In the first example, with respect to cardiac tayica refined cascade to prevent sudden
death associated with heart arrhythmia has beeel@j@sd. The screening cascade now
used, is that first a virtual screening with a hER@nputer model is done, then a
screening for hERG channel binding in cell linesxtrtesting for the effects on the heart
rhythm in animals and finally in man. This workslkéut the problem is that even the
bestin vitro tests only reach a prediction accuracy of abo&t.80

Potential phototoxicity, is testad vitro with 3T3 NRU PT cells, which is an ECVAM
validated replacement fan vivo phototoxicity testing. This test is adopted intt) E
regulatory guidance. Also an vitro photo-clastogenicity test (ChromAb test with CHO
(Chinese Hamster Ovary) cells) andiarvivo photoallergy test are performed. 50-80%
of the drug candidates demonstrate some absongitbr290-700 nm, >50% of the drug
candidates would be detectable in either the skieye. Therefore, most drug candidates
need photosafety testing. The problem is tlmat vitro photosafety assays are
oversensitive. Using the 3T3 NRU PT assay, 45%®fcompounds were tested positive,
whereas using photoxicity animal studies, only 1&%hese 3T3-positives were tested as
positive. If 3T3 NRU PT is used in decision-makittg danger exists that, potentially
valuable drugs might get lost.

The use of non-human primates is addressed in #tbétall Report (report by Sir David
Wetherall, commissioned by the Medical ResearchnCibuThe Royal Society, the
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Academy of Medical Sciences and the Wellcome T{ust), Times, Dec. 16, 2006) as
follows: “There is a strong scientific case for terefully regulated use of non-human
primates where there are no other means to addezsty defined questions of particular
biological or medical importance.” The SCHER Refd&tientific Committee on Health
and Environmental Risks, Scher Report on Non-hufamate Research, 86/609/EEC)
(January 2009%tates that the use of non-human primates may seneasl for specific
pharmaceutical development, for getting more uridading of infectious diseases, such
as AIDS, as well as for getting better understagdih complex neurobiology and for
studies regarding xenotranplantation.

Some future topics are stem cells, computationahtstry and systems biology. Stem
cells are an interesting field with a lot of potahtbut it is not reality yet. Computational
chemistry is already valuable today. Systems biplegromising for the future.

Despite enormous advances in technology very f@hacements currently exist besides
those for some local or acute effects, but safetyessment for pharmaceuticals is
primarily driven by risk assessment from chronisteynic toxicity studies. The primary
bottle neck is the complexity of the scientific teage.

Discussion
Garthoff: What are the limitations of sharing data?
Hammond: Duplication of data is not the same asisipaReplication is sometimes done,

duplication not. A balance between competitiveraess sharing should be reached. Data
sharing is not limited by competitiveness, but ibyet

5.6.3.2.2.4. Chances and Limitations With Respert Replacement of Animal
Experimentation in the Development of New Pharmcalg, by David Jones, MHRA,
UK

MHRA (Medicines and Healthcare products Regulatsggncy) is the executive agency
of the Department of Health safeguarding publicltheby ensuring that all medicines
and medicinal devices on the UK market meet apptgistandards of safety, quality
and efficacy. MHRA does not perform animal testitgelf, but believes that some
animal use will remain necessary for safety evanapurposes at least for the near
future. MHRA is opposed to the indiscriminate u$éaboratory animals. If appropriate
parameters are monitored, duplication of studiey bma avoided. Optimum design in
gathering data will reduce the number of animaisired.

When performing safety pharmacology studies, itingortant to adopt a rational
approach to select the studies. Regulatory guidahamnly one way of achieving an
objective, there might be a better way. The spesifiidies that should be conducted and
their design will vary based on the individual pedges and intended uses of the
pharmaceutical. Safety pharmacology is not a lxkirtg exercise.
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Safety pharmacology studies could also be usedeardéesign of toxicological and other
preclinical studies. Safety pharmacology is somethaf most important non-clinical
studies, to be conducted prior to first use in n&nce pharmacological effects will vary
depending on the specific properties of each testdubtance, the studies should be
selected and designed accordingly.

There are changes in the use of animals, for exgnathough the dossiers are getting
larger, more and moia vitro studies are used, which proves that some appdicatnot
just “ticking boxes”. Moran vitro work is done in the early research stages, kg i
the development stages. There is not much reahceplent, but things are changing in
refinement and reduction.

In ways of refinement, toxicokinetics could be vargeful in safety pharmacology
studies. For example, a caudal venepuncture is did@e. When repeated withdrawal of
blood is needed to properly define PD/PK relatidbra satellite animals may be used
for this purpose. Dried blood spots is a “new” depenent in this area, even though the
technique has actually been around for over 40sydars an easy way of collecting,
shipping & storing blood samples. Animal or humaool is bled directly onto a
collection card, which lyses cells and denaturesgoms. The cards are air dried & stored
or shipped desiccated at room temperature. Disespanched out of the dried blood
spots for analysis. The advantage of this is tbditiced blood volumes are used, which is
useful in juveniles. It also reduces the animabesas serial sampling can be done in one
animal, rather than collecting composite bleedsnfiseveral animals. There is also the
possibility to remove satellite rodents. A numbédr phharmaceutical companies are
currently using this technique and inter-laborateaydation exercises are underway.
When planning experiments, it is important to casty a proper statistical analysis to
determine how many animals are needed. Also akdaspof the experiment must be
properly designed. If experiments fail and havedaepeated, additional animals have to
be used, which defies the goal of reduction. A dasease vision is often the best way to
design experimental studies.

A lot of scientific effort has been devoted to depeng new, non-animal techniques,
which can be used in experiments instead of aninfdlere have been some notable
successes, but overall, progress has been disaipgbysliow. One reason whin vitro
methods are used more often now is that they azapsr.

The ICH M3R2 guideline on Nonclinical Safety Stugievhich was approved in June
2009, should facilitate the timely conduct of atili trials, reduce the use of animals in
accordance with the 3R principles and reduce the afsother drug development
resources. Although not discussed in this guidaocgesideration should be given to use
new in vitro alternative methods for safety evaluation. Thest¢hods, if validated and
accepted by all ICH regulatory authorities, can used to replace current standard
methods.

According to this guideline, in safety pharmacologgnsideration should be given to
inclusion of anyin vivo evaluations, e.g. as additions to general toxisitidies, to the
extent feasible, in order to reduce animal usendstdone acute toxicity studies are not
recommended.

Other efforts include the acceptance, in some ¢cagé&smonth rather than 9 month non-
rodent toxicity studies in the USA and Japan. Epgilary clinical trials in humans
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section are added. These can be initiated with tasdifferent, nonclinical support than
is generally warranted for clinical developmenalsi It is also accepted that reproductive
toxicity studies are not needed until later in iclah development.

It is also accepted that the conduct of any jueeathimal toxicity studies should be
considered only when previous animal data and hwsa#aty data, including effects from
other drugs of the pharmacological class, are jddgsufficient to support paediatric
studies. The guideline also recognizes that exstphototoxicity guidelines are
inappropriate.

The new ICH S9 Guideline and Addenda to S6 Guidethould also have impact on
animal use.

Discussion

Vanparys: In the M3R2 guideline, it is stated thedute toxicity testing is not
recommended anymore. Is this only for general ttyior also for genotoxicity testing?

Jones: Single dose toxicity testing for genotoyicst still needed, but not acute toxicity
testing anymore. Death is no longer the endpoidtjast giving animals high doses to
see what happens, is not done anymore.

Unidentified: In vitro models for high throughput screening are indeezhphr thann
vivo models, but when complex batteries for replacenagatused, they might be as
expensive, or even more, iasvivo models.

Jones: When comparing a singievitro study against a single animal model, then
vitro models are cheaper. Validatiimgvitro models is indeed expensive.

Hammond: The challenge of companies is to selestpocninds,in vitro systems can
screen thousands of compounds. If a system is founahich decisions can be based, it
is worth for the investment, because then the compan get better compounds.

Pfannkuch: Less than 10% of the animals are usetbkicology. Shouldn’t there be a
focus on those fields where the highest amountseo&nimals are used?

Bremm: A large part of the animals is used in bassearch and kinetics studies.
Workgroup 2 of EPAA is doing an analysis to see nghtbere are other opportunities to
reduce the number of animals. Toxicology is notrttegor driver in this analysis.

Unidentified: Do EPAA or any other organisationsegguidelines on the use of juvenile
animals?

Jones: Yes, there are juvenile guidelines and vinas focussing on these guidelines.
One problem is that the FDA validates models byingtcompanies run studies to
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investigate whether the approach works or not. Gongs do studies that might have no
relevance at all. This makes no sense to EU regslat

Maier: When comparingn vitro to in vivo studies, they are always compared to each
other, while in fact they should be compared tordevance to the human. This is often
not possible, because harmfully positive compowrdsaot tested in humans.

Jones: The problem is that statistics ignore ingasbnal drugs that have never been
tested in humans due to potentially harmful finding preclinical studies. Animal studies
do not show real “human” side effects, that's wtte clinical trials are for. Animal
studies are targeted to support the start of @intdals. Clinical trials are of key
importance, but test groups always remain smallaaadimited in covering the variety of
the “whole” population. Also, in reality people dbmalways follow the prescription,
which can cause side effects (overdose for examilgthing can be done about this and
regulators or industry are not to be blamed here.

Hammond: The normal concept of screening cascadgsing at the beginning from
vitro models to man at the end. Nowadays, there is andeapproach, since often
compounds that are already on the market, migiddigified later on to cause harmfully
positive signals in test systems. This informai®then also used again in computational
models.

5.6.3.2.2.5. Mutagenicity and Carcinogenicity, thilidpe Vanparys, Cardam, BE

Genetic toxicology testing has gone through an wian, starting with purelyn vivo
testing, to nowadays, mosily vitro testing.

At Johnson & Johnson (J&J), in 1978, the dominattdl test was used, since genetic
toxicology was still new. This test used 1.000 midewadays only ona vivo assay is
performed.

In drug evaluation, regulatory authorities requileee tests, the Ames and mouse
lymphoma tests, which aig vitro tests, and the micronucleus test, which isranivo
test. These tests are used to detect gene mutamhshromosome aberrations. The
guestion is whether thia vivotest can be replaced.

A number of initiatives to reduce and replace arhiteats in genotoxicity testing have
been taken and are underway. The ones that willlibeussed here are the ECVAM
workshop, the ICH draft genotoxicity guideline 21§, the REACH Integrated Testing
Strategy and the'Binternational Workshop on Genotoxicity Testing.

On the ECVAM workshop, two conclusions were reach€&te integration of the
micronucleus assay into Repeated Dose Toxicity (Rf2ddies should be standard when
RDT studies are foreseen for the test compound.edommendation was made to
combine acute micronucleus and comet assay stundgesne study.

The ICH has drafted a genotoxicity guideline S2)(RCH drafted a testing cascade,
starting with a test for gene mutation in bactéfAimes test), then there are two options.
Using n vitro mammalian cell tests, mouse lymphomanovitro chromosome aberration
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test, can be performed. Depending on the resbksetare two possibilities. If this test is
negative, a micronucleus test integrated in RDT b&ancarried out. Under these
conditions, only one endpoint is needed. If the iepositive, two endpoints are needed,
one done in a separaite vivo study. If noin vitro mammalian cell tests are performed,
also two endpoints are needed. ICH also discussethtegration of micronucleus test as
endpoint into RDT studies. This counts for 14 tod#y RDT, dose range finding and
teratogenicity studies, however there are still sassues, about the highest dose to be
tested and the satellite group of positive contriiisacute toxicity studies, no positive
control animals are needed. Micronucleus scoring lwa done in blood by using flow
cytometry, acridine orange staining and manualisgor

The recommendation of the REACH Integrated TesHtigtegy is that genotoxicity tests
can be integrated into RDT, if it is scientificajlystified.

The International Workshop on Genotoxicity Testifaggussed on the reduction of false
positive resultsn vitro and the reduction of animal usage. A new subgwagp set up to
develop consensus recommendations for integratemgtgxicity endpoints into RDT
studies and to study multiple endpoints in shamatstudies, in light of recommendations
of ICH, ECVAM and animal welfare organisations whiall are in favour of reducing
animal usage.

The first topic was the combination of micronuclewmsl comet assay into acute toxicity.
A possible design of a bone marrow & blood micrdaus test plus comet assay in tissue
of choice was presented. To take blood, it is bestse rats. They are treated at time O
and blood is taken in order to get base line valti®ss, the animal acts as its own
control. Then it is treated at 24h, blood is takein. It is treated a third time at 45h,
comet is sampled after 3 hours, animals are seetifat 48h, a blood sample is taken
again. Micronucleus tests are done at each time. Boneawais collected at 48h for
micronucleus testing. Comet assay can be doneoomash, liver or other material. This
is technically feasible and scientifically accepalas an alternative to the separate
assays.

The second topic was the integration of micronuzlasting into RDT studies. This is
scientifically acceptable, but there may be sitraiwhere an acute study is preferable
(for example with severe bone marrow toxicity).

The third topic is the integration of comet asseye RDT studies. This is considered
scientifically acceptable. The liver comet assapplements micronucleus tests in blood
or bone marrow in detectingh vivo genotoxins. Practical issues still need to be
considered.

Conclusions on the replacement in genotoxicityingsare that the only routine in vivo
testing is the micronucleus test. Replacement@fttute micronucleus test byianvitro
micronucleus test for pharmaceuticals is not exgueéor the near future as tie vitro
system does not mimic the possible metabolismetélkt compound which may ocaar
vivo. Thein vitro test is not mature enough to replace the pivagllatoryin vivo test

for human safety testing. Integration of the mierdeus and combination with comet
endpoint in RDT studies can be seen as a parpgaement of acute micronucleus test.
Implementation ofn vitro micronucleus and comet tests in the discovery @lodsirug
research to deselect the genotoxic compounds shaldd be seen as a partial
replacement ofn vivo (Mammalian Erythrocyte Micronucleus Test) microleus and
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comet testing. Integration is in compliance with @E Guideline 474, strongly
encouraged at the ECVAM workshop and recommendd@Hyand REACH ITS.

For pharmaceuticals, there is no alternativevitro test, which can replace the 2-year
carcinogenicity studies, because the complex mestmanfor carcinogenicity induction
and in vitro models do not mimic metabolisation pathways in ansa The Cell
Transformation Assays (CTA) are the only availabte vitro alternatives for
carcinogenicity testing which may play their role ¢hemical testing at low human
exposure conditions but cannot serve as a faslih the pharmaceutical industry.

In the long future, no accepted and validatedvitro test will be available for full
replacement of the long-term carcinogenicity tastdrug research.

Discussion
Maier: Why are positive controls needed?
Vanparys: Positive controls are not necessary & bas experience with the test, but

since comet assays are still new, positive contm@secessary.

5.6.3.2.2.6. Carcinogenic Risk Assessment of HuPlasrmaceuticals: A European
Reqgulatory Perspective, by Jan Willem van der L&INM, NL

In the old paradigm of carcinogenicity studies airfan pharmaceuticals, the duration
and exposure was enhanced as much as possiblevéo ehanaximum risk on the
development of tumours in the animals. Life timadss were performed, being 24
months in rats and 18 or 24 months in mice. Twaiggewere used to correct for species
differences.

The assumption was that genotoxic, DNA-damaging ppamds were covered by a
genotoxicity battery (ICH S2), including Ames testammalian cell assay ama vivo
assay on chromosome aberrations. The presumptisntivea any genotoxicant will be
carcinogenic, unless proven otherwise (ICH S1A)wklger, non-genotoxic compounds,
not acting via DNA damaging mechanisms must beistudin two year studies in
rodents at high exposure (MTD (Maximum Tolerant &osr multiple of AUC (area
under the curve), as defined by ICH S1A, B, C.

50% of all chronically used human pharmaceuticadsice tumours in rodents. But, only
20 human pharmaceutical carcinogens have beernifiddry epidemiology, although a
lot of epidemiological studies have been carried ou

There are several issues in carcinogenicity rebeamse being that rodents are more
sensitive than humans. Often the pharmacodynamiwitgcis the basis of the
carcinogenesis. Another problem is that of ageedldumours in rodents. Indeed the
tumours arise in the 18 to 24 months of the treatnperiod. The duration of the
treatment is also under discussion: IARC (Inteoratl Agency for Research on Cancer)
compounds induce tumours within 12, and exceptipnéthin 18, months.
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Non-genotoxic human mechanisms of action of caggneity include proliferation of
cells, suppression of apoptosis and induction dfdzmage with subsequent restoration.
Examples of this are chronic cell injury, immunogrgssion, increased secretion of
trophic hormones and receptor-mediated mechanisms.

The ILSI project Alternatives in Carcinogenicity siimg used transgenic and knock-out
animals, as well as the vitro SHE (Syrian Hamster Embryo Cell Transformatiorsegs
Ten to twenty compounds were evaluated using agemc mice strain. The SHE assay
was too sensitive to be used for regulatory purposeit might be useful in early
screening of new compounds. It has no predictiveevéor human carcinogens, but for
rodent carcinogens.

There is hardly any new approach for this costasitee project, despite the involvement
of regulators from various authorities. The numbkstudies for regulatory purposes is
small. It seems that the regulatory affairs pedplen companies are conservative It is
also possible that there is a lack of evidencettimknock-out and transgenic mice are a
good alternative.

There are a few other approaches such as QSAR {@uiae Structure Activity
Relationship)Biomarkers are not yet predictive, unless a batteayailable.

FDA has an office of pharmaceutical sciences, waithinformatic and computational
safety analysis staff. MDL (Molecular Design Lind)eQSAR contains an integrated set
of tools for similarity searching, compound clustgr and modeling molecular structure
related parameters, which is based on the atom-¢ygetrotopological state (E-state)
connectivity between molecules and other descsptavhich can be statistically
correlated with toxicological or biological endptEnThis is based on the FDA/CDER
(Food and Drug Administration/Center for Drug Exatlan and Research) database with
1285 compounds. Validation was done with 108 comgsy of which 86 were
pharmaceuticals. A cluster with data of male anddie rats and mice was made. This
gave an estimation of rodent carcinogenic potemtidhe test compound from a single
cell to a two plus cell analysis (FDA is considgria mouse study having two cells,
males and females, the same for the rats, 2x2).cé&lés database provides some hope
that the outcome of a single species study forimagenicity could be predicted. The
coverage was 92%, the specificity, sensitivity gamddictability were in the range of
70%. The authors stated that “electrotopologicatdie descriptors and MDL QSAR
software are promising newm silico approaches for modeling and predicting rodent
carcinogenicity and may have application for otteicological endpoints”. Limitations
for carcinogenicity include the observation thahtwr findings may arise by chance. It is
an application of multi-cell analysis and mostable predictive models are developed
for compounds that produce multi-species tumours.

The major issue in this approach is that rodentieagenicity is the gold standard and
proliferation is the main mechanism. There is natowwh focus on human
carcinogenicity.

The accuracy of the life-time rodent bioassay iknawn. Emphasising rodents as gold
standard, neglects the high number of false pestiknown not to be human carcinogens
due to their mode of action. Emphasising the imguaré of multi-species carcinogens,
neglects that 3 out of 6 human carcinogens testedoaly positive in one species.
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Epidemiological data are needed, based on a braaged of human carcinogens and
human non-carcinogens.

The genomic approach is a technical approach. rt ke used as genomic profiling,
pathway analysis, as a translational approach aniéarn more about human cancer
mechanisms. In the translational approach, aniratdvays associated with tumours are
compared to human pathways. It can also be uskdnran cancer mechanisms to look at
disturbances in human cell metabolism associatéd the pathogenesis of cancer, thus,
mechanisms involved in human cancer are analysedelbpmic techniques. May be
these data should be used as the starting poirtbkicological analysis. In screening,
there are some issues to detect these pathwaysti@hseare: “shoulih vivo or in vitro
studies be used?”, “must transgenic animals be2ls&dhat is the duration of treatment
and is it possible to do risk assessment?”

Replacement is not possible in the short term athan gold standard is lacking and
human pathways need to be characterized.

Discussion

Maier: If anin vitro test would be performed as a lifetime test, it ldawt be accepted.
If in vivo studies are performed in lifetime, they are aa@pin this matter, there should
be a new way of thinking.

van der Laan: Arn vitro study as replacement of anvivo lifetime study is insufficient
if it is just predicting the outcome regarding tacinogenicity during the lifetime of the
in vitro system . The SHE assay predicts the outcome ofahassay, but it is not
acceptable, because the rat assay gives more iationm(for example which organs are
bearing tumours). This information is helpful imding the mechanism. This is not
possible with the SHE assay.

Garthoff: It is regularly heard that industry do#swmant rodent carcinogenicity as a gold
standard and that new info is needed. But a ladaté is available, for example from
translational medicine. Then the question is whib wake work of sharing this data and
compiling a new standard?

van der Laan: The database is not yet at the ldaatl carcinogenicity can already be
predicted. This is the way forward, this shouldAmked out now and when this is ready
and working, then it is time to share data and hdjyat will be done.

Hammond: Industry did already some data sharingh(RPARy agonists (peroxisome

proliferator activated receptor), i.glitazones). All data related to these compounds
illustrated the complexity of the problem. Doinglpaay analysis is extremely complex.
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5.6.3.2.2.7. The ReProTe&ramework Program: New Innovative Approaches for
Evaluating Fertilization, Implantation and PrenatBlevelopment, by Michael Schwarz,
University of Tubingen, DE

ReProTect is an EU FP6 project targeting the dgwetmt of a new approach in hazard
and risk assessment of reproductive toxicity bpmlgination and application of in vitro,
tissue and sensor technologies. It is divided ur fesearch areas: fertility, implantation,
prenatal development and crosscutting technologvéh, the goal of reduction and/or
replacement of animal use in reproductive toxitasting.

Not a single test is able to present effects onrédpeoductive cycle, but it might be
possible to divide the cycle in parts and deveégbst that pick up critical endpoints in the
reproductive cycle.

In spermatogenesis, there are two (Leydig and bedt) CASA (Computer Assisted
Semen Analysisjests and a ReProComet assay. In oocytogenesigjlgsa cell andn
vitro oocyte maturation tests exist. In fertilisatioer aran vitro fertilisation assays. In
implantation, a variety of tests can be used, mglyon human explant tissues. In
embryonic development, the compound has to reazlenibryo to be active, so there are
groups working on placenta perfusion assays, QS&S&st EST (Embryonic Stem Cell
test) and a ReProGlo assay (stem cell based repodrests also exist, that are designed
to measure effects on the endocrine system.

As a first example the tests for female fertilityene presented. For the vitro
maturation, the bIVM (bovinen vitro maturation) test can be applied, then bovine
oocytes are incubated for 24 hours, then maturaianeasured and during maturation
the oocytes are exposed to the test chemlicalitro fertilisation (bIVF, bovinan vitro
fertilization) can also be done. The molecular ¢tsgfor these compounds are quite
different, such as microtubuli, signal transductigap junctions, DNA, endocrine system
or ribosome. In most cases IVM is more sensitiventitvVF, because the process of
maturation is more complex than that of fertilisati This test gives mechanistic
information, which can help to interpret what a =l might do when going intm
vivo studies.

The mouse follicle bioassay can predict effect®auation, fertilisation, but also on the
endocrine system, because one of the read-outsstohsecreted hormones.

The ReProGlo assay is a cell-based toxicity pathteat/for the prediction of chemically
induced embryotoxic effects. There is a limited bemof signaling pathways for early
development, but disturbances in these pathways tealisturbances in development.
Mouse embryonic stem cells were transfected with teporter for thel Catenin
pathway. The test is performed in a high througlgystem, where the cells are incubated
with the test chemical for 24h. The endpoint is suead after a known invasive
cytotoxicity assay within two hours. LiCl and redin acid, both not cytotoxic, were used
as positive controls. When the cells are incubateth a series of valproic acid
derivatives, which differ in teratogenic activitthere is a good correlation between
teratogenic activityn vivo and the effects in the assay. The assay can bbicedwith
metabolic activation.

The project was started with two already validaiests for embryotoxicity, the mouse
Embryonic Stemcell Test (MEST) and the Whole Emityiture (WEC). The problem
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is that there is no metabolic capacity and, espgdar the mEST, the applicability
domain is unclear. These problems could only beesbpartially in ReProTect. Several
assays were developed, receptor binding or cetibasporter systems, for the detection
of endocrine disrupters. These tests are reprotydiansferable between labs and are
predictive. Several assays were also developedetiqh adverse effects on female and
male fertility.

The potential use of these assays is in early dayglopment, such as in-house use for
prioritization during lead compound optimisatioron®e companies use the EST in this
context. They also give information on mode of @ctanalysigor compounds that have
demonstrated reproductive toxicitg vivo. This may also be helpful for regulatory
decision making. Alternative tests may lead to duction in the number experimental
animals, but presently not to a replacement oftfimal assays.

Discussion

Maier: There are 26 tests, is there one test farh esegment of developmental
reproduction?

Schwarz: Quite a number of the tests failed to datvthey were designed for. One of the
tests, a receptor binding assay, is in validat®drvariety of other tests is close to pre-
validation. A feasibility study, with 10 core tests being performed. Ten blinded
chemicals are running through these core testthedend there is the hope that the effect
of these chemicals which they might hawevivo, can be predicted by tha vitro
methods. At the end of the test series the idenfityhe chemicals will be unblinded and
the false positives and negatives will be explaitedse positives and negatives are often
found in alternative tests, but it is nearly netested where they come from.

5.6.3.2.2.8. Reproduction toxicology, by Klaus fildak, BfArM, DE

The Commission Directive 2003/63/EC of 25 June 28@&nding Directive 2001/83/EC
for reproductive and developmental toxicology, siipes that the investigation of
possible impairment of male or female reproducfivection as well as harmful effects
on progeny shall be performed by appropriate tégtis\g itin vitro or in viva These tests

comprise studies of effect on adult male or femafgroductive function, studies of the
toxic and teratogenic effects at all stages of bgment from conception to sexual
maturity as well as latent effects, when the medicproduct under investigation has
been administered to the female during pregnancyis§lon of these tests must be
adequately justified. Depending on the indicategl afsthe medicinal product, additional
studies addressing development when administeriiey hedicinal product on the

offspring may be needed. Embryo/foetal toxicitydsds shall normally be conducted on
two mammalian species, one of which shall be othan a rodent. Peri- and postnatal
studies shall be conducted in at least one spelfidhke metabolism of a medicinal

product in particular species is known to be simita that in man, it is desirable to

203



STARTUP

Detailed Results: Workshop Replacement

include this species. It is also desirable that ohthe species is the same as in the
repeated dose toxicity studies. The state of s@ieknowledge at the time when the
application is lodged shall be taken into accounémvdetermining the study design.

The ICH has generated guidelines for guidance prodeictive toxicology, (Detection of
Toxicity to Reproduction for Medicinal Products amdale Fertility) and for risk
assessment of medicinal products on human reprivduanid development toxicities.

This means that fertility studies in males and flemand early embryonic development
studies in rats have to be done, as well as emiogtal development, normally done in
rats and rabbits. Prenatal and postnatal developnmafuding maternal function, is also
a rat study.

The evaluation of results includes the fertilityméles and females, which is the parental
toxicity, embryo-foetal development, in maternakitity (FO) and F1 embryo-foetal
toxicity, including teratogenicity, pre- and posttal developmental maternal toxicity and
F1 developmental toxicity.

In the fertility and early embryonic developmentitgplantation study in rats, male rats
have a premating dosage period of 2 or 4 weeks, gheohabitation period for three
weeks, while still receiving dosage. Thereaftegytlare sacrificed. Female rats have a
premating dosage period of 2 weeks, still get desagil day 7, by which gestation is
presumed. At day 13, foetal evaluation, externaly,oms done using a caesarean
sectioning.

In embryo-foetal development studies, called tgyamdcity studies in rats, the females
have a dosage period from day 6 until day 17 obymeed gestation. At day 20, a
caesarean sectioning is performed, allowing fogtaluations on the external shape, soft
tissues and the skeleton. In rabbits, the onlyedéffice is that the dosage period is until
day 18 and caesarean sectioning is done on day 29.

In pre- and post-natal development studies, inolydffspring preweaning period, FO
female rats have a dosage period from day 6 ofjéiséation, until day 21 of lactation. F1
generation is then looked at both pre- and postimggreriod.

Based on the current regulation for pharmaceuticedplacement of reproduction
toxicology animal studies bn vitro studies or other methods is not recommended.
However, fertility studies could be replaced byeajed dose toxicity studies to facilitate
the treatment of patients with advanced cancesone cases, a juvenile animal toxicity
study could be replaced by a modified pre- andratat study. For insulin analogues, the
use ofin vitro embryo culture studies may be considered. Focamter pharmaceuticals
in the case that an embryo-foetal developmentatitgxstudy is positivea confirmatory
study in a second species is usually not needed.

Reproductive toxicity testing makes a huge contrdruto the estimated costs (70%) and
the number of animals (90%) used for compliancéh wite REACH legislation. For
pharmaceuticals no second generation study is dedué this might be needed for
chemicals. Reproductive toxicity testing in chertsdherefore uses a lot of animals and
it would be interesting to look for alternativestims field.
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Discussion
Vanparys: There is a lot of discussion on theselbrarm(i.e. 70% and 90%).

Olejniczak: ECHA (European Chemicals Agency) indesys that the number of
animals is lower. But the reproductive part of tityi testing for chemicals is really high.

Hammond: Most of the risk-assessment done by compas a combination of pre-
clinical studies and clinical trials. Carcinogerand reproductive risk assessment are
based almost entirely on nonclinical data.

5.6.3.2.2.9. Performing animal experiments in suppaf human pharmacokinetic
research: Sense or non-sense?, by Mario Monshouwwbtnson & Johnson, BE

In the process of going from a molecule to a dihgre are several fields in which
pharmacokinetic research is important. In discowmy preclinical development, there is
PK/PD (pharmacokinetics/pharmacodynamics) in phaotagy models, optimising of
drug-properties and the prediction of human PK dose needed to start in Phase | of
clinical trials. A lot of animals are also usedi@mmulation assessment. Toxicokinetics is
started early and goes on until carcinogenicitylistsl A lot of satellite groups are used
here, so this might give opportunities to reduce tiamber of animals. PK/PD is also
investigated in humans.

In these fields, reduction and refinement are peréml, but when it comes to
replacement, it is doubtful whether it is possidall. In human PK/dose predictions and
toxicokinetics there might be possibilities for legement Indeed, the challenge
regarding the prediction of the human dose/PK a&tssh the fact that the prediction of
clinical effectiveness relies on validated diseas®lels, which is difficult. Preclinical
safety/toxicology profiling is built on the assungpt that similar drug exposures will
provide similar preclinical and clinical outcomeSignificant species differences in
ADME (absorption, distribution, metabolism, excoetj profiles, however, make it
difficult to compare results. To predict the humdose and PK, allometry, PBPK
(physiologically based pharmacokinetics) and exgtmy IND (Investigational New
Drug) can be used (meaning early exploratory dinicial on few volunteers at low
doses in order to get some pharmacokinetic infaonat

Allometry relates physiological functions for vaugspecies with their body weight. The
problem is the poor correlation of bioavailabilibgtween animal and human data, but
good results can be obtained with this methods la isimple, robust and quantitative
method. It works well for drugs with renal elimimat and for drugs with similar
elimination processes across species, but it faiten elimination pathways differ
between species (drug metabolizing enzymes, etfptake transporters). It only predicts
average parameters. No mechanistic informatiorbigined and it does not tell anything
about possible metabolites. It is also data anchahintensive.

PBPK really describes a profile, instead of givimgly some parameters. One of the
current strategies for PK predictions is based dPB&#K model in animals, which is
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optimised with different parameters to get an optiprofile to go to humans. Modelling
can also be used to simulate drug-drug interacti®®PK modeling provides a full
pharmacokinetic profile and mechanistic informatmm the pharmacokinetic behaviour
of a potential drug candidate. A PBPK model alldavsary input parameters (sensitivity
analysis).

Exploratory IND can be very appropriate for resotypharmacokinetics issues. Human
microdosing can be performed and radiotracers aannbluded, so that excretion
pathways can be followed. This way it might be fassto get rid of a human mass
balance study later on. There are limitations,dissolution rates can be very different at
oral therapeutic doses, the saturable first pasaboksm at therapeutic doses. But it is a
potential approach to address uncertainty on hyshanmacokinetics.

Regarding toxicokinetics the challenge is how toonporate this program into the main
group devoted to toxicologic evaluation withoutpeaadizing the toxicologic evaluation.
The relatively extensive blood withdrawal in satelfodents may bias the kinetic results.
Some requirements exist to allow sampling from mgiups. Blood volumes for
bioanalysis need to be reduced, sparse samplingagmapulation approach should be
considered.

To this end, dried blood spot analysis is usedathentages from this technique are that
they require reduced blood volumes and reduced.cdbe biggest hurdle here is that the
group exercising this practice has no benefit figrbut has to invest more time in it, so
it is difficult to organise it within a company.

With sparse sampling/population approach, whenguiie population — toxicokinetics
approach, less samples are needed during repeasedtakicity studies. Reducing time
points at which samples are taken to five per ahiinatead of eight, still allows to
reconstruct the model.

To conclude, empirical approaches will provide goif\armacokinetic parameters such as
clearance, volume of distribution and half-life, evéas PBPK modeling simulates and
predicts the time-course of drug concentrationserdtore, to provide valuable
information to the customer, mechanistic modelsukhde the preferred choice. Poor
simulation does not mean that the model is usetwss,has to look to the non-fitting
parts and use the model to identify what data/m®d¢e missing. The advances in dried
blood spot analysis are promising to allow samplinrgm main group devoted to
toxicological evaluation. This is even more powkrnfuused in combination with a
population approach.

5.6.3.2.2.10. Regulatory requirements for non-chhpharmaco- & toxicokinetic testing
of human medicinal products, by Sonja Beken, FAGGHAS, BE

Before regulators get involved, a lot of work isealdy been don silico, in vitro (such
as permeability, metabolite identification, prot&imding...) and some confirmatorg
vivo experiments, during lead generation and optimisatiThis already reduces the
number of animals used and early drug attrition.

There are several regulatory guidelines, such as‘®marmacokinetics and metabolic
studies in the safety evaluation of new medicimaldpcts in animals EudraLex vol. 3B
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(NfG 3BS11A)". The objectives of this guideline afegat PK and metabolic studies
should assess the levels of the substance ansl mkitabolites and their kinetics in blood,
body fluids and organs to obtain information on te&tionship between target organ
toxicity and the blood, body fluids and organ carications of the substance. They must
also assess the possibility of enzyme inductionaratcumulation of the substance with
repeated administration. This should be done t@shaevhere possible the animal species
to be used in toxicological studies on the basitheir similarity to man in handling the
medicinal product, and to determine the relevarfcthese toxicity studies to man. The
animal species used should be those that are apgepo predict human ADME. A
preliminary study of kinetics and metabolism of thedicinal product in a few human
subjects could provide useful information in chogsthe animal species to be used in
repeated dose toxicity studies. All this is donthatapeutic doses.

The outcome includes absorption, distribution, Hifdf plasma protein binding... Fein
vitro methods are used, but they are always add-orthdan vivo experimentsin vitro
methods are used for absorption, plasma proteididgn pattern of metabolites and
enzyme induction.

According to the “Toxicokinetics: the assessmendystemic exposure in toxicity studies
(ICH S3A)” guideline, the primary objective of taxkinetics testing is to describe the
systemic exposure in animals and its relationshifhé dose levels and the time course of
the toxicity study. This helps to set safety masgiior human safety. Secondary
objectives are to relate the exposure achievedxitity studies to toxicological findings
(relevance of findings with respect to clinicaletg) and the selection of animal species
and findings at doses exceeding those in the elinise (to optimise the design of
subsequent non-clinical toxicity studies).

Data may be obtained from all animals on a toxisttydy, in representative subgroups, in
satellite groups or in separate studies. Normadlgmples for the generation of
toxicokinetic data may be collected from main stastymals, where large animals are
involved, but satellite groups may be required fobe smaller (rodent) species.
Toxicokinetic data are not necessarily requireanfretudies of different duration if the
dosing regimen is essentially unchanged, but thsth be assessed on a case-by-case
basis.

The revised “Non-Clinical Safety Studies for then@oct of Human Clinical Trials and
Marketing Authorisation for Pharmaceuticals (ICH M8uideline includes strategies to
reduce the number of animals in accordance with3Reprinciples. It includes new
recommendations regarding PK, such as exploratorical trials (microdose trials) this
may reduce the animal PK data package. Only TKigbtkinetic) data are needed, for
phase | and Il studies. The starting dose is baseithe NOAEL (no observable adverse
effect level) in the most appropriate animal spgciehich is based on allometry. These
measures allow for reduction rather than replacémen

PBPK modelling is useful in lead identification awgtimisation, clinical candidate
selection and early drug development before aret efitry into man. However, there is a
need forin vivo verificationin non-clinical species before making human preaist. In
vivo data in non-clinical species drive model refinetraard validation. There is a lack of
experience of PB/PK (physiologically based pharrkaic) modelling in regulatory
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decision making, which has as a consequence tigalaters do not really trust this
approach.

In vitro models are used for early identification of metdbs, metabolic stability,
enzyme induction/inhibition, transporter mechanism3hey are also used to identify
species differences and select species. They sanpa¢dict human ADME. The “Note
for guidance on the Investigation of Drug Interact (CPMP/EWP/560/95)” is being
revised and linked with the activities of the Validhn Management Group of ECVAM
on Validation of Toxicokinetics and Metabolism. Taewill be a more detailed part on
thein vitro work that has to be done in this kind of studlesvitro studies are used to
support First In Human studies up to phase Il imismation with toxicokinetics, bun
vivo PK data are still required before including a éargumber of human subjects or
treating them for long duration (phase lll). Sojsthis also rather reduction than
replacement.

As of today, no pure replacement approaches aréemgmted or foreseen for non-
clinical PK & TK, from a regulatory point of viewin silico, in vitro and in vivo
methodologies are used as complementary in a tiapmtoach, which leads to a
reduction of animal use. PK modeling approachesisee for calculating First In Human
dose levels using data-based kinetic models. PBMideling approaches lead to
reduction of animal use rather than replacement, tbere is a need for increased
knowledge and/confidence regarding PB/PK modeling ihcreased application in
regulatory decision making.

Discussion

Maier: Initial human data can be used to choosadpeesentative animal model, can it
also be used to choose the corigaatitro assay?

Beken: This is possible, if human data are avaslabldrives the further non-clinical
studies, be iin vitro orin vivo.

5.6.3.2.3. Free communications

5.6.3.2.3.1. Replacement, by Jon Richmond, HonieeOfK

Better science and efficient regulation are neettedjet better and safer medicinal
products.

In 1959, Russell & Burch defined replacement as soigntific method employing non-
sentient material which may in the history of aniregperimentation replace methods
which use conscious vertebrate animals. They djsigined between two types of
models. High fidelity models very closely resembte biological and structural terms,
the system of interest, e.g. when interesting im,me chimpanzee is a high fidelity
model. But they stressed that what is requiredrtalyoce relevant findings are in fact
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high discrimination models which correlate in terofsstimulus and response to very
precise elements of what is observed in the tageties.

Russell & Burch also distinguished two types oflaepment: absolute and relative. In
absolute replacements, no sentient animals arereggsuch as is the caseimsilico
systems. Relative replacement still uses animaisjrbnon-painful procedures, such as
in ex vivomethods and in non-recovery procedures. Howewer distinction is often
blurred.

Replacement methods are not just substitutes fonaammodels, typically they are more
advanced and relevant models that supersede atastahethods. As they better predict
what will happen in man, they can not give pregisbe same results as animal models.
Ideally replacement test methods are developed faodetailed understanding of the
relevant biological mechanisms. For regulatory psgs these methods have to be
validated, which is expensive and time consumimgnethough the established animal
models were never scientifically validated. Therefahe replacement methods generally
represent better science. In the future, they shda the tools of choice to better
understand the biological mechanisms and relevahite results.

Alternative methods typically are more technicadigvanced, cost effective, reliable,
scientifically validated, and more easily scalablan animal models. They can also
overcome the limitations, increase the scope ahahbased methods and are relevant to
research and testing.

There is a range of replacement options, for exarsgrhtegies can be developed to avoid
the need to generate new animal-based data — ezampthis have emerged from ICH.
Systems can be developed to allow elements of re@lgathering, analysis and decision
making without new animal test data. Methods andiei® providing the scientific
insights sought without causing pain, sufferingstrdiss or lasting harm to sentient
animals, can be developed.

Replacement strategies and systems can be usethéndaor harmonise regulatory
requirements, to ask whether certain tests argaeteand to avoid checklist approaches.
Tiered and hierarchical approaches can be usednt8 objectives can be changed, so
that no animal tests are needed. Other possibikiie reviewing published work and data
sharing. It is also possible to decide not to deain test anymore, as was done in some
cases with the abnormal toxicity testing in biotsgi which actually gave very little
information.

Replacement methods and models can include theotisgon-sentient organisms,
including immature formsjn vitro, ex vivoand in silico systems, human studies.
Education and training in new technologies helgetting knowledge about these models
spread.

A guestion that has to be asked is whether cemi@tihnods really are replacements. They
might in fact be adjuncts, tests done in additiather than in place of animal use, or
bottle-openers, which overcome bottlenecks in ahipesed R&D, but thus produce
more lead compounds for further development, omesvers, setting the scene for
formulating additional scientific objectives thaigit require animal use.
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Discussion

Garthoff: ICH, in pharmaceuticals, is ahead of offedds. Is this really so? This depends
on the criterion.

Richmond: ICH delivers on two levels. Firstly, tharmonisation of test requirements at
global level, which is important, because if forample a certain animal test does not
have to be done in the EU, but has to be donedarnJBA, then the animal test is only

relocated, but still done. Secondly, the ICH takemore evidence and science based
approach to regulatory decision making.

5.6.3.2.4. Conclusions of the day, by Gisbert Spone

Intensive work has been done to develop new alt@asgand to replace animal tests, as
well as reduce them, where possible. Today, therkawever, very little chance that all
animal experiments can be replaced by alternatisthaus in the near future. Most of the
speakers indicated that alternative methods cawigedoetter insight into mechanistic
pathways but they are so far not able to provigebtioad spectrum of information which
is needed for benefit/ risk assessment of new doegy) in the developmental phase.

5.6.3.2.5. Session lll: Replacement in the develmmof new biological entities

5.6.3.2.5.1. Keynote lecture “Vital benefits for nmns by replacing animal
experiments?”, by Levente Pencz, Fauna Society, HU

There are three approaches to animal welfare, bmsg health and functioning, natural
living and affective state, which include the eron8 and basic happiness of the animals.
These three approaches overlap each other. Thrampdes for mice were given.
Concerning health, when a mouse receives vetericeg, it is supposed to be healthy,
but when it cannot play and is fearful, its natuliging and affective state are not
optimal. Pets should have an optimal affectiveestatit they can be sick, so in that case
its health is not optimal. Wild mice have optimakural living, but they can be afraid of
predation, so in that case that their affectiveéesta not optimal. In testing animals, a
balance between these three approaches must biet.soug

An ethical question is how it can be morally justif to cause distress, discomfort,
suffering or pain to animals, limiting their freedoand killing them after ending the
experiment. Answers exist from three different p®iaf view: contractarian, utilitarian
and animal rights.

In the contractarian, human centered, view, theneoi objection to animal experiments
and the potential benefits of animal-based researehharvested as much as possible.
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The only animal welfare concern here is that expents causing public concern, are
avoided.

In the utilitarian, egalitarian, view, a cost — béhanalysis is made of the use of animals
and a balance is sought. This has as a conseqtiemaduty to improve the research
involved. In this view, the use of the 3Rs approacimportant. Animal rights groups
deny the trade-off, which exists between the irgisref man and those of the animals.

In the animal rights view, it is unacceptable teatrsentient beings as a tool to achieve
one’s goals. Animal rights must be respected amddignity of the animals must be
preserved. Testing bans emerge from this pointeatv

However, there is room for compromise, when twainegnents are taken into account,
namely research should provide vital benefits famhns and animals should be taken
care of as much as possible.

No vital benefits are received with the developmeihslightly different drugs (due to
patent matters) or with diseases that not necésseed to be cured, such as baldness.
Also cosmetics can be classified here, and alsaaaaohs for diseases which are caused
by abnormal lifestyle, for example smoking. Wherking into account these
considerations not all animal studies would be @évin the same way, i.e. there are
studies saving human lives and there are thoserthla¢ it only more comfortable.
Research should provide vital benefits and a wagctdeve this is to put every effort to
replace experiments which have no vital benefitee Guestion is also whether animal
experiments are always the best way of achievirgsagoals.

However, there are some encouraging developmemty, &s volunteer studies in pain
research. The identification of areas to prioritiee replacement is also an important
development. Failed molecules and withdrawn drulgsulsl be made available. A
multidisciplinariy approach helps to avoid unneeegsanimal testing. A better
classification of sub-groups can increase focus poer. Networks of local human
tissue banks can also increase the possibilitiegs eftro testing in human tissues. In
some fields, such as toxicology, there are alsmdppities for replacement. Use of the
microdosing approach in human beings can also awungcessary animal studies. A key
factor in this process is the international reqatkaharmonisation and requirements.

To this end, critical discussion within the sci@intcommunity is needed. Companies
should be proactive in putting more effort to firgblacing methods (for example by
internal validation). Companies should also engagih other stakeholders (animal
welfare representatives, policy-makers, acadenacihd solutions. To conclude, animal
welfare should be put beyond individual compangriests.

Discussion

Rogiers: When talking about making available fadedl withdrawn drugs, is it meant in
the sense of making available results and to wke®? u

Pencz: The goal is to make negative results availab that molecules or techniques that

failed, will not be tested in other companies agam often happens now. By avoiding
double studies of failed drugs, reduction in anistatlies can be reached as well.
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Sponer: Can a clear edge between vital and nohbatzefits be made? In some cases, it
is very clear, but in other cases, as with caritegn take years before it becomes clear
whether a drug really improves the survival of plagient or it does not.

Pencz: In cases like diabetes and cancer, theitenaed vital. In many other cases, it is
guestionable, such as with baldness and other is@agks. But it is indeed debatable
what is vital and what is not.

van der Laan: Is microdosing replacement? It isnfgaan early way to go into humans,
but after that it is decided whether all tests #thdue done or not. So, it is rather a
reduction of animal use in screening.

Pencz: This is a recent development and it haspate¢o work as replacement, but I'm

not an expert in this field.

5.6.3.2.5.2. Reqgulators view on preclinical reqments prior the initiation of clinical
studies, by Steffen Gross, Paul-Ehrlich InstititE,

The Paul-Ehrlich Institute is responsible for pssiag of applications for marketing
authorization and subsequent applications, appra¥atlinical trials for medicinal
products for human use within the scope of the HBaulich-Institute and official testing
and release of batches of medicinal products.

This presentation focuses on monoclonal antibodiers, and immunoglobulins, etc...
There are different guidelines to follow in thislfi, being the European Pharmacopoeia,
CHMP (Committee for Medicinal Products for HumanelYsand ICH (International
Conference on Harmonisation) guidelines. Of the igihtlelines, especially the M3 and
S6 guidelines are important. The ICH S9: non-cihatevelopment for anti-cancer drugs:
for small molecules and biotech products is forigras with a short life expectancy.
There are also footnotes in these guidelines, whtelte that they may not apply for
monoclonal antibodies.

According to the declaration of Helsinki, for ethlicscientific, and regulatory reasons
and despite significant technological progressyerr development is still based on
studies in animals.

It is possible to reduce, and even replace, angxpériments, this starts with early basic
researchln silico methods and literature searches, can help to fmoktructural alerts
and to predict toxicity based on the mode of actiimen one can go to the first safety
assessment, by toxicological profilingp vitro, as there aren vitro assays for
cardiotoxicity, genotoxicity and general toxicity.

In basic research, the properties of the antigee babe investigated, factors such as the
physiological role, existence of knock-out modslslubility, exclusive expression of the
antigen at the cell surface, the expression pattern normal tissues and
ubiquitous/specific expression.
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Also the properties of the antibody have to be stigated. Questions to be asked here
are, for example, whether the antibody is an senibnoclonal inhibitor, is there Fc-
binding, cross-linking etc

Then it becomes important to find out whether aimah model is available or not.
Sequence comparison can be carried out, downsefantis and signalling pathways can
be searched for. Cross reactivity studies shoulghdyéormed in order to find relevant
animal species and to interpret kinetics or certaxicity findings. If there is no cross
reactivity, a surrogate model should be considered.

Sometimesdn vitro studies can be more predictive than animal studgisswvas shown
after the Tegenero case, where substantial cytakiease could be shown with human
materials usingn vitro methods.

Safety evaluation programs should normally incltde relevant species. However, in
certain justified cases one relevant species mdfjcsufor example when only one
relevant species can be identified or when theoliohl activity of the biopharmaceutical
is well understood.

Other ways for reduction include safety pharmacglogoxicological studies, the design
of repeat dose toxicity studies could allow theuetthn or omission of single dose
toxicity studies. No additional animal studies aeguested in cases where no gain in
information about the product might be expectede ™esign of the ani,mal studies
should be carefully planned. Non-GLP (good labasafaractice) studies, or studies in
non-relevant animal species should be avoided.

In a classical three-study design in reproductivet @evelopmental toxicity, male fertility
can be tested as part of general toxicity studireembryo/foetal development, there is no
transplacental transfer during organogenesis, esetstudies are not useful in the field of
moAbs (monoclonal antibodies). Therefore, thesédistuare often taken together with
those of pre/postnatal development. The need forodeictive/developmental toxicity
studies is dependent upon the product, clinicatattbn and intended patient population.
Standard carcinogenicity studies are generally prariate for biotechnology-derived
pharmaceuticals. However, product-specific assessmik carcinogenic potential may
still be needed depending upon duration of clinidalsing, patient population or
biological activity of the product. When there is@cern about carcinogenic potential, a
variety of approaches may be considered to evathatask.

When introducing proteins into a patient, most ofteere will be an immunogenic
reaction. In some cases this might have no eftagt,in most cases there will be an
effect, such as neutralising of biological effeatith the consequence of compromising
further therapy, altered PK/PD (pharmacodynamicaiplacokinetics), cross-reaction
with native proteins and induction of adverse syms. However, thanks to the
humanisation of the therapeutic genes, the immumioig has decreased. But with new
constructs such as bispecific antibodies, diaboéiesthere might be a higher potential
for immunogenicity again. Factors influencing imrogenicity of proteins include
concomitant treatment, dose, route and frequencydrhinistration and duration of
therapy, but also immune status of the patientfacibrs of the proteins themselves, such
as molecular structure and product impurities. €h&sctors are difficult to predict,
because these are complex molecules with a higheculalr weight and known
heterogeneity and there might be as well processpraduct-related impurities. An
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important paradigm is that the process definegptbduct. Small changes in the process,
might lead to differences in the proteins and ewemew products.

Pre-clinical tests have to be performed, if compiitg tests are not sufficient. These
should include PK/PD, clinical efficacy, specifiafsty, pharmacovigilance and
immunogenicity studies. Comparison of immunogewpician only be made in clinical
trials. Finding the relevant species is importéxecause many biotechnological products
are species-specific. Due to this, the predictigbdf non-clinical animal models is low.
Nevertheless, immunogenicity evaluation should beuded in non-clinical studies,
because it helps to interpret toxicology findingsd &o optimise strategies to lower
immunogenicity and comparability exercises and tiady the consequence of cross-
reactivity of immune responses against endogenmisips.

The Paul-Ehrlich Institute also performs batch asée and control. For example, with
anti-tetanus immunoglobulines, 48 animals are pszdatch, last year 147 batches were
tested, this amounts to more than 7.000 animalgrofect to replace this withn vitro
tests is now going on and the first results seewmping. Implementation of a
commonly accepteth vitro alternative method for human tetanus immunoglobbditch
release purposes will ensure better implementatiadhe 3R policy.

Discussion

Olejniczak: About the S9 guideline: non-clinicalveépment for anti-cancer drugs: for
small molecules and biotech products, this gui@eis for patients with a short life
expectancy.

Gross: The guideline should be carefully read, el as the footnote, as there is some
room for interpretation.

van der Laan: In the presentation it was said thate is a need for carcinogenicity
testing, growth factors and immunosuppressantspiigitt it be a possibility to accept a
certain risk, to bring this in the risk managemaan and no further data are needed?

Gross: The Paul-Ehrlich Institute would accepbiit there should be a justification and
discussion.

Garthoff: In the TeGenero case, afterwaids vitro tests were done and certain
indications were found, because they knew what taglyto look for. This information is
not available with new biologicals. How do you dedh this?

Gross: The company did not want toidovitro tests before, for some reasons, otherwise

they could have picked up the indications. The ayolgus monkey also was not as
predictive as expected. It is not yet possibledaligectly fromin vitro to clinical studies.
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5.6.3.2.5.3. Replacement in the development ofbiglagical entities, by Bernd Mueller-
Beckmann, Hoffmann — La Roche, DE

Biologics are mainly used in serious disorders @amlesent about 20% of the market of
pharmaceuticals. This presentation exemplifies meotogy. Since cancer is the number
one cause of death worldwide, there is a needdtitebmedicines. New cancer medicines
have shown to improve prognosis for the patierdghe median survival time in cancer
increases and biologics play the most importam iokhis medical progress.

Small molecules have a low molecular weight, thayeha chemically defined molecular
structure. Biologics, in particular antibodies #@ed from biological sources, have a high
molecular weight and they are mostly a mixture aflenules. They also have a high
target specificity, and thus a high species spatyifiwhich limits the choices of relevant
test species mostly to non-human primates. Biotogave long half-life times. In small
molecules, toxicity of metabolites also must be sidered, whereas biologics are
degraded proteolytic, so there is no toxicity ineldlby metabolites.

Preclinical efficacy testing is not formally regtdd. It addresses molecular, subcellular,
cellular andin vivo models of disease pathways. Due to the high spigifrelevant
disease models are rarely available. Due to thppect specific scientific approach is
needed. The reasons to do these tests are to sgppontific rationale and confidence in
a hypothesis that can be translated into the chnid to demonstrate target interaction
with expected effect that may translate into efficao motivate clinicians and patients to
enroll in clinical trials with a reasonable charicat patients will benefit. It also provides
legitimization for ethical committees to give th@onsent to administer a new drug
candidate to humans. Preclinical efficacy testimyes experimental proof of concept,
determines effective doses and concentrationftern suffers from weak predictability.
Replacement of efficacy studies may be disputed,nieaningful efficacy studies can
open new avenues for the benefit of patients.

For example, in a xenograft study in mice bearingabt cancer, animals treated with
pertuzumab or trastuzumalbntinued to develop a tumour, but the combinatbboth
antibodies cured 6 out of 10 animals, without metoir the tumour. This combination was
also tested in a clinical setting and here abo@b 5@ the patients reacted positively on
the combination. The same combination was als@dest mice with lung cancer and
here 3 out of 10 animals were cured, without retifrtne tumour.

Preclinical safety testing is regulated by guidetirfrom regulatory bodies. These are
mandatory to enable clinical trials. They are damen vivo models, in two species,
rodent and non-rodent. This is done to identifyirdtial safe dose for subsequent dose
escalation schemes, to identify potential targejans for toxicity, for studying
reversibility, to identify safety parameters forinatal monitoring and to define
pharmacological and toxicological effects prioatad throughout clinical development.
The relevance of an animal model (ICH S6) may beaalestrated by comparison of
sequence homology of epitope or receptor, targetibhg properties or biological effects
including downstream effects. Data from non-relévspecies are not required. If no
relevant animal model is available, alternativeghtibe considered, such as transgenic
animals.
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Selection of the relevant toxicology species fofesatesting in small molecules is
guided by pharmacology and metabolism. For biokglmomology of target biology,
target binding and target distribution, tissue srmactivity and pharmacological activity
(functional and biological relevance) are the d@beccriteria. Biologics feature high
target specificity and therefore rarely cause uai§ipetoxicity, but the high species
specificity mostly causes that rodents or non-régl@ne no relevant species. Often only
non-human primates are the only relevant specigscitimpanzees cannot be used for
toxicology studies. If tissue cross-reactivity isné to identify the relevant species, and
only the chimpanzee turns out to be relevant, thieat has to be done? Skip timevivo
testing?

In another example, a pharmacokinetic and safetyysvith monoclonal antibodies was
performed using cynomolgus monkeys. Here unexpeabsérvations demonstrated the
relevance ofin vivo studies, since there was a discrepancy betweermxpected and
observed pharmacokinetic profile and an unexpetaéality of the highest dose was
observed, which would not have been detected withowivo animal testingln vivo
efficacy studies may be partially replaced ibyvitro experiments, but the legitimate
interests of involved parties must be considerathely the physicians, the patients, the
ethical committees and the sponsdmnsvivo safety studies are indispensable for proven
scientific, ethical and regulatory reasons, theynca be replaced.

Revision of ICH S6 guideline is underway, five topiare selected for update via an
addendum to ICH S6: species selection, study desigproductive/developmental
toxicity, carcinogenicity and immunogenicity. An dgie of ICH S6 (R1) may offer
opportunities for reduction of animal studies, bat for replacement.

Discussion

Rogiers: Toxicology of biopharmaceuticals is oftewerlooked in discussions. The
difference between the toxicology of small molesudad biopharmaceuticals is often not
made. This should be brought up more often.

Mueller-Beckmann: Usually, studies with biologicadse conducted in non-human
primates, but these are not necessarily the defmpdties. The use of non-human
primates must be justified for each case basedassaeactivity studies and functional
data.

Garthoff: Accessibility to negative results is &sue, and the use of primates is a very
sensitive issue, for these reasons it would be godmting the reasons to the public why
this research is done.

van der Laan: One of the dilemma’s for compoundy specific in chimpanzees is the
guideline on risk mitigation: what is the certaifythe safety of the medication? If there
is a low certainty and no animal data are availathlen what other options would be
available beside direct testing in humans? Somepeoias then decided to discontinue
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biologicals only specific for chimpanzees, becatisey feel that they cannot go into
humans without animal data.

5.6.3.2.5.4. Replacement in the development ofbi@wgical entities, by Beatriz Lima,
iIMED.UL & INFARMED, PT

Animal experiments are needed, but they can sorestipe replaced by other methods
without compromising scientifically based assesdméefficacy, safety and quality.

To be able to progress, it is important to identifhe bottlenecks, concerning the
implementation of replacements, such as scientiBthical reasons and global
requirements. It also is important to identify diglwhere there are realistic chances for
replacement.

Most commonly with peptides, proteins, oligonuciées, metabolism is usually not a
concern, there is more concern about the modetmnacSince they are human specific
molecules, there often is a decreased animal PRrifpdcodynamics) responsiveness,
toxicity is mostly related to exaggerated PD arglrtiolecules are often immunogenic in
animals. Due to this, there is a decreased numbezlevant species for safety/efficacy
assessment. Some companies are now focusing ohuesan specific biologics, so that
they can easier be tested on animals.

The main requirements for the development of bioplageuticals are to check for
relevant species for the human system, with respéot responsiveness
(pharmacodynamics) and it has to be qualitativedfingd. In case no relevant species
exist, homologous or transgenic models must bedddér. As always, irrelevant animal
experimentation must be avoided.

In vitro andin silico approaches can be used in PD investigations foruss drug-
target interaction, understanding of response c&scand cross talkk vitro approaches
also can give information about quantitative estiomaof concentrations needed at target
level. In PK (pharmacokinetic studieg),vitro methods can give information to evaluate
target distribution and tissue binding and to predrug biodistribution patterns.

In safety evaluationin vitro andin silico methods can be used to identify secondary
targets for potential secondary or adverse efféotanticipate safety windows based on
effects on the target and efficacious concentratiorthe target. Predictions of the
consequences of excessive PD response, such &meytelease, can also be made with
these methods.

The bottlenecks for replacement are due to insefiicscientific knowledge to justify
replacement: tests need to be as predictivénagivo models. From an ethical and
scientific standpoint, extensive comparative stsichee needed to prove that the new
methods work. Science drives regulatory acceptandedue to this, it always takes long
before new methods are actually put to use. Loegllatory acceptance can trigger
globalisation, but since most companies are glatel methods will only be used when
they are accepted worldwide.

For biopharmaceuticals with a new mode of actioriess irrelevant for humans, animal
models cannot be discarded in the present statieeort. Whole body physiology and
physiopathology is different from the sum of indival interactions and responses at all
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parts. Well designed studies in relevant animal eleodhave shown predictability of
human responses. New modes of action cannot bestadd from local activities only.
Whole system testing is needed. For these reasomsial tests cannot be discarded
unless a direct human test is performed, whichbeadone in some exceptional cases or
could be done by micro-dosing.

With known mode of action, provided that the prignand secondary targets are
identified, the drug interaction is fully charaesexd qualitatively and quantitativelin
vitro experimentation did not provide unknown concemmd fartherin vivo data will not
impact on benefit/risk evaluation, animal experitagion might be avoided: comparative
evaluation of existing products could help the dssion.

Some gquestions aboirt vivo testing can also be raised: is there a need fmatiteon of
reproductive toxicity of drugs from the same wealdarstood pharmacological class? Is
there a need to do a two year carcinogenic studgrowth factors, hormones expected
to be tumourigenic due to their mode of actiond3aise of, for example, -omics aimd
vitro systems, might overcome further mechanistigivo studies.

Biocomparability is a big discussion in biologiéslot of similar biologics are produced
nowadays and animal studies are used to detectrehiftes in pharmacology and
toxicology. It could be questioned whether thisuseful, since the products are so
similar. For this goalin vitro characterization might be sufficient. Here migbkt dood
opportunities for replacement.

One way to overcome hurdles in development and eusdgeplacement methods is
validation. Appropriate comparative evaluationiofvivo with alternative models for
different classes is an important way to go forwakd realistic approach is also
important: the areas where alternative methodsbeadeveloped. Another possibility is
to also first simplify certain tests, before theynde replaced by other methods.

There are realistic chances for the replacementcestain methods, but complete
abolishment of animal studies is impossible atgmes

Discussion

Garthoff: Since biologics are coming up, it is tgbtithat there will be an increase in
animal experimentation and probably also in theafggimates. Will this still increase?

Lima: This might happen, indeed. For this howetteg, evolution of making smaller, less
specific biologics is very interesting, since than overcome the increase in the use of
primates. The use of transgenic animals might hkp, although the problem is that
their physiology is not always understood very well
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5.6.3.2.6. Session IV: Replacement in quality agntr

5.6.3.2.6.1. In vitro assays as an alternative noval testing in quality control, by Jean-
Michel Chapsal, Sanofi Pasteur, FR

Batch control testing of vaccines amounts to abbd¥% of all animal use in the
pharmaceutical industry, using 10 million animalsrlwide every year.

In the vaccine industry, animal tests are usedactwe development, a small amount in
production and mostly in batch control testingparticular, safety and potency testing.
Routine batch control testing is responsible fo%86f animal use. In Sanofi Pasteur,
98% of the animals used are rodents and chicke¥,i9%used for quality control and 5%
in research. Primates are used only at about (0128 of animal, they are used only for
some controls. In official control laboratories raais are also used, which seems to be
double testing.

Since 2000, the use of animals has diminished bytad0%., although the vaccine sales
had a substantial growth.

There are 3 major reasons to implement alternatieihods to animal assays. There is an
ethical reason to replace animal experimentatiogw Methods can help to reduce the
assay variability, which is important for the qtyalof the product. Replacement of
animal tests can also reduce the costs of quaidityral. However, replacing tests will be
more difficult than reduction.

Replacement alternatives include vitro artificial systems, lower organisms, such as
bacteria, fungi and plants aind silico models. Biophysical and biochemical techniques,
for example antigen quantification, toxoid residto@kicity and irreversibility (use of
binding and enzymatic activities) and charactelaradf antigens can also replace animal
tests. Certain tests that are no longer needediauscreased production consistency,
such as, the abnormal toxicity can be deleted.

In replacing animal models in vaccines batch cdnésting, safety is a short term target
as most of these tests are directed to known mesharand manufacturing consistency,
for known products. Primary monkey cells are usadefffective inactivation of polio
vaccine with bioengineered continuous cell linesARREC (Mutant Analysis by
Polymerase chain reaction (PCR) and Restrictionyez Cleavage) is a method for
detecting change in the sequence of oral polioimacdhesean vitro methods are used
for viral vaccines. For bacterial vaccines, thedeal irreversibility of toxoid has to be
shown. Than vivotest for residual/irreversibility of tetanus todas replaced bin vitro
enzymatic and/or binding tests, the inactivatiorvivo test for residual/irreversibility of
diphtheria toxoid is replaced by vitro VERO (African green monkey kidney epithelial
cell line) cell tests.

For general safety tests, the abnormal toxicity ts be removed, although some
countries still request for it. Endotoxins-Pyrogéests can be replaced loyvitro assays
with human monocytoid cell lines or cryopreservagman whole blood when the
validation of these methods have been demonstr@ted.of the limitations is a lack of
scientific knowledge on some of the assays.

Replacement of potency tests in vaccine batch obtasting is a long target, because it
is a biological induced effect, with complex anhgeSomen vitro models are available.
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For immune-sera, thi vivo seroneutralisation test is replaced by an ELISAz{#ne
Linked ImmunoSorbent Assay) test.

With respect to antigen quantification of vaccinBeme tests are performed by ELISA-
techniqgue when a well known correlation with cladicdata exists. Antigen
characterization can be done by biochemical-biojphysassays. Artificial immune
systems ar@n vitro biomimetic of the human immune response. The @tiwhs here are
a lack of scientific knowledge on the antigens, édgample in pertussis, the toxoiding
impact on conformational epitopes involved in tloégmcy of the vaccines and in general
immunological mechanisms are not well understood.

Potency testing, has however seen a shift towadsction and replacement in the last
decade. Firstly, then vivo challenge potency assay was carried out with aiitlose
assay, later with a single dose assay. Furthernmongyo serology is now analysed by
ELISA, ToBI (Toxin Binding Inhibition), VERO cell&and multiplex methods. For the
future, there are two possibie vitro systems, characterization tests specific for each
antigen and artificial immune systems.

With an increasing knowledge of the vaccine marufang process, there is also a shift
from in vivo evaluation of protective immune response toimarvitro evaluation of
antigenicity.

In general, the limitations to replace animal tests that it is mandatory to validate the
new methods by comparing the data generated byirexiassays with those obtained
with newin vitro tests. The problem is that evenvivo data are quite variable and that
sometimes the gold standard mechanisms are unkrienerm a companies point of view,
there is also the risk that considerable efforpus into a proposal that does not get
accepted by regulators. It could also be favor@biegulators would be more strict on
implementation delay in routine testing. Implemegtiassays that may be difficult to
maintain with respect to reagents, standards,ashan limitation. Cost/benefits balances
are another point, because going to replacemensnaeestments from companies.

In safety tests, replacement could probably beexell. In potency tests) vitro models
will not replace animal models, because the impachain manufacturing changes have
to be monitored. Bun vitro models will replace animal models, e.g. more degarding
consistency tools offer the chance to reduce tleeofignimal models for quality control,
such data are being brought up for new vaccineseter, clinical data must be linked to
biochemical-biophysical data to avoid animal use.

The successful implementation of replacement fgulagory testing depends on high
guality science and on understanding, recognitiwh immplementation of the change by
all stakeholders. Global harmonisation is also ede@here are too much organisations,
so that it is not always clear who to go to withtam problems or questions, all
stakeholders must be involved, which demands désonsand there is a need for
European funding for projects for biologicals, €most EU projects are in toxicology.

Discussion

Sponer: Is abnormal toxicity still in pharmacopoeias it totally banned?
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Chapsal: It is still mentioned in the monographg, for nearly all vaccines, these tests
are removed. But outside the EU, abnormal toxigsting is often still required.

Buchheit: A lot of research on 3Rs is done in congs but it would be better if this
research is brought more to a global or Europeaisb#/ith the involvement of EDQM
(European Directorate for the Quality of Medicireesd HealthCare), OMCLs (Official
Medicines Control Laboratorieand other partners, this could be organised, dcatithe
end alternative methods would be available not datyone manufacturer but for the
whole community.

Chapsal: There are discussions, with EPAA, to éstah European vaccines group.

Lima: The need for toxicology testing for differenainufacturing sites was mentioned. Is
this done to identify quality problems?

Chapsal: Raw material origin can be an issue imgeof toxicity, since it is not always
according to standards. The problem is that itas always known when the material
comes from an other manufacturer.

Garthoff: Random testing might be a solution.

Chapsal: Random testing of the products in genewalld be good. If something has
slight derivations, there might be a change in fthal product, thus, for this reason
random testing would indeed be good.

Gross: A discrimination between batch release aadketing authorization application
must be made. If the marketing authorization apgibe is changed, a comparability
approach must be performed, in which the produdtrba characterized again. In batch
release, if the method is validated, then it issgue to replace a method with amvitro
assay.

5.6.3.2.6.2. Current animal tests in the Europe&aimhacopoeia (Ph Eur): Perspectives
for replacement, by Karl-Heinz Buchheit, EDOM, Coilinf Europe, DE

In individual monographs in the European Pharmae@p@Ph. Eur.) animal tests are
currently listed during development, validation psgbduction (during development and
after major production changes) and for final biilal product (each batch); animal tests
are used for safety and efficacy tests. The mgjaittests is used for biologicals as
compared to classical chemical medicines.

Tests for pyrogens are applied for parenteral pegjpas and blood derived products on
the final product. These can be replaced by theotemth test, which is preferred,
however, this only detects pyrogenic endotoxinsors® must be certain that there are no
non-endotoxin pyrogens in the product. The pyrogests are also used for some
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vaccines, also on the final product, and some atiatics, on the final lot. For most
antibiotics there is however an endotoxin teshaRh. Eur..

The test for abnormal toxicity is still in the gealemonograph for allergens, but is to be
used only for allergens derived from moulds andchtare for parenteral use. This test is
done on the final product, but as of January 2ah& test will be moved to the
production section of the Ph. Eur. Then this tem$ o be done only once during
validation of production or when the production mpes markedly. This is already the
case for some vaccines, some antibiotics, aprotanthfor botulinum toxin. Here, the
Ph. Eur. states: “The production method is validate demonstrate that the product, if
tested, would comply with the test for abnormalday’.

Specific toxicity is a major problem for vaccinedere, animal tests are used in
diphtheria and tetanus vaccines, in the producsiection. The Ph. Eur. states: “The
production method is validated to demonstrate tihatproduct, if tested, would comply
with the test.” The acellular pertussis vaccine ogyaph requests a test for specific
toxicity in the production section, thus not fockadatch. The same monograph requests
a test for pertussis toxin on the final product ibumay be omitted if the results on the
final bulk are satisfactory.

Animal tests used for potency assay are mentionethé Ph. Eur. monographs for
diphtheria, tetanus and hepatitis A/B vaccinesthanfinal product. In the latter casa,
vitro tests are already widely used. For botulinum tpaimimal tests for potency are also
done on the final product, however, the Ph. Eulowa also anin vitro test after
validation. For certain hormones, an animal potemest on the final product is
mentioned by the Ph. Eur. However, this does net lia be done if am vitro test is
developed.

The Ph. Eur. is based on the “European Conventonttfe protection of vertebrate
animals used for experimental and other scienpifigposes” (Council of Europe, 1986).
The Ph. Eur. is committed to the reduction of amimsage wherever possible and
encourages to seek for alternative methods. ligémeral statements, it is written that the
tests and assays described are the official metWgdk the agreement of the competent
authority, however, alternative methods of analysesy be used for control purposes.
This also applies to animal tests.

In the general monograph on human vaccines, pramfusection, it is stated that “Where
justified and authorized, certain tests may be taitvhere it can be demonstrated, that
the production process consistently ensures congdiavith the test.” If a persistent
production process can be shown, not all tests teebd done.

Many animal tests can be replaced for individualdpicts after proper validation against
the Ph. Eur. method and with agreement of the céenpauthorities.

The Ph. Eur. is continuously reviewing all textghwihe goal to replace animal tests.
Replacement can be reached in the Ph. Eur. byduttmn of ann vitro test, by moving

a test “upstream” from the final product sectiontb@ production section or by the
deletion of a test.

Examples for replacements include the use of aebatiendotoxin test for the pyrogen
test. The abnormal toxicity test, has been moveddre@m in the case of aprotonin or has
been deleted, as was the case with heparin. Foan®edus agents testing, cell culture
assays can be used instead of animal tests.
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Furthermore, the Biological Standardisation Progremof the EDQM has as one goal
the validation of alternative methods and has ssfolly introduced over the recent
years a number ah vitro assay in the Ph. Eur. for example, thevivo potency assay
was replaced by a physico-chemical test for somatrand anin vitro ELISA test for
tetanus immunoglobulin is under validation to repléhe challenge test in mice.

For veterinary vaccines, more attention is neededhe future, there are not much
replacements in this field yet.

In 2007, EDQM did a survey to see whether the mdtiives are applied. Six
internationally active manufacturers still apply thbnormal toxicity test for vaccines for
human use, although it is deleted in the Ph. Ebrs TS done because this test is still
required by WHO (World Health Organisation), FDAo@dé and Drug Administration),
India, China... In asking the manufacturers why akérves were not often used, the
reasons mentioned were too high costs, uncleadatadn (although clear guidelines are
provided), personnel has to be trained again, egenp has to change, too time-
consuming and the legislation is retarded for imp@ating these tests.

The major obstacles to implement alternatives laaé the validation process is long and
costly, there are no incentives, there is a needdoation of the marketing authorisation
and there is a lack of global harmonisation.

Recommendations are to focus on veterinary vacem#se future and authorities should
encourage replacements. A production consistengyroaph should be fostered.
International partners should be involved in thealigoment of alternative as early as
possible.

Discussion

Sponer: It seems that in this field there reallypiace for replacement, whereas this
seemed limited in the other fields so far presented

Buchheit: One way of replacement is to do collabeeastudies, as a kind of generic
validation, and subsequent inclusion of the testha Ph. Eur. But in some cases it is
impossible to show a good correlation betweenithgivo andin vitro tests. In such
cases, each manufacturer can still develop andlatalianin vitro test for his own
product. This is a second way to reach the goal.

Rowan: For veterinary vaccines, incentives are egeblecause the values of sales are
often small. Harmonisation is important, becausétaof tests are still performed,
although not needed in Europe anymore, because otliatries and organisations still
require it. VICH (International Cooperation on Haimsation of Technical Requirements
for Registration of Veterinary Medicinal Products) working on harmonisation for
veterinary vaccines now.

Buchheit: On the other hand, in some cases VICHgses to use more animals than the
Ph. Eur.
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5.6.3.2.7. Free communications

5.6.3.2.7.1. In vitro — in vivo: alternative or cplamentary approaches?, by Istvan
Gyertyan, Gedeon Richter, HU

If a pharmaceutical drug is under development toing a disease, a clinical indication
must be defined, the mechanism of action, i.e.ditugy target must be defined and the
chemical structure of the molecule needs to be kndwere is a hypothesis, that with a
certain mechanism of action, some positive effedts be induced in the respective
disease. The final proof of concept can only begadsed in clinic trials, but, of course,
every drug developer wants to have information alefficacy of the new drug as early
as possible.

A candidate for clinical trials should be effectieet on the specified targe {itro) and
show efficacy in the (model of the) target dise@seivo); and should be safe.

To reach this goal a hierarchic screening cascadased, which starts witim vitro
assays, has a mix of vitro andin vivo assays in the middle and ends witlvivo assays.
This cascade is used to test for efficacy, safety appropriate ADME (absorption,
distribution, metabolism and excretion) propertieseach of these steps, vitro tests
can be used.

In screening for the mode of action, mainly recepiading studies (with cloned human
proteins) and studies for effects in cellular sysgin transfected human proteins) are
performed. This can be done with high throughpwteting methods. The goal of these
methods is to build up structure-activity relatibips on the drug-target interaction
(affinity, selectivity, functional activity). The dwantage is that these methods are
relatively simple systems, can be used for humegeta and have a high capacity. But,
they are not genuine alternative methods beca@se #re no animal alternatives.

In studies for ADME parameters there is another@ggh. In particular, there aie vivo
measurements, which can start with pharmacokinetiesasuring tissue levels, whole
body autoradiography, metabolite identification andss balance of the product and its
metabolites. Studying what happens with the comganrhe living organism, cannot be
replaced byin vitro methods. However, there are indirect methods whitdke a
reduction or even replacement possible to a cedignee.

The indirect approach uses vitro measurements. The physico-chemical parameters
largely determine the passage through biologicahbranes in different tissues. There
are intestinal absorption models (CaCo-2 cell mayex), blood-brain barrier penetration
models, metabolism in liver microsomes or hepaegyeffect on Cytochrom P- enzymes
(drug-drug interaction liability) and plasma protdiinding tests. The advantages are that
human targets can be studied and their high cgpathe disadvantage is that the
complex drug-organism interaction is decomposedst@lements. The goal is to give
predictions for thein vivo properties, decreasing risk and cost of ADME paiam
studies.
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In vitro methods serve as important tool for lead optinosatThey are not alternatives
to thein vivo methods, rather have a complementary, pre-scrgeale. Than vitro toin
Vvivo transition success rate may range from 10% to 90%.

Investigations for efficacy in the proposed disemsearried out with animal models,
although there are some problems such as specibsredces, differences in
pathomechanism (e.g. genetic, drug-induced). Thresels also only partially mimic the
complex human disease. However, these models atengously improved, concerning
predictive and construct validity. Translationalesce and importance of biomarkers
may help to choose the best models. This is a fallyivo domain, which cannot be
replaced.

In safety testingin vitro methods are used for mutagenicity and pyrogenidibey can
also be used in skin corrosivity and irritationppdtoxicity and percutaneous absorption.
The advantages are animal welfare, but also the $pged with which they can be done
and the reduction of costs of safety testing. Irs tfield, there is place for real
alternatives, so this is a challenge for the future

Chances of replacement in drug development, libendevelopment of technology and a
deepening of knowledge of mechanisms of diseasks. biggest limitation is that a
highly organised living system cannot be modellgdhe aggregation of its components.

Discussion

Rogiers: Are there possibilities for integrateditegstrategies?

Gyertyan: In ADME, many things can be measured ke quite predictive, but the
predictability ofin vitro tests is not always certain. Plasma protein bopdian, for

example, protect certain compounds from decompositgch sometimes cannot be
identified inin vitro tests.

5.6.3.2.7.2. Replacement: Laying the groundworkcfange, by Katy Taylor, European
Coalition to End Animal Experiments, UK

While we wait for replacement methods to becomé @i, there are some problems for
the implementation of those that are already ablalaUnsuccessful implementation of
alternatives can be caused not only by scientibstacles, but also by discordance
between regulatory guidelines and practice exetdis¢he industry.

Replacements or removal of redundant tests canhialgh the gaps, due to a delay in
harmonisation, lack of clarity in guidance and emndn about the responsibility for the
final steps in implementation.

Redundancy is here used as an example. While atternal harmonisation is going on,
there are regions who are reluctant to clarify pdate their own guidance in the
meantime. However, harmonisation can take yearsthénh meantime, there is the
European Directive 86/609/EEC, which prohibits ekpents on animals if another
scientifically satisfactory method is availabletHeé EU has already decided that a certain
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test does not need to be done anymore, then itcimat be done anymore, EU should
then not wait for the harmonisation.

An example of this is single dose studies for ple@aticals. The use of dose escalation
studies as a ‘replacement’ for these has been afloat ICH level since 1997, but
presumably this was not taken up due to regiorsdatimony and lack of clarity. The EU
pursued greater clarity and harmonisation at ICE3({®2), 2009). However, the EU 1987
guideline demanding single dose tests remains enEMEA website, which leads to
confusion amongst both national regulators andstrgitabout whether they are required
or not.

Replacement methods may be incorporated into go&keland monographs in the Ph.
Eur. or the need to perform specific tests mayedmeoved from each monograph, but for
many reasons the animal test is still conducted ekample, many companies still prefer
the pyrogen test above the bacterial endotoxin aedt still perform abnormal toxicity
testing. The question is whether test choice isagbvbased on science or whether
conservatism plays a role.

Concerning the responsibility for the final stepssome cases, companies may need to
demonstrate in-house validity of the replacemest t& redundancy of the original
animal test, as is the case with abnormal toxitibtulinum testing and batch testing. But
it appears that there is a need for encouragenoenhé companies to do this. If a good
consistency in production can be shown, these tastde waived, but industry does not
seem to take these waivers up. The question hevbather the alternative tests must be
enforced or whether the industry must be encouragegbe EMEA can waive the fees
that companies have to provide if they want to geatheir authorization files. There also
often seems to be a lack of information on curpenmaictice so that regulators are not
actually aware of whether alternatives are beireglus not.

While there are international harmonisation deldtyis, necessary to get a clear message
about possible alternatives out at the regionatlleVhere is a lack of clarity concerning
guidelines, a greater clarity is needed when aniestis are really needed or not. Not
using animals must also be promoted. In REACH, rtfessage is already given that
animal testing must be the last resort. It musb diecome clearer on who has the
responsibility for the final steps. The currentgii@e must be monitored, to make clear
where there are problems. Investment in faster tegd® guidance is also needed. The
guestion is also, whether certain changes musnfurced or whether industry must be
encouraged.

3Rs statements by industry or regulators can eageuthe recognition of the importance
of the 3Rs, both by users, and by the public. Téguirements for validation can be
clarified and promoted, especially concerning tineportance of reference drugs,
applicability domain and labelling/regulatory pusgs. 3Rs statements can be included in
guidelines, flexibility for alternatives can be lnded as well as a general encouragement
not to use animals. Monitoring of actual practe@mportant, because it is unclear who is
doing this. To conclude, the implementation phasevery important phase that must not
be overlooked when alternative methods becomeatlail
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Discussion

Buchheit: The Ph. Eur. attempts to harmonise requénts for medicines on the

European level, currently for 37 member states. disadvantage of this approach is that
products and production processes from less wekldped countries also have to be
taken into account. For this reason, different méshare given, for example for pyrogens
some manufacturers have to use the pyrogen testodileir production process, while

others can use the bacterial endotoxin test.

Another point, sometimes it is difficult for the mé#acturers to know what they have to
do to implement an alternative method. For thissoea the Ph. Eur. started to give
guidelines for all new techniques to be implemented

5.6.3.2.8. Round Table Discussion

Moderator: Bernward Garthoff
Panel: Jan Willem van der Laan, Lajos Balogh, Ppéi Vanparys, Levente Pencz, Karl-
Heinz Buccheit

Garthoff: Some topics that might deserve some naiseussion are for example the
implementation of new methods. Toxicity in the®2&ntury is a vision of the USA, so
they should implement first.

Often the same items are mentioned and everybodyeietings seems to be aware of
those, but are they also known outside, by theigubl

Veterinary drugs are often forgotten as a resuliushan pharmaceutical development.
Science drives regulatory acceptance, but whogignse, can make messages clear in a
non-scientific way? And where is the forum to dis?h

When looking for ethical drugs, often solutions fess prominent issues will be found.
One drug that was developed for a certain cardmas disease was a side-product of
another product, which was used for baldness.

van der Laan: The statement that if there is nbalbarmonisation, then there should at
least be a regional position is true, but the probis that products are made for the
global market, so some studies are only done floerotnarkets and not for the EU. As
long as there is no global harmonisation, regitiaamonisation does not help a lot.

Vanparys: It might be good to have a taskforceCad,lexisting of people from industry
and regulators from the three regions, involvetboking to possible alternatives. Then,
if somebody wants to develop an alternative theyiccanform with ICH whether it is
worth to go for it. ICH could then also follow tldevelopment and validation of the new
method. When ICH covers this, the new methods migghimplemented sooner. All
regulators must then be involved from the beginming
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van der Laan: This is not correct, since ICCVAMS) (International Coordinating
Committee on the Validation of Alternative Methods®d a discussion on the local
lymph node assay. ECVAM (Europe) took over the I@GA/position, so it is possible to
implement methods without involvement from the ICH.

Richmond: The three -=VAMs and Health Canada hayeesi a concordat which should
both speed up and result international acceptahealidation study findings. ECVAM'’s
internal and scientific advisory committee struesiare being restructured. This should
improve prioritization and the management of val@a studies. Inviting early input
from regulators should result in the developmert walidation of methods which the
regulators will want to implement as fast as pdssib

Vanparys: Due to the involvement of both ICCVAM aB@VAM the process is going
even slower than in the past.

Buchheit: In the field of vaccines, WHO has to bken in account as a major player,
because vaccination in the third world follows thedelines of WHO, so they will not
necessarily accept decisions by ICH. Every couintvglved in WHO can have a veto, so
if countries like India, Korea etc. want to havetam animal tests, then so it is.

Garthoff: Veterinary drugs seem to be forgotten.

Balogh: Veterinarians are doing a lot of reseanslspontaneously occurring diseases in
man, here the animals can then also be a modéhdonuman situation. For example in
cancer there often are good similarities betweenatiimal/canine and human situation,
the same applies for endocrine diseases such dsngughyroid diseases and others. In
these cases it would be interesting to involve ruseians more in the process of
development.

Sponer: Heart failure is also a good example, gs dan also suffer from it. The problem
is that in the daily veterinary practice the dogamot be used as test animals, since there
is no adequate control group. Thus, it is not ¢agyet valid data

Balogh: It would be difficult, veterinarians woulthve to be very well equipped and
trained. Voluntary owners, who would prescribe tfogse test, would be needed. People
with dogs with a final stage cardiac failure migtdant to be willing to let their dog be
used for tests. Of course, criteria should be madelect the animals.

Garthoff: Is it possible to transfém vitro assays across sectors? Take for example the
EST.

Vanparys: The EST has been developed and valideitbda certain set of compounds
and it was so promising that a lot of companieslemented it, but when they started
testing it with pharmaceuticals, the output wasaswexpected. Some companies still use
it. Whenin vivo teratogenicity studies are done and there aréotgaicity problems, the
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EST is used and if the compound is positive inBBd’, then this can be used as a tool to
select analogues. This way it is partial replacdmieecause only non-teratogenic drugs
are tested in the clinic, so no animals are wafstedompounds that would not make it.
Some companies also use it for routine testing.

Garthoff: Are there possibilities to make availalila of failed drugs, to share negative
results?

Pencz: It could provide additional information k@ tdevelopment process of other drugs.
To reach such information from the companies it Mlobe needed to break their
confidentiality on this issue.

Garthoff: The most mentioned problem here is that difficult to share results and at the
same time keep competitivity.

van der Laan: Data sharing is important, not onlylfackground data of control groups,
but also to have ideas on what went wrong. This &las been mentioned at IMI
(Innovative Medicines Initiative). There are indeditficulties with confidentiality, but
for the commercial interest, the clinical data @@ most important. All data of products
that are stopped, are just sitting in the archofethe company and those should be made
available.

Garthoff: Will a set of biomarkers ever be avai&afir replacing toxicological testing?

van der Laan: Probably not, because a set of biemafor humans should be very large,
so that aspects of local damage probably couldhaet a read out. Animal studies can be
integrated more and more, together withvitro studies for certain decisionk vitro
approaches have a place in the development of cemaso but not at the final stage,
therein vivo confirmation is needed.

Vanparys: With new techniques, -omiagsyitro, in vivo and clinical studies and silico
tools should be used combined and if some parameigp up in all these tests, this
might be a biomarker. Industry could put up a grof@igcientists who can validate the
biomarker issue. If this is validated, extrapolasidrom then vitro situation to man may
be made.

5.6.3.3. Conclusions of the workshop, by Gisbert ®per

In this conclusion, both possibilities and limitais were clearly presented.

There are a lot of possibilities to reduce aninssd,but only few for real and complete
replacement. Only in vaccine testing, there seebetgood chances for replacements.
However, some important ideas were presented. Téexl rfor better science was
mentioned. Better science means better experimbéetsgr protocols, clear questions,
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better interpretation of the data etc. Better smemgains more knowledge about
physiology and pathophysiology, which can proviésvrchances for drug development
and more implementation of the 3R concept.

Making available negative results is another imgatrissue.

International harmonisation of the requirementshefregulatory bodies is important, but
difficult to achieve, because a variety of differptayers are involved.

Cross talk between scientists and regulators iortapt, this can already be considered
before research or animal experimentation is statteés may help to interpret correctly

guidelines and to answer other questions.
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