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1. Introduction
This report summarises the discussions at the Scientific Conference on “Non-Animal Approaches - The
Way Forward” held in Brussels, Belgium on 6-7 December, 2016. The European Commission organised
the Scientific Conference to engage the scientific community and relevant stakeholders in a debate on
how to exploit cutting edge advances in biomedical and other research in the development of
scientifically valid non-animal approaches (alternatives to animal testing).
The conference was announced in the European Commission Communication of June 3, 2015
responding to the European Citizens’ Initiative "Stop Vivisection" and is one of four actions designed
to contribute towards the goal of, ultimately, phasing out animal testing. "Stop Vivisection" is the
third European Citizens' Initiative and was submitted to the European Commission on 3 March 2015.
It was signed by 1.17 million citizens. The Initiative asked the Commission “to abrogate Directive
2010/63/EU on the protection of animals used for scientific purposes and put forward a new proposal
aimed at phasing out the practice of animal experimentation, making compulsory the use - in
biomedical and toxicological research - of data directly relevant for the human species”.
Directive 2010/63/EU aims to modernise and further harmonise rules on animal use across the EU in
line with the most ambitious global standards and hence greatly increases the welfare of animals in
scientific research and testing. Directive 2010/63/EU states that the final goal is a full phasing out of
animal testing, but acknowledges that animal use is still necessary on the way to reaching this goal.
The new rules firmly anchored the “Three Rs”, the requirement to Replace, Reduce and Refine the
use of animals wherever possible in EU legislation. This means that animal studies should be either
replaced by methods not involving animals, or adapted to reduce the number of animals needed, or
refined so as to minimise pain, suffering or distress experienced by the animal, or to increase their
welfare. If an alternative approach to achieve a research objective is available, the Directive makes its
use mandatory.
The Scientific Conference brought together delegates from 23 different countries from within and
outside of Europe, and a wide range of scientific disciplines and sectors with expertise in research
involving animals and / or non-animal alternative approaches. The current benefits and limitations of
different (alternative) models were explored and consideration how to improve the quality and
predictivity of models used in research, including approaches to accelerate non-animal alternatives
was given. While touching on all Three Rs, the main focus of the conference was to identify the value
of animal and non-animal methods and how science can move forward with Replacement.
Participants were able to discuss and propose recommendations to the European Commission,
research community and other stakeholders regarding the validity of animal models today in different
sectors; the current state of play and way(s) forward for non-animal approaches in different areas of
research and testing; the most promising technologies and approaches which offer prospects for
significantly reducing and replacing animals in Research and Development; and the best practice to
advance research integrity, funding and reporting
The report summarises the knowledge and opinions presented in each of the six scientific sessions
along with plenary presentations and concluding remarks. The presentations, panel discussions,
questions and comments are summarised for each session. These are accompanied by overall
conclusions and recommendations that emerged from the sessions, however, without a formal
endorsement by the participants. The report also draws from submitted comments e.g. via Twitter. It
attempts to represent the discussion at the Conference but should not be viewed as a complete
review of this area of science or related legislation.
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2. Session 1 – Animal Testing Today
2.1 Introduction to Session 1
The complex and controversial topic of the use of animals in science was placed in context in Session
1. This allowed for a consideration of why and where animals are used, particularly the regulatory and
scientific drivers, but also illustrated some aspects where the use of animals in scientific research
could be radically changed without loss of information, even providing more relevant information at
times. These were themes that were picked up on time and again, in greater detail, throughout the
Scientific Conference.
2.2 Main Themes and Discussion of Session 1
The Scientific Conference was opened by Karmenu Vella (European Commissioner for the
Environment, Maritime Affairs and Fisheries). The common objectives of Europe to save animals and
promote scientific research whilst safeguarding the health of humans and environmental species
were emphasised. The European Commission supports the ultimate goal that all animal testing should
be phased out and replaced by scientifically valid alternatives. To this end the Commission has
implemented a number of Directives and pieces of Regulation. The key piece of legislation for this
Scientific Conference is Directive 2010/63/EU, but other legislation such as REACH and the Cosmetics
Regulation have also been important to promote the development of alternatives. The European
Commission has also provided funding through the successive Framework Programmes, including
Horizon 2020, to support the development of alternatives to animal testing with a number of flagship
projects on-going and completed.
Vella stressed that whilst the aim was to replace the use of animals in all areas of science, the EU
legislation also has the obligation to protect the citizens of the European Union and elsewhere. There
is a need to ensure that the science is sufficiently robust to maintain the same level of protection (or
improve on it) provided by the use of animals. There was acknowledgement that a debate was
required on how to speed up progress and stimulate innovation allowing for the promotion of the
application of better science, supported with business opportunities. There will be many challenges in
some areas, most notably in the pharmaceutical sector to replace all animal testing, and Vella ended
by demanding that the Scientific Conference make recommendations to assist in achieving the
desired goals.
The need to openly challenge and improve current practices in animal use, with the ultimate aim of
replacement, was picked up by several speakers in Session 1. Malcolm Macleod (University of
Edinburgh, UK) provided a number of historical examples where the treatment of diseases had been
radically improved through animal testing; these examples included the treatment of typhoid fever
and pneumococcal septicaemia as well as the basic animal research that has led to the now routine
organ transplants. Whilst there have been successes, there are also examples of poor research using
animals and areas where improvements are required and could be implemented easily. For instance,
poor statistical design of animal experiments could lead to severe bias in the results and outcomes.
Some poor research is as a result of the pressures of all scientific research, academic and elsewhere,
to obtain significant results at any costs to support further funding. There is a need for better
implementation of statistical procedures such as blinding and randomisation of studies to ensure the
maximal relevant information is obtained from animal experiments. Other criteria and standards
must also be adhered to, such as the implementation of Good Laboratory Practice (GLP) and
adherence to stated Guidelines, whilst it is acknowledged that GLP does not in itself make a good
study. Macleod concluded by stating that there has been improvement in the conduct of animal
4

experiments and hence in the scientific research outcome over the past years, but that improvement
is slow.
The relevance and reliability of animal data to predict human effects, was focussed on by Jarrod
Bailey (Cruelty Free International, UK). There is evidence that whilst still widely used, dogs and
monkeys in particular are poor surrogates for the effects of drugs on humans. Analysis of data
obtained from pharmaceutical companies for the effects of drugs on dogs, non-human primates,
mice, rats and rabbits has been undertaken. It suggested that there is no case for the benefit of dogs
as a non-rodent species, their use often being related to historical reasons including their ease of use
and good temperament. Bailey described the results of a study that considered more than 2,300
marketed drugs with toxicity data both to humans and the above mentioned non-human species.
Statistical analysis of the data indicated limited predictive value of the use of data from animals,
especially with regard to predicting the absence of toxic effects (negative data), whilst animals may
be over-predictive in identifying toxicity. Statistical techniques such as the likelihood ratio were useful
in the analysis of existing historical data, and the data analysed indicated that a negative result in an
animal test, particularly in dogs and monkeys, gives little evidential weight to effects in humans.
Bailey concluded by emphasising the need for further transparent investigation and research by
regulators and industry to determine the utility of all animal data to predict human effects.
Concern over the reliability of the use of animal data to predict human outcomes was also raised by
Andrew Knight (University of Winchester, UK). Systematic reviews and meta-analyses examining the
findings of animal experiments indicated only poor concordance with human clinical outcomes. At
least five reasons for poor concordance between animal and human outcomes have been established.
These can be summarised as being intrinsic interspecies differences and loss of biological variability
due to use of in-bred strains; the stressful environments and protocols animals are exposed to as a
result of laboratory housing and procedures; the issue of false positive results in chronic, high dose,
studies in rodents; use of only one sex; poor methodological quality of animal experiments including
inappropriate study design; and “publication bias” where positive findings are more likely to be
published. Knight also considered the topic of “humane teaching methods” which were found to be
equivalent or superior to animal use in the vast majority of studies for the training of life and health
sciences students. In addition, teaching using animals warrants a higher level of justification as these
methods do not provide new knowledge.
The importance of understanding the diversity and differences in species, and the issues this raises,
was stated by George Kollias (University of Athens, Greece). Whilst interspecies differences must be
understood, animal research is still considered essential to reproduce a complex disease and thus a
fundamental requirement for the development of new treatments for humans and the understanding
of new biological mechanisms. Whilst it is still considered essential, more effort should be made to
ensure animal research is more efficient. With reference to the original Three Rs, Kollias proposed a
novel set of “5Rs” to improve animal science in the future i.e. “Rethink, Resolve, Rationalise,
Ruminate, Reflect”. Of these, probably the most important is to reflect on current animal
experimentation to improve it and gain the maximal information from it. A key to this will be the
appropriate interpretation of data. The utility of animal experimentation in modelling and
understanding human disease was illustrated by the successful modelling of rheumatoid arthritis
using the human TNF transgenic mouse. Also seen as important was investment in large-scale, high
quality, international standardised scientific resources for modelling mammalian genomes, such as
the Infrafrontier Research Infrastructure, and collaborations which will enhance scientific results and
pharmaceutical innovation.
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The Panel Discussion focussed on and further extended many of the issues particularly relating to the
need for “better science”. There was agreement that in some areas of research there was more
ethical and efficient use of animals in the past 20 years, driven in no small part by European
legislation such as Directive 2010/63/EU, REACH and the Cosmetics legislation. The need for better
access to existing data, including better communication, was emphasised to prevent repetition of
animal data (these topics were covered in greater detail in other sessions).
Panel members commented that many animal studies were flawed and that fundamental research,
based on better and informed science, is required to enable the transition to alternatives in many
areas. Biological mechanisms can now be probed outside of animal testing including work with
humans for diseases where the cause is unknown. There is, however, a perceived reluctance to
change, which needs to be addressed in a robust manner especially to change what are intrinsically
poor animal models. There are possibilities to provide “human relevant” experiments, for instance
using micro-dosing, human-derived cell cultures, stem cells and even artificial organs as well as minibrains etc. The transition away from animals to more human relevant endpoints is ethically important
but must be achieved in a scientific manner. To guide this, the gaps where alternatives do not yet
exist must be identified and investment is required in research.
The importance of correct animal procedures was emphasised including use of the ARRIVE (Animal
Research: Reporting of In Vivo Experiments) guidelines (https://www.nc3rs.org.uk/arrive-guidelines)
as well as proper reporting and publication of research (topics discussed in more detail in later
sessions). Importantly the rewards and incentives for research should be considered which may
require further cultural change in the way in which research is undertaken, for instance making the
ARRIVE guidelines and publication of research findings mandatory. To improve the quality of science,
inventories of errors and good practice could be established to assist in the education of the young
and next generation of scientists.

2.3 Conclusions and Recommendations of Session 1
A number of key conclusions can be drawn from Session 1.
-

-

-

-

Animal research has historically been used to develop valuable treatments to diseases and
surgical procedures and, at the current time, it is believed that certain complex human
diseases can still only be modelled with animals. However, this view was not shared by all
panellists.
It was expressed by many that there needs to be a balance between ensuring animal welfare
and safeguarding, as well as preventing and treating disease, in humans and environmental
species. This is also in line with obligations in the Treaty on the functioning of the EU.
There is considerable motivation to change the scientific environment to speed up progress
towards an animal-free research culture. There are considerable benefits in reaching this goal
ethically, scientifically and in terms of business.
There is debate over the value of animals in many areas of scientific research, particularly
with regard to use of non-rodent species in areas such as pharmaceutical safety.
Areas of improvement in animal use and research can be identified and defined.
Inspiration, funding and better education are key elements to animal-free science.
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Recommendations from Session 1 included:
-

There is a need for on-going investment in public and private funding in non-animal
alternatives. However, consideration is required to ensure the proposed research is
appropriate, addresses areas of need and is of high quality and reproducible with appropriate
statistical design. To achieve these goals, the following are required:
o A thorough gap analysis of where alternatives are still lacking and how to improve the
current alternatives to be fit for purpose.
o The investigation of more “human” testing e.g. using human cell-based systems.
o Consideration of whether there should be a more stringent scientific peer review of
methodology before starting any project using animals or developing alternatives.
o A need for systematic use of ARRIVE, and other relevant guidelines, to stimulate a
culture of scientific excellence.
o Improvements in study design and data analysis for all animal experimentation as
well as for non-animal studies.
o More standardised approach to, e.g. design, analyses, statistics and publication.
o The need to publish negative results systematically - starting with all publicly funded
studies using animals.

3. Session 2 – Biomedical Research: Strengths and Limitations of Non-Animal Alternatives
3.1 Introduction to Session 2
Session 2 moved the focus of the Scientific Conference to examples of where and how alternatives
are being used, with an emphasis on the actions of chemicals and pharmaceuticals on the body. The
aim was not only to illustrate “success” stories where modern technologies are already replacing
animal use, but also to identify areas of need for future research. The scope of this session was to
consider computational (so-called in silico) approaches, in vitro and other non-invasive techniques.
3.2 Main Themes and Discussion of Session 2
The concept that in vitro systems could be exposed to chemicals revealing characteristic responses
that could be related to human outcomes was introduced by Jan Hengstler (IfADo-Leibniz Research
Centre TU Dortmund, Germany). This was illustrated with particular reference to liver cells which can
be grown as sheets of cells or spheroids. Imaging using two-photon microscopy now allows recording
of the responses of the cellular systems. The quality of this imaging is sufficient for functional analysis
of tissues and even mitochondria. There are a number of possibilities of this approach to model the
effects of chemicals on the liver including the ability to predict compounds that inhibit or induce liver
enzymes, the identification of the main metabolites of a chemical and the ultimate prediction of
acute toxicity. There are, however, a number of limitations including the lack of microvessels
(sinusoids), the tissue is not linked to circulating immune cells, as well as broader limitations in
capturing organ-level physiology which overall makes it difficult to predict repeated dose toxicity. A
solution to these limitations is to extend the in vitro system with in silico models that provide
“Systems Modelling” approaches with artificial cells and organs. Systems models represent
computational models of tissues being constructed from theoretical cycles of model building and
validation from experimental data. An example of a new concept to treat hyperammonemia was
presented. These systems models will go further to ultimately provide models up to the organism
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level. However, the greater the complexity of the models, the greater the need for validation which
may require in vivo tests.
Advances in personalised human genome sequencing, with particular reference to the discovery of
new disease targets and drugs, were described by Stefan Platz (AstraZeneca, UK). Since the
sequencing of the first human genome in 2001, individual human genomes can now be sequenced
cheaply and rapidly. This has enabled an enormous amount of information to be obtained, with
estimates that genome wide association studies have identified 24,000 Single Nucleotide
Polymorphisms associated with disease traits. As a result, there have been more drugs, better
understanding and medicines, all being delivered faster to the patient without the need for animals to
identify targets. Whilst much has been achieved there is still an enormous amount to be done,
particularly to link genomic changes to human conditions, with some estimates that very little is
currently understood about heritability. In drug discovery, genomics can help identify innovative drug
targets linked to molecular mechanisms. In development, it assists in clinical trials by selecting
patients for therapies that target the underlying genomic mechanisms of disease through genomic
biomarkers. Overall it allows for the speeding up of drugs getting to market delivering medicines
more rapidly to the correct patients for targeted therapies. Two aspects of complexity were reported
in terms of the intrinsic biology (i.e. regulation of the transcription of DNA, translation and post
translational modifications, epigenetic and environmental changes, etc.) and the Information
Technology where further investment is required in informatics for e.g. data-sharing platforms and
mining of big data. In addition, further work will be required on ethics and governance with regard to
patient data. Overall there are clear opportunities in translational medicine to increase understanding
of a specific disease and to develop specific animal models to allow for the study of diseases, with
more targeted use of animal studies.
The potential of regenerative medicine and its possible savings in animals were presented by Frank
Staal (Leiden University, The Netherlands) with a particular focus on gene therapy for severe immune
disorders. Animal models are used to assess efficacy in proof-of-principle studies using disease
models e.g. mice with knock-out genes the same as those missing or deficient in patients. These are
currently required albeit using small numbers of animals once the strain has been developed. It is
possible to provide alternatives to the use of large animals (dogs, monkeys) for efficacy testing
through the xenotransplantation of human stem cells into mice. With regard to safety studies of gene
therapies, animals are still required by legislation to investigate severe adverse effects. The traditional
method for safety assessment is to transplant hundreds of mice with gene therapy treated cells and
determine if diseases, such as leukaemia, occur. This has been demonstrated not to be predictive for
human disease as well as being time and labour consuming and causing severe stress to laboratory
animals. In addition, testing of viral batches in suckling mice is required by Good Manufacturing
Practice (GMP) which may use more than 10,000 mice without any positive results. The in vitro
immortalisation (IVIM) assay, and other in vitro techniques are seen as viable alternatives although
significant investment is required to optimise these studies. In conclusion Staal called for better
legislation and for replacing the requirements for safety testing with equivalent or better alternatives,
as the current tests are not informative. There should also be harmonised procedures across Europe
to eradicate the unnecessary repetition of the same animal studies in different countries.
A broad overview of the status and use of alternatives to animals in drug development was provided
by Gerhard F. Weinbauer (Covance Drug Development, Germany). As is commonly known, the
development of a new pharmaceutical is a long, complex and expensive process which currently relies
on animal use, i.e. during investigative as well as regulatory safety and efficacy testing. Non-animal
tests are already used whenever feasible. This process needs to continue to speed up the drug
development process and reduce cost. There are a number of success stories in the use of
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alternatives and particularly the promotion of the Three Rs: e.g. microsampling (< 50 μl) has resulted
in an approximate 65-75% reduction in animal numbers (mouse and rat); the re-use of minipigs
provided > 90% reduction in their use for pharmacokinetic studies; re-use of control animals is
encouraged where possible e.g. ICH S6(R1) guideline. In addition, industry is challenging the need for
“recovery“ animals on studies as well as supporting modifications to guidelines and increased
scientific knowledge in biopharmaceutical drug development which has reduced the use of NonHuman Primates (NHPs) in biopharmaceutical candidate selection. For REACH and other regulatory
applications validated alternatives are available for skin corrosion, skin irritation, severe eye
irritation/corrosion and skin sensitisation. There are also a number of advances for bespoke effects
and research applications covering genetic toxicology endpoints, cardiotoxicity and organ-on-chip and
organoid technologies. Using developmental and reproductive toxicology as an example, it was
observed that there are a number of in vitro systems which are increasingly used (e.g. in vitro
spermatogenesis assays or tests using embryonic stem cells) but they could not yet be validated as a
full alternative to in vivo tests for regulatory purposes. Indeed, these two will be extremely
challenging endpoints to replace due to the complexity of the tests, mechanisms and interpretation of
the findings e.g. a recent study confirmed the need for tests in two species for embryofoetal
development. In addition, there are an increasing number of published cases of the use of NHPs for
the development of biopharmaceutical drugs. Thus, there is still a requirement for animal testing,
albeit with distinct possibilities of greater use of alternatives especially for investigative toxicology.
The Panel Discussion expanded upon core topics relating to the use of alternatives in biomedical
research. From the perspective of European patient groups it was noted (although some panellist
disagreed) that millions of European citizens in their position as patients are the direct beneficiaries
of medical research – including research involving animals. There continue to be large unmet medical
needs, especially in the area of rare disease and neurological conditions such as Parkinson’s disease
and dementia, and mental health problems. However, patients want drugs which come more rapidly
to the market and which might contribute to lowering healthcare costs. The needs of the
pharmaceutical industry were considered. Despite the above mentioned needs and desires, the
numbers of new drugs coming on-stream are falling, which means there must be greater efficiency in
drug discovery and development which can include alternatives to animals. Efficiency and increasing
the numbers of new drugs will be more reliant on the need to understand the biology of the diseases.
In addition, in any research - both using animal and non-animal approaches, there must be a balance
between the risk to patient and safety. Any change to the evidence base required for deciding on
benefits and risks of new medicines should involve the European patient community. Regenerative
medicine is one area for potential drug development and it will increase healthy lifespan of patients,
however, it still requires (at times extensive) animal testing. There are benefits but they may be costly
in terms of animal use. As noted in the plenary session, safety assessment for gene therapies can be
performed in vitro as long as such studies are designed carefully.
The top priorities for replacement to ensure safer medicines should be established. In silico
techniques are one of the means of moving forward along with in vitro systems. However, the use of
information from in vitro systems needs to consider how the data can be extrapolated to humans,
potentially requiring knowledge of metabolism and distribution of chemicals around the body and
how this differs in the in vitro system. A combination of in silico and in vitro technologies was seen as
the short term solution to provide alternatives to specific areas of animal use, with the aspiration to
develop better models in the longer term. The future models may include organ / human-on-a-chip
and microphysiological systems. There is a need to speed up regulatory acceptance of such systems
and assist in the validation of in vitro tests. Development and validation of alternatives will require a
co-ordinated effort between many stakeholders. Whilst these types of models and alternatives are
9

viable there should be an increased emphasis on tissue biology and the genetics and their variability
must be appreciated.
There was support for the general concept of data sharing. An example from industry (the
AstraZeneca Open Innovation Initiative) was given which has many benefits including allowing for the
re-purposing of drugs. It was stated that confidential business information remains a bottleneck, for
instance a Clinical Research Organisation (CRO) signs confidentiality agreements when undertaking a
study but could attempt to use knowledge elsewhere to reduce the reliance on animal testing. It was
also observed that freedom of information for animal data is required to assist in the building of in
silico models and validating in vitro assays.
It was acknowledged that training and education which are legal requirements still need to improve.
There should be a period of training for any student (or other researcher) using animals which must
include training in ethics and the intrinsic value of life. There is a need to enforce the highest
standards of animal welfare. As part of data sharing and training, there should be improved
communication and meetings to pass on good practice (these issues are expanded upon in later
sessions).

3.3 Conclusions and Recommendations of Session 2
A number of key conclusions can be drawn from Session 2.
-

-

-

-

-

-

Biomedical research needs to continue to advance as the existing approaches to develop new
drugs are not always efficient enough to meet patient needs to gain access to new or
improved drugs on a large scale and in shorter time periods (examples given: asthma,
Alzheimer’s and cancer).
In silico models, including those based on modern imaging technologies as well as more
complex systems models, may provide predictions for the effects of pharmaceuticals at the
whole organism level. However, these require more development and validation which may
include the use of information from in vivo testing.
There is greater scope to use many of the available alternatives for investigative research in
toxicology and biomedical research, however, there is lower possibility of acceptance for
regulatory applications. Difficult endpoints to address with the current alternatives are
reproductive and developmental toxicity as well as chronic effects.
Alternatives in the short-term will be based around the currently available and rapidly
developed in silico and in vitro models. Cells used in these models should be carefully selected
based on the genetics of the donor (animal or human). Longer term alternatives (potentially
requiring up to 20 years to allow for validation and regulatory acceptance) will be based
around human-on-chip and micro-physiological approaches.
The use of in vitro alternatives for safety assessment is possible for the more severe local
toxicities.
The sequencing of the human genome supports the creation of newer and better drugs.
Developments in genomic sequencing may also assist in the development of more refined
animal models, potentially contributing to the reduction of animal use overall.
Animals are still required in some areas of translational medicine, especially to determine
drug efficacy. However, animals could be replaced by in vitro systems for safety assessment
and larger animal species could be replaced by targeted gene editing, into e.g. a mouse, to
obtain faster and more predictive models for human disease.
10

-

-

There is a need and desire for better sharing of data, making information and knowledge
available publically. This will eliminate redundant animal testing and is essential to create
alternatives. There also is increasing willingness to do this – e.g. one pharmaceutical company
has made some of their data available, recognising that collaboration among companies will
lead to stronger results. Another possibility is that data from clinical trials, when compared
with pre-clinical test results, would be particularly useful in developing alternatives and
avoiding animal tests of low predictive value.
European legislation should eliminate any non-informative, but currently required, animal
tests.
More efficient regulatory procedures for multinational trials in the EU are urgently needed.

Recommendations from Session 2 included:
-

-

-

-

There is a need for a continued and organised research agenda within Europe to co-ordinate
the short-term and longer-term uptake of alternatives based around in silico and in vitro
approaches in the short term and human-on-chip and microphysiological approaches in the
longer term. Some more strategic top-down or central steering of this research agenda might
be beneficial.
Fundamental biological research, from sequencing of human genomes to tissue and organ
level biology, should not be discontinued as this will support the better development of the
next generation of alternatives to animal testing.
Effort is required to speed up and possibly simplify the process of validation (also covered in a
later session) leading to acceptance of alternatives and therefore greater uptake.
Greater resources should be made available for data sharing, including greater access to
confidential data – or knowledge being made available from it. Resources such as patient
DNA databases should be created for research purposes.
Education and training of all researchers using animals is mandatory in the EU, enforcement
of compliance is necessary to ensure respect for animals and their correct, ethical use.

4. Session 3 – Regulatory Testing: Strengths and Limitations of Non-Animal Alternatives
4.1 Introduction to Session 3
In order for alternatives to animals to be accepted for many regulatory purposes, e.g. to register
pharmaceuticals, chemicals or other substances, they must be viewed as providing at least
equivalent, or improved, level of protection as the extant animal test. The current paradigm for
proving an alternative can provide equivalent protection level to the original test, the so-called
process of validation, can be a time-consuming, complex and a costly exercise. Session 3 addressed
the current status of alternatives to the use of animals in regulatory testing with contributions from
Europe and the US, with a particular emphasis not only on validation of new methods, but how new
technologies can break away from the existing dogma of how testing and assessment can be
performed.
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4.2 Main Themes and Discussion of Session 3
The contribution and support to the validation of alternative methods provided by the European
Union Reference Laboratory for Alternatives to Animal Testing (EURL ECVAM) was described by
Maurice Whelan (European Commission, Joint Research Centre, Ispra, Italy). The mandate of ECVAM
includes the promotion and validation of alternatives, with validation currently seen as a key step in
the acceptance of a newly developed method for regulatory use. To achieve its mandate, ECVAM has
a number of responsibilities including providing guidance on research into alternative methods;
coordination of validation within the EU; dissemination of information on the Three Rs; facilitation of
stakeholder dialogue and the promotion of international acceptance of alternatives. Thus, within and
outside of Europe EURL ECVAM plays a pivotal role in supporting the validation of alternatives by
assuring sound science to support regulatory acceptance. To support this process EURL ECVAM has a
number of committees, fora, tools and information resources. A valid alternative method must be
reliable and relevant for a defined purpose being founded on scientifically sound principles. It will
undergo independent peer review to determine its attributes with regard to it being well-defined,
applicable, reproducible, predictive and transferable. Following validation at EURL ECVAM (and
elsewhere), a validated method can go forward to gain international regulatory acceptance, for
example as an Organisation for Economic Cooperation and Development (OECD) Test Guideline.
There have been many successes in terms of new validated methods replacing or reducing animal
tests for skin / eye irritation and corrosion, phototoxicity, skin sensitisation, toxicokinetics and
genotoxicity. As different and more complex methods to the original suite of in vitro assays are
considered, especially for endpoints such as chronic organ level toxicity, there has to be a move away
from the original one-to-one replacement concept. As such, determining the reliability and relevance
of such methods will require new ways of thinking, for instance placing the information requirements
in a mechanistic framework as provided by the Adverse Outcome Pathway (AOP) approach. A number
of priorities were defined to strengthen the process of translation of new methods emerging from
research through validation and towards regulatory acceptance. These include: better overall
problem formulation, more investment in validation, innovative validation study designs, and early
demonstration of relevance and utility of methods during their development. In addition, acceptance
of new methods for regulatory purposes would be aided by more systematic assessment of
uncertainties impacting decision-making and an adaptation of regulatory requirements that are more
suited to the information derived from alternative methods.
The validation and implementation of alternative methods was also discussed from the US
perspective by Warren Casey (United States National Toxicology Program's Interagency Coordinating
Committee on the Validation of Alternative Methods, Research Triangle Park, NC, USA). A high level
vision has been proposed by the US National Institute of Health that animal testing for the safety of
environmental chemicals and pharmaceuticals will be largely replaced within ten years. Consideration
was given to the implementation of such a vision which will require significant change in the
regulatory environment. This change is required as the current science is entrenched in a culture
dependent on animal testing, whereas the new technologies and science are moving at a very fast
pace. These new technologies will not implement themselves, neither will be the obstacles to their
implementation be resolved automatically, thus Test Guidelines will have to be addressed in the
context of these new technologies. The road blocks for implementation of new technologies are
known and include:




animal models being seen as the reference standard (especially for repeat dose toxicity);
“institutional resistance” in that regulatory scientists are not necessarily receptive to change;
and the need for global harmonisation to accept and apply the new technologies.
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The move away from animal models for toxicity testing requires a strategy that is driven by the
regulators with input from other stakeholders. There are significant opportunities in the new
approaches which will require a collective willingness to accept the “managed risk” of their use as
opposed to the traditional animal tests. There must also be incentives to change which may be in
terms of ethics (i.e. reduced reliance on animals), savings in cost, human / environmental relevance
and being more predictive. Within the US there is an initiative to replace animals in acute toxicity
testing by 2020 and a proposal to set out a Strategy and Roadmap to modernise the safety
assessment of drugs and chemicals in the US through the White House Office of Science and
Technology Policy.
The findings of an international Workshop hosted by the United States Environmental Protection
Agency (US EPA) in September 2016 were described by Robert Kavlock (US EPA, Washington DC,
USA). The goals of the Workshop, within the context of the New Approach Methodologies (NAMs)
being proposed, was to discuss progress and barriers in applying new tools for prioritisation of
testing, screening of chemicals and quantitative risk assessment of differing levels of complexity. In
addition, the Workshop aimed to discuss opportunities to increase collaboration in order to
accelerate the pace of chemical risk assessment. The opportunities for progress were identified as
being the need for data sharing, the requirements for a classification system for NAMs and the need
for collaborative case studies as proof of concept for use of NAMs in chemical risk assessment. The
barriers for acceptance of NAMs were reported. These included the on-going consideration of
laboratory animal studies as the ultimate gold standard for chemical risk assessment whilst accepting
their limited coverage of some emerging health issues in the human population and lack of
concordance with evidence accumulating in population studies. The potential limitations of existing
technologies are a barrier, notably their limited metabolic capabilities and the lack of systems level
models. The desire to benchmark NAMs against laboratory animal studies needs to be addressed,
there are unlikely to be one-to-one replacements especially for complex endpoints. The lack of
understanding and confidence in applying NAMs was noted. In addition, there are differing regulatory
needs for decision making in different sectors and countries, with some regulatory needs requiring
specific testing requirements. A number of actions have been proposed to begin to address these
barriers, some of which are foundational which must be conducted first to take advantage of other
activities. These activities include the development of international data platforms for chemicals of
common interest along with hazard data repositories. In addition, there need to be classification
systems for NAMs which build on those for traditional toxicity data. A number of experimental actions
have been proposed including a series of case studies to explore how NAMs can be applied in a
regulatory setting as well as the generation of data to support uptake.
The role of alternatives in the safety testing of human and veterinary pharmaceuticals was reviewed
by Jan Willem van der Laan (on behalf of European Medicines Agency (EMA), London, UK). Currently
animals are used for both human and veterinary pharmaceuticals to assess aspects of efficacy and
safety. However, for several decades the International Council (formerly Conference) on
Harmonisation (ICH) has played a prominent role in supporting the Three Rs and the role of
alternatives for non-clinical testing. In addition, for both human and veterinary pharmaceuticals there
has been progress in the reduction of animal testing in terms of deletion of various (safety and
potency) tests from the European Pharmacopoeia for vaccines. The EMA’s Joint Expert Group on the
Three Rs was established in 2010 as a common group for human and veterinary medicines, which is
providing guidance on the implementation of the Three Rs for pharmaceuticals. EMA has also
published criteria for the regulatory acceptance of alternatives (e.g. method validation, providing
equivalent information or testing of medicines in real-life conditions) as well as alternative routes of
acceptance by the direct application of alternatives. As in other sectors, scientific evaluation rather
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than validation, (i.e. to avoid discussions on the Golden Standard), of alternatives is seen as crucial to
their application. Progress is ongoing at ICH-level in terms of being able to waive tests, e.g. for
carcinogenicity, should sufficient alternative information be available.
The Panel Discussion developed some of the topics addressed in the plenary lectures further. The
need for collaboration, and the added-value it represents, was emphasised. There are a number of
aspects to collaboration. Firstly, collaboration is required at the international level to ensure
harmonisation and acceptance of alternatives worldwide. Collaboration is also required between key
stakeholders, notably regulators and industry, but also the developers of alternatives. Collaboration
will assist in the speeding up of the validation and acceptance of alternatives and regulators can
stimulate this area by providing clear problem formulation – which may be based around the AOP
framework. Other aspects of collaboration are data sharing and it was observed that this is on-going
for pharmaceuticals through EFPIA and various IMI Projects. Worldwide collaboration may assist in
the removal of some tests for regulatory use from pharmacopoeias, e.g. including, but not limited to,
the field of veterinary pharmaceuticals.
There was agreement that alternatives must be fit for purpose. For higher tier and more complex
endpoints there is a need to combine evidence (moving away from the one-to-one replacement
paradigm) with a need to enhance the category approach to facilitate read-across as a first step for
regulatory use of data from NAMs.
There is a need to review aspects of uncertainty in animal data with a view to understanding
acceptable risk of using information from alternatives to assess safety to humans and to the
environment. Applying concepts such as the AOP framework or a mode of action approach (MOA) will
require definition of how adversity at the molecular and cellular level relates to the human / organism
and environmental level. If there is molecular and cellular level evidence that a MOA is triggered at
low concentrations then this could indicate concern, acknowledging that organism, human and
environmental level variability and uncertainty is high and consequently the definition of positives or
negatives at that more complex level is not a purely scientific exercise, but also needs a critical degree
of regulatory agreement. However, more knowledge is required on other factors such as quantitative
(kinetic) in vitro to in vivo extrapolation (QIVIVE) and exposure. The linkage between in vitro test
results and regulatory information requirements will need to be understood in a greater level of
detail, especially with regard to the risk of an incorrect assessment of drug safety or otherwise. The
concept of what an acceptable alternative actually is may need to be explored in greater detail,
requiring a proper formulation of what success looks like.
There was discussion of whether targets and / or deadlines for the phasing out of animal tests could
be set. Such an approach could stimulate the development, uptake and acceptance of alternatives.
However, the need to set targets is tempered by the acknowledgement that we do not currently have
alternatives for all animal testing and, due to the different pace of science and technological
development, setting an ultimate date for animal free science would be extremely difficult and is
likely to have socio-economic impact.
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4.3 Conclusions and Recommendations of Session 3
A number of key conclusions can be drawn from Session 3.
-

-

-

-

-

-

-

The uncertainties associated with animal data must be understood, along with the acceptable
or managed risk of using alternative methods to provide information for human safety;
acknowledgement of such uncertainties will assist in the acceptance of alternatives.
Validation of alternative methods is a key step in their acceptance for regulatory purposes.
The reliability and relevance of a new method must be demonstrated; as alternatives become
more complex new approaches to validation may be required which could, for instance, be
based around applying knowledge in an AOP or mode of action context and will require
update to the regulatory framework. Proper problem formulation at international level is vital
for the success of validating alternatives.
The development and implementation of alternatives is moving away from a one-to-one
replacement paradigm as previously existed, especially for complex endpoints. Integrated
approaches and validation thereof that use data from various sources to protect against
adverse human and environmental effects are needed.
The tipping point for the use of non-animal approaches has been passed and there is now a
need to change the regulatory environment to allow the introduction of a new generation of
alternative approaches. This change must be led by the regulators in collaboration with
industry, academia and other stakeholders. Harmonisation is required in all aspects of the
implementation of alternatives.
There is also a need to change scientific expectations of alternatives and the desire to
benchmark against data from a small number of animal species whilst attempting to protect
humans and the environment. Sharing animal and human data and knowledge in terms of
AOPs / MoA will assist in this process.
Many barriers to the acceptance of alternatives have been identified and strategies to
overcome these can be devised.
International collaboration is crucial - all activities ongoing, e.g. at OECD level, and the
development of new case studies are essential to demonstrate the utility of alternatives as
well as to address the barriers.
The pharmaceutical industry is taking a lead and fully endorses the use of alternatives and the
Three Rs concept where they can provide suitable data and information.

Recommendations from Session 3 included:
-

New approaches for the validation of complex alternatives need to be developed, i.e. moving
away from the one-to-one replacement paradigm, to ensure acceptance and uptake.
Regulators should lead the way whilst working closely with industry, academia and other
stakeholders.
The process of the development of alternatives and their validation should start with a
common problem definition
Work is required on defining, understanding and agreement on acceptable risk to human
safety on using non-animal data - as a result regulation may need to be adapted.
Progress in the area of acceptance of alternatives must be collaborative at a number of levels
and will require resources to achieve this:
o International collaboration e.g. OECD including EU, US, Japan, etc.
o Stakeholders e.g. regulators, industry, developers, etc.
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-

-

-

The requirement for, and (financial, scientific, level of protection, etc.) implications of, setting
dates and targets for the phasing out of animal tests should be investigated [although
disagreement on the efficacy and workability of such targets is noted].
Additional barriers to the acceptance of alternatives, beyond those already known, should be
identified and strategies to remove them be defined.
There should be support for internationally led case studies to evaluate and demonstrate the
acceptance of new alternative approaches. In this context, it could be helpful to carefully map
out uncertainties of current animals tests.
An in vitro MoA-based classification system suitable for regulatory decisions such as the
current GHS classes will be required.

5. Session 4 – Reporting on European Commission Actions 1 – 3
5.1 Introduction to Session 4
Progress made in implementing the follow-up actions to the European Citizens’ Initiative (ECI) Stop
Vivisection were discussed in Session 4. Four Actions had been proposed in the written reply to the
ECI namely:





Action 1 – Connecting the Three Rs
Action 2 – Research into alternatives
Action 3 – Compliance and enforcement
Action 4 - Scientific Conference

Given that the Scientific Conference itself constituted the Action 4, activities relating to Actions 1-3
were discussed with a particular focus on knowledge sharing. It was already apparent from Sessions
1-3 that issues such as the sharing of knowledge and data are of paramount importance to the
implementation of alternatives.

5.2 Main Themes and Discussion of Session 4
The European Citizens’ Initiative made a call "...to abrogate Directive 2010/63/EU”, formulate a “new
proposal that does away with animal experimentation” and use “data directly relevant for the human
species". The response from the European Commission was to state that the ban and abrogation of
Directive 2010/63/EU was premature and confirming that the Directive obliges the use of alternatives
and improves the protection of animals still required to be used. The Directive provides new tools and
structures to advance towards the final goal of full replacement. The Commission recognises that
both animal and non-animal approaches have their utility, as well as limitations and there is a need
for intelligent combinations of all tools and in accordance with the Three Rs. Actions 1-3 of the
European Citizens’ Initiative were appraised by Susanna Louhimies (European Commission DG
Environment, Brussels). Specifically, Action 3, Compliance and Enforcement, was addressed. It was
noted that compliance with Directive 2010/63/EU is a multi-step process involving national legislation
within the 28 member states of the EU with conformity checks for the completeness and correctness
of the legislation; the requirement for operational structures including the implementation of tools
and guidance; application, enforcement and reporting; ultimately leading to evaluation of experience
and adjustment. The analysis of the sector legislation that may result in animal testing in order to
comply with data requirements confirmed that the Directive applies irrespective of the existence of
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any direct references to it in sector legislation. More importantly, the examination has highlighted a
need for better communication of available alternatives both to substance manufactures, testing
facilities as well as competent authorities tasked with project evaluation. The Commission has started
preparing guidance to respond to this need. Overall, the European Citizens' Initiative was seen as a
welcome challenge during the implementation of the Directive 2010/63/EU which is a gigantic, multistep exercise. The European Commission is examining national legislation in fine detail and takes
action where necessary to ensure that the spirit of the Directive is properly implemented, with
Member States having a key role in implementation and enforcement. Directive 2010/63/EU is the
most stringent legislation of this type in the world with compliance being a prerequisite. It recognises
that improved welfare and science is only truly achievable through competence, commitment,
compassion and collaboration.
Action 1 from the European Commission’s response to the European Citizens’ Initiative was Three Rs
knowledge sharing. An overview of this was given by Tracey Holley (European Commission, Joint
Research Centre, Ispra, Italy). To support this Action the JRC had undertaken a review to map Three
Rs knowledge (in the English language), determine how knowledge on the Three Rs is shared and to
identify opportunities to improve on the current situation. This review was performed by building an
inventory of knowledge sources and carrying out a survey of the users of the knowledge sources. A
knowledge source was defined as an entity which creates, collects, holds or disseminates knowledge
(with Three Rs relevance) recognising that knowledge is captured in many different forms – implicit
and explicit. The review identified more than 800 knowledge sources, specifically (in order of number
of sources): organisations (e.g. industry, governmental, etc.); publications; information systems (e.g.
web-sites, wikis, etc.); research programs / grants; educational training / programs; experts; and
events. These provided good coverage of each of the Three Rs. Of the 351 respondents to the survey,
over half were from academia with about one fifth from industry and slightly fewer from government
agencies. Most access to knowledge sources was from web-sites, publications, conferences, training
and other courses. The good aspects of knowledge sharing were via websites, face-to-face contact
(there is an element of trust), peer-reviewed publications, E-learning/free learning and direct updates
(e.g. email newsletters with links). However, users reported that there were too many resources and
they are fragmented, they lack curation (and hence may not be trustworthy) and are not always well
publicised so may not be found. Those who derived most benefit from the knowledge sources were
scientists and researchers, regulators and industry scientists. Less targeted were students, educators,
policy-makers and the general public. There are a number of opportunities to improve Three Rs
knowledge sources and access to them by better coordination e.g. of content and sharing of
dissemination platforms, outreach to inform beneficiaries and increase cross-sector uptake,
education at all levels and communication to make users aware of content and provide frequent
contact through newsletters etc. A report summarising the review and entitled “Accelerating Progress
in the Replacement, Reduction and Refinement of Animal Testing Through Better Knowledge Sharing”
1
was published by the JRC after the conference.
The Panel Discussion of Action 1 provided further insight into the needs for Three Rs knowledge
sharing. There was a clear mandate to provide easy and free access to European (and worldwide)
research in areas such as available in silico models, in vitro techniques, on-going research projects,
animal uses and techniques and databases. There was agreement that whilst there are some
excellent existing current resources, better search engines, and a more coordinated approach, are
required to access the full knowledge and resources available. It was noted that a critical mass is
required in terms of pulling together information to make it a resource that people would return, and
1

http://bookshop.europa.eu/is-bin/INTERSHOP.enfinity/WFS/EU-Bookshop-Site/en_GB//EUR/ViewPublication-Start?PublicationKey=LBNA28234
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contribute, to. A suggestion was made that Directive 2010/63/EU should call for an information
officer to increase understanding and access to the information on the Three Rs.
The quality of information in knowledge sources needs to be assured. This may be a time-consuming
and expensive task but should involve all stakeholders, e.g. academic scientists, animal technicians,
regulators, policy makers and European citizens. Assessment of quality could assist in the
development of better alternative techniques and provide knowledge on Three Rs resources and
techniques. These activities could all assist in the sharing of good practice in the use of the Three Rs
and animals.
There are also more opportunities to share good practice through publications. Few, if any,
publications include reference to the Three Rs, something that would assist others. In addition, there
is a need to make negative data available either through publication or databases. It was agreed that
good databases, which are easily accessible, are a good investment especially if they include data not
available elsewhere (e.g. negative data). However, the silo mentality of creating individual databases
which are not interoperable must be eliminated. This, in part, reflects the desire for better, more
sophisticated search engines.
Knowledge resources will also assist in education and training for students as well as senior scientists.
Resources could be organised into, or made available through, courses aimed at initially achieving a
minimal level. There are possibilities for accreditation and approval which would benefit from mutual
recognition of achievement.
It is recognised that development of knowledge resources requires significant investment. The source
of this funding could be from public sources but also industry could assist in refining information.
In response to Action 2 of the European Citizens’ Initiative, Ruxandra Draghia–Akli (European
Commission DG Research and Innovation, Brussels) described EU-funded research into new
alternative approaches. The research has focussed on all aspects of the Three Rs from innovative
tools for safety testing to the creation of databases, bioinformatics and modelling. Currently there are
a number of funding streams within the European Commission’s Horizon 2020 (H2020) programme
ranging from large collaborative project to grants for small businesses and Marie Curie training
schemes. From 2006-2016 in FP6, FP7 and H2020, over €400 million of EU funding has been provided
to about 100 separate projects relating to alternatives. Significant examples of EU funded projects
include Sens-it-iv (FP6), SEURAT-1 (FP7), EU-ToxRisk (H2020), eTox (IMI) and VAC2VAC (IMI-2), each
project representing different skills and expertise. There has been significant impact as a result of EUfunded projects, several new alternative methods have, and are expected to, come out of FP7 and
H2020 projects. Also, all H2020 publications from 2017 onward will be published open-access. There
is always a lag in the implementation of new methods from EU funding due to the long time needed
between the development of the methods, their validation, and regulatory acceptance however,
regulatory impact is beginning to be observed from FP6 projects for less complex toxicological
endpoints. IMI and IMI-2 projects have also assisted in pharmaceutical companies working with
private companies and academia to develop Three Rs approaches for drug safety and the batch
testing of vaccines. The EU also funds EURL ECVAM at the JRC with an annual budget of €6.5 million.
Now in its 25th year, ECVAM has validated over 50 alternative methods, led the development of 14
OECD Test Guidelines and Guidance Documents on alternative methods and compiled more than 300
method descriptions in the DB-ALM database. EU research in alternatives and human safety testing
was described as being “Open”. It includes “Open Science” to extend scientific knowledge, especially
for complex endpoints and improve and discover new tools. “Open Innovation” supports strategic
alliances with industry sectors, the participation of regulators and involvement of SME partners.
Lastly the “Open to the World” policy stimulates collaboration with the US Tox21 programme,
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outreach to other countries and promotes EU research as a worldwide flagship. In conclusion it was
stated that Action 2 of the Communication from the Commission on the European Citizens' Initiative
"Stop Vivisection" has been fulfilled with the Commission continuing to support the development,
validation and implementation of alternative approaches for regulatory and research use.

5.3 Conclusions and Recommendations of Session 4
A number of key conclusions can be drawn from Session 4.
-

-

-

-

-

The European Citizens’ Initiative was seen as a welcome challenge. It placed alternatives to
animal testing at the centre of attention and put the focus on their uptake and use in line
with the Directive 2010/63/EU.
The European Commission is making significant efforts to ensure that national legislation in
the Member States complies with Directive 2010/63/EU. Implementation of the legislation is
a complex, multistep task. Enforcement is the responsibility of the Member States, however,
with close support by the Commission where required.
A review of knowledge sources for the Three Rs compiled over 800 resources of differing
types.
There are clear opportunities to improve current Three Rs knowledge resources in terms of
access and use through the provision of appropriate search facilities and better quality
assurance. Whilst internet resources are well used, many Three Rs users prefer face-to-face
meetings, for instance at workshops and conferences.
There would be many benefits to improving access to Three Rs knowledge resources such as:
o Providing easy access to EU (and worldwide) research.
o Sharing of good practice in the use of alternatives and animal techniques.
o Supporting education and training.
o Providing outreach to users and stakeholders.
There is a clear benefit in publishing Three Rs techniques and negative data.
Currently there is a need for increased outreach to key stakeholders, especially the nonscientifically trained community.
Improvement in knowledge resources for the Three Rs will be costly. Currently there is no
clear plan for funding of such improvements.
Over the past 10 years there has been significant EU funding through FP6, FP7 and H2020
which has provided alternative methods which will have regulatory impact.
The EU funds EURL ECVAM which has been essential in developing and validating new
alternatives.
EU funding supports Open Science, Open Innovation and being Open to the World.

Recommendations from Session 4 included:
-

The European Commission should continue its role to monitor compliance with Directive
2010/63/EU and to increase the vision of using alternatives to animals wherever possible as
well as underlining that this is a legal requirement. Consideration could be given as to how
the Three Rs could further be promoted through Directive 2010/63/EU e.g. through the use of
dedicated information officers.
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-

-

Access to knowledge sources should be improved through better coordination between
providers and more effective communication of their existence. Also, more attention should
be paid to quality assurance of content.
Support should be provided for dissemination events, such as conferences and workshops, to
increase outreach especially for non-scientists.
Consideration should be given to require publication of Three Rs methods where possible and
this could be included in funding agreements.
Assistance should be provided to compile and publish negative data where possible,
interoperable databases of information are one approach that should be investigated.
A funding strategy to promote knowledge sources for the Three Rs and access to them should
be developed, including commitments from the European Commission and private industry.

6. Session 5 – Responsible Research
6.1 Introduction to Session 5
Research into new methods and to improve animal testing is essential to develop the science further.
Session 5 covered topics essential to the undertaking and reporting of science, with an emphasis on
safety assessment and medical procedures.

6.2 Main Themes and Discussion of Session 5
The session was opened by Julie Girling (Member of the European Parliament for South West England
and Gibraltar) who stated that European legislation should be framed around citizens’ demands.
Girling stated that she was against unnecessary suffering of animals and supported science-based
policy making and the full implementation of the Cosmetics Legislation. There are recognised
obstacles to the better and wider use of alternatives to animal testing including knowledge gaps and
lack of pooling of information on alternatives, thus alternatives may not be known to industry and
other researchers. The European Parliament has adopted a Pilot Project to promote the use of
alternatives to animal testing through providing more resources for dissemination and training
initiatives. It was recognised that while the European Union does fund research into alternatives, this
funding could be increased and more could be funded also at the national level. European agencies
do much to promote alternatives, for instance the European Chemicals Agency (ECHA) offers
guidance on alternatives which is regularly updated and reviewed; the European Partnership for
Alternative Approaches to Animal Testing (EPAA) promotes the Three Rs at the European level
bringing together key stakeholders and allowing for exchange of ideas and methods. Responsible
research based on accurate, precise and reliable facts, as well as appropriate science-based decision
making, will enable progress.
Aspects of increasing value and decreasing waste in experimental research, focussing on the use of
animals, were presented by Malcolm Macleod, standing in for Ulrich Dirnagl (Charite Berlin, Germany)
who was unable to attend. It is recognised that there are increasing and high profile concerns about
the reproducibility of scientific results obtained from animal studies. Indeed, it is claimed that many
published research findings are false. The reasons for many of these problems relate to the design of
the experiments themselves and their intrinsic internal validity. There are a number of biases
(selection bias; performance and detection bias; attrition bias) that must be addressed through better
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experimental design and reporting. For instance, a study with small group sizes means there is low
statistical power which may result in many false positives and the inflated apparent outcomes and
effects. A solution to some of these problems, especially for preclinical research, is replication
through correctly designed multicentre trials. External validity of research can be improved by
enriching the heterogeneity of samples. As observed in other sessions, publication bias is a problem
as only the most “exciting” results may be published, leaving other valuable data invisible. An Open
Science Policy based around the “Find, Access, Interoperate, Reuse” (FAIR) data principles is essential
to ensure data are available and transparent, thus they are more likely to be reproducible. The (UK
NC3Rs) ARRIVE Guidelines Checklist should be enforced to encourage better and responsible science
along with better standardisation and authentication of cell lines and antibodies. The rewards and
incentives to (academic) scientists also encourage the need for significant results to be published and,
at times, are exaggerated.
Further issues relating to experimental design, as well as the analysis and reporting of animal
research were raised by Vicky Robinson (National Centre for the Replacement, Refinement and
Reduction of Animals in Research (NC3Rs), London, UK). A large-scale survey, conducted by the
NC3Rs, of publicly-funded research in the UK and USA found significant evidence of poor
experimental design, statistical analysis and reporting in studies using animals. These factors
contribute to research being irreproducible and unreliable which leads to wastage of animals. In order
to improve the reporting of scientific research in a transparent and comprehensive manner the NC3Rs
published the ARRIVE guidelines in 2010. The aim of the ARRIVE guidelines was to improve the
reporting of in vivo research – ensuring reproducibility and avoiding unnecessary animal use. The
ARRIVE guidelines provide a checklist of 20 items, containing key information necessary to describe a
study comprehensively and transparently. They can be used when writing or reviewing papers, PhD
theses etc., as well as being an aid when designing experiments. The guidelines have been translated
into a number of languages. There has been a large uptake and support for the ARRIVE guidelines and
they have been endorsed by over 1,000 journals in addition to the main UK funders of research and
universities. In order to facilitate further use and uptake of the ARRIVE guidelines, a randomised
controlled trial investigating the effect of mandating compliance of the ARRIVE guidelines on
reporting quality is being undertaken along with a survey to gather the views of the research
community. The NC3Rs has also developed the Experimental Design Assistant (EDA) which is an online
tool for researchers to improve the design of animal experiments. It has been developed by experts in
experimental design and statistics as well as software developers specialising in artificial intelligence.
The EDA is intended to be a “personal statistical assistant” using built-in artificial intelligence to help
with the design of experiments. It provides critical feedback on the experimental plan, suggestions of
analysis methods compatible with the design and helps make informed decisions on experimental
design. The EDA is supported by tutorials and currently has over 2,000 registered users. It could also
provide a valuable resource for the evaluation of funding applications.
Focussing on publication of science, Thomas Korff (University of Heidelberg, Germany) outlined the
role of scientific journals in influencing the implementation of the Three Rs in life sciences. Currently
experimental results are published in peer-reviewed journals with the aspiration to publish in a
journal with as high an impact factor as possible. Thus, representatives of the scientific community,
reviewers, editors, and journals define what may be considered as being “good science”. The peerreview process is vital and should enable communication and assess robustness, including reference
to the Three Rs. Journals could better influence experimental approaches by their policies which
should define specific recommendations to implement the Three Rs in experimental approaches (e.g.
the ARRIVE guidelines) and by applying their policies and respecting animal welfare during the review
process. There are clear examples where the Three Rs have been viewed as being of low relevance
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and / or require validation with reference to established scientific models, which should be addressed
by better policies within journals.
The role of publishers in improving research quality and reducing waste through open research was
presented by Iain Hrynaszkiewicz (Springer Nature, London, UK). Reducing bias and waste in research
is important to publishers as they wish to publish better, more reliable, research. They also wish to
support compliance with funders’, institutional and governmental policies and legislation. There is a
desire to reduce bias (i.e. the non-reporting of research) as well as to increase reuse of research
content. As such, more innovative ways of publishing are being sought. Publishers cannot control
some major sources of bias waste, but can help to reduce it through editorial policies, guidance and
publishing processes (e.g. ARRIVE guidelines). Editorial policies can promote transparency and reuse
of information through study registration, Transparency and Openness Promotion (TOP) Guidelines
and recognising the obligation to publish negative results. There is a move towards better data
sharing policies and their harmonisation. Editorial and publishing processes should require checking
to ensure adequate implementation of, for instance, the ARRIVE guidelines such that key information
is reported for data quality and reproducibility purposes. The growth in open access journals and a
better use of data through metadata analysis and public repositories such as figshare and Dryad will
actively promote the reuse of research and could reduce the burden of unnecessary duplication of
animal experimentation.
The Panel Discussion in Session 5 broadened the scope of the topic of responsible research. It was
suggested that the European Commission should support the year 2020 becoming the year of
Systematic Reviews (i.e. the collation and critical analysis of multiple research papers). This would
stimulate better implementation of the Three Rs and justification of animal choice. These values
should be integrated across the EU and are already adopted in H2020 funding. The need for
appropriate statistical design of all animal experiments to ensure that sufficient data are obtained to
produce meaningful and significant results was highlighted. In addition, the need for a different
approach to research was emphasised, for instance a greater consideration of the (molecular /
biochemical) pathway approach to medicine and other testing which may have significant
improvements over animal models.
There was agreement that funders of research (including the EU funding programmes) must support
the uptake of the ARRIVE guidelines and EDA to design experiments. The Wellcome Trust (UK) already
does this and actively supports its grant holders to conduct responsible research. Funders can also
assist in other ways such as promoting data sharing and open access, which are vital to reduce
duplication e.g. Wellcome Open Research which provides a platform for fast, open access publication
of research from its funded projects, with open peer review. It was also suggested that funding
agencies should hold back funding from researchers who do not demonstrate implementation of
Three Rs requirements, do not follow guidelines such as ARRIVE, or fail to make the results of their
research public. Good practice should be demonstrated in awarding grants. Funders recognise this
role and have recently come together to commit to shared principles of responsible research. It was
suggested other sectors could do the same.
The publishers of research could do more to ensure responsible research is undertaken and reported.
Experts (on the Three Rs) are required on editorial boards and as peer-reviewers. It was noted that it
is increasingly difficult to find peer-reviewers and to obtain timely peer reviews. The peer-review
process could be made more transparent with the recommendation made to make it open and
remove the anonymity of the reviewer. Journals should enforce the ARRIVE guidelines and other
similar Three Rs principles. Journals should actively seek to prevent exaggerated claims for research
findings and need integrity to achieve this.
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The perceived impact of research, and the rewards and incentives (e.g. grant funding), require
overhaul. Researchers (especially in academia) are encouraged to produce “high impact” research
which does not necessarily equate to high quality research. Activities such as the UK Research
Excellence Framework (REF), the assessment of the quality of UK University research, should be
reassessed. Related to high impact of research is the use of press releases to highlights results. Many
press releases over-simplify and exaggerate research findings. The use of national specific science
media centres (e.g. the UK Science Media Centre) is encouraged to provide a balanced overview of
scientific results.

6.3 Conclusions and Recommendations of Session 5
A number of key conclusions can be drawn from Session 5.
-

-

-

-

-

The European Union actively promotes the use of alternatives to animal testing, for ethical
and scientific reasons, on a number of levels including fundamental, as well as applied,
research and testing through science-based policy making that is responsive to the demands
of the citizens.
Systematic review of animal experimentation is a key tool to improve this area of science.
There is wastage in scientific research, resulting in unnecessary animal use, due to poor
statistical design of experiments and resulting in poor reproducibility.
Bias in experimental design and exaggerated reporting of non-animal, as well as, animal
studies can result in misleading results.
Open Science, and all means to provide access to data, should be encouraged to ensure
transparency and reuse of data.
The rewards and incentives for research, such as publication in high impact journals and
continued grant funding, may stimulate the reporting of overly optimistic research findings in
order to demonstrate their significance.
Tools such as the NC3Rs EDA provide a means to better design experiments using animals.
The NC3Rs’ ARRIVE guidelines can significantly contribute to correct reporting of animal
experimentation and should be implemented in the project design / grant proposal stage as
well as when reporting findings.
Publishers are increasingly supporting Three Rs principles and inclusion of ARRIVE guidelines
through editorial policies. However, there is a greater need for reviewers trained in
alternative approaches and openness in the whole review process. In addition, some Three Rs
research is viewed as being of low quality and relevance if it is not explicitly associated with
animal models.
There are means by which research could be openly shared e.g. open access, creative
commons licences.
Funding agencies could play a greater role in requiring properly designed experiments and
plans for, and the execution of, the publishing of results.

Recommendations from Session 5 included:
-

The European Commission should continue (and increase) funding of research in alternatives
in specific areas of fundamental, as well as applied, research and testing that will stimulate
their uptake and implementation.
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-

-

-

-

-

All EU agencies such as ECHA, EMA and EFSA and initiatives such as EPAA and IMI should
further encourage the uptake of alternatives and explicitly acknowledge that implementation
of the 3Rs is a legal requirement in the EU.
Science must make efforts to understand and remove all elements of bias from experimental
design and reporting of results.
Robust experimental design, supported by tools such as the NC3Rs EDA, should be required
by grant funding agencies.
The implementation of the NC3Rs ARRIVE guidelines should be mandatory for the publication
of results, and be a condition of grants starting with all publicly funded research using
animals.
Greater efforts should be made to ensure results and underlying data are openly available
e.g. using data repositories such as European Open Science Cloud, allowing access to all
results including negative results, and enabling free and easy data reuse; especially results
derived from publicly funded research using animals.
Journal editorial policies should more fully embrace the Three Rs principles ensuring the
ARRIVE guidelines have been respected.
The peer-review process should be assessed as to whether it is fit for purpose with regard to
transparency and implementation / review of the Three Rs and non-animal approaches in
particular.
The assessment of research impact should be revised to remove the emphasis from highly
significant “headline” results to ensuring quality and relevance.
2020 should be designated the “Year of Systematic Review”.
Each Member State should be encouraged to have a balanced Science Media Centre, such as
that in the UK, which helps the general press with the correct reporting of research
outcomes.

7. Session 6 – The Future: The Way Forward
7.1 Introduction to Session 6
To replace animals in scientific experimentation fully and successfully, use must be made of upcoming
and under-development technologies. These new technologies can capitalise on new areas of science
and understanding. Session 6 reviewed a number of such technologies with regard to what type of
information they may provide and how they can be used. The intention of the session was to
determine how these, and other, techniques could be implemented in the replacement of animals.

7.2 Main Themes and Discussion of Session 6
The possible contribution of metabolomics to animal-free chemical risk assessment was introduced
by Mark Viant (University of Birmingham, UK). Metabolomics is a technique founded in molecular
biology that allows for the non-targeted measurement of the metabolic responses of a biological
system (to a chemical). It is considered to be important in mechanistic biology (and hence to
understand the effects of exposure to chemicals) as it is highly predictive of phenotypes and adverse
outcome. Metabolomics is based on knowledge of toxicity mechanisms which is essential for
‘transferability’ in chemical risk assessment (i.e. to successfully apply an alternative to in vivo testing).
AOPs provide a knowledge management framework, however there needs to be a feasible strategy to
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construct new AOPs in a timely, cost effective and resource efficient manner. To assist in this problem
of identifying known and unknown mechanisms, metabolomics can be an effective tool for
discovering molecular toxicity mechanisms, i.e. to support the development of AOPs, as well as to
discover mechanisms of disease. Viant reported that metabolomics technologies are proven and
international harmonisation of these methods is now being undertaken to facilitate their uptake.
Viant proposed a strategy for hazard characterisation whereby non-targeted metabolomics provides
the basis for mechanistic knowledge, this has the potential to characterise 100,000s of chemicals
relatively rapidly. Metabolomics can be derived for a number of different, Three Rs compliant species
to understand pathways in terms of evolutionary biology. A number of steps are required in order to
create a toxicology knowledgebase from metabolomics (and other ‘omics approaches). Guidelines for
the use of metabolomics in regulatory toxicology still need to be developed e.g. by ECETOC, OECD. A
sufficiently large-scale metabolomics pilot project should be conducted to demonstrate the proposed
strategy for risk assessment. This will require the engagement of all parties and stakeholders and will
ultimately reduce animal testing.
The use of microphysiological systems (MPS) to resolve issues in the testing of drugs, chemicals and
cosmetics ingredient (and implicitly with wider applicability) was described by Reyk Horland (TissUse,
Berlin, Germany). MPS are microfluidic cell culture devices capable of emulating human biology at the
smallest biologically acceptable scale. The core of TissUse MPS is the Multi-Organ-Chip (MOC)
technology which comprises a chip format on a standard microscopic slide with an on-chip micropump and a natural tissue to fluid ratio. The tissue cultures are 100,000-fold smaller than original
organs and there is rapid prototyping of any relevant chip design. Overall, MPS are compatible with
life tissue imaging. TissUse MPS have moved on from 2-organ chips to successful implementation of
4-organ chips comprising e.g. intestine, liver, skin and kidney. The next generation of MPS will be the
“human-on-a-chip” comprising of 10 or more organs. The first prototypes of the “human-on-a-chip”
are due to be available in 2018. A road-map has been published by an expert group from academia,
industry and regulatory agencies towards the ultimate goal of making hazard assessment decisions
using MPS. This will require industry adoption for mode of action assessment and toxicity testing as
well as systemic safety testing, disease modelling and on-chip clinical trials. Validation of MPS for
toxicity testing and disease modelling is a pre-requisite for regulatory acceptance.
The potential of human stem cells and organs on chips was assessed further by Christine Mummery
(Leiden University Medical Centre, The Netherlands). There are three types of human stem cells that
may be useful for a variety of scientific techniques: pluripotent, induced pluripotent and adult stem
cells. Each type has various advantages and potentially different applications. Pluripotent stem cells
can be derived from tissues such as the skin, blood, urine, teeth and differentiated to heart, brain,
liver, pancreas cells relatively quickly potentially forming organoids which mimic adult organs. Human
induced pluripotent stem (iPS) cells and adult stem cell organoids are ethically widely accepted and
genetically identical to the donor, so capture all of their inherited characteristics. Drug discovery is
using stem cells very early in the discovery process; iPS cells may allow for the development of
models for rare diseases that may not otherwise be addressed e.g. rare forms of heart disease. For
drug toxicity a system has been developed using Micro Electrode Array analysis of the effects of drugs
on beating sheets of cardiomyocytes from human pluripotent stem cells. This has been shown to be
predictive of cardiotoxicity and the US Food and Drug Administration (FDA) will adopt this assay to
assess the safety pharmacology of drugs to the heart as part of the CiPA initiative in 2017. Other
applications include stem cell derived organoids as in vitro assays to assess the efficacy of drugs
against cystic fibrosis. Stem cells may also be used to provide cells and tissue for organ-on-a-chip
technologies to assist in the screening of human disease models and human organ-level toxicity.
These organ-on-a-chips incorporate “microfluidic” currents to mimic e.g. blood flow. Double layer
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chips are able to mimic the blood-brain barrier and there are models for lung disease. Brain-on-a-chip
approaches may be able to model inherited (including cognitive) diseases including motor neuron
degeneration. Whilst there is enormous scope for stem cells and engineered 2D and 3D devices to
create personalised treatments and responses to toxic compounds, there are a number of limitations
to the current systems including not being able to provide accurate estimates of pharmacokinetics,
multi-generation reproductive toxicology and fertility or effects on cognition.
The use of (non-invasive) imaging techniques to improve science and reduce animal use and suffering
in basic research was discussed by Tony Lahoutte (European Society for Molecular Imaging, Brussels,
Belgium). Molecular imaging was defined as the visualisation, characterisation and measurement of
biological processes at the molecular and cellular levels in living systems i.e. the whole body. Imaging
is increasingly being used to replace invasive testing and techniques in humans and animals; it has
many advantages as it does not require surgical procedures and can be used for many purposes.
There have been many advances in the last decade with imaging modalities ranging from MicroSPECT
and MicroPET analyses to MRI. There is also the possibility to use repeated non-invasive scans to
follow progress of a disease before and after therapy. Imaging is seen as an essential link between in
vitro alternatives and clinical applications and covers the spectrum of live cell to small animal to
(human) clinical molecular imaging.
The potential of the “Virtual Physiological Human” approach to provide information relating to
human disease was presented by Marco Viceconti (University of Sheffield, UK). With reference to
drugs acting on the bones, it was commented that pre-clinical assessment on animals is complex and
requires many implicit assumptions such as that ovarectomy of female mice is a model of postmenopausal osteoporosis, or that the use of sham surgery in the control group can “normalise” the
systemic effect of surgery. Using a combination of longitudinal in vivo imaging and mouse-specific
computer modelling, it is possible to monitor the changes in mineralised tissue forming the mouse
tibia, and estimate the changes in strength that this would induce, with great detail over the entire
tibia, and over time. Such refined observations/predictions were found to reduce considerably the
number of animals required that achieved the same statistical power. The future of this technology is
the use of imaging and animal specific in silico predictions to replace whole portions of an animal
study. It will also allow for comparison of responses in animals and humans, since the same imaging +
modelling approach can be used in humans. This will provide better data, hence better mechanistic
understanding and predictions. Thus non-invasive methods and in silico technologies allow for
observation over large anatomical spaces and over time, which is essential for a correct interpretation
of the observations. As such, in silico technologies can drive a “renaissance” of biological research
based on the epistemology of physical sciences.
The Panel Discussion provided more insight into the future of new technologies. It was observed that
predicting the safety (of a drug) will require many and different types of models, each with particular
advantages and answering different questions. There will be a need to put all the knowledge and data
together and to achieve collaboration between all stakeholders e.g. industry, academia and patients.
Funding streams such as EU IMI are able to assist in bringing together groups, technologies and
treatments. Despite all efforts ongoing, a panel member from the pharmaceutical industry thought it
might still take decades before they could do without animal use.
It was noted that patients’ groups did not react strongly to the European Citizens’ Initiative, as the
majority of patient advocates focus their work on disease specific issues. It is recognised that there
are a tremendous number of unmet health needs affecting patients in the EU, now and in the future.
Rare diseases present an ongoing challenge and demographic change brings new challenges such as
aging, obesity and dementia. The rate at which research can address these needs can improve with
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the new technologies discussed. Patients’ networks generally support biomedical research as a key
tool to solving the unmet health need problem. This support will only continue until animals are no
longer necessary to maintain research process. Patients must be part of all decisions regarding the
benefits and risks of novel treatments. As evidence based on the use of animals is phased out, and
evidence based on new techniques is phased in, patient groups should be well informed and
empowered to participate in the process.

In order to provide better models, genomic technologies should link to in silico modelling groups and
EU funding may be required to achieve this. All the new technologies will need to show how robust,
predictive and reliable they are. The epistemology of the new approaches must be defined, with what
works for one type of technology possibly being irrelevant for others. With regard to funding, there is
a need to continue funding basic research as well as validation and means to combine techniques and
share data.

7.3 Conclusions and Recommendations of Session 6
A number of key conclusions can be drawn from Session 6.
-

-

-

-

-

-

There are a number of human biology-based technologies which are furthering medical
progress while also supporting the replacement of animal use in biomedical research.
Metabolomics will provide mechanistic knowledge to support the prediction of the toxicity of
chemicals. It can provide knowledge across a number of Three Rs compliant sentinel species.
On-going efforts to harmonise metabolomics will increase the utility and uptake of these
approaches.
Mechanisms of toxic action can be organised within the AOP framework. There is a
potentially symbiotic relationship here whereby metabolomics can inform AOPs while AOPs
provide the framework to organise metabolomics data.
We are close to the development of the human-on-a-chip which will allow for the prediction
of the effects of chemicals on multiple organs. These can be used for safety assessment but
also for disease modelling.
Human-on-a-chip technologies require adoption by industry on a broader scale and further
technological advancement to make them suitable for validation allowing for regulatory
uptake.
It is possible to create iPS for all organs. These, in combination with organ-on-a-chip
technologies and in silico models, will provide for better and more ethical characterisation of
diseases and their treatments and may be a solution to the lack of investment in rare
diseases.
iPS will provide solutions for safety pharmacology. The US FDA CiPA initiative will utilise iPS
technology as a standard assay to determine cardiotoxicity, thus eliminating the requirement
for animal testing for this endpoint.
Modern imaging technologies provide answers to questions and follow treatments that were
previously not possible or required invasive (surgical) techniques.
Imaging technologies can be linked to in silico models and provide better, real-time data for
animals and humans. They provide insight into mechanisms of action and make good
predictions of effects.
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-

To use the technologies for e.g. drug safety, a combination will be required needing
collaborative research from a number of stakeholders.
Patient groups’ main focus is on continued progress in biomedical research. Where animal
use is still a necessary tool, patients support it.
All new technologies require some form of validation or demonstration that they are fit for
purpose.

Recommendations from Session 6 included:
-

Harmonisation of all new methodologies is required, there is good progress for metabolomics
which could act as a template to support future harmonisation efforts.
There is a need for a large-scale evaluation of metabolomics to demonstrate its utility to
identify mechanisms of action relating to chemical safety for a number of species.
Support is required to complete the development of technologies such as “human-on-a-chip”,
in readiness for industry adoption and validation.
There is a need to widen the AOP type approach to areas outside regulatory toxicity e.g. in
disease modelling.
Human tissue should be made more readily available and this should be addressed at EU
level.
All new technologies require some form of validation to demonstrate their fitness for
purpose. Further efforts in developing validation schemes and strategies may be required.
iPS and related technologies should be developed to address specific organ level effects and
disease treatments.
Further understanding of the limitations of the new technologies is necessary, especially how
to scale up cellular based techniques to in vivo.
Patient groups should be informed about the new technologies, their advantages and risks.
Efforts to show how to combine all new technologies e.g. for drug safety are required which
may need a new way of thinking both about the technology itself and the means of
combining information.

8. Conclusions
The Scientific Conference was attended by over 320 people in person (of which 80% scientists) and
some 200 on-line. Stakeholders were represented from academia and research institutes, chemical,
pharma and cosmetics industry, contract testing laboratories, governmental agencies, publishers,
funding organisations, patient groups to citizens’ groups and NGOs active on animal welfare. The
broad attendance demonstrated the interest and motivation across all areas of society for a change
to animal-free science. The Scientific Conference was conducted in a good, open and constructive
spirit for change. There are many areas where animals are used in science e.g. fundamental research,
safety and potency testing, drug discovery, medical devices, etc. and an acknowledgment was made
that historically there has been some value in animal tests and the information they have provided –
particularly in areas such as the identification and treatment of diseases and the understanding of
biological processes. There is also an appreciation that whilst considerable progress has been made,
many believe that there are not adequate replacement methods and technologies in all areas yet to
conduct completely animal-free science at this time.
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The desire for change in the use of animals in science, and the elimination of unnecessary and
unproductive testing, was common across all stakeholders. The Scientific Conference recognised the
opportunity, and need, for a paradigm shift in the way science is performed, moving away from
entrenched dogma and ways of thinking. There is a recognition that the Three Rs and move towards
investigations without the use of animals will result in better, cheaper and more responsive science
and better protection of human health and environmental species – the need for change goes far
beyond ethical considerations. The European Commission is keen to implement science-based policy,
including animal-free science that is responsive to Citizens’ demands. It is clear, however, that there
are differences in opinion over the expected pace for change, some NGOs and citizens’ groups call for
an immediate ban on the use of animals, whilst industry (in particular the pharmaceutical industry)
and regulators potentially have a longer term view. Government agencies and regulators are seen as
vital to stimulate and lead the change to animal-free science rapidly through recognition of the urgent
need for a revised, flexible regulatory framework. There is also potential in considering deadlines to
phase out animal testing in specific areas, where possible, and to properly enforce Directive
2010/63/EU and any related legislation.
There is a global vision to implement the Three Rs and there must be collaborative progress with all
stakeholders worldwide, such as between Europe, US, China and Japan as well as others. This will
require efficient communication and harmonisation to make progress, potentially through bodies
such as the OECD, ICH/VICH and WHO. There is a realisation that the barriers to the implementation
of alternatives must be identified and removed. To support global progress towards animal-free
science there must be access to data and adequate provision for data sharing. The concept of “Open
Science” should be part of the foundations of animal-free science.
The Scientific Conference heard that there are many new technologies which are being exploited and
can be potentially harnessed to provide information that is equivalent to, and in many cases better
and more relevant than, animal data. There is an absolute need to ensure the quality of the data and
information from these new technologies and they will need to be validated and used appropriately.
The validation of alternative techniques may require new and imaginative approaches, going beyond
the current regulatory paradigm and which will lead to adoption of the new methods by industry and
acceptance by regulators.
There is an appreciation that some historical animal and clinical studies have been performed poorly
and there is a need for proper statistical design of all experiments to ensure the significance of the
results and the removal of bias. Open and systematic review of all animal testing proposals is
encouraged from the time of preparation of project proposals involving testing. Proper reporting of
tests is essential and guidelines, such as ARRIVE, should be required as standard practice. There are
opportunities to promote new standards for publishing to ensure proper peer-review and removal of
publication bias. Other new opportunities, such as open repositories, to publish all data including
negative results and supporting information on tests should be used so that information can be
reused and is not lost. To support the sharing of data new informatics provision may be required,
there is a need for interoperable databases to allow for easy access to all data.
There is a continued need for education and training in all aspects of animal-free science and the
Three Rs; this is required at all levels from school and university students to established researchers in
industrial and contract laboratories. Proper and full dissemination of knowledge will be key to this.
This will require the promotion of the new techniques and approaches and raising awareness of
resources through well-designed internet resources and well-coordinated search facilities from which
all information can be accessed. There is also a need to inform and educate the public more
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effectively including through Scientific Conferences and to maintain an open and constructive
dialogue between stakeholders.
The funding and investment in the Three Rs from public and private sources is acknowledged; through
Framework Programmes up to and including H2020 the European Union has supported progress and
research in this area, as well as research that prioritises new human biology-based technologies
without reference to the 3Rs. However, better strategic coordination of research effort across EU and
Member States is needed to speed up the discovery and avoid duplication of efforts. Such funding is
required in the future in key strategic areas. Investment in the development of the Three Rs from new
technologies, data sharing to validation and acceptance will require coordination at the national,
European and international level.
In conclusion, the Scientific Conference provided a positive outlook for significant progress towards
animal-free science requiring many stakeholders and disciplines to work together to gain acceptance
for more ethical and relevant methods for experimental science in medicine and safety assessment.
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Annex 2. Conference Programme

European Commission Scientific Conference
Non-animal approaches - the way forward
6 – 7 December 2016
The Egg, Brussels
Conference Programme
Purpose of the conference is to engage in a dialogue with the scientific community on how to exploit
the advances in science for the development of scientifically valid non-animal approaches and
advance towards the ultimate goal of phasing out animal testing. The question of the validity and the
role of animal models and non-animal approaches in all areas of research and testing will be
addressed throughout the conference.
The Conference features moderated panel discussions, involving the audience. It will also be possible
to follow the conference via web-stream and to comment via Twitter (#NonAnimalScience).
Each session will start with short introductory presentations. The discussion panels comprise the
speakers and additional panel members.
Moderators: Rick Thompson and Aminda Leigh
Tuesday 6 December 2016
8:15

Registration and Welcome Coffee

9:00

Opening address Karmenu Vella (Commissioner for the Environment, Maritime
Affairs and Fisheries)

9:15 – 11:00

Session 1 – Animal Testing Today
- Malcolm Macleod (University of Edinburgh, UK) - The value of animal research at
present and in the future
- Jarrod Bailey (Cruelty Free International, UK) - An analysis of the use of animal
models in predicting human toxicology and drug safety
- Andrew Knight (University of Winchester, UK) - Animal use and alternatives within
life and health sciences education; systematic reviews and human clinical utility of
invasive animal research
- George Kollias (University of Athens, EL) - Contribution of disease modelling to
human health: the pan-European INFRAFRONTIER Research Infrastructure, a public
resource for mammalian models in biomedical research
Additional panel members:
Richard Frackowiak, (Université de Lausanne, CH)
Roger le Grand (CEA Paris, FR)
Elliott Lilley (RSPCA London, UK)

11:00 – 11:30 Coffee break
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11:30 – 13:15 Session 2 - Biomedical research: strengths & limitations of non-animal alternatives
- Jan G. Hengstler (Leibniz-Institut TU Dortmund, DE) – In silico systems of the liver
and possibilities of two-photon based imaging
- Stefan Platz (AstraZeneca, DE) - Personalized human genome sequencing
- Frank Staal (University of Leiden, NL) - 3Rs in use of laboratory animals for testing
and developing regenerative medicine
- Gerhard Weinbauer (Covance, DE) - 3Rs in biomedical research – a CRO perspective
Additional panel members:
Thomas Hartung (CAAT Europe)
Nadia Rosenthal (Imperial College London, UK)
Cees Smit (European Patient Forum, NL)
13:15 – 14:15 Buffet lunch / Viewing of posters and exhibition / SEURAT 2016 book launch
14:15 - 16:00

Session 3 – Regulatory testing: strengths & limitations of non-animal alternatives
- Maurice Whelan (Joint Research Centre) - Validation as a step towards regulatory
acceptance and uptake of alternative approaches
- Warren Casey (NTP Interagency Center for the Evaluation of Alternative
Toxicological Methods, US) - Developing an Implementation Plan for Toxicity Testing
in the 21st Century: Obstacles, Challenges, and Opportunities
- Robert Kavlock (EPA, US) – Accelerating the Pace of Chemical Risk Assessments
- Jan-Willem van der Laan (Medicines Evaluation Board/ EMA, NL) – 3Rs in Safety
Testing of Human and Veterinary Pharmaceuticals
Additional panel members:
Klaus Cussler (PEI, EMA Veterinary side, DE)
Gianni Dal Negro (EPAA / GSK, IT)
Susanne Keitel (EDQM, FR)
Derek Knight (ECHA, FI)
Martin Paparella (MS CA, AT)

16:00 - 16:30

Coffee break

16:30 – 18:30 Session 4 - Reporting on European Commission actions 1 – 3
16:30 – 16:55 - Introduction to actions 1 – 3
- Action 3 Directive 2010/63/EU implementation and alignment of sector legislation
(Susanna Louhimies, DG Environment)
16:55 – 17:20 - Action 1 Report on Knowledge sharing and recommendations (Tracey Holley, Joint
Research Centre)
17:20 – 18:00 Panel discussion on Knowledge Sharing
How can Action 1 learnings and recommendations be put in practice?
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Additional panel members:
Elke Anklam (Joint Research Centre)
Elliott Lilley (RSPCA)
Katrin Schütte (DG ENV)
Adrian Smith (Norecopa)
Jan van der Valk (3Rs center NL/ ETPLAS)
Amalia Vlad (DG CNCT)
18:00 – 18:30 - Action 2 - EU research into new alternative approaches (Ruxandra Draghia-Akli, DG
Research)
18:30 – 20:00 Networking event / Celebration ECVAM 25 years

Wednesday 7 December 2016
8:15

Registration and Welcome Coffee

9:00

Opening address of Day 2 by Julie Girling, MEP

9:15 – 10:45

Session 5 – Responsible Research
- Malcolm Macleod (University of Edinburgh, UK) – Increasing value and decreasing
waste in experimental research
- Vicky Robinson (NC3Rs, UK) - Design, analysis and reporting of animal research as
part of the NC3R strategy & reproducibility of research
- Thomas Korff (University of Heidelberg, DE) - How scientific journals influence
implementation of the 3Rs in life sciences
- Iain Hrynaszkiewicz (Springer Nature, UK) – The role of publishers in improving
research quality and reducing waste through open research
Additional panel members:
Louiza Kalokairinou (EU Commission, DG Research)
Lindsay Marshall (HSI, UK)
Merel Ritskes-Hoitinga (University of Nijmegen, NL)
Beth Thompson (Wellcome Trust, UK)

10:45 – 11:15 Coffee break
11:15 – 12:00 Session 6 – The Future: the way forward / part 1
- Mark Viant (University of Birmingham, UK) - How metabolomics can help lead to animalfree chemical risk assessment
- Reyk Horland (Tissuse Berlin, DE) - Multi-Organ-Chip developments: Towards a paradigm
shift in drug development
12:00 – 13:00 Buffet lunch and networking opportunity / Viewing of posters and exhibition
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13:00 – 14:30 Session 6 – The Future: the way forward / part 2
- Tony Lahoutte (European Society of Molecular Imaging, BE) – Use of (non-invasive)
imaging techniques in improving science and reducing animal use and suffering in
basic research
- Christine Mummery (University of Leiden, NL) - The 3Rs: are Human Stem Cells and
Organs on Chip alternatives? Towards precision medicine in future healthcare
- Marco Viceconti (University of Sheffield, UK) - The potential of the Virtual
Physiological Human
Additional panel members:
Philippe Detilleux (Sanofi, FR),
Nick Meade (Patients Network for Medical Research and Health / Genetic Alliance,
UK)
14:30 - 15:30

Concluding remarks (Daniel Calleja Crespo, DG Environment and moderators)
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