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I Testimony 
My name is Hélène Tack

I am 37 years old and married. In 1988, I gave birth to our first daughter.At nine days old she was diagnosed with spinal muscular
dystrophy. She passed away three months later. At the time, there was no information and no research on this disease, and there
was certainly no question of genetic testing.

We were not ready to give up the idea of having our own children so we decided to take the risk and start again. By that time we
knew that we had a 75% chance of having a healthy baby.At the end of 1989, I gave birth to my second daughter but unfortunately
she had the same disease. She passed away five months later. After two such unhappy experiences, we were no longer prepared
to trust in our luck...

We sought help from patient associations and came across a researcher who was prepared to work on this disease, but he lacked
the funds.With the help of the Association Française contre les Myopathies (French Muscular Dystrophy Association) and the funds
raised by the Téléthon, we found the necessary money – and the gene was localised six months later! The fact that its location was
now known meant that we were able to benefit from a prenatal diagnosis. Once again, we were able to look to the future, but at
the same time we knew we risked being faced with a difficult choice in the case of a negative result.

But this time we were lucky and we did not have to make a decision. My three following pregnancies were without any problem.
I would like to add that the genetic test is carried out at nine weeks of gestation and the results are given three weeks later. During
the waiting period, we both lived in anguish as to the result and it was a time which will always remain in my memory. I think it
is very difficult to be so desperate for a child, to become pregnant, and yet still not be sure of having a healthy child. However, I
will never forget that access to this genetic test allowed me to rebuild my family.

For the last ten years I have been working with the AFM and I have been in regular contact with many families concerned by genetic
tests. I feel very strongly about the necessity to reflect on and understand genetic tests so as to be better prepared to accompany
the families in their choice, whatever that might be. This is the reason why I chose to be a part of this Group.

Member of the Expert Group on genetic testing
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II Foreword by Philippe Busquin
When the news about deciphering the human genome, the so-called “book of life”, was announced, news channels predicted that
this step in scientific analysis would make it possible to “banish inherited disorders, screen people for their vulnerability to diseases,
tailor treatment to an individual’s genetic make-up, create thousands of new drugs and extend human lifespan” (BBC, 27 June
2000). Today, only four years later, a range of genetic tests have already been developed and the possibility of genetic testing is
profoundly changing the methodologies and strategies in medical therapy and healthcare. The evolving diagnostics and predictive
practices are the fruits of continuous advances in genetic research, including that supported by the Research Framework Programmes
of the European Commission’s Directorate-General for Research.

The technology of genetic testing has enormous potential to develop preventive and predictive medicine.As these medical applications
also encompass social, ethical and legal considerations, careful reflection is needed to put an appropriate strategy in place to maximise
the potential benefit for healthcare and medical services in Europe.

At present, only a small group of people are sufficiently informed and familiar with the kind of decision-making and consequences
that genetic testing entails. They are familiar with these issues because of their professional background, or because they or their
families have already been involved as patients. Soon, genetic testing will become part of everyday healthcare systems, and patients
and professionals will have to learn to make decisions on the need for a test, as well as to understand its consequences.

When integrating these technologies into the healthcare system, it is important that their application happens within a responsible
framework of accompanying measures and activities.Trust and confidence are paramount when developing new testing capacities.
In order to help decision-makers at all levels to introduce the necessary requirements rapidly, the Research Directorate-General of
the European Commission invited a group of experts from various backgrounds to discuss the ethical, legal and social implications
of genetic testing and to propose appropriate actions. The initiative involved the coordination of the various departments which
follow the subject from different perspectives.

I am very grateful to Eryl McNally who chaired this outstanding group of representatives from NGOs (patient organisations with
an interest in the subject), from the pharmaceutical industry (producing or using genetic tests), and from academia specialised in
different fields (law, philosophy and ethics, medicine and biology). I also convey my thanks to the Group, in particular to the rapporteur
Dr Anne Cambon-Thomsen who has integrated the different views in a remarkably rich report.

The 25 recommendations that the Group has developed were discussed at a public citizens and stakeholder conference on 6 and
7 May 2004 in Brussels. It is now the right moment to decide what steps should be taken so that this novel technology is able to
serve citizens and our healthcare systems.

Philippe Busquin
Commissioner for Research
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III Foreword by Eryl McNally
Research into the identification of genes and their mutations causing diseases or inherited disorders has resulted in the availability
of molecular genetic tests and their clinical application. It is now the task of decision-makers in Europe to create the appropriate
framework of regulation, information and education to guarantee a careful and beneficial application of this promising technology.
Consideration of the potential medical, psychological, social, legal and ethical consequences of genetic testing raises the question
of how to ensure that the quality, safety and ethical application of genetic tests are guaranteed in Europe and around the world.

The European Commission asked me to chair a group consisting of experts from different backgrounds to negotiate and draw up
commonly agreed recommendations.The membership of the Group (see Annex 1) was chosen with the aim of representing different
sectoral interests: science, industry, patients, academics, lawyers, and politicians. It soon became clear that any expectation that experts
might contribute to the Group’s deliberations in a confrontational way because of their different interests, backgrounds or experiences
was misplaced. Members were able to engage with the issues in an open-minded way, and to respect the viewpoints of others
without abandoning or concealing the specific interests, perceptions and concerns of the sectors they represented.

It also became apparent that people in the Group in fact shared many views, although their different starting points meant that
these could be explored through robust discussions and thorough investigation.

Over the past year, the Group has gathered evidence on the state of the art, compiled all the important documents that are available
at present, and invited further experts for hearings to which representatives of international organisations were also invited to
participate. Having seen all the documentation and heard the views of other experts, the Group produced a draft common report
that was thoroughly discussed, then drawn together in its final form by its rapporteur Dr Anne Cambon-Thomson.

The Group considered itself as an experiment in dialogue between various stakeholders and thus also chose to express its views
on societal dialogue from that experience.

We can only encourage the European Commission or other decision-making bodies at national or international level to engage
further in such a fruitful process.We herewith submit our 25 recommendations as well as the report, to which we also add a glossary
which we hope will give everyone, including non-experts, the chance to better understand and evaluate this report.We are looking
forward to a broad debate with European and international stakeholders on 6 and 7 May 2004 in Brussels.

Eryl McNally
Member of the European Parliament

Vice-Chair of STOA 
(Scientific and Technical Options Assessment of the European Parliament)

Chair of the STRATA Expert Group
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IV Executive summary
i Approach
Genetic testing is becoming an integral and growing part of healthcare provision and services. In order to ensure the benefit of
this innovation for individuals and society at large it is important to implement human medical genetic testing within an adequate
framework of accompanying measures and activities. Trust and confidence should prevail when developing new genetic testing
capacities. To help decision-makers at all levels to discuss and formulate this framework, the European Commission’s Research
Directorate-General invited a group of independent high-level experts from various backgrounds to discuss the ethical, social and
legal implications of genetic testing and to propose relevant and necessary actions to safeguard the success of this new opportunity.

The Commission’s aim was to create a broad European platform for stakeholder dialogue on genetic testing. The Group limited its
discussion to issues and perceptions surrounding the application of genetic testing in health research, healthcare and related activities.
The Group now submits its consensus report along with 25 recommendations.These documents were used as the basis for discussion
at a European Citizen and Stakeholders Conference in Brussels on 6 and 7 May 2004.

The 25 recommendations are also published in a separate volume1.

ii Report
The report’s first two chapters summarise the main points of the state of the art, the views of the various stakeholders, and public
perceptions. Chapters 3 to 5 report the current views and the positions of the Group on the specific topics that were discussed –
public dialogue, the position of genetic data among all medical information, issues related to gender and ethnicity, ‘biobanks’ as
research tools, and the development of pharmacogenetics. Chapters 6 to 8 address research and development of genetic tests,
their clinical implementation and use, and the impact of medical genetic testing on healthcare systems.They underline the challenges,
needs and duties of test developers, public health authorities, clinicians and genetic counsellors, and of individuals undergoing
genetic testing. Chapter 9 is devoted to the Group’s reflections on its own work and its experience of the dialogue. A glossary,
bibliography and the list of hearings are given as annexes.

iii Summary of the 25 recommendations
The recommendations encompass a ‘code of conduct’ applicable to any actor in the field but, where possible, seek more specifically
to be considered an “action plan for genetic testing” to be implemented by policy-makers. They are organised into three main
chapters: general framework, implementation of genetic testing in healthcare systems, and genetic testing as a research tool.

As a general framework, the Group stresses the need to develop a global consensus definition of genetic data and genetic testing,
and to define explicitly terminology used in any official position or statement referring to it.

It strongly affirms that the sentiment that genetic data are different from other medical information (“genetic exceptionalism”) is
inappropriate. Genetic information is part of the entire spectrum of all health information and does not represent a separate category
as such.All medical data, including genetic data, must be afforded equally high standards of quality and confidentiality at all times.

The Group underlines the paramount importance of public information, education and open-minded dialogue involving all
stakeholders and allowing constructive exchange of views.The Group considered its own discussions between the different parties
as very fruitful and as a successful experiment in productive dialogue between various stakeholders. Consequently, social dialogue
and its organisation have also been made a subject of these recommendations.

As a general guideline for many of the topics approached, the Group considers that all stakeholders, including governmental
authorities, scientists, healthcare providers, industry and patient organisations, should work together in a partnership approach to
optimise future advances in healthcare that may become possible as a result of genetic testing, such as new treatment options
and disease prevention.
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Genetic research and its clinical applications should be represented in an impartial way, and realistic expectations should be set as
to what they can achieve. Medically relevant genetic testing must be of proven quality, must be considered an integral part of health
service provision, and must be equitably accessible, while relevant, clear information must be made available. It should never be
imposed and must always be a matter of free personal choice.

The regulatory framework for genetic testing should be further developed by the EU and other international organisations in a way
that recognises both the need for new tests and the importance of safety, clinical validity and reliability. Screening programmes for
specific sub-groups of the population may be beneficial but also carry risks.Therefore, specific conditions must be set, and evaluation
and pilot programmes considered carefully.Appropriate information and non-directive genetic counselling should be made available
and, in the case of serious diseases, the offer of specific individualised counselling be made mandatory.Appropriate changes in curricula
in order to introduce relevant education and continuous professional development in the area of genetics are suggested. Public
concern regarding genetic testing is grounded to some extent in the fear of misuse of genetic data and of inappropriate access to
such data by third parties. Confidentiality and privacy with regard to all personal medical data, including those derived from genetic
testing, are basic rights and must be respected.

The Group acknowledges the risk of discrimination as a result of genetic testing but notes that fear of discrimination extends far
beyond genetics. Such discrimination may affect individuals, families, minorities or larger groups. Analyses and recommendations
are proposed in the context of genetic test development and in the conditions set up for the use of these tests, both to ensure fair
access and to avoid stigmatisation or stereotyping. For rare but serious diseases for which treatment is available, universal neonatal
screening is proposed as a priority.

Although pharmacogenetics is currently still in a mainly exploratory phase, an increase in its application in healthcare is expected,
and appropriate measures should be prepared in time for this evolution. The main aim of pharmacogenetics is to help deliver
medicines to patients who are most likely to benefit and least likely to experience adverse reactions. Development of an appropriate
harmonised legal, regulatory and healthcare policy framework for pharmacogenetics is recommended at EU level, taking into
account research, therapy development, and clinical practice. Whether in clinical use or for research, and especially for research
using biological samples and personal data, close attention has been given to informed consent, and several recommendations
for various situations are proposed.

iv Follow up
The Group does not consider the report and the 25 recommendations as an end in itself but a step towards wider dialogue on
genetic testing and related societal issues throughout Europe. The citizen and stakeholders conference held in May 2004 was the
first opportunity to add a new dimension to such dialogue, and for the Group to share its experience with others.

The discussion on the 25 recommendations will continue as they have been translated into over 20 languages, including almost
all the official EU languages, plus Russian, Chinese, Japanese and Arabic. A post conference report has been published and the
public discussion continues on the website:
http://europa.eu.int/comm/research/conferences/2004/genetic/index_en.htm where the video of the conference “Human Genetic
Testing – what implications?” is also displayed.

V Introduction
Background
In December 2002, the European Commission’s Directorate-General for Research invited an independent high-level Expert Group to
discuss the ethical, legal and social implications of genetic testing as a contribution to the Science and Society Action Plan’s2 aim to
establish “a European public dialogue on ethics in science” (Action 30).
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The Commission’s aim was to create a European stakeholder dialogue on the sensitive issue of genetic testing. Representatives of
civil society, including those from patients’ groups, together with those of interest groups with opposing views, the healthcare
industry and academic experts in the fields of genetics, ethics, law and social sciences, were invited to discuss the ethical, legal and
social implications of genetic testing. Such a stakeholder debate could not easily be held directly with the wider European public
because of the differences in languages.Therefore, this small group of independent experts3 coming from various national backgrounds
was brought together to prepare the topic at a manageable level before entering into a wider citizens’ debate.

Genetic testing, and the research and development underlying its application, is still at a relatively early stage of evolution. In Europe,
for example, there remains a notable absence of relevant or clear regulations relating to genetic testing, and there are no initiatives
or guidelines on how to inform the public, how to improve professional standards, etc. By creating an active dialogue between these
different stakeholders, the Group had to discuss points of consensus and non-consensus, aiming always to reach a common position
between the members who did not, a priori, share the same opinions on how best to move forward in genetic testing.

This very intense and fruitful discussion has resulted in two different products which can be read and understood separately:

• The “25 recommendations on ethical, legal and social implications of genetic testing” are published in a separate booklet and
translated into 19 EU languages plus other major languages4;

• The report presented here is a working document that reflects the Group’s long and interesting discussions.

The 25 recommendations (summarised in the executive summary) are also integrated in this report, but they are referred to in
various places as the Group’s broad discussion touched on the recommendations from different angles. The order of the 25
recommendations is therefore not strictly adhered to in the chapters of this report. For orientation, cross-references are given after
this introduction. The 25 recommendations are listed under VI with references to the chapters of the report in which they are
addressed. Several relate to more than one chapter. For each recommendation, the reference to the chapter where it is discussed
most fully is printed in bold. The number of the recommendation is always quoted at the bottom of the box.

The Group’s final report is offered as the basis for further discussion by and with the European public. It delivers observations,
orientations and policy recommendations, and provides an analysis and synthesis of different aspects of the field of genetic testing
identified by the different parties. It should assist interested groups in better understanding the topic and the necessary policy
options. However, the report cannot be considered as a fully comprehensive document on the subject as its compilation was very
much guided by the intensity of the discussion. It represents the consensus view of this independent Group, unless otherwise indicated.

From the beginning, the Group concentrated on the discussion of genetic testing within the healthcare system and related research.
This was important, as all its members were convinced that the new technology could be beneficial to people in Europe, but that
accompanying measures are urgently needed to prepare potential users in a sensitive way. Genetic tests in other contexts, such as
insurance and employment, were not discussed or were only touched upon briefly. For further explanation of the scope and the
intention of the Group’s discussions, see chapter 9.

The Group discussed at length the definitions of terms used in the report. These definitions can be found in the glossary in Annex
2 – they also appear in the margins when the expression is first used. However, it should be noted that for many of these terms
various definitions are possible depending on the context in which they are used. The report defines genetic testing broadly as:
“any test that yields genetic data”. The Group stresses the need to develop a global consensus definition of genetic testing and
to define explicitly the terminology used in any official position or statement referring to it.
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Recommendation on the need for standard universal definitions

That:
a. any official statement or position should precisely refer to an explicit definition of the terms used or topic addressed;
b. a consensus definition of genetic testing should be developed globally by all respective public and private bodies involved

(including the World Health Organisation, the Organisation for Economic Co-operation and Development, the European
Commission, the International Federation of Genetic Societies, and the International Conference on Harmonisation);

c. the European Commission should consider taking the initiative on this topic.

See N° 1 of the “25 recommendations” document

The process leading to the compilation of this report is also an example of a new methodology for the study and open discussion
of sensitive issues concerning science and technology in Europe.We suggest that this methodology could serve as a basis for further
consideration and development in the field of public dialogue when addressing different stakeholders and, at the same time, all
Europeans. EU citizens currently speak 20 different languages. In order to achieve a greater understanding and better support for
important but culturally sensitive innovations, a more complex and step-by-step approach to public dialogue is needed.

The Group considered its work to be highly demanding.And knowing that the consensus of this small group should also represent
the views of the wider public placed a high level of responsibility on each Group member. It was a preliminary experiment on how
to prepare consensus in a small group and then expose it, after a thorough internal debate, to the wider public. The public debate
with citizens in their own language is a crucial test of whether the recommendations are sustainable in the much wider setting of
the complex values of culturally diverse citizens. If successful, the methodology would be able to create greater consensus and trust
between different stakeholders in more complex settings than within a nation state.

The final version of the report was printed following the conference, so the conference was still able to influence the final shape
of the report. The Group decided only to change minor wordings in the report where they thought that some stakeholders might
have misunderstood their position.

The report will now be widely disseminated among interested stakeholders within European and non-European countries. To
maximise public access to the document, the electronic version of the report will be included on the Commission’s Science and
Society web pages in German and French and English.

The initiative of the Expert Group contributed to and enriched the already ongoing discussion and actions on genetic testing within
the European Commission’s services (e.g. by the Institute for Prospective Technological Studies, the Working Group on Article 29
on data protection, and the European Agency for the Evaluation of Medicinal Products) and its activities (e.g. those carried out
under the Strategy on Life Sciences and Biotechnology).

Today, it may be even more important that all the other competent international organisations (Council of Europe, OECD, UNESCO,
WHO), as well as the national authorities dealing with these topics, take on board some or all of these recommendations according
to their competences, and take them forward in the context of their own work. These organisations were regularly invited to the
public hearings organised by the secretary of the Group Dr Maurizio Salvi of the “Ethics and Science” unit in DG Research. They
were also invited during the conference to give some indications of what they could contribute to the promotion or implementation
of the 25 recommendations.The extensive documentation compiled for the Group is also displayed on the Science and Society web
page (http://europa.eu.int/comm/research/science-society/index_en.html) 
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VI List of recommendations
The 25 recommendations on the ethical, legal and social implications of genetic testing

General framework
1. Need for universal standard definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see Introduction and Annex 2
2. Germinal and somatic genetic testing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see chapter 9.1
3. “Genetic exceptionalism”  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see chapter 3.2
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5. Public dialogue  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see chapters 3.1.2 and 9.1

Implementation of genetic testing in healthcare systems
6. Medical genetic testing and its context  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see chapters 1.2, 3.1.1, 7.1.2 and 8.1
7. Quality assurance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see chapters1.4 and 8.2
8. Population screening programmes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see chapter 8.4
9. Genetic counselling  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see chapter 7.1.5
10. Data protection: confidentiality, privacy and autonomy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see chapters 3.2, 4.1, 7.1.4 and 7.2.2
11. Protection from discrimination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see chapters 3.2 and 3.3
12. Ethnicity and genetics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see chapter 3.3.2
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The full text is displayed in the chapter printed in bold.

14



D E V E L O P M E N T  A N D  C L I N I C A L  A P P L I C A T I O N S

15

1 Genetic testing: state of the art
The understanding of human genetics has progressed steadily over the last few decades.The completion
of the Human Genome Project is only one example of the new knowledge.The results of these findings
are now being translated into clinical applications including diagnostics and therapies, and into the
development of new concepts in predictive medicine.

The discovery of human genes, and of their variants potentially related to pathologies, predisposition,
behaviour or physical characteristics, opens up new avenues for diagnosis, preventive healthcare and
disease monitoring for rare genetic disorders. Sometimes these pathways are opening up for the first
time, but more often they will serve more common chronic degenerative conditions and common
disorders with a multifactorial pathology.

Technologies related to genetics are also enhancing our understanding of disease mechanisms and
pathways, and of how medicines work in general. These developments have already had an impact on
health systems and healthcare delivery, and this impact promises to become more substantial.

1.1 Technologies 

Genetic testing and screening allow inherited variants in the genetic information stored in an individual’s
genetic material to be identified.

Human genes can exist in a number of different forms, known as alleles. All human cells, apart from
sperm and egg cells, contain two copies of each gene – one inherited from the mother and one from
the father. The two copies can be identical or different alleles. Sperm and egg cells contain only one
copy of each gene, which is then passed on to the offspring.

The existence of different alleles for the same gene, known as polymorphism, is perfectly normal.Alleles
first develop through chance variations of existing genes – a process called ‘mutation’. Once established
in a population through inheritance, they may contribute to individual characteristics like eye or hair
colour. Some abnormal or mutated alleles, however, can be responsible for genetic disorders.

In some cases, the presence of only one abnormal allele is sufficient for the development of a disorder.
The allele is then said to be dominant and there is a 50% chance that each of his/her children will
inherit the dominant allele from an affected parent. Huntington’s chorea, a disease affecting the nervous
system, is an example of a dominant genetic disorder.

If two identical copies of the abnormal allele are necessary for the disease to develop then it is said to
be recessive. If an individual has only one copy of the recessive allele, he/she will not develop the disease
but may pass the abnormal allele on to his/her children. Such individuals are called carriers. Only when
both parents are carriers is there a risk of their children developing the disease. In this case, each child
has a 25% chance of inheriting two recessive alleles and therefore of being affected by the disorder.
Cystic fibrosis is a recessive genetic disorder.

■ Allele
One of a number of
different forms of a
gene. Each person
inherits two alleles for
each gene – one allele
from each parent.
These alleles may be
the same or may be
different from one
another.
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Figure 1 shows how recessive and dominant genetic disorders can be
passed on from one generation to the next.
(Source: “Tests génétiques”, Repères collection, Inserm, July 2003)

A number of different methods are used to investigate the composition of genetic material, like DNA,
RNA and their products, such as proteins, carbohydrates and lipids, and to detect the presence of
abnormal genetic variation. These include:

• Cytogenetic analysis – the study of chromosomes (the structures inside the nucleus which carry
genetic material) and chromosome abnormalities;

• Molecular analysis – the analysis of DNA or other nucleic acids;
• Biochemical analysis – the analysis of proteins or other biological molecules;
• Immunochemical analysis – the identification of a protein or other molecule by its immunological

reaction to antibodies.

These different methods can be used individually or in combination. A biochemical analysis may, for
example, show that a particular protein is present in a cell.That protein may be known to be the product
of a gene variation. However, to identify precisely the specific gene variation present, a second method
such as molecular analysis of the DNA may be used.

Using one or more of these methods, genetic testing can yield different types of information such as:

• Confirmation or exclusion of the diagnosis of a specific disease;
• The magnitude of the risk of developing a disease or of adverse reactions to treatments and

environmental factors;
• The magnitude of the risk that biological descendants will inherit a defect.

While the methods mentioned above are the basic tools used in genetic testing and screening, ongoing
genetic research on the human genome requires much larger-scale technology. The large amount of
information resulting from the sequencing of the human genome necessitates high-throughput
technologies which can rapidly examine large amounts of genetic material, and the extensive use of
computers to analyse the associated data (bioinformatics). Microarrays are one of the commonest high-
throughput technologies used in genetic testing.

■ DNA
Deoxyribonucleic Acid.

A nucleic acid that is
the main constituent

of the chromosomes of
all organisms (except
some viruses). DNA is

self-replicating, plays a
central role in protein

synthesis, and is
responsible for 

the transmission 
of hereditary

characteristics from
parents to offspring.

■ RNA
Ribonucleic acid. 

A nucleic acid similar in
structure to DNA that

is found in the cell
nucleus and cytoplasm.

RNA transfers genetic
information from DNA

to the cytoplasm and
plays a key role in

protein synthesis and
other cell activities.

■ Chromosome
A grouping of coiled
strands of DNA and

other accompanying
molecular structures

containing an
organism’s genes and

found in the nucleus of
cells. Sexually

reproducing organisms
have two copies of

each chromosome, one
from each parent.

Humans have 23
chromosome pairs.
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Figure 2: A microarray

(Source: “Tests génétiques”, Repères collection, Inserm, July 2003)

1. The surface of each microarray is divided into a number of tiny squares, each of which receives a
number of copies of different DNA sequences associated with a known gene, or gene variant.

2. Fragments of mRNA, another molecule corresponding to the active genes in the cell being analysed,
are isolated and ‘marked’ with a fluorescent substance.

3. The RNA solution is poured on to the microarray and the fragments of mRNA fix themselves to their
corresponding DNA sequence.

4. The fluorescent markers on the mRNA show where the active genes are present.

Certain rare collections of DNA samples, used to study the association or linkage of genetic variation with
disease, and its inheritance pattern within a particular family, may constitute non-renewable resources only
available to a limited number of laboratories. Technologies to amplify DNA, providing many copies from
one original DNA sample, are now being used in a growing number of research and diagnostic applications
to enable more researchers to have access to such material. Whole genome amplification methods are
also being used to generate the large amounts of DNA that may be required for genetic testing.

1.2 Genetic testing and screening: current and future possibilities

Genetic testing can be performed on individuals as well as core or extended families.The term screening is
usually reserved for systematic testing for inherited genome modifications of the members of defined
populations or high-risk population sub-groups.As the relevant high-throughput technology improves and
its cost decreases, it will also be possible to screen the genome of individuals for a series of inherited variants.

Since the composition of an individual’s chromosomes and DNA are fixed at fertilisation (except in
lymphocytes), most tests can be done at any stage of life, either before birth (pre-implantation and
prenatal diagnosis) or after birth (neonatal and adult screening and testing). Nevertheless, in most genetic
testing centres the testing of children is, and will be, strictly limited to those cases in which a diagnosis
is important for disease management or therapy.

Genetic testing is, or should be, carried out in specialised laboratories under the supervision of skilled
laboratory technicians and trained geneticists. Tests are either performed using scientific protocols
developed in-house, or by using diagnostic kits – standardised packages of components and instructions
provided by manufacturers of diagnostics. For many genetic tests, diagnostic kits do not yet exist, so a
large number of tests are still being carried out using protocols developed in the genetic testing
laboratory itself, based on published scientific literature or other in-house protocols5.

Although molecular genetics and genomics have developed rapidly over the past decade, it is important
to bear in mind that genetic information has been used for many years in medicine, even before the

■ Microarray
A glass (or plastic) 
slide on to which
thousands of small
DNA molecules (or
fragments of other
biological molecules)
are attached at fixed
locations, known as
‘spots’. Microarrays
allow comparison of
gene expression
between two 
different samples of
biological material.

■ Genome
An organism’s set of
chromosomes,
containing all of its
genes and associated
DNA. The sum of all
the genetic material
present in each cell in
an organism.
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era of molecular genetics. Examples include blood group typing before transfusion, and assessment of
human tissue compatibility before transplantation to avoid rejection.

The following major categories of genetic testing or genetic screening can be distinguished:

1.2.1 Diagnostic testing
Using one of the technologies cited above, the genetic information of an individual is probed for defects
or variants in one or more genes to confirm or exclude a specific disease diagnosis. In the same way,
carriers of genetic defects can be identified. These tests are usually done for diseases with a strictly
genetic basis, either before or after birth. Postnatal cytogenetic tests, based on the study of the
chromosome, represent about 35% of the workload of genetic laboratories, while molecular tests
account for about 40%. The remaining 25% of the workload comes from prenatal tests.

In some centres, multiple prenatal tests using the same biological sample are offered for cystic fibrosis,
fragile X disease, Down’s syndrome and thalassaemia. Carrier tests are offered separately for cystic
fibrosis, fragile X disease or thalassaemia, but attempts are being made to combine tests for these
different diseases. (See Annex 2 for a full description of these diseases.)

When the causative genetic variation is known, biochemical and cytogenetic testing is often
complemented by molecular testing to ensure a more accurate diagnosis.After precise identification of
the genetic variant in a family, testing for this variant can also be used in carrier testing of family
members or in prenatal diagnosis.

1.2.2 Diagnostic screening
The following types of screening are included in this category:

a) Prenatal screening for major chromosome and neural tube defects is routinely done in most
countries using serum tests combined with ultrasound imaging. Confirmation of the diagnosis is carried
out using cytogenetic methods involving chromosome analysis.

b) Neonatal screening for treatable diseases such as phenylketonuria (PKU) and hypothyroidism
is available in all EU countries, mainly through use of low-cost biochemical tests on blood spots taken
from new-born babies (known as Guthrie card tests). For other diseases, like galactosemia, screening
procedures vary. Neonatal screening for cystic fibrosis has recently been implemented in some
countries. In these cases, molecular testing is used to confirm the biochemical test.

c) Carrier screening for cystic fibrosis is recommended and performed in the US, but is not yet being
implemented in most European countries, except in cases of male infertility. It has been introduced in the
UK and is under consideration in a number of other countries, including France and the Czech Republic.

1.2.3 Predictive testing
The tests in this category cover a broad range of diseases and acquired conditions and can lead to the
prediction of the future health status of an individual. However, the dividing line between strictly
inherited and acquired conditions is not always clearly defined. Two different groups of predictive tests
can be distinguished, based on the nature of the information resulting from them:

a) Presymptomatic tests 
The presence of defects in certain specific genes or gene products creates an almost 100% risk of
developing a particular disease later in life. Huntington’s chorea, Hereditary Polyposis Coli carcinoma
(a form of hereditary colon cancer), some rare forms of Alzheimer’s disease, and some forms of familial
hereditary thyroid carcinoma are the diseases most frequently tested for in genetic centres under
this category, representing about 5% of their present workload.

■ Fragile X
A genetic condition

resulting from a
mutation of the FMR1
gene located on the X

chromosome causing a
wide range of mental

impairment, from mild
learning disabilities to

severe mental
retardation. It is the
most common cause

of genetically
inherited mental

impairment.

■ Down’s syndrome
A genetic condition

that causes delays in
physical and
intellectual

development
occurring in

approximately one in
every 800 live births.

Individuals with
Down’s syndrome

have 47 chromosomes
instead of the usual

46. It is the most
frequently occurring

chromosomal disorder. 

■ Phenylketonuria
(PKU)

A rare genetic
metabolic disorder
characterised by an

inability of the body
to utilise the essential

amino acid,
phenylalanine,

contained in protein
foods. It results in

mental retardation
and other

neurological problems
when treatment is not
started within the first

few weeks of life. 

■ Hypothyroidism
A disorder affecting

the thyroid gland
which produces a

hormone needed for
normal growth and
development. Only

certain forms of the
disorder are inherited.
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■ Galactosemia
A rare genetic
metabolic disorder
resulting from the
absence of the enzyme
needed to convert
galactose, a by-product
from the digestion of
dairy products, into
glucose.

■ Genetic centres
Academic centres
where genetic clinics,
diagnostic laboratory
facilities (genetic
services) and research
are concentrated in
one structure.

■ Hereditary
Non-polyposis
Colorectal Cancer
(HNPCC)
A genetic condition
resulting in an
increased tendency to
develop colorectal
cancer. Mutations in
one of five genes are
now known to be
responsible for most
cases of HNPCC.

■ Trait
A distinguishable
feature or
characteristic that can
be linked to a genetic
marker.

■ Clinical utility
The impact of a test on
clinical decision-
making, and medical
or health economic
outcomes.
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b) Predisposition tests
i) This category includes tests for other disorders in which defects in a single major gene are considered

to increase substantially lifetime risk of developing the disease, such as hereditary breast/ovarian
carcinoma and HNPCC (hereditary non-polyposis colon carcinoma). In addition, it includes
tests for the combined presence of a series of inherited variants of genes or gene products, which
increase the risk of developing a particular disease, moderately or significantly – including common
multifactorial diseases and traits such as psychiatric disease, cardiovascular disease, diabetes,
rheumatoid arthritis, and osteoporosis. With the exception of some tests for genes involved in
hemochromatosis, blood clotting or cardiovascular diseases (e.g. Factor V Leiden, and Angiotensin
Converting Enzyme), which still require further development, very few clinically useful tests are
currently available for this category of disease although some commercial diagnostic kits are on
the market.As our knowledge about these diseases increases, this group of multifactorial diseases
could potentially become by far the largest target for genetic testing in the future.

ii) Pharmacogenetic tests, which determine the predisposition of individuals to react differentially to
drugs, can also be placed in the group of predisposition tests. For some medicines, pharmacogenetic
research will ultimately result in doctors being able to select the medicine that is most likely to
benefit a particular patient and/or the dose that is most appropriate.At present, pharmacogenetics
is not a widespread clinical practice. However, many pharmaceutical companies today routinely
include genetic and genomic analyses in clinical medicine development. The topic of
pharmacogenetics is covered in full in chapter 5.

iii) Tests for monitoring disease outcome and possible complications are also finding an important
application in the diagnosis and/or prediction of the evolution of early disease stages (e.g. in
particular cancers). A growing number of applications are slowly moving into clinical practice.

It is clear that as our understanding of the function of all the DNA sequences that make up the human
genome increases, other possibilities for testing and screening will become available, leading to an
increase in the accuracy and predictive power of the tests. Indeed, modulators of gene expression –
other genes, non-coding DNA sequences, proteins involved in the three- dimensional organisation of
the DNA or acquired but heritable modifications of the DNA – will be identified. As a result, most of
today’s simple tests will have to be complemented with tests allowing more precise predictions of the
risks of developing a particular disease, its likely progression, and its phenotypic characteristics.

Proof of clinical utility and subsequent validation of all genetic tests are prerequisites before their
implementation into clinical routine.

See also recommendation on medical genetic testing and its context (N° 6)

1.3 Research approaches for the identification of genes

involved in diseases 

The human genome contains approximately 30 000 genes, and the DNA located between these genes,
rather than the genes themselves, constitutes the largest part of the genetic material. Only 0.1% of the
genome varies from one person to another. This corresponds to one variation in every thousand
nucleotides among the 3 billion nucleotides making up the DNA of the human genome.

The human genome could be compared to a huge multi-storey car park. In each parking space there is
either a car, a lorry, a bus or a van, depending on the space available. These vehicles represent the genes.
For any given parking space, there is always the same type of vehicle, but it could be a different colour,
have a different type of engine,or have added features, for example.These different ‘options’ are equivalent
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to polymorphisms. This image helps to explain how each of us has a particular combination of features
which make us biologically unique even though the general characteristics of our genomes are shared.

If a specific variation in DNA sequence has a known location on a chromosome, it is called a genetic
marker. Such markers constitute important tools for studying the genetic component of diseases.
The number of genetic markers that can be used for studying genome variation is rapidly increasing as
knowledge of the genome progresses.These variants are often related to the function of genes.They may
play a role in the development of common diseases and in the responses of individuals to treatment.
They may also give clues for the development of new medicines. Data on genome variation is therefore
of primary relevance, not only to academic and medical geneticists but also to biotechnology and
pharmaceutical companies. The availability of automated molecular techniques and bioinformatics tools
makes large-scale screening for variants from small amounts of biological material much easier and faster.

Before a genetic test is developed, the genetic basis of a particular disease needs to be well understood.
Different conceptual research approaches, including the study of population genetics and genetic
epidemiology, are necessary. These disciplines rely on the use of human biological samples and
population, family and/or clinical data.

1.3.1 Population genetics and family analyses
Genetic differences between individuals also result in genome variation across populations. The
distribution of genetic variation varies according to population and geographic origin. The discipline of
population genetics investigates the genetic characteristics of populations and how populations differ
genetically from each other.

Genetic epidemiology investigates genetic risk factors, their contribution to the cause of a particular
disease, and/or the interaction between genetic factors and the environment that may influence the
development or course of that disease. Studies in genetic epidemiology form the basis for the localisation
and subsequent identification of the genes involved in diseases, and may precede the understanding
of their functions. Prevalence of diseases in populations, and frequency of relevant genetic markers are
essential for the assessment of disease risks associated with these genetic markers. Knowledge of the
population distribution of the variants involved in diseases is also crucial to the commercial development
of genetic tests. It allows developers of genetic or pharmacogenetic tests to detect the most relevant
variation in a gene in a given population, where numerous variants of that gene exist. Population-based
research is therefore essential for optimised design and application of genetic testing.

Genetic epidemiology is performed on population data or on family data. The discovery of the gene
involved in a specific disease has often relied on the study of large families which include several cases
of the same disease, along with good associated clinical data and samples to enable testing of genetic
markers. Analysing numerous families maximises the power of the genetic analysis. Knowing the
geographic/ethnic origin of the families allows the distribution of genetic variation across populations
to be taken into account.

1.3.2 Methodological approaches
There are two main methodological approaches to discovering genes involved in diseases. The “gene
candidate approach” consists of testing a small number of previously identified genes with known
variations.This method assumes a good hypothesis for the implication of the gene variation in the disease
process. The “genome screen approach” does not rely on a prior specific hypothesis and consists of
testing a large number of genetic markers distributed over the genome.The regions of the genome with
a high probability of containing genes of interest for the disease in question are localised in a step-by-
step approach by identifying which genetic markers are good disease indicators.

■ Genetic marker
A gene, or other

identifiable portion of
DNA, which can be

located on the chromo-
some and which
exhibits enough

variation between
individuals for its
inheritance to be

traced.

■ Genetic component
of disease

The genetic part in the
cause(s) of a disease.

Several factors may
influence the
occurrence or

development of a
disease. Some of them

may be of a genetic
nature. Their relative

importance in the
disease process may be
variable. A disease can
be caused by one gene
(monogenic disease) or

depend on several
genetic factors

(multigenic disease).
When genetic and

non-genetic factors are
involved, it is referred

to as a multifactorial or
complex disease. 

■ Population genetics
An investigation of the

genetic variations –
polymorphisms and

mutations – which exist
between individuals 

in one or several
populations. It looks at

their distribution in
populations and their

consequences at the
population level. 
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■ Molecular 
genetic test
A genetic test that
involves the analysis 
of DNA or other
nucleic acid.
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6 OECD (2001) 
7 Hirtzlin, I. et al. (2003) 
8 Ibarreta D., Balzi E. et al. (2003)

Both types of study require large collections of genetic material to be available from individual patients
affected by the disease, from their families, and from groups of unaffected individuals for comparison
(see chapter 4). For both approaches, relevant data on family structure, ethnic origin, medical and
environmental information must be available on those individuals 

1.4 Current provision of genetic testing: market and quality
issues

The quality of genetic testing services, including accuracy of test results, proper handling of samples
and data (in terms of informed consent and privacy) and also pre- and post-test counselling, is of the
utmost importance and should be considered as an ethical issue in its own right. With samples
increasingly transported across borders within Europe, as indicated by recent surveys (OECD6, or the
EU-funded Eurogenbank project7), quality control needs to be tackled at a European level.

Recommendation on cross-border exchange of samples

That:
the European Commission evaluates the need for, and the feasibility of, developing harmonised
standards for the research use of human samples and associated data (including informed consent
issues), taking into account relevant international conventions on cross-border exchange of samples.

See N° 22 of the “25 recommendations” document

At present, genetic testing is a small-scale activity compared to the market for testing in general
pathology, microbiology or clinical chemistry. Molecular genetic testing in Europe is thought to
account for approximately 200 000 – 300 000 clinical reports from some 300 centres at a cost of 
€65-97 million.

The demand for genetic testing has increased substantially over the last few years. A recent report8

clearly shows that the number of tests performed in many European countries has doubled or tripled
since 1997. To further illustrate this, some recent figures for Italy are given in Table 1:

Table 1: Genetic testing in Italy: a survey of the situation in 2002 
Number/% Increase per year

Diagnostic laboratories 306 n.a. (not available)

– Cytogenetics 159 n.a.

– Molecular 147 n.a.

– Accredited 24% n.a.

Cytogenetic tests 230 000 17%

Molecular tests 164 000 19% (43% of which prenatal)

Genetic counselling 20% n.a.
given with the tests

(Courtesy of the Italian Society of Human Genetics)
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■ ‘Home-brew’ 
Tests or research

protocols developed
in-house and 
not available
commercially.

9 Ibarreta D., Bock A. K. et al. (2003)

A confident prediction is that the genetic testing sector will grow rapidly over the next ten to 15 years
and spread beyond the small number of specialist genetic centres now active. This is already taking
place in the US. Market structures are expected to change according to demand and more private
laboratories and companies will offer genetic testing.This situation presents an opportunity to influence
quality assurance standards at an early stage of the field’s development.

This is particularly important as recent figures for Europe9 indicate that a substantial number of technical
and clerical errors are still being made in test results and clinical reports, suggesting that a major effort
towards improving quality assurance of the different aspects of genetic testing will be necessary,
including the development of reference materials.

Current efforts to harmonise the quality of genetic testing services in Europe (through external quality
schemes and proficiency testing) are fragmented, and information about the provision of quality services
in EU countries is not available. There are also no procedures in place to guarantee that information
contained in the numerous medical genetic databases and bioinformatics tools used in diagnostics
conforms to quality standards. Analytical and clinical validation of tests is only available on a limited
scale and requires input from relevant experts at the European level.

At the same time, issues pertaining to patient rights and informed consent, to the effect of gender on
testing, and to the effect of patenting on the availability and costs of tests, may have a major impact
on the provision and quality of the tests. Some of these dimensions did not receive adequate discussion
and documentation during the Group’s work.

A consistent regulatory framework assuring a high standard of quality control for genetic testing services,
including a system of accreditation of genetic testing laboratories, needs to be developed. However,
any regulatory framework should take into account that rare diseases require specific attention regarding
provision and quality assurance of genetic testing services. Because of their very low prevalence in the
population, genetic tests for rare diseases are unlikely to be converted into diagnostic kits, and will
remain ‘home-brew’ tests – i.e. based on methods developed in-house. Nevertheless, these need to
be quality-assured and performed by accredited laboratories. It is essential to establish a European or
even intercontinental network to enable patients, wherever they are, to access appropriate test results
for rare diseases. Networking laboratories is likely to be the only way to assure high-quality provision
at minimum cost by achieving a sufficient volume of tests for efficient service delivery in expert centres,
and a minimum number of laboratories for quality-assurance schemes to be viable.

See also recommendation on rare diseases (N° 18)

Genetic testing is clearly not being developed for the benefit of those who do it, but the retention of
high-value jobs in this and related sectors (such as in vitro diagnostics, pharmaceutical development,
laboratory equipment and instrumentation) is nevertheless an issue that needs to be addressed. Europe
must develop and maintain genetic testing capabilities through the public sector, industry and public-
private sector partnerships. Quality genetic services may have large economic potential, including for
small and medium-sized biotechnology companies, and will help to ensure European competitiveness
in this area.

European society will benefit from genetic testing as it develops.The keys to developing genetic testing
as a service industry will be its reliability, throughput, turn-around time, accuracy and cost. Quality
assurance is at the heart of maintaining customer confidence in this type of industry. Service providers
that fail to implement quality assurance are likely to suffer unacceptable rates of diagnostic error,
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increased medico-legal costs and a diminished market share as their reputation suffers. Inappropriately
low quality puts patients at risk and results in unacceptable costs for healthcare systems. Competition
in this market is already significant, and quality assurance systems standardised by self-regulation or
authority-imposed regulations are required not only to eliminate ‘pirates’ offering inferior quality for
the more lucrative tests but also a ‘level playing field’ for both European and other international public
and private-sector service providers.

See also recommendation on quality assurance (N° 7)

2. Stakeholders: prevalent views, concerns and
expectations

The successful development and use of genetic tests is dependent on the interests and concerns of a wide
range of stakeholders being recognised and responded to constructively. Failure to take this into account
will result in a loss of confidence by certain stakeholders and could lead to an interruption in the
developmental pathway that a diagnostic test follows from innovative scientific idea to clinical utility.

2.1 Stakeholder groups

The following groups may have a legitimate interest in the development and use of genetic tests:

• Patients and their families
• Researchers in basic and clinical sciences from the public and private sectors
• Clinicians and other healthcare professionals
• Healthcare authorities, providers and policy-makers
• Healthcare industry
• Politicians
• The public, consumer groups and other public ‘watchdogs’
• The disability movement
• Non-medical interest groups (insurers, employers, etc.)
• Ethics bodies and legal professionals
• Media

In addition to the above stakeholders, the Group also discussed regulatory agencies for pharmaceutical
and device development and approval.

Whilst many of the interests and concerns of these groups overlap, others are specific to single stakeholder
groups.

2.1.1 Patients and their families 
Patients at risk from a disease with a significant genetic component, and their families, have a direct
interest in the development of, and access to, genetic tests. In classifying the ‘utility’ of any given test,
a number of questions come to mind.These relate to the information potentially available from the test
in question, whichever way this is accessed (by DNA analysis, examination of chromosomes, or clinical
examination, for example).

Before suggesting a diagnostic test, it is necessary to consider the salience of the information to be revealed
to the family – the power to discriminate between those at risk or affected by the condition in question,

■ Diagnostic test
A test providing
information primarily
about an existing
condition and its
prognosis. However, it
is possible, although
uncommon, that a test
applied to diagnose a
particular disorder may
provide predictive
information about
another disorder.
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■ Predictive
Indicative of a

particular condition
that is not clinically

evident at the time of
testing, i.e. that causes

no clinical signs or
symptoms, and that is
only discernible based

on the genetic test.

■ Genetic 
polymorphism

Natural variations in a
gene, DNA sequence,
or chromosome that

are not necessarily
associated with

adverse effects on the
individual and occur

with fairly high
frequency in the

general population. 

■ Genetic disease
A disease that has its
origin in changes to

the genetic material,
DNA. Usually refers to

diseases that are
inherited, although

some forms of cancer
also result from DNA

mutation.

■ Alkaptonuria 
A rare inherited

disorder resulting from
an enzyme deficiency

that leads to a build up
of homogentisic acid in

the body. It can 
cause premature

osteoarthritis. The
urine of affected

people turns black.

■ Genetic test
Any test which yields

genetic data. More
specifically, a genetic

test detects the
presence or absence of,

or change in, a
particular gene or

chromosome, including
variants or other

inherited polymorphic
traits that are not

necessarily diagnostic
of disease. They also
include biochemical

tests for gene products
such as enzymes and

other proteins.

and those who are possibly carriers or not affected. Into this, it is important to factor familial perceptions
about inheritance patterns within their families (“In our family it works like this …”). There are also the
implications of the test results for the individual and the wider family to consider. These may be clinical,
relating to the likely development of the disorder, familial, where the family dynamic will be altered by
the revelation of the existence of a genetic disorder, or societal. The individual and the family’s ability (or
their perception of their ability) to function in society will potentially be altered by knowledge of their
‘genetic status’. This may have particular importance for various cultural, religious or ethnic groups.

Whether a test is used for diagnostic,predictive,predispositional or for some other reason is also an element
that needs to be considered, particularly as the information from the test may have different implications
for each family member, depending on their proximity to the individual first identified as affected.

The consequences of a genetic test on the individual can also be affected by the person providing the test
result. There is evidence, for example, that obstetricians tend to be more direct than clinical geneticists,
whilst other clinicians may concentrate on the immediate clinical implications,neglecting the familial aspect.

In situations concerning a mutation for a highly penetrant gene with a high probability of causing disease,
the decision to be tested may be taken with a view to benefiting others (such as children) where the
result can be used to establish the likelihood of future offspring carrying the same gene mutation. The
result may also help parents to understand why their offspring are affected and may lead to a consequent
reduction in feelings of guilt or blame.

2.1.2 Researchers in basic and clinical sciences
Notwithstanding the huge advances in our knowledge of genetics, there are still many common conditions,
such as migraine, asthma, diabetes and heart disease, which involve genetic predisposition and which
cannot be tested for reliably and effectively. Genetic testing for susceptibility to these disorders will
eventually cover a larger field than diagnosis of diseases directly caused by mutation of a single gene.

Since the description of the first genetic polymorphisms (recognition of ABO blood groups in 1900),
and the discovery of the first genetic disease (alkaptonuria in 1908), fundamental research in molecular
genetics has led to numerous discoveries resulting in new genetic tests. For example, technology for
amplifying DNA, developed in 1985 (see chapter 1.1) has increased the feasibility of using genetic
techniques in various applications immensely.Genetic tests have largely developed from both basic research
and large international genome exploration programmes.

Developing these tests and bringing them to the point where they can be produced clinically or
commercially requires skilled individuals willing to make a commitment to this field.This, in turn, means
they must have a reasonable expectation of being able to make a long-term career in this area of research.
Insecurity and lack of opportunity for personal and professional development will result in many
researchers being diverted to other areas.

For effective development of new tests and products, there must be a productive interchange between
academic scientists and those from industry. Sometimes it can seem that academics are relatively
powerless in influencing commercial decisions on the development of new tests and products. A
framework for transparent collaboration is recommended.

Recommendation on partnerships and collaborations

That:
a. the European Union stimulates and supports partnerships between stakeholders;
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10 European Society of Human Genetics (2003)

b. a framework for transparent collaboration between industry and academic scientists be
established.

See N° 16 of the “25 recommendations” document

2.1.3 Clinicians and other healthcare professionals 
Healthcare professionals must have the appropriate skills and knowledge to appreciate the significance
and the salience of the information to be revealed from a genetic test. Awareness of the availability of
a test is the starting point – which, in a rapidly changing field, raises issues of continuing professional
development. If the professional does not know that a test is available, the chances of a family receiving
it are inevitably considerably reduced.

The necessity of a test being administered or interpreted by a medical doctor, rather than another
professional, may vary between healthcare systems in different countries10.

2.1.4 Health authorities, providers and policy-makers
Predicting the future demand for tests and the mix of skills and resources required to meet this demand
in a timely, cost-effective and efficient manner requires sensitive planning and forecasting techniques.
Genetic testing services are often small-scale consumers of resources compared with other areas of
healthcare. If insufficient attention is given to genetic testing service delivery at a sufficiently senior
level in the healthcare planning hierarchy, progress and access to tests may be limited. Different types
of genetic tests can have very different levels of clinical impact. Diagnostic genetic tests or highly
predictive genetic tests for a number of monogenic diseases can be of extreme importance for very few
people, while susceptibility tests which constitute only one of many different elements to evaluate either
a risk for, or the presence of, more common diseases, but which have little clinical utility, may be
applicable to many more people.

In healthcare systems struggling to adopt innovations whilst controlling expenditure, there can be a
temptation to consider the use of genetic testing or screening as an economic tool – using the predictive
power of genetic tests to determine eligibility for treatment and/or the allocation of scarce resources.
Where such an approach is suggested, the rationale for adopting it must be robust, transparent and
open to challenge, and have the patients’ interests in mind.

2.1.5 Healthcare industry
Prior to investing in the development of diagnostic kits for genetic testing and/or the setting up of
commercial testing services, companies must have a reasonable expectation that the test or service will
be bought and used.To ensure survival, private companies need to be profitable. In this context, products
only needed by a very small population (like those for rare diseases) are less likely to be of commercial
interest and therefore less likely to be developed.

Whilst no guarantee of uptake by healthcare systems can be given (indeed, such a guarantee may be
inappropriate), there needs to be a robust and transparent mechanism allowing the development and
supply of such products and services to healthcare systems and the families they serve. Any such
mechanism needs to take into account issues of quality (see chapter 1.4) and intellectual property rights.

2.1.6 Politicians
Genetic testing is a potentially sensitive issue.The questions of whether or not to develop genetic testing,
under what circumstances, how quickly, and under what type of regulatory regime all have a political
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dimension. Creating an environment in which the inputs from different stakeholders – commercial,
professional and public – can be balanced and evaluated is a key political skill. With respect to genetic
testing, a balance needs to be struck between the extent of regulatory intervention required and the
need for innovation (which rarely prospers in a tightly regulated environment).

2.1.7 The public, consumer groups and other public ‘watchdogs’
Genetic testing may evoke both optimism and excitement, or anxiety. Public perception of genetic
testing is affected by civil as well as medical uses: the forensic application of DNA databases for the
pursuit of criminals enjoys quite high levels of support in most European societies, whilst anxieties about
other uses, such as insurance or employment, may jeopardise the acceptability of genetic testing
programmes.These perceptions, whether based on fact or not, will affect the opportunities available to
develop and use genetic testing, as well as other research relying on the use of human genetic data,
and illustrate the need for balanced public education and awareness programmes.

Watchdog and consumer concerns focus on the protection of the individual or of specific groups and
the need to avoid the consequences of abuse that could arise from the misuse of genetic test results.

It is important to note that the vast majority of the general public have no direct experience of genetic
testing or do not perceive the genetic dimension of a number of common tests (blood group typing
being the most common). Their understanding is shaped to some extent by what they see in the media
– both factual and fictional. However, if their direct experience increases, which is likely if the practice
of drug prescription linked to genetic diagnostics (pharmacogenetics) becomes more widespread in the
next few years, then attitudes may change significantly.

The attitude of the public toward genetic technologies is also likely to be strongly influenced by the
reaction of the scientific community and other professionals to their concerns, and how confident people
are that their best interests are being respected.

2.1.8 The disability movement
While many patient and family support groups are in favour of genetic testing, the disability movement
often takes a broadly oppositional stance to genetic testing.This is based on an analysis that sees disability
as a social rather than a medical problem, calling for disabled people to be embraced as part of the
wide diversity of humankind. There is a fear that genetic testing will result in a resurgence of eugenics,
questioning disabled people’s right to life, and an increase in pregnancy termination among families
expecting a child deemed to be other than ‘normal’.

The disability movement fears that the medicalisation of disability, and the absence of any input from
disabled people to the counselling of parents-to-be, could create subtle pressure to terminate affected
pregnancies as part of a wider programme to cut healthcare costs by reducing the number of births of
disabled babies.

Whether or not the worst-case scenario evoked here could ever become a reality is an open question.
However, the perception that genetic testing might be used in this way is real and cannot simply be
dismissed as misguided.

2.1.9 ‘Non-medical’ interests
Genetic testing is of interest in a number of non-medical contexts. The interest of insurance companies
in using genetic test results as a tool for stratifying risk and adjusting premium levels accordingly has
been extensively discussed elsewhere11. In most European countries, there seems to be strong public

11 European Society of Human Genetics (2003)
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opposition to the use of genetic test results for this purpose, based on the sentiment that the information
would serve the profitability of private companies, rather than the consumer.

Despite the absence of evidence for the current use of genetic testing as a screening tool in the context
of employment in Europe, there is a fear that genetic tests will be used for this purpose.This is particularly
prevalent with regard to stigmatised conditions such as psychiatric disorders (“You’re not mad now,
but we know you will be”), cancers with a high genetic component, like some breast cancers, or chronic,
expensive conditions.Whilst there may be some grounds on which it might be legitimate to use genetic
tests in employment contexts (for example, when a clear and substantial link to significant third-party
risk can be demonstrated), these are few, and certainly much less common than is sometimes assumed
to be the case, as underlined in Opinion 18 of the European Group of Ethics in Science and New
Technologies report on ‘Ethical aspects of genetic testing in the workplace’12.

2.1.10 Ethics bodies and legal professionals
Ethics committees, whether local (research ethics committees, for example), national, European, or
international, play a role in shaping public opinion through the provision of balanced opinions for
debate, of advice to authorities, and by influencing practice. Their multidisciplinarity and independence
are especially important. It is desirable to have a clear definition of the role of each kind of committee.
Currently, the number and role of such bodies varies between countries.

Through the examination of relevant research protocols, the research ethics committees shape the way
ethical issues are dealt with in science. Although this is not specific to genetic testing and related
research, they do play an important role in genetics (see chapter 3.2).

The legal dimension is of paramount importance in the general landscape of the human rights framework
and the application of health law that is also applicable to the area of genetic testing (see chapter
3.2.4). The Group underlines the importance of the education of professionals involved in genetic
testing, both in ethics and in relevant legislation.

2.1.11 The media
Genetics and genetic testing are ‘hot topics’ for both fictional and non-fictional media channels, and
they have an important role to play in forming public perceptions of genetic testing.Virtually every citizen,
in the developed world at least, will be exposed to the media on a daily basis.

Whilst it might be assumed that the role of non-fictional media is to inform (and possibly even educate),
this is, in fact, a secondary goal, and often one which comes a long way behind the primary one of
entertaining the reader or viewer. Failure to entertain will result in consumer ‘turn-off’, with a consequent
loss of revenue, and a lost opportunity for the reader/viewer to engage with the issues.

To capture and retain public engagement, the organs of the media must respond to the reality of public
involvement.Thus the reporting of events will tend to emphasise controversy at the expense of consensus,
and exaggerate progress or threat.

The media will also tend to fixate on issues which create good copy, such as the use of genetic testing
in insurance – even when these are only directly relevant to particular sub-populations – without
drawing distinctions between the general and the particular. The need to work to tight deadlines, and
the self-referential culture of media outlets tends to make stories self-perpetuating as reporters and
researchers will often use their own or other media archives as a source to confirm their own working
hypotheses. As a result, there is a tendency to overplay the power of DNA-based testing with “Genetic
breakthrough”-type headlines which are not always justified.

12 European Commission European Group on Ethics in Science and New Technologies (2003)
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Genetics is also a driver in literature (e.g. Brave New World), television drama and film (e.g. Gattaca). Here,
the emphasis is generally on the deterministic power of DNA, with the power of environmental, lifestyle
or therapeutic interventions to alter or moderate the effect of the genetic ones either ignored or minimised.

Of course, the media are not solely responsible for the public presentation of genetic information. Other
stakeholder groups, whether industrial, academic, political or voluntary, are to a greater or lesser extent
adept at using the media agenda to their own advantage.

2.2 Stakeholders in the wider context

Genetic testing is subject to a wider public and political debate about the relationship between the
individual, the family, the community and society, and the role of science, industry, politics and the law
in framing the context in which we operate as individuals and as citizens, able to assimilate and
manipulate information derived from scientific advances.

In structuring the consideration of genetic testing issues it is important to give due weight to opinions
expressed by different stakeholder groups. It would not seem unreasonable that ‘proximity’ to the issue
ought to be a significant factor. Individuals and families for whom the outcome of a genetic test may
impact on major decisions have a stronger claim to be heard than those further removed from the issue.
Parents wishing to avoid the birth of a child with a severe genetic disorder should not be made to feel
guilty about their decision. Nor should they be expected to shoulder responsibility for a wider societal
‘good’ that may be derived from “the need to maintain diversity”.

Genetics, and the impact of genetic testing in particular, can act as a ‘lightning conductor’ for concerns
about bigger issues such as the power of government and industry and the relative powerlessness of
the individual. Widespread ignorance of, for example, existing regulatory frameworks and the activities
of interest groups (often coming together in unusual partnerships such as the coalition between the
disability movement, some church groups, the anti-abortion lobby, and environmentalists on some
genetic issues) leaves the public feeling unsure and vulnerable. Opinion surveys reveal a decline in trust
in governments and industry although, in general, public confidence in the medical profession remains
high – but even here the nature of the relationship is changing and if trust were to be undermined
substantially it would be hard to restore.

3. Specific issues underlying the dialogue on
genetic testing

A number of specific issues were given particular attention by the Group and made the subject of extensive
discussion and documentary research. They are discussed in this chapter and in chapters 4 and 5.

3.1 Public perceptions and dialogue 

Any discussion of genetic testing that is not confined to narrow scientific or technical issues, such as
reliability or validity, must at some level take account of public perceptions. Even consideration of clinical
utility is dependent to some extent on the ability and willingness of patients to understand and make
use of the information that a genetic test provides in order to reach an informed decision with regard
to the options open to them.

The multiplicity of issues at stake for the different groups described in the preceding chapter makes the
context for any debate on genetic testing a complex one.Alongside patients’, and their families’, hope for
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a cure, the other drivers of the debate – ostensibly a scientific one which ‘ought’ to be evidence-based –
are more often to do with factors which have little to do with the small print of quality science. Rather, it
is the large print of the media’s need to entertain, to shift copies,make money and satisfy the shareholders,
the academic’s need to secure a research grant, an industrialist’s desire to obtain the next stage in funding
their product development from shareholders or venture capitalists, a politician’s need to satisfy voters, or
an NGO’s goal as an agent of change on behalf of its constituency, which shapes and colours the debate.

In this complex and volatile climate, patients and their families have to sift through the mass of
information, and often-conflicting advice, before making an informed decision about genetic testing
and its results.

3.1.1 Expectations of patients 
Whilst the information provided to patients by clinicians will clearly be of key significance in enabling
them to understand and use test results, it is rarely the case that patients will be totally naïve with
regard to the potential impact of genetic test results on their health choices. Much more likely will be
the case that, prior to consultation with the professional, the patient will have formed an opinion about
the potential power of the genetic test to shape their present and/or future health, and the decisions
they can make as a result (see also chapter 2.1.1).

A central issue in developing the perceived relevance of genetic testing to the patient’s experience and
opportunities will be the answer to the question “Who is asking for the genetic test to be done, and
why?”. Other key questions include who will be responsible for interpreting the test result (both in the
laboratory and in the clinical consultation with the patient) and who will be responsible for any ongoing
support. The patient and family will need to be able to call on a complex mix of clinical, counselling,
scientific and technical skills and expertise in order to make an informed choice as to whether or not
to be tested, and how to use and respond to the information resulting from it, if this is revealed.

If it is the patient requesting a test then there is likely to be a reason originating in their previous medical
history – or that of their family.They may already have experience of genetic disease or reason to suspect
that it is something about which they need to be concerned. In such a case, the decision is likely to be
at least partially informed and realistic, taken in a clinical context with access to medical support.

If it is a physician requesting a test, reasons may be varied. In the context of a clinical genetic consultation,
the decision to test will probably have been preceded by counselling, a record of family history being
taken into account and possibly the scrutiny of the medical records of other family members. Even in
countries where clinical genetics is a well-established specialist field, requests for DNA analysis that
originate from geneticists amount to less than half of the total requested. Other clinicians may or may
not appreciate the full implications of a request for DNA testing and the possible impact on the individual
or family. Dialogue between physicians and patients and the process of obtaining informed consent
may not always be sufficiently robust.

There is also the possibility that testing is offered in the context of a public health screening programme
– such as prenatal screening for Down’s syndrome or neonatal screening for cystic fibrosis. Unless
care is taken to ensure that good practice is followed, the routine nature of these procedures is likely
to minimise opportunities for discussion between patients or families and professionals. In these
situations, the family’s understanding and appreciation of what is proposed will be formed by their prior
knowledge and the public context for genetics in their society or culture.

Finally, there are the enthusiasts who, driven by a belief in the value and power of genetics, undertake
testing in the expectation that the outcomes will inevitably reveal something of value for them or for
society – even if the research evidence is still weak and needs confirmation. The initial perception that

■ Cystic fibrosis
An inherited disorder
caused by more than
1 000 different
mutations of the 
cystic fibrosis gene.
Symptoms can include
production of an
abnormally thick, sticky
mucus that clogs the
lungs and leads to life-
threatening lung
infections, but vary
from person to person
due to the large
number of different
mutations possible.
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BRCA I (a gene variation which increases risk of breast cancer) was 80-90% penetrant is an example
of this. Although true for particular groups, such as the Ashkenazic Jews, the premature generalisation
of this information to the wider population was later discovered to be unfounded. This enthusiastic
attitude may be found in any group of stakeholders. Premature generalisation or unrealistic expectations
are issues that all stakeholders can help reduce in their own spheres, but the media may have a
particularly important impact here.

Against this background, a number of programmes and events, aimed at different sectors of the
population, have been developed to promote dialogue, and an evidence-based appreciation of the
scientific and social challenges presented by genetics.

Recommendation on medical genetic testing and its context 

That:
a. medically relevant genetic testing be considered an integral part of health service provision;
b. medically relevant genetic testing never be imposed and always be a matter of free personal

choice;
c. comprehensive information about the availability of genetic tests be freely available from a

range of reputable sources including public authorities, physicians, and patient groups;
d. national healthcare systems ensure that genetic testing will be accessible equitably to all

who need it.

See N° 6 of the “25 recommendations” document

3.1.2 Public engagement and communication initiatives in Europe
Public engagement and societal confidence in the beneficial application of genetic testing will be
enhanced by robust discussion conducted in an open framework in which one ‘side’ does not try to use
its weight to squash the other. Rather than dismissing public anxieties as unfounded and unscientific,
these need to be acknowledged and recognised as legitimate even if they are unlikely to materialise.
This highlights the critical need for education to raise the knowledge base, and to improve the quality
of debate. A top-down deficit model for public engagement is not appropriate as a route to resolving
anxieties and concerns about genetic testing, nor should there be an unrealistic pursuit of an unattainable
consensus. As surveys have shown, there is a minority in any community whose mindset is fixed, and
there is a minority at the other end of the spectrum who do not want to have a view.The majority occupies
the middle ground amenable to reasoned argument,provided they do not feel they are being manipulated.

See also recommendation on public information and education (N°4)

There are many initiatives throughout Europe which aim to engage and educate the public in genetics
at various levels, and to promote dialogue in society on the associated scientific and social challenges.

• Belgium: In 2003, a Citizen’s Conference on the subject of genetic testing was organised by the
King Baudouin Foundation13. Following the conference, a report containing a number of
recommendations about genetic services and genetic testing was produced and distributed to the
media and to the government. This initiative is now being expanded with a series of conferences and
debates on genetic testing, for schools, medical professionals, and the general public.

13 Fondation Roi Baudouin (2003)
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14 http://www.telethon.fr
15 http://www.ecole-adn.fr/
16 http://www.agrobiosciences.org
17 http://www.hgc.gov.uk/cpanel/
18 http://www.gig.org.uk/
19 http://www.wellcome.ac.uk/

• Europe: The Telethon initiative, which originated in the USA, is now organised in several European
countries in the form of an annual television-based fund-raising activity for genetic research. It also
provides the opportunity for the stakeholders in genetic research to share knowledge, exchange
experiences, get involved in activities, and make contacts. In France, for example, Telethon14 takes the
form of a two-day show with the participation of well-known musicians and TV presenters. Researchers
explain different aspects of certain genetic disorders and viewers can see how children and their families
cope with these disorders in everyday life.

• Europe: In many countries, public debates are now being organised in cafés and other social venues.
These events are becoming important milestones in the development of open debate on genetic testing
and other related subjects.

• France: The “Ecole de l’ADN”15 (DNA school), initially launched in Nîmes, is now being set up in
other parts of France. The ‘schools’ give members of the public the opportunity to explore the topic
of genetics and the related issues at stake through hands-on experiments.

• France: Genetic testing is a regular topic for debate at the “Mission d’Animation des
Agrobiosciences”16 – a forum for public debate on biological themes.

• Pharmaceutical industry: Roche has produced a CD-ROM on genetics, which has been widely
distributed in schools. GlaxoSmithKline has produced a CD-ROM on basic human genetics for use by
healthcare professionals.

• United Kingdom: The Human Genetics Commission17 has a patients’ panel of approximately 100
people with personal experience of genetic disorders, which it consults regularly on issues relevant
to the work of the Commission (genetic testing and reproductive technologies, for example).

• United Kingdom:“Genes and You”, a teaching pack for 14- to 16-year-olds, produced by the Genetic
Interest Group18, explores genetics in a cross-curricular context focusing on the personal and human
aspects of genetics in the national curriculum. It has been distributed to over 8 000 secondary schools.

• United Kingdom: ‘Theatre-in-education’ plays, exploring genetic testing and its implications, have
toured secondary schools in the UK.These were commissioned by the Wellcome Trust19,a biomedical charity.

Recommendation on public dialogue

That:
a) opportunities for public dialogue between different stakeholders be organised, offering

participants equal opportunities for expression;
b) different formats of dialogue and debate be organised as no single format will fit all purposes

and all public.

See N° 5 of the “25 recommendations” document

3.2. Genetic exceptionalism: is medically relevant genetic data

different from other medical information?

The Group is aware that the position it takes on the issue of “genetic exceptionalism” differs from a
common perception that genetic data constitute a different category of personal medical data. 
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■ Genetic
exceptionalism

The belief that the
particular nature of
genetic information
gives rise to greater

risks or particular risks
that are different

from other health-
related risks.

■ Huntington’s
chorea 

(also known as
Huntington’s Disease)

A rare inherited
disorder of the

nervous system and
the brain,

characterised by
uncontrollable

movements. Affected
individuals are usually

symptom-free until
their fourth or fifth

decade. 

■ Information 
content

The degree to which
a positive or negative

genetic test result is
predictive of the

likelihood of a
medical condition

occurring or not
occurring. 

■ Factor V Leiden
A variant of the

protein Factor V,
needed for blood
clotting, resulting

from a mutation in
the associated gene.
People with Factor V

Leiden have blood
that has an increased

tendency to clot. 

20 Green M.J and Botkin R.J (2003)

3.2.1 The issues at stake 
The concern that genetic information may be particularly prone to misuse has fuelled public perception
that genetic information is fundamentally different from other forms of medical data, and has led to
calls for blanket policies to treat such information differently from all other medical information (“genetic
exceptionalism”20).

This perception of genetic testing as different or ‘exceptional’ is also the consequence of the fact that
until now genetic testing has been carried out primarily for rare, single gene diseases where test results
are exceptionally powerful, such as in Huntington’s chorea, or familial forms of breast and colon
cancer, including prenatal diagnosis for these diseases. The information obtained from these tests can
indeed have a significant impact on a family and on the reproductive choices of a couple, and may
threaten the insurability or employment of an individual in the absence of appropriate protection under
the law (see chapter 2.1.9). Increasingly, however, the genetic components of major common and
multifactorial diseases (coronary heart disease, asthma, etc.) are being identified and the role of gene
variants in these disorders is being understood. Consequently, the possibility for predictive or
predisposition testing for these diseases and for pharmacogenetic testing is gradually becoming available.

With these issues in mind, the Group, and others in the life science community, have come to the
conclusion that a proper presentation of the status of genetic data identified in genetic tests is needed.
Genetic information is not, as such, different from any other personal medical data, and therefore
should not be treated differently.

Examples of questions that arise illustrate some of the concerns related to genetics that should be relevant
for any medical information with similar characteristics:

• Will the presence of genetic information in the medical record compromise individual liberties, and
expose individuals to invasion of privacy, or to discrimination? 

• Should healthcare professionals and patients handle genetic testing and predictive data of a genetic
disease more carefully than other medical tests and data? 

• How can we avoid discrimination by employers of current or prospective employees based on their
genetic data? 

• How can we avoid discrimination by health insurers and life insurance companies of current and future
clients based on their genetic data? 

It should be noted that while the concerns generally apply primarily to predictive genetic tests, it seems
appropriate to extend this discussion to all genetic tests, since the distinction between the information
obtained from a predictive and a diagnostic test is often blurred.

3.2.2 Scientific considerations 
Genetic data cover a broad range of predictive and diagnostic medical information content, ranging
from no or limited clinical significance (for the vast majority of all genetic variants) to low (risk factors in
common multifactorial disease, e.g. the clotting Factor V Leiden variant in thrombosis), to high
(predisposition markers in certain familial diseases, e.g. BRCA 1 and 2 in familial forms of breast cancer) to
extremely high (for rare single-gene diseases, e.g. in Huntington’s chorea). It should be noted that while
such categorisations may be necessary on a pragmatic level, in reality – as everywhere else in biology –
genetic data form a continuum and the lack of natural demarcations makes it difficult to clearly distinguish
different categories of genetic information.While it is medically and scientifically unjustified to give information
resulting from a test with low or non-existent medical information content the same status as a test with
extremely high content, and vice versa, this does not mean that all genetic information should be treated
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as exceptional and be given a separate status.High and low information content states are also encountered
in biochemical,microbiological,and other medical tests, such as blood tests for monitoring cholesterol levels.

Moreover, the information content of any medical data, including genetic data, is highly contextual and
dependent on the particular circumstances and the questions applied to them.Thus, a series of genetic
markers may hold no predictive information content whatsoever with regard to any health-related
issues while, at the same time, its information content with regard to a forensic or paternity examination
may be extremely high. This instructs that all medical data, including genetic data, regardless
of its apparent information content, be treated with the same high standards of
confidentiality.This mandate applies to both clinical research and practice and also extends to issues
of who has authority to decide on the use of data. It addresses the first two questions raised under
3.2.1 above. The Group believes, therefore, that genetic exceptionalism is both scientifically unjustified
and not helpful in addressing ethical and societal issues.At the same time, it acknowledges and respects
that this notion currently exists in the public perception of genetic data.

3.2.3 Information content 
The current discussion about genetic information is influenced by the perception that all genetic data
convey exceptionally high information content with regard to the carrier and his or her relatives (“genetic
determinism”). This notion, which historically has found reflection in the eugenics movement,
understandably causes concern and reservations about genetic tests. However, our physical and
psychological characteristics are not simply a consequence of inherited properties but are equally
influenced by external factors (environment, lifestyle).

The perceptions regarding the predictive power of genetic tests are not surprising if one considers that
the genetic tests to which the public has so far been exposed pertain either to single gene disorders or
to paternity and forensic DNA testing. These are distinctly unusual examples as they carry extremely
high predictive information content regarding both the carrier and his or her family members, to a degree
that is quite atypical among medical tests in general. The public has had little or no exposure to other
types of genetic tests. The vast majority of genetic tests will carry information content much more
comparable to other predictive medical tests which yield only modest predictive information (e.g. blood
pressure measurements). Given this one-sided experience, it is easy to see how what really is a matter
of position within a hierarchy of information content is being confused with the genetic nature of the
test, leading to the perception that all genetic tests are special.

Specifically, five characteristics are frequently named as particular to genetic tests.All are typical of tests
with high information content, but none are unique to genetic tests:

1) Strongly predictive of future health: non-genetic factors can also be highly predictive of future health
outcomes, e.g. exposure to radiation or certain infections (HIV, SARS);

2) Permanent and immutable (i.e. out of personal control): certain environmental exposures, such as to
UV radiation or pollution and lifestyle choices (e.g. smoking), can also irreversibly alter risk for certain
diseases, such as skin cancer or asthma, respectively;

3) Uniquely identifying: fingerprints or other personal data may yield similarly powerful information (note
that all require an identified reference sample);

4) Informative about family and community members’ health status: non-genetic parameters may carry
similarly strong predictive information, e.g. infection with a communicable disease such as tuberculosis;

5) Providing unsought information: a cursory physical examination for a cold at the doctor’s surgery
may provide information about a malignant melanoma on the patient’s back that is completely
asymptomatic, yet possibly already invasive or even metastatic.

■ Genetic
determinism
The belief in genetic
information as a kind
of definitive, fatal,
unchangeable sort of
information. 

D E V E L O P M E N T  A N D  C L I N I C A L  A P P L I C A T I O N S
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If we accept that information content is proportional to the potential of misuse, then the public sentiment
that currently available genetic tests carry a greater potential of misuse is indeed appropriate, however,
not because these are genetic tests, but rather because these tests carry unusually high information
content. The importance of information content implies that the discussion should focus on the question
of whether special consideration should be afforded not according to the nature of the test, but to carriers
of highly predictive medical information, regardless of whether or not this information is genetic in nature.

As with other medical tests (such as HIV), carriers of highly predictive information may need to be afforded
special protection. Not recognising this could be damaging and inappropriate. The carefully designed
procedures and international guidelines developed at the initiative of geneticists to protect the individual
from discrimination and psychological backlash may stand as a model for many other life-threatening
diseases, which are often approached in too casual a way. The issue is not whether genetic tests are
unique, or whether DNA reveals more information than any other test, but how genetic tests and, for
that matter, any medical tests with similarly sensitive information content are applied or should be applied
in practice, whether careful preparation of the patient is required, or whether the result will only add
medical information needed to treat the patient adequately.Tests with demonstrated lower information
content do not require such additional special considerations; the standard protection of confidentiality
of medical data must be ensured anyway.

It should be noted that unless the public is reassured that the use of genetic information, regardless of
its information content, for purposes of differential treatment or discrimination is not barred, the
sentiment of genetic exceptionalism will continue to be reinforced. Only a rational public policy protecting
the individual from abusive practices regarding the use of medical and genetic data to will stop this
self-perpetuating dynamic.

Such rational policies, based on societal consensus, will be required to address the last two questions
raised under 3.2.1 above, dealing with tests in the workplace and in the context of insurance.

3.2.4 Is there a policy or regulatory tendency to “Genetic exceptionalism”?
The Group noted that in response to the public’s fear of abuse and misuse of genetic information, for
example in employment and insurance, there has been a tendency in public policy to apply specific
regulations to the field of genetics.21 Recent initiatives from influential international organisations in
the field of medical ethics, bioethics and human rights illustrate this tendency:

• The Council of Europe’s Steering Committee on Bioethics (CDBI) has produced a “Working document
on the applications of genetics for health purposes” that suggests “the need to lay down a normative
framework which allows account to be taken of the rapid development of techniques and knowledge
in the field of genetics and developments in the use of applications”22.

• UNESCO’s International Bioethics Committee (IBC) has produced an ‘International Declaration on
Human Genetic Data’, which refers, in its preamble, to the sentiment that “human genetic data have
a special status… since they can be predictive of genetic predispositions concerning individuals…;
they may have significant impact on the family, extending… in some instances on the whole group;
they may contain information the significance of which is not necessarily known at the time of the
collection of biological samples; and they may have cultural significance for people or groups”23.

Whilst the Group acknowledges that the fear of abuse and misuse of genetic information is genuine, it
feels that these institutional responses to this fear are inappropriate, as abuse and misuse could also occur,
and has occurred (example: HIV) with any other medical information. The situation would be managed

21 Knoppers B.M. (2003)
22 Council of Europe (2003)
23 UNESCO (2003)
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more sensibly and appropriately through educational efforts and well-founded public policy governing the
use of all medical data, including genetic data, and providing adequate protection against misuse.

See also recommendations on data protection: confidentiality, privacy and autonomy (N°10) and
on protection from discrimination (N°11) 

The Group acknowledged that without doubt a perceived policy tendency to place medical genetic data
apart from other medical data is based on strong and noble goals to assure the protection of human
rights against the dangers of genetic discrimination, genetic determinism and the violation of genetic
privacy. However, the Group underlines that initiatives aimed at regulating genetic data separately from
general medical data would create major practical problems in health management since, in many
instances, it would be impossible to clearly differentiate between what is ‘medical’ and what is ‘genetic’
data. The Group does not support the idea of constructing specific ‘islands’ in policy or regulatory texts
that might fragment and jeopardise the development of a core set of rules concerning medical data
privacy and informed consent, and which might delay, rather than support, the prevention of medical
discrimination in general, including discrimination based on genetic testing results.

The Group acknowledges that some genetic information, as part of medical information,
has specific dimensions which are not necessarily common to all medical information. A
framework governing all medical information including, where appropriate, special rules
for specific subsets of that information, like certain genetic data, would be more
appropriate because it would allow for a more harmonious approach in terms of content
and context. Genetic information is part of the entirety of every individual’s health
information and does not a priori represent a separate category, although it may under
certain circumstances (e.g. exceptionally high predictive information content). Thus,
genetic exceptionalism is inappropriate.

The current public sentiment that genetic information is different is acknowledged. Public experience
of genetic testing is largely limited to examples of exceptionally high information content, biasing the
perception of the power of genetic data, and possibly maintaining lingering fears of eugenics. Public
dialogue to provide factually correct information is imperative.

At the same time, public policy must ensure that safeguards against the inappropriate use of highly
predictive medical data include genetic data. Currently generated guidelines, rules, and laws in the area
of genetic testing and data (“regulatory genetic exceptionalism”) are an understandable response to
specific public concerns and historical applications of genetic testing, but are only acceptable as a
stepping stone to more comprehensive and inclusive legal and regulatory frameworks that encompass
all medical data and testing in a non-exceptionalist manner. Appropriate guidelines should allow
evolution to maintain pace with science and public opinion.

Since the information content of any medical data is highly situational and not static, all (private)
medical data must be afforded equally high standards of quality and confidentiality at all times.

Recommendation on “Genetic exceptionalism”

That:
a. “genetic exceptionalism” should be avoided, internationally, in the context of the EU and

at the level of its Member States; the public perception that genetic testing is different needs
to be acknowledged and addressed;



■ Genetic mutation
A change in the DNA

sequence. The term
“mutation”, as

opposed to
“polymorphism”, is

generally used to
refer to changes in

DNA sequence which
are not present in

most individuals and
are associated with

disease (or risk of
disease) or those

resulting from
damage inflicted by

external agents (such
as viruses or

radiation).

■ Leber’s
Hereditary Optic

Neuropathy (LHON)
A maternally

inherited disorder
that primarily affects
young men, causing
rapid loss of central

vision. LHON is
inherited through

mitochondrial DNA
present in the egg

cell.
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b. all medical data, including genetic data, must satisfy equally high standards of quality and
confidentiality;

c. in order to track the evolution of public perception of genetic testing and to identify issues
for future debate:

• further research on ethical and social perceptions of genetic testing is necessary and
should be promoted by the European Commission and national bodies; and 
• questions relevant to genetic testing should be included in pan-European surveys like
the Eurobarometer.

See N° 3 of the “25 recommendations” document 

3.3 Gender and ethnicity 

3.3.1 Gender and genetic testing
Some diseases are typically inherited in a gender-linked or a gender-limited fashion and can be detected
through genetic testing.

In gender-linked diseases, the responsible gene
defect is usually recessive, localised on the X
chromosome and will mainly affect males.
Certain forms of haemophilia are included in
this category. Female carriers of the gene defect
will usually be healthy or minimally affected by
the associated trait. In the small number of
diseases where the gene defect on the X
chromosome is dominant, the majority of male
foetuses may not survive to term, and females
will be affected by the disease.A small number
of Y chromosome-linked traits also exist, such
as spermatogenic arrest which affects male
fertility.

Another class of gender-linked diseases originates in mutations in the mitochondrial DNA. Mitochondria
are self-replicating organelles in the cell’s cytoplasm which play an important role in metabolism. They
contain a small amount of DNA.The large female egg cell contains cytoplasm and hence mitochondria,
but the tiny male sperm cell, which needs to be lighter and more mobile, hardly contains any at all. This
means that during fertilisation almost all mitochondrial DNA is passed on to the embryo from the mother.
As the embryo grows and divides, the new cells make more mitochondria, including mitochondrial DNA
copied from the DNA template of the original mitochondria. Genetic mutations in mitochondrial DNA
can therefore only be passed on from a female to her offspring. Because of the small number of genes
found in mitochondrial DNA, the number of disorders linked to mitochondrial inheritance is very small.
One example is Leber’s Hereditary Optic Neuropathy which can cause blindness.

In gender-limited diseases, hormonal as well as other gender-related factors will make one gender more
prone to develop a disease. Moreover, one gender may be susceptible to a disease because the disease
or the predisposition depends on the presence of a particular organ, e.g. hereditary ovarian cancer.

The differences that exist between men and women in the risk they have of developing a gender-linked
or gender-limited disease are well established and do not necessarily create new or unexpected

(Source: “Tests génétiques”, Repères collection, Inserm, July 2003)
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discriminatory problems. However, there may be gender issues linked to differences in the way men and
women experience or perceive genetic testing. For example, prenatal diagnosis, which is typically carried
out when a woman is suspected of carrying a foetus at risk of developing a specific disease, will impact
both parents quite differently, depending on their presence or absence at the time of the intervention,
and their attitude towards pregnancy, giving birth and parenthood in general. A woman’s choice to go
ahead with having a child at risk of developing a genetic disease may also impact on her relationship
with the child’s father and her future choices and opportunities.

Males and females generally tend to approach medical problems in a different way. Women are
traditionally the ‘guardians’ of family health.They may take more responsibility for instigating a genetic
test in the first place, and the results of genetic testing may bring them extra responsibilities in terms
of ‘managing’ the affected family member’s healthcare.The two sexes may interpret the impact of being
a carrier or being affected by gene defects quite differently when the risk for their offspring is considered.
There may also be differences between the sexes as regards access to medical services, economic
independence or autonomy, susceptibility to peer or family pressure, the way they react during genetic
counselling, and the way in which they will be interested in implementing preventive measures after a
predictive test. Many of these issues have not yet been studied in great detail, however.

Whilst it is important to be aware of the danger of stereotyping particular groups of people, socio-
cultural differences may have an impact on women’s health choices and the control they have over
these choices, particularly where the demarcation of women’s and men’s roles is particularly well
defined. In countries where abortion is not widely available or is prohibited by law, the possible courses
of action for pregnant women following prenatal genetic testing may be limited. However, genetic testing
can still play an important role in helping such women make decisions about future births.

In certain cultures, sex selection is used to prevent the birth of one sex, usually females.Whilst this type
of practice is generally considered unacceptable, it needs to be considered in a particular socio-cultural
context, taking into account the pressures women may be under to comply and the possible societal
implications if they do not. In recent years, sex selection has also become attractive to families who
would like to balance the gender of their children. Many countries forbid the application of such a
sophisticated technology for this purpose24.

Recommendation on gender issues and genetics

That:
a. further studies at EU level address the impact of genetic testing, in particular in societies

where women or men are given different rights or privileges;
b. governments and society be aware of the possible consequences of the application of genetic

testing to aid reproductive choice for prospective sex selection;
c. criteria be established at EU level to ensure that no gender discrimination occurs in the course

of, or as a result of, EU-funded research projects.

See N° 13 of the “25 recommendations” document

3.3.2 Ethnicity and genetic testing 
The study of population genetics and genetic diversity (see chapter 1.3.1) for anthropological and
genetic epidemiology purposes started many years before the introduction of molecular genetic tests.
Studying the frequencies of specific genetic variants within populations, and comparing them between

■ Epidemiology 
Study of the
occurrence and
frequency of diseases
in geographical areas
or populations, and
investigation of the
underlying risk factors
for diseases. Genetic
epidemiology
investigates the
genetic risk factors of
diseases, their
contribution to disease
cause, and/or the
interaction between
genetic factors and the
environment that can
generate diseases.

24 Human Fertilisation and Embryology Authority (2003)
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■ Thalassaemia
A group of genetic

blood disorders
resulting in anaemia.

The two main types
are called alpha and

beta thalassaemia,
depending on which

of the oxygen-
carrying proteins (in

haemoglobin) is
lacking in the red

blood cells.
Individuals suffering

from thalassaemia
usually require
frequent blood

transfusions.

■ Genetic variation
Natural or acquired
differences in genes

or their products,
DNA sequences or

chromosomes.

25 Crigger B.J. (1995)

populations, has been performed in isolated communities or specific ethnic groups, as well as in more
mixed populations.

Although 90% of the genetic variation that exists in the global population of humans is found in every
sub-population, certain variations caused by mutation or other mechanisms are more commonly found
in people from specific geographic areas or in people with ancestry in those areas. Study of these groups
of people can require genetic testing in a very different cultural context, which raises specific issues.
Greater knowledge of our genetic diversity across populations emphasises our shared genetic heritage.
The Group underlines that genetic tests are inappropriate to determine ethnicity. There is a danger that
the power of genetic tests to differentiate between individuals and between groups could be misused.

The categorisation of populations on the basis of cultural and genetic features may lead to stigmatisation
or discrimination not only of individuals but of entire groups.This is a source of concern in society. Such
issues are especially sensitive with regard to minorities that are often discriminated against for many
other reasons. Many diseases with a genetic basis, such as thalassaemia, cystic fibrosis and sickle-
cell anaemia, are more prevalent in particular groups. A high prevalence of certain genetic disorders in
given groups can result in differences in their public profile and a disproportionate distribution of
resources relative to their prevalence in the general population, depending on the group’s capacity for
successful lobbying. Cystic fibrosis research, for example, receives far more funding than sickle-cell
anaemia in the US, although it is less prevalent in the population as a whole.

However, knowledge of the characteristics of a population’s genetic variation is a prerequisite to many
disease studies leading potentially to the development of more appropriate genetic tests for a given
population. Recognising genetic diversity within and between populations is different from setting up
a hierarchy, but the fear of discrimination remains strong.

The Human Genome Diversity Project (HGDP) marked an historic step with respect to the ethical dimension
of global genetic variation studies. In 1991, researchers from the US launched the idea of an international
initiative to study genetic variation across populations. However, during the design and presentation of
the project the populations concerned were not considered as interlocutors by the specialists. This
insensitivity provoked strongly negative reactions to the project, mainly from minorities, and led to single-
issue pressure groups being able to hijack the agenda for their own purposes. Although an ethical code,
which is still used as the basis for ethical conduct in population genetics research, was proposed by the
members of the project as early as 1993, the HGDP project was never well accepted by some parts of the
public. Several minorities and associations were particularly vocal in their rejection of the project and the
controversy was widely reported in the scientific and general media (the “vampire project”, etc.)25.

The controversy centred on the possibility that a population’s ‘genetic richness’, represented by its unique
genetic diversity, could be exploited without adequate returns to that population. There was also a fear
that insufficient measures would be taken to respect the cultural features and beliefs of populations (which
may prevent certain populations from participation in research, for example) and to guarantee benefits
to populations, such as those in developing countries, already suffering from major health problems.

The issue of benefit-sharing is never a straightforward one. The concept needs to reflect not only the
desire to share benefits but also how to do so appropriately. The question of who should receive and
distribute the benefits amongst the population also needs careful consideration.

Although the HGDP project, as initially conceived on a global level, has never existed as such and only
a rather restricted part of it was ever carried out, it is this project which has had the largest impact on
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discussions of ethical issues in population studies. This is a good illustration of how public distrust, or
the action of self-appointed ‘watchdogs’, can have significant consequences for scientific projects and
the development of a given field.

Recommendation on ethnicity and genetics 

That:
a. genetic tests be clinically evaluated in the populations in which they are to be used;
b. those who are involved in genetic research, the provision of genetic testing and healthcare

policy-making be sensitive to the risks of stereotyping and stigmatisation based on ethnic
origin, and recognise and respect ethnic and cultural sensitivities;

c. minority ethnic groups not be excluded from access to those genetic tests appropriate for them.

See N° 12 of the “25 recommendations” document

In 2001, a new international project, known as HAPMAP, was launched to study specific zones of the
human genome implicated in genome variation across populations. Using recently acquired knowledge
of genetic markers, the identification of such zones could dramatically increase the efficiency with which
the genetic component of many diseases is identified. The first step of the project involves defining this
genetic variation across populations. The project has had an integrated ethical, legal and social
component right from its conception. Community Advisory Groups have been set up in each area where
samples are collected to ensure community consent and the engagement of the populations involved.
It is difficult to imagine now that any project having an international audience and addressing one or
several minority population(s) could be launched without such a component.

Population genetics studies such as these raise particular ethical questions which mainly concern the
implication of a group as a single entity, rather than as a group of individuals, in the research. For example,
the traditional role of informed consent as an expression and protection of the autonomy of the person
is generally focused on individual consent. In projects involving few individuals or families, the concept
of individual consent stands as the only consent pursued. The concept of group consent has been
introduced for small communities or populations and was formulated as a protocol in 1993. However,
in such projects the question of “who speaks for the group?” becomes an important issue.

See also recommendation on informed consent (N° 23)

Another point to consider is that data relevant for health may be the same as that relevant to more
fundamental anthropological studies. However, to be able to identify a genetic variation relevant to
health, first one has to identify general genetic variation (as in the HAPMAP project). When describing
the aims of a study, it is not always easy to make clear what kind of results will potentially be relevant
for the health of the individuals and population in question, and what kind will contribute to the
knowledge of the biological history of humanity, without direct interest for health. This complexity of
aims is not always easy to explain transparently in different cultural contexts. For example, study of the
variation of the cystic fibrosis gene in populations may be very relevant for population history (tracing
migration of populations or dating the appearance of mutations) but will also lead to the identification
of the specific mutations of the gene prevalent in given populations and which should be tested for in
a diagnostic test for the disease.

The high level of ethnic diversity between and within European countries makes ethnicity in the context
of genetic testing an important issue for consideration by all Member States.The biological consequences
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of this diversity need to be recognised in the provision of healthcare services, and social, cultural and
religious sensitivities also need to be taken into account in the planning and delivery of these services
(see chapter 8.6). Particular effort may need to be focused on groups which are ‘hard to reach’ because
of cultural segregation. However, it is also necessary to recognise the dangers of making a priori
assumptions based on cultural traditions.

Genetic testing comes with its own set of technical words and concepts (see Annex 2). Some of this
terminology may be difficult to translate accurately. Metaphors are often used to get across concepts,
such as risk, related to genetic testing, and those appropriate in one culture may not be so in another.
Accurate information on genetic testing should be made available in all languages.

Recommendation on protection from discrimination

That:
a. data derived from genetic sources not be used in ways that disadvantage or discriminate

unfairly against individuals, families or groups in either clinical or non-clinical contexts,
including employment, insurance, access to social integration and opportunities for general
well-being;

b. EU-level regulations addressing these issues should be promoted;
c. timely access to genetic testing should be based on need and appropriately resourced with

no discrimination based on gender, ethnic origin, social or economic status.

See N° 11 of the “25 recommendations” document

4. Biobanks as resources and tools for research
and development of genetic testing

The participation of patients and populations in large collections of human biological samples and
associated data, some of which are referred to as ‘biobanks’, is an important part of the context of
genetic testing today. However, many of the issues related to biobanks extend far beyond genetic
testing.

The term biobank is often used, but is not a commonly shared, precise notion. Many kinds of collections
may be included in the terminology, in as far as they are made up of human biological samples plus
associated personal data which may be used for research activities. The Group has used the following
definition: “a biobank encompasses biological samples, plus their related databases, associated with a
certain level of access to this material and data for scientific study”.

The constitution of a biobank may be necessary for a number of different reasons, depending on the
research it serves.These include the need to access a sufficient number of samples for statistical reasons,
the need to exchange samples, the need to do multiple testing on the same samples, the need to do
repeat testing over time, the multiplicity of interests involved, the complexity of banking and exchange
of samples, and the necessity to secure rare samples.

The uses of human genetic material in biobanks are very variable. Samples can be used in population
genetics research, identification of the genes playing a role in a specific disease, or clinical research and
development of pharmacogenetic tests, for example. Samples can also be conserved to assess the risk
of inherited transmission of a specific disease within a family.
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26 Hirtzlin, I. et al. (2003)

A number of different types of institutions may have a biobanking activity, including public hospitals
or laboratories, private clinics, medical laboratories, forensic medical services, public research laboratories,
private or semi-public associations, charities, and companies in the pharmaceutical, diagnostic or
biotechnology industries. There are many small collections but few very large ones. The majority of
collections are held by public-sector or charity institutions and function on a not-for-profit basis26.

Biobanks may also include donor tissue banks set up on a commercial basis, using tissue collected from
hospitals or extra tissue taken in the margins of a medical research trial, processed for research and
sold to research institutions. Exclusive licences are sometimes granted to commercial entities for accessing
collections set up as part of a non-profit project, or companies may establish their own collections.
Research projects may involve a considerable cross-border flow of data and tissue.

With the rapid development of high-throughput technologies allowing for the screening of very large
numbers of samples, and with growing recognition of the important role genetic variation can play, not
only in causing rare diseases, but also in the development of common diseases, the responses of
individuals to medicines, and the development of new medicines, there has been a tendency to try to
constitute large national population collections in various countries (Iceland, Estonia, Latvia, Sweden
and the UK, for example), or to investigate sub-populations with defined characteristics (in Italy and
Finland, for instance).These collections, considered as national research resources, are usually supported
with private funds in combination with public funding, although they are occasionally supported with
private funds alone.

4.1 Data protection and informed consent 

Much of the discussion in the Group concerning biobanks was centred on the question of the practical
application of an ethical framework.The main issues discussed were data protection and informed consent.

Recommendation on data protection: confidentiality, privacy and autonomy

That:
a. genetic data of importance in a clinical and/or family context should receive the same level

of protection as other comparably sensitive medical data;
b. the relevance for other persons in the family has to be addressed;
c. the importance of a patient’s right to know or not to know be recognised and mechanisms

incorporated into professional practice that respect this. In the context of genetic testing,
encompassing information provision, counselling, informed consent procedures and
communication of test results, practices should be established to meet this need;

d. these issues are of particular relevance to vulnerable populations whether in the EU or
elsewhere in the world.

See N° 10 of the “25 recommendations” document

See also recommendations on informed consent (N° 23)

Of particular importance is consideration of the rules of access to, and level of openness for, exchanges
of samples and data between interested parties (research groups, companies, healthcare services). The
protection of the rights of people whose samples and data are in the biobanks, with respect to autonomy,
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■ Anonymous,
anonymised 

See under
Identification 

in Annex 2.

confidentiality and protection of privacy, needs to be assured at the same time as allowing and
encouraging research.

Various degrees of identification of the individual sample donors are possible – identified, identifiable,
anonymised or anonymous (see Annex 2 for precise definitions).

Table 2: Overview of types of sample labelling and level of anonymisation

Adapted from EMEA “Position paper on terminology in pharmacogenetics”, November 2002 

The ethical issues are different in these various situations.The extent to which informed consent is required
can vary depending on the nature of the research, the degree of anonymity, and the question of whether
the research may result in new findings of relevance for the health(care) of the donor.

Another factor to consider is that it is not always possible to predict the potential developments in
research over time. The issue of informed consent becomes complex in this context. The interest of
industrial groups in collected population samples, especially in the context of pharmacogenetic studies
on the population frequency of certain polymorphisms, may have been unplanned at the time of sampling
for existing collections. Right of access, therefore, depends on further consent or ‘anonymisation’ and
approval of the study by an ethics committee.

There are various forms of consent ranging from detailed express consent, enlarged or broad consent
(for a range of broadly defined uses) to presumed consent (where people who do not want to be
involved have to voluntarily opt out). The consent could also incorporate the concept of a voluntary
sharing of information towards a common good.The most relevant approach may be different depending

Sample 
labelling 
category

Identified

Single-coded
(identifiable)

Double-coded
(identifiable)

Anonymised

Anonymous

Link between sub-
ject identity and
sample/ data

Yes, directly

Indirectly, via code
key

Very indirectly, via
two sets of code
keys

No. Key(s) 
identifying the link
between the
data/sample and the
identity of the sub-
ject is deleted

No

Records identifiable
for clinical monitor-
ing

Yes

Yes, via protocol-
specified procedures

Yes, via protocol-
specified procedures

No

No

Actions possible if
subject withdraws
consent

Sample can be with-
drawn with immedi-
ate effect for any
prospective use

Sample can be with-
drawn with immedi-
ate effect for any
prospective use

Sample can be with-
drawn with immedi-
ate effect for any
prospective use

Sample and data are
not identifiable.
Sample cannot be
withdrawn once key
is deleted

None

Return of individual
results to subject

Possible

Possible

Possible

Not possible

Not possible

Scope of subject 
privacy protection

Similar to general
healthcare confiden-
tiality

Standard for 
clinical research

Double code offers
added privacy 
protection over 
single code

Data/sample not 
linked to individuals

Complete
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27 European Society of Human Genetics - Public and professional policy committee, 2002
28 UK Parliament: Human Tissue Bill 2003 

on whether collections are archived or are new ones. The specific recommendations of the European
Society of Human Genetics on this matter reflect the main views of the Group27. Patients and any other
sample donors should have the right to keep control over non-anonymous samples. Workable
mechanisms to translate this principle into action need to be developed.

Very large collections, such as the UK Biobank which will include samples and data from 500 000 people,
may result in the emergence of new societal dimensions, regarding communication, debate, societal control
and the appreciated value of such collections. While group consent, in addition to individual consent, is
appropriate for use in small populations and in certain cultural contexts, it is difficult to achieve and may
be not adapted conceptually for large populations.A collective democratic debate before the start of a large-
scale project and before individual consents are pursued may assist individuals in their decision-making on
consent issues. Such large projects provide an opportunity to inform, educate and debate about the use of
human tissue samples for genetic testing, thus influencing the attitude of the public towards it.

It is important to assuage public anxiety by reassuring that transparent procedures are used and that
protective measures are in place to prevent undesirable effects of participation in genetic research, such
as the stigmatisation of specific groups or the misuse of results. However, new perspectives in research
with human tissue have brought about shifts in emphasis in the human rights aspects involved. The
rights of the individual, as the source of the material, cannot merely be ‘translated’ into his/her right
to confidentiality and to privacy, but must also encompass autonomy and free choice. It is important to
recognise that unforeseen direct beneficial uses of the samples or data may appear over time – a test
of clinical utility for an individual or for members of his/her family, for example – that did not exist at
the time of sampling. Such unforeseen uses should not be ruled out by overly restrictive rules. In the
same way, a ruling28 that prohibited the use of samples from the deceased taken without specific
consent for such uses would prevent their use to facilitate diagnosis in living relatives.

Recommendation on samples from the deceased 

That:
a. Member States take actions to promote the right of access to samples and data from a

deceased person, in the case of overriding interest for blood relatives;
b. Member States take actions to allow the use of anonymous samples from the deceased for the

purposes of genetic research,development of new genetic tests,as well as for teaching purposes.

See N° 24 of the “25 recommendations” document

In certain contexts, human biological samples are considered as parts of the body while in other contexts,
as sources of data.When does a genomic sample become data? The concept of human biological material
as a ‘carrier’ of information has emerged.The right of individuals “to know and not to know” has become
an important issue alongside the right to physical integrity (see chapter 7.2.2).Whereas physical integrity
constitutes the major target of protective legislation in relation to medical research on human subjects,
the risk of “informational harm” has emerged as a major issue that should be addressed in medical
research with human tissue.

The Group believes that safeguards should, on the one hand, restrict the likelihood of abuse but, at the
same time, allow unforeseen beneficial uses of medical value for individuals or of scientific value for
research. The role of review and approval by external independent bodies, such as ethics committees,
is critical in such issues.
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4.2 The value and sustainability of collections

It is important to be able to ensure that non-commercial donation and procurement of human tissue
continues whilst allowing the development of medical advances by commercial activities based on these
samples and the data attached to them. The question of the value of collections in this context is still
not often openly discussed. More information on existing and desirable practices would be valuable.
Besides recognition of the economic value of a well-organised and reliably documented biobank,
standardised indexes to measure the actual use of biobanks could be important parameters to set up.

Recommendation on collections of human biological material 
and associated data and their uses

That:
a. the European Commission follow closely relevant activities and developments of the Member

States in this field and in the global context;
b. action be taken at the EU level, in coordination with other initiatives, to follow and address

regulatory issues related to collections of human biological material and associated data
and their uses.

See N° 21 of the “25 recommendations” document

Similarly, it is important to promote optimal use of the samples for the rapid progress of knowledge, whilst
protecting the rights of priority of those researchers who established the collection. It is vital to ensure that
the highest quality of sample conservation and management is maintained whilst also allowing easy access.

Depending on the scope and context of individual biobanks (e.g. institutions involved, source of funding,
level of access, etc.) their activity may require official recognition and identification, as well as assurance
of long-term financial sustainability, particularly as their use and the interests involved may change over
time. There is a need for education in ‘biobanking’ and for guidelines to assure the quality control of
collections and of the ethical management of such repositories.

Recommendation on existing and new biobanks

That:
a. guidelines be developed and coordinated across the EU to ensure that the use of samples,

including those from archival collections, is not unduly delayed or impeded, particularly if
proper consideration of their level of identification has been taken into account;

b. action be taken by Member States to ensure that approval by a competent review committee
is obtained before research is undertaken;

c. an inventory of existing biobanks across the EU be created, indicating standards and rules
of access, to identify which of their contents may or may not be used for genetic studies;

d. a system be implemented to evaluate and monitor the current usage of existing biobanks
throughout the EU;

e. the task force on ‘biological resource centres’ set up by the OECD be followed closely by the
European Commission regarding development of standards;

f. the European Commission closely follows this activity.

See N° 20 of the “25 recommendations” document



45

D E V E L O P M E N T  A N D  C L I N I C A L  A P P L I C A T I O N S

There is no consensus on the matter of the existence of ownership of human tissue or genetic data.
Ethical issues pertaining to the authority over genetic and non-genetic data, conditions for patenting,
commercial use, potential benefit and benefit-sharing are sensitive. Few Member States have well-
developed legal frameworks in this field.The Council of Europe is currently working to draw up legislation
in the domain of research on human tissue. There is no specific EU legislation on research using or
conserving human cells and tissues, although the recently published Directive 2004/23/EC of 21 March
2004 on ‘Setting standards of quality and safety for the donation, procurement, testing, processing,
storage, and distribution of human tissues and cells’ is regulating these issues in a clinical context, and
the exclusion of research was debated and agreed upon in the European Parliament.

The construction and use of biobanks, whether primarily or secondarily for research use, are important
steps in the development of genetic tests but are related to issues that have not been fully addressed
by the Group. This area requires specific attention.

The consideration of ethical issues in the context of large-scale biobanks is of primary importance as they
relate not only to individual decisions or projects but also to national policies in an international context.

5. Pharmacogenetics
5.1 Scientific background

5.1.1 What is pharmacogenetics? 
The reaction of patients to medicines, as regard both their efficacy and their safety, frequently varies
from one person to another. Thus, whilst many will benefit from a particular drug, some will not and
others may suffer adverse reactions29. The concept of pharmacogenetics encompasses the use of
information encoded in patients’ DNA to help predict their responses to medicines and thereby enhance
the effectiveness and safety of medicines for individuals. Pharmacogenetic research seeks to identify
correlations between information from research participants’ DNA (genotypes, genetic markers) and
their response to a medicine. Ultimately, this research will, for some medicines, translate into prescribing
information that would help the doctor to select the medicine that is most likely to benefit a particular
patient, and/or the dose that is most likely to be appropriate. Pharmacogenetics is not a new concept.
However, the increasing knowledge provided by progress in genetics and genomics has greatly
facilitated developments in this field.

It is important to note that:
• Pharmacogenetic tests developed from this research are intended to help predict response to medicines

and not to yield information about the disease, or disease risk.
• Pharmacogenetic tests are expected to enhance safety and efficacy characteristics of a medicine by

enabling better prediction of likely outcomes, and are thus expected to improve the benefit-to-risk
ratio of a medicine for patients.

• The application of pharmacogenetics to medicines and medical practice will evolve over time rather
than present a revolution in medical practice. In most circumstances, application of and consultation
about pharmacogenetic information, in the context of other medical information such as the severity
of disease and the availability of medicines, will be the domain of practising physicians, rather than
of specialist geneticists.

• Each application of pharmacogenetics to healthcare may have unique features for each of the
considerations cited above and should therefore be assessed on a case-by-case basis and, if necessary,
adapted as new information and technology becomes available. For example, over time, and with the

■ Genotype
The genetic
constitution of an
individual in the genes
or genetic markers
being studied.

■ Genomics
The study of gene
expression and
regulation usually on a
large scale – genes in a
given tissue, or the
whole genome of an
organism, for example.
The study of genes and
their function.

29 Spear B.B., Heath-Chiozzi M., Huff J. (2001)
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necessary supporting evidence, a specific pharmacogenetic test may evolve in clinical application –
the test may be applicable for more than one medicine, or be utilised in disease diagnosis or prediction.

• Pharmacogenetics may reduce inequalities in the provision of effective healthcare. Because it is
generally not possible to predict patients’ responses to medicines, some patients will be treated
effectively while others will not. Pharmacogenetics offers the possibility of treating more patients
effectively and reducing these inequalities. In addition, pharmacogenetics can improve the basis for
decision-making regarding allocation of resources for medicines based on clinically relevant data,
further reducing inequities. On the other hand, lack of access to pharmacogenetic tests through the
healthcare system could create disparities in the quality of medical care.

5.1.2 Pharmacogenetic research
At present, pharmacogenetic approaches are, by and large, mostly investigational and exploratory.
Currently, almost no pharmacogenetic data exists that has been replicated and accepted by drug
regulatory authorities and healthcare providers as acceptable for the support of treatment decisions in
a clinical setting. It is important that this be clearly explained to patients participating in pharmacogenetic
research during the informed consent process. Recommendations regarding the informed consent, as
well as the terminology to be used for various levels of encryption of personal data related to the sample,
have been proposed by both industry and drug regulatory authorities30,31. Researchers have a responsibility
to ensure that identifiable biological samples and data will only be used in accordance with the informed
consent, as specified by the EU Data Directive 95.46/EC). The Directive also establishes strict criteria
related to data access by third parties.

As pharmacogenetic concepts evolve from exploration towards being used in a clinical setting, the nature
of their use in clinical trials will change. For example, for some medicines, later-phase clinical research
may be restricted to patients who are more likely to experience therapeutic benefit, if markers indicating
the likelihood for such an outcome have been found.

5.2 Impact on key stakeholders

5.2.1 Healthcare professionals
Today’s practice of medicine is based on an increasingly detailed understanding of human physiology
and pathophysiology, a wide array of diagnostic tests and a variety of treatments. To gain market
approval, medicines must be shown to be effective and well tolerated in a defined population of patients.
However, it is also true that all medicines are not effective in all patients. Therefore, many medicines
are first prescribed to an individual patient, and then evaluated to determine if the patient is receiving
the most suitable medicine at the correct dosage. This approach potentially exposes patients to
undesirable side effects, without medical benefit, and it produces cost inefficiencies not only in the use
of ineffective medicines for individual patients but also in terms of related morbidities and consultation
time. With this general model of prescribing, and despite remarkable advances in medicine, many
patients are not effectively treated, or experience side effects as a result of their medication.
Pharmacogenetics may help physicians prescribe the most appropriate medicine or dose for an individual
patient and thereby help to maximise therapeutic outcomes for patients. While pharmacogenetic-like
testing is currently required or suggested for only a few cancer medicines (e.g. purine analogs, imatinib,
trastuzumab), physicians are generally unprepared to cope with the likely increase in the use of such
testing. Education about pharmacogenetics will need to become part of the standard curriculum in
medical, nursing and pharmacy schools, as well as of continued medical education curricula. Only then
will physicians be able to make informed decisions and explain these to their patients.

30 EMEA (2002)
31 Anderson D.C. et al. (2002)
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5.2.2 Patients 
The first objective of pharmacogenetic testing is neither diagnosis nor prediction of disease, but
determination of an individual’s likely response to medicines or to a particular medicine and dose. As
a first step, it is important that patients are made aware of the variation that occurs in the response to
all medicines and the potential role that pharmacogenetics may play in treatment selection. While
medicines do provide significant benefit overall to individuals and society, there are challenges associated
with prescribing, including the risk of drug side effects and the outlay for medicines that may not
provide therapeutic benefits. Such factors are often not fully appreciated by patients. Secondly, patients
must be appropriately informed about the information a pharmacogenetic test will provide to them and
their physician, i.e. what the consequences of taking or not taking the test are with regard to treatment
options and the likely clinical outcomes entailed in each scenario. In the face of an unfavourable test
result, a determination of whether the medicine is nevertheless the best option for the patient would
need to be made by the doctor and understood by the patient. In the longer term, it is likely that with
increasing knowledge amongst healthcare providers and patients, alongside a gradual introduction of
medicines developed using pharmacogenetic information, will come a level of patient awareness that
is associated with current medical practices.

5.2.3 Healthcare providers
Assuming constancy in the overall demands on healthcare delivery, the use of pharmacogenetic
approaches may result in gains in cost-effectiveness.A reduction in the number of physician or pharmacy
visits necessary to find, by trial and error, the proper medication for a patient, or avoidance of adverse
events, or prolonged burden of illness, could easily balance the expense of the additional test and, overall,
could result in cost savings.

As healthcare systems strive to make better use of finite healthcare resources and establish systems for
evidence-based medicine, the utilisation of pharmacogenetics will need to be assessed with regard to:

• Best medical practice;
• Feasibility of operating on longer-term timescales which may be necessary to realise benefits in terms

of cost savings for healthcare delivery.

5.2.4 Pharmaceutical, diagnostic and biotechnology industries
Enhancing treatment outcomes for patients and meeting medical needs are the primary business drivers
for the industry and, in particular,with regard to research on,and clinical use of pharmacogenetic approaches.

Exploratory work is needed to investigate whether pharmacogenetic approaches are applicable to a
new medicine, which may increase upfront the cost of drug development. Ultimately, it is hoped that
any increase may be offset by gains in cost-efficiency by the more targeted prescription of drugs,
resulting in higher rates of treatment success and a lower incidence of adverse reactions. The impact
of pharmacogenetics on the research and development process may therefore include:

• Improving the efficacy, focus, productivity and delivery of research and development by helping to
identify, and terminating as early as possible in the research and development process, candidate
compounds which are unlikely ever to meet the criteria for medicinal approval;

• Improving the quality of information gained and decision-making throughout research and
development, including the post-marketing environment, thereby allowing medicines to remain
available to defined patient groups with a favourable benefit-to-risk profile;

• The gains provided by developing more medicines that are better targeted to patients and recognised
as being more cost-effective by purchasers.

■ Benefit-to-risk
profile
An expression of the
benefits from using a
particular therapy or
drug compared to its
potential adverse
effects.
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Recommendation on pharmacogenetics

That:
a. national health authorities play a more active part in encouraging development of the field

of pharmacogenetics:
• by providing particular incentives to enable the development of pharmacogenetic tests

and associated therapeutics which are clinically desirable but which may not be
economically viable; and

• by enhancing the possibilities of co-operation between industry, patients, and academia in
this field;

b. an appropriate harmonised legal, regulatory, and healthcare policy framework for
pharmacogenetics be developed at EU level, taking into account research, therapy
development and clinical practice.

See N° 19 of the “25 recommendations” document

5.2.5 Regulatory authorities
Regulatory authorities are currently actively considering the establishment of a framework for evaluation
and incorporation across the R&D process.This includes the encouragement of dialogue and consultation
between industry and regulators worldwide32,33.

The pharmaceutical, biotechnology and diagnostic industries and pharmaceutical and device regulatory
authorities should continue to work together to move scientific concepts and results into clinical practice
and, in parallel, to develop regulatory guidance for all key issues. For example, a global framework is
desirable that will facilitate both the exploration of preliminary research findings and the respective
pharmacogenetic tests that may be required for their use.

5.3 Ethical, legal and social considerations 

The Group acknowledges that ethical, legal and social considerations may arise with regard to private
medical information, including pharmacogenetic research and test results. As discussed in the earlier
section on genetic exceptionalism, it is important to consider test results on the basis of their information
content rather than the nature of the test. A pharmacogenetic analysis guiding the dosing regime for
a medicine has a very different impact on a patient than a test which diagnoses or predicts a chronic
disease such as HIV infection or Huntington`s chorea.

Some of the most frequently cited ethical, legal and social considerations are discussed below.

5.3.1 Psychological impact on patients
Prediction, based on a pharmacogenetic test, that available medicines may not be safe or effective for
an individual patient suffering from a serious disease may cause psychological distress. However,
administration of an ineffective or unsafe medicine, in the absence of the pharmacogenetic information,
is clearly a less desirable option.

Conversely, the prediction of a likely favourable response may have a positive psychological impact and
encourage patients to complete courses of treatment and thus gain full therapeutic benefit. It is important
to note that while pharmacogenetics may facilitate the identification of patients for whom no highly

32 EMEA (2003)
33 US Dept. of Health and Human Services (2003)
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effective treatment is available, such predictive information is not unique to the application of
pharmacogenetics.The potential psychological issues are those generally associated with the prediction
of any unfavourable health outcome. Thus, it is critical that pharmacogenetics is not singled out, but
that these issues are addressed in a more general debate.

5.3.2 The risk of revealing unwanted information
Although pharmacogenetic tests will not be researched, developed, validated and marketed for the
diagnosis or prediction of disease, it is possible that sometimes a pharmacogenetic test may reveal
additional information relating to health status or risks. There are two ways in which this might occur.
First, in some cases, disease-associated genotypes might be among the genetic factors influencing drug
response. Where this is related to the disease being treated, this situation is unlikely to raise ethical
issues since the patient is presumably already aware of the disease diagnosis. Secondly, it is conceivable
that a pharmacogenetic test may provide information revealing the presence of, or risk of developing,
a different disease for which there may be no effective treatment or prevention. If a test is known to
have the potential of revealing such information, this should be discussed with the patient, and will
then be part of his or her decision regarding the test. The possibility that, at some point in the future,
a test result may reveal additional medical information currently not envisioned, may be discussed, but
should not be considered as reasonable justification to forego a test that provides important treatment
guidance for a current health problem.

A related concern is the possible disclosure of information pertaining to family members as a consequence
of pharmacogenetic testing.While such considerations are sometimes relevant with regard to prospective
testing for rare single-gene diseases, they are unlikely to be a relevant concern regarding pharmacogenetic
tests.

Finally, the “right not to know”, generally discussed in the context of highly predictive tests for rare
single-gene diseases (see chapter 7.2.2), also applies in principle to pharmacogenetic tests, although
the more pragmatic need to find the appropriate medicine will generally prevail.

If a pharmacogenetic test is known to have the potential of revealing secondary health-related
information, there may be a number of measures available to help limit the data and preserve
confidentiality. For example, it may be possible to avoid using specific genetic variants in the
pharmacogenetic test if others can be found with an equally predictive value. A further step may be to
limit the reporting of the pharmacogenetic test to the minimum needed for prescribing34.

In general, the benefits of pharmacogenetic testing are likely to outweigh these largely theoretical
considerations. Concerns over unsought information are not unique to pharmacogenetic or other
genetic tests.

5.3.3 The issue of ‘non-responders’ to treatment: creation of rare disease 

categories and the need for rare medicinal products
Concerns have been raised that pharmacogenetics will identify groups of ‘non-responders’ which may
not be large enough to constitute economically viable populations for the development of new, targeted
medicines.As a consequence, research and development time would not be invested, and those patients
would be left without treatment options. The probability of this scenario is likely to be small and will
only occur in instances where there is no appropriate dose adjustment or alternative medicine and the
population is very small. Nonetheless, it may be important to consider whether orphan medicine
designation should consider the size and prevalence of any pharmacogenetically defined sub-group.

34 Buchanan A., Califano A., et al. (2002)
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This is certainly not an argument against pharmacogenetics, as the research does not ‘create’ responders
or non-responders but enables better prediction of outcomes among the patient population.
Pharmacogenetics will provide important information relating to the benefit-to-risk ratio of a medicine
for individual patients.The physician and the patient will together use the information, along with other
medical information such as the severity of disease, alternative treatments, and lifestyle changes, to
decide on the most appropriate course of action.

Indeed, it is much more likely that pharmacogenetic approaches will help define research needs and
guide the development of medicines that are effective in certain sub-populations of patients (as has
already occurred in the field of oncology). Currently, a therapeutic candidate may not be developed if
its overall efficacy is limited because a large fraction of patients are showing poor response, or if it is
associated with adverse reactions in clinical trials. Pharmacogenetic understanding of efficacy and/or
adverse reaction incidence may, in such cases, enable the continued development and regulatory
approval of the medicine by selective targeting of patients who are either likely to respond, or not to
suffer the adverse reaction.

5.3.4 Data confidentiality
Conceptually, all genetic data are part of the overall spectrum of confidential medical data and cannot
be classified as a separate category. The information content of any medical data, including genetic
data, is highly contextual and dependent on the particular circumstances and the questions applied to
them. All medical data, including genetic data, regardless of its apparent information content, should
be treated with the same high standards of confidentiality.

5.4 Application of pharmacogenetics

The application of pharmacogenetics to healthcare improvement has yet to be fully evaluated.The Group
supports the development of an appropriate legal, regulatory and healthcare framework for this evolving
field in which patient benefits can be maximised and potential risks for the individual reduced. The
Group fully supports an open and transparent dialogue in which this can be realised. As science and
the discussion progress, and potential applications gradually increase, specific ethical and policy
considerations may emerge for debate which should be addressed on a case-by-case basis.

Relevant public policies should recognise that pharmacogenetics – like other forms of genetic testing
– is part of the spectrum of confidential information used in medical research and practice and does
not represent a separate category. Pharmacogenetics is an evolving scientific area with the promise of
significant healthcare benefits, and thus requires thorough research and debate of all medical, scientific,
ethical, legal and social issues.

As with any evolving concept and/or new technology, it is important to discuss and debate the potential
benefits and risks for all segments of society who are impacted by them. In this regard, it is important
to identify and consider any risks which may be unique to the use and application of pharmacogenetic
information and which are different from those related to current medical diagnosis and practice. In
addition, the possible constraints to realising the potential benefits of pharmacogenetics in healthcare
improvement should be addressed by policy-makers and regulators.

5.4.1 Public perceptions and policy
It is important to increase public awareness, education and understanding of genetics and genetics-
related concepts and technologies. It is also important that pharmacogenetics is not confused with
genetic testing for rare monogenic disease diagnosis or prediction (as employed in medical and
reproductive healthcare). The representation of genetic research projects should be balanced and set
realistic expectations. Importantly, the public should be aware of the probabilistic nature of most genetic,
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including pharmacogenetic, tests and data which convey information about incremental risks and
likelihoods. As such, these will need to be clearly distinguished from tests for rare heritable diseases
with which the public commonly associates genetic testing. Open communication and debate about
real and perceived benefits as well as risks, paired with evidence of appropriate handling of data and
samples, will be essential to establish a reasonable level of trust between all major stakeholders. In
turn, this will allow the scientific and medical community to conduct pharmacogenetic research and
identify applications where pharmacogenetic-guided decision-making can improve health outcomes.
In addition, responsibility for accurate dissemination of information must also lie with the media.

In order to gain public confidence, it is important to communicate to the public that almost all aspects
of pharmacogenetic research and medical practice are already covered by a comprehensive framework
of guidelines and laws governing the conduct of medical research and protecting individual privacy and
confidentiality with regard to the use of medical information.

5.4.2 Mutual engagement of regulatory authorities and industry to create
guidelines and processes for medicine and pharmacogenetic test approval
The pharmaceutical, biotechnology and diagnostic industries, together with the drug and device regulatory
authorities, should work in partnership to move scientific concepts and results into clinical practice and
develop, in parallel, regulatory guidance for all key issues. Also, a global framework is desirable that will
facilitate both the exploration of preliminary research findings and, in parallel, the assessment and
approval of medicines and any pharmacogenetic tests that may be required for their use.

5.4.3 Healthcare provider education
It is likely that the number of medicines that utilise pharmacogenetic information prior to prescription
will increase in years to come. It is highly unlikely that there will be a sudden impact on all medicines
in all therapeutic areas, and is more likely to be an evolutionary application of knowledge and practice.
This will require specific training for healthcare professionals, as part of medical and nursing school
curricula, and of continuing medical education programmes. Together with an appropriate healthcare
infrastructure across Europe, this will ensure the technology is used optimally for (i) improved therapeutic
outcomes for patients, and (ii) the provision of cost-effective healthcare. Calculation of the latter will
also require health economists to attain a comprehensive skill set so that clinical outcome data can be
analysed appropriately.

6. Research and development of genetic tests 
6.1 Challenges, needs and duties of test developers

6.1.1 Scientific and clinical validation
Prior to clinical implementation, a genetic test will have gone through a number of different phases35.
In the research phase, the relationships between a genetic alteration and a disease are explored. In the
investigative phase, which follows the positive confirmation of an association between a genetic
alteration and a disease, the aim is scientific validation, i.e. to assess the reliability and effectiveness of
the test to detect genetic alterations, and its utility to the people being tested. Scientific validation of
a new genetic test comprises both analytical and clinical validation.

35 NIH-DOE (1997)



E T H I C A L , L E G A L  A N D  S O C I A L  A S P E C T S  O F  G E N E T I C  T E S T I N G : R E S E A R C H ,

52

The following precautions should be respected:
• Data should be collected under appropriate investigative protocols and according to relevant

guidelines;
• Data should be collected from a representative group of subjects in the study population;
• New formal validation should be sought when a genetic test previously validated for one purpose is

used for another;
• Access to well-characterised human DNA or tissue samples should be assured.

These steps comply well with principles laid down in the European In Vitro Diagnostic Directive (98/79 EC).

6.1.2 Assessment of clinical utility
In order to establish the clinical utility of a genetic test or screening programme, data are required on
the benefits and risks involved in receiving positive and negative test results. From a purely scientific
point of view, the best way to proceed in order to safeguard the quality of such data would be to conduct
a randomised clinical trial in which half of the study subjects undergo the test, while the control group
is assigned to a different intervention, or to no intervention. A less rigorous, but more time-consuming
procedure would be to enrol all patients with positive test results who undergo interventions in a registry
that is regularly updated with respect to health status and clinical interventions, so that associations
between the occurrence of disease and specific interventions can be traced. Such assessment measures
are important to ensure that the public will benefit from the envisaged test or screening programme.

6.1.3 The need for adequate return on investment
When the context makes it unlikely that an adequate return on investment is foreseeable within a
reasonable timescale, incentives should be provided in order to allow desirable genetic tests to be
developed, even when economic return would be absent without such incentives. This may be the case
for genetic tests for rare diseases.

6.1.4 The need for legal clarity
Consistency of relevant legal and ethical frameworks within the European Community is important to
facilitate the work of European test developers and to enable them to compete with stakeholders in
the US and Japan. At present, there is no such common policy within the EU36.

6.2. Challenges, needs and duties of public health authorities
and healthcare providers

6.2.1 The need for independent review procedures
When a new genetic test, for a new clinical application, is believed to be appropriate for clinical use it
is important that it is reviewed by an organisation or body that is independent of the test provider, as
indicated in the EU Directive on In Vitro Diagnostics (98/79 EC). National health authorities should take
appropriate measures to safeguard the independence and professional capability of such bodies.

6.2.2 The need for scrutiny of certain genetic tests
Some of the genetic tests currently in routine clinical use may not have undergone appropriate validation
during test development nor may they have been the subject of independent review before being used
in clinical routine. It is therefore important that these tests, whether commercial kits or developed in-
house (‘home-brew’), are reviewed by appropriate bodies able to determine their suitability for the clinical
application for which they are intended, if such information is not available.

36 Leung, A. (2002)



53

D E V E L O P M E N T  A N D  C L I N I C A L  A P P L I C A T I O N S

Recommendation on regulatory framework and criteria for test 
development and use

That:
a. the regulatory framework for genetic testing be further developed by the EU and other

international organisations in a way that recognises both the need for new tests and the
importance of safety, clinical validity and reliability;

b. all newly developed tests must conform to the standards established before introduction
into clinical use, based on a review process by an organisation or body independent of the
test developer to ensure that the patient will benefit from the test;

c. priority setting for the development of accurate genetic tests be guided by the degree of
unmet medical need, independently of disease prevalence;

d. the EC takes measures to facilitate the availability of genetic testing for rare diseases as well
as for more common diseases;

e. the EC actively promotes the regulatory framework on these topics.

See N° 17 of the “25 recommendations” document

6.2.3 The duty to safeguard availability of tests for rare genetic diseases
Relevant authorities should take steps to assure that tests for rare genetic diseases, which have been
demonstrated to be clinically useful and of sufficient quality, continue to be available if the current supplier
decides to discontinue the test, assuming that no other laboratory is prepared to offer it, and/or the
methodology is too complex to be readily transferred to other laboratories (see chapter 1.4).

Recommendation on rare diseases

That:
a. an EU-wide network for diagnostic testing of rare genetic diseases be created and financially

supported as a matter of urgency;
b. an EU-level incentive system for the systematic development of genetic tests for rare diseases

be created and financially supported;
c. for rare but serious diseases for which treatment is available, Member States introduce

universal neonatal screening as a priority.

See N° 18 of the “25 recommendations” document

6.3 Rights of individuals and groups involved in genetic 
testing research and development

In some situations where genetic testing does not directly serve the health interest of the individual,
but is performed in another context (research, or testing of human tissue to be used for the healthcare
of other patients, for example), there is a possibility that new information is revealed which is of
relevance to the individual. This is no different from situations in which non-genetic medical tests are
used. If, in such situations, confidentiality and privacy are not sufficiently assured, people may be
discouraged from such ‘altruistic’ behaviour.

If there is a likelihood that new and important information on the health of the research subject or
donor will be revealed by the test, this ought to be discussed beforehand as part of the informed
consent procedure, in order to allow the individual to make use of his right to know or not to know

■ Clinical validity
The clinical
performance of a test,
based on clinical
studies, defining the
ability of the test to
accurately and reliably
identify individuals
who have (or will
develop) the condition
being tested. Also
referred to as clinical
accuracy. 
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(see chapter 7.2.2).Whenever possible, as is the case in certain types of research more widely discussed
under the biobank issues (see chapter 4), anonymous samples should be used so as to prevent the
revelation of any personal information. Codes of conduct and guidelines may help to resolve difficult
problems. Ethical reviews of protocols for genetic research should always take these issues into
consideration.

7. Clinical implementation and use of genetic tests 
7.1 Challenges, needs and duties of clinicians and genetic
counsellors

7.1.1 The impact of genetic testing on individuals 
Whilst the legal and ethical implications of a genetic test are very similar to those of any medical test,
their impact can be greater than other forms of medical testing because of the sheer number of
possibilities of genetic testing. These are expected to increase as methods are developed for rapidly
performing a combination of tests at the same time from a single blood or tissue sample.

The issues of concern relating to the impact of genetic testing on individuals are discussed in full in
other sections of the report. They stem from a variety of factors including:

• The gap that still exists between genetic testing and the safe and effective follow-up treatment, or
other options, that make the test meaningful for the patients (see chapter 7.1.2);

• The relative predictive value of genetic testing.Tests indicating susceptibility for developing an illness
which depends on other factors as well may have a limited ability to predict when, how severely, and
even whether a person will develop that illness (see chapter 7.1.5);

• The expected future focus on genetic variation in pharmacogenetic testing. Some pharmacogenetic
tests may have the potential to provide additional information relating to health status or risks (see
chapter 5.3.2);

• The fact that genetic testing has consequences not only for the individual, but also for relatives,
including offspring (see chapter 2.1.1);

• The pressure that individuals may be under to take a genetic test and disclose test results to satisfy
the demands of relatives or other third parties (see chapter 7.1.6);

• The increased risk of misuse or abuse of the information from genetic tests by third parties, resulting
in discrimination and stigmatisation if tests are undertaken prematurely or applied inappropriately
(see chapter 2.1.9);

• The potential competing interests of the health benefits and commercial value resulting from research
with human biological material and associated data (see chapter 4.2).

7.1.2 The importance of professional standards for healthcare professionals
Professional standards are key elements in the establishment of patient trust. Along with the respect
of individual (patient) rights, protection of the individual against misapplication and misuse of any type
of personal data is a primary obligation of healthcare professionals. They have a duty to protect the
individual/patient against harm as a result of the poor quality of a test or when testing is performed
inappropriately. This protection is part of the individual’s right to a ‘personal sphere’ – a virtual buffer
to intrusions from the outside world.
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A genetic test should be performed or offered only where the expected benefits for the individual
outweigh the potential risks.A test should be meaningful, in the sense that follow-up action is available
(treatment, prevention, reproductive choices). On the other hand, the offer of a test should not be made
out of fear of a liability claim; the interests of the individual to be tested ought to be the primary concern
of the specialist. Professional behaviour sometimes requires professional restraint.

See also recommendation on medical genetic testing and its context (N° 6)

In genetic testing, as in other similar types of medical testing, it may be necessary to pay special attention
to relevant norms and guidelines when vulnerable people are involved or if the test is performed at a
specific moment in the individual’s lifespan. Pre-conceptual and pre-implantation testing are less
complicated from an ethical and legal point of view than prenatal testing. Some prenatal tests can be
controversial. Should they be offered only in situations where there is a medical reason (family history,
medical indication of the pregnant woman), or routinely to all pregnant women (screening tests)? A
woman’s right to free choice may compete with her fear of an over-medicalised pregnancy. Wherever
the balance is found, the offer of a routine test should always be based on an assessment not only of
the technical factors, but also of the potential for psychological harm.

With minors and vulnerable adults, it is standard practice that a test should only be performed if it
serves their best interests. Early childhood testing, for instance, is only indicated for existing conditions
which represent an important burden of disease and where preventive measures or curative treatment
is available, and effective only if started early. Predictive testing on children is justified only where there
is clear evidence that a delay in diagnosis until the child has the capacity to decide will seriously harm
his/her health (testing for PKU - Phenylketonuria - being one example). However, susceptibility screening
is not justified as the benefit is remote and often uncertain. Carrier screening can also wait until the
child can make his or her own decision. A child has a right to an open future.

Recommendation on consent procedures for children and vulnerable
individuals in human genetic research

That:
a. the use of tissue and accompanying data from minors or vulnerable individuals in research

be permitted if, in so doing, their interests are served;
b. specific consideration be given to children’s views, the information provided to them, and

issues of children’s assent and/or consent.

See N° 25 of the “25 recommendations” document

7.1.3 The need for professional development and education
The information available to individuals about genetic or genetics-related tests, and about the
implications of a diagnosis and its consequences, is often limited or poorly communicated. More
information on diseases, their natural course, available treatment, interpretation of test results, and the
impact on future life needs to be made available by healthcare providers to help individuals with the
interpretation of their test results. This implies further training and professional development to help
healthcare providers cope with this task (see chapter 8.1).
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■ Cytogenetics
The study of

chromosomes and
chromosome

abnormalities.

Recommendation on professional development

That:
a. initial educational and professional requirements be coordinated in all countries of the

European Union;
b. continued professional training be offered for healthcare professionals.

See N° 15 of the “25 recommendations” document

7.1.4 Informed consent, confidentiality and privacy
Public concern over genetics stems mainly from fear of the misuse of genetic information and
discrimination. These issues, linked to the management of tissue samples and data, have already been
discussed in detail in the section dealing with biobanks (see chapter 4.1).

However, the Group recalls the following:
The appropriate use of genetic testing and genetic information, and the protection of the privacy of the
individual in the case of sensitive genetic information is primarily a matter of compliance to professional
standards and duties. Sometimes, however, government action may be necessary to protect the individual
against abuse and to take all steps to ensure his or her rights are fully respected.

The individual’s right to physical integrity, and to a ‘personal sphere’, are first and foremost protected
by the informed consent requirement. In the case of storage and use of tissue left over from a medical
procedure, the ‘source’ of the material has the right to decide about storage and further uses and the
right to withdraw consent. The modalities and extent of withdrawal must be precisely explained to the
person concerned.

Recommendation on informed consent

That:
a. the European Commission promotes opportunities for dialogue between stakeholders to

support exchange of experience throughout Europe on issues of sample and data use for
research, at the individual, family and population level;

b. the European Commission funds multidisciplinary research into the social, ethical and legal
issues related to informed consent procedures for human genetic research and other relevant
areas essential for any evolving research in genetics.

See N° 23 of the “25 recommendations” document

7.1.5 The duty to provide ‘non-directive’ counselling
Genetic counselling is an important activity in current clinical genetics. It gradually expanded in the
second half of the previous century, as the achievements of cytogenetics, biochemical genetics and
prenatal diagnosis enabled more precise diagnoses and risk assessments. In the last 20 years, the
availability of molecular diagnostic tools has been responsible for the further spectacular growth of this
discipline.

Genetic counselling should be available for anyone who believes he/she might have a genetic problem
that may also affect other family members. Counselling requires that the counsellor has acquired a
particular set of skills and genetic expertise and that his/her personality is compatible with the requirements
of the demanding task of listening and informing about sometimes extremely personal issues.
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Recommendation on genetic counselling

That:
a. in the context of healthcare, genetic testing be accompanied by the provision of key

information and, where appropriate, by the offer of individualised counselling and medical
advice (in the case of highly predictive genetic tests for serious disorders the offer of specific
counselling should be mandatory, and patients should be strongly encouraged to take
advantage of it);

b. specific educational programmes on counselling and exchange of experience in the field be
organised at the European level;

c. specific qualifications, and quality standards for those engaged in the provision of specific
genetic counselling, whether clinicians or non-clinicians, be established and made mandatory;

d. appropriate financial means for such training and the subsequent accreditation be made
available;

e. Europe-wide general standards for fundamental principles of genetic counselling be developed
by relevant medical professional groups, with due consideration given to patients’ views.

See N° 9 of the “25 recommendations” document

The first question the counsellor will address is whether there is indeed a real genetic problem in the
family. This will be done by extensive analysis of inheritance patterns in the extended family tree
(pedigree analysis) and by taking samples for diagnostic laboratory tests – if necessary and possible
– for the disease in question. He/she will be aware of the exact meaning and limitations of a test result
and will be able to convey this accurately to the person being counselled. Once a diagnosis has been
established, the counsellor will inform the individual or family about the risk of recurrence of the defect,
the natural history of the disease, if known, the implications and options for reproduction, and the likely
social, financial and psychological burden which may result from the disease. Finally, the counsellor
should be available to provide continuous and ad-hoc support to those being counselled for decisions
they have taken or will take after the counselling.To summarise, the main components of the counsellor’s
role are: good communication, support, education and information of patients and their families, as
well as of other healthcare workers, and skilled interpretation of current research findings. Listening
and devoting time, as well as being non-directive, are of paramount importance.

The main goal of genetic counselling is to help individuals or families understand or cope with genetic
disease, not to decrease the incidence of genetic disease. In particular, in the context of reproduction,
the counsellor should attempt to re-establish reproductive confidence and adopt a non-directive
approach, i.e. he/she will leave the decision regarding reproduction and prenatal diagnosis up to the
family. This contrasts with the approach historically followed in other medical practices in which advice
or recommendations were given as regards treatment or medical intervention. However, it is well aligned
with newer, evidence-based medical procedures in which the patient is also educated about the pros
and cons of the choice of approaches that can be taken given the established diagnosis. Depending on
the country, genetic counselling is provided either by clinical geneticists, or by psychologists, nurses or
social workers with the appropriate training in genetic counselling. It is imperative that the counsellors
can work in a team setting, since the quality of their service will also be dependent on the additional
expertise brought to the specific case by physicians, laboratory personnel, social services, and so on.

In recent years, as presymptomatic and predisposition testing has become a reality (e.g. for Huntington’s
chorea, breast and ovarian cancer), counselling has become more complex and has had to be extended
into a more multidisciplinary approach. Indeed, in an attempt to develop as adequate an approach as
possible for predictive testing of Huntington’s chorea, given its potentially major impact on the life of

■ Pedigree
A family tree diagram
that shows how a
particular genetic trait
or disease has been
inherited. 
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the individual (and his/her family), guidelines and an experimental protocol, based on broad international
consensus, were designed by geneticists, neurologists and family support groups.These protocols involve
neurologists, psychiatrists, psychologists and social workers in addition to geneticists. They include a
pre-test phase in which the individual and his/her chosen partner are informed about the procedure,
about what they can expect from a test result, and what the potential impact of this result can be on
their future life. Individuals are given ample time to digest this information and to come to a decision
whether to be tested or not. After the actual testing session, which again will provide additional
information about the test and its impact, the individual is seen for post-test counselling and the actual
result is given, if it is still desired. The post-test counselling session is usually followed by follow-up
sessions, six months to one year after the actual test is performed, and can be repeated at the request
of the individual. In a number of centres, all such sessions are monitored as part of a scientific research
protocol to learn more about these tests and to measure the actual outcome of the procedure with
regard to how the individual copes with the situation. Most of these procedures are still in place today
and have made predictive testing for this disease almost free of major adverse outcomes. Moreover,
this protocol now stands as a model for other hereditary neuro-degenerative diseases as well as for
predictive testing in hereditary cancers and other diseases.

The most difficult task for the counsellor is to communicate the precise meaning of genetic risk. Indeed,
an individual’s response to information is not only influenced by the information itself but also by his/her
pre-existing perceptions and convictions (see chapters 2.1.1 and 2.1.7).The predictive (genetic) dimension
of a disease may give it a more dramatic connotation and increase anxiety; emphasising the genetic
aspects of a predisposition to disease may even dissuade people from engaging in preventive measures.
Different methods – verbal, numerical and graphical – have been developed to communicate risk in an
understandable way to the person being counselled, but no consensus exists regarding the most effective
way of doing this.Whatever the method, the provision of simple, printed information that can be consulted
by the individual after leaving the counselling session has been shown to be essential. Moreover, the
existence of genetic support groups for the particular disease or problem, to which the person can be
referred will, in many cases, provide information complementary to that given during the counselling
session and can provide further support in the understanding of, or the coping with, a genetic problem.

The provision of genetic counselling services is essential for those rare heritable diseases that have a
high degree of penetrance – where the predictive information content of testing is high and often almost
deterministic. However, a very different situation exists for those genetic variants that are associated
with a risk of future disease at a much lower level of predictability, particularly in the area of common
complex diseases. Such genetic variants are responsible for a more modest increase in the risk of future
disease and their impact closely resembles that of more conventional medical data that have always
been handled directly by physicians. The Factor V Leiden mutation, which increases the risk of venous
thrombosis three to fivefold, is one example.Advice regarding the above-average increased risk of blood
clots in young women carrying the Leiden variant – and who are considering various options of birth
control – is handled effectively today by their gynaecologists. In the case of predictive testing for the
Her-2 gene variation, associated with reduced survival rates in women with breast cancer, testing and
advice on treatment options has always been handled by oncologists.

In future, as more such ‘limited information content’ tests emerge, the primary physician, or other
healthcare professional – rather than a genetic counsellor – will need to provide the necessary advice
to the patient. This, of course, will require appropriately trained professionals, and will extend the
demands on medical school curricula.

■ Risk (genetic risk)
The probability that an
individual will develop

a genetic disease or
carry the mutation

associated with a
disease, or react

adversely to a
prescribed medicine.

Also note the different
uses of ‘risk’,

‘uncertainty’ and
‘ignorance’ in this

context:

- Risk: quantified
probabilities in a
defined situation

- Uncertainty: when
the situation is

defined, but the
probabilities of events
cannot be quantified

- Ignorance: when the
situation is not fully

defined.
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7.1.6 The duty to disclose actual or potential conflicts of interest
a) Genetic privacy and the duty of disclosure
The authority of the individual over the decision to disclose or not to disclose the results of a genetic
test in favour of a relative is likely to suffer from the pressure of family interests. Refusal to share
information with relatives who may benefit from the information may disrupt family bonds.

As a general rule, the possibility that relatives may have an interest in the information revealed by the
test and the ways of dealing with disclosure are discussed with the individual to be tested in a pre-test
consultation. There are, however, different legal approaches relating to the passing on of information
to relatives. At present, most European jurisdictions, evoking professional secrecy, require the free
consent of the individual before relevant personal information is passed on to relatives. Only exceptional
circumstances, whereby disclosure could prevent serious harm to the health of the relative, and provided
there are no other less-intrusive alternatives with respect to the privacy of the patient, may justify a
breach of confidentiality in the doctor-patient relationship, and disclosure of the information by the
health professional against the wishes of a patient. In those circumstances, informing the relative that
there is a serious indication that genetic testing might be necessary to prevent serious harm to his or
her health might be a solution. Unavoidably, such a message puts the relative’s right not to know under
constraint. This is also the case when a patient decides in favour of disclosure to the relative, and the
relative is approached to find out whether he or she wants the information or not. Evidently, with genetic
information, individual privacy may give way to the privacy interests of groups of people.

b) The duty to warn 
In the United States there is substantial jurisprudence concerning the duty to warn third parties in the
case of their health being at risk, despite professional practice guidelines. Fear of liability claims is likely
to put even more pressure on professional secrecy, as warning relatives might be viewed as the ‘least
risky’ option.The more individual genetic information is collected, the more physicians could be inclined
to pass on relevant information to relatives without bothering about consent and may not limit
themselves to applying the principle of duty to warn only as a last resort to avert serious harm.

In other situations, the right to know of one member of the family can come into conflict with the right
not to know of another family member. For example, if a deceased grandparent is known to have
suffered from Huntington’s chorea and his grandchild asks to be tested for carrier status, with a view
to making decisions about his reproductive choices, for example, the information that he is a carrier, if
that proves to be the case, will also be information about the parent who did not want to know. Such
situations are unavoidable but they may, in principle, be resolved if the interest of the person applying
for a test is sufficiently overriding.

With the increase in genetic testing possibilities, there is a need for clear guidance, acceptable to all
parties involved, on how to deal in practice with competing rights about knowing and not knowing,
and how to handle professional secrecy and the protection of privacy.

7.2 Duties and rights of individuals undergoing genetic testing

7.2.1 The duty to keep informed about genetics
One can argue that autonomous choices cannot be made without acquisition of all the information
relevant for understanding the situation in which decision-makers find themselves37. Consequently,
autonomy implies a duty to keep informed which, in the case of genetic knowledge38, means that people
have “a moral duty to know about their genetic disorders in order to be free and autonomous”.

37 Rhodes R. (1998); Vehmas S. (2001); Häyry M. and Takala T., eds (2001) 
38 Vehmas S. (2001) p. 473
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39 Vehmas S. (2001) p. 475; Harris J. and Keywood K. (2001) p. 421
40 Vehmas S. (2001) p. 476
41 Häyry M. and Takala T., eds (2001) p 488; Vehmas S. (2001) p. 433-440 and p. 476-477; Bennett R. (2001) p. 468; 

Parens E. and Asch A. (1999); Vehmas S. (1999)
42 Vehmas S. (2001) p. 477-478

Another argument that could be used to support this claim derives from the notion of ‘moral
responsibility’. Moral responsibility can be hampered in two ways:
• by coercion and force, or by 
• the absence of crucial information39.

If these arguments are applied to the situation of prospective parents considering whether to undergo
genetic testing before conceiving a child, it seems to follow that in order to act in a responsible way,
they ought to get hold of as much relevant genetic information as possible “... and make their decisions
on the basis of it without coercion”40.

There are several problems underlying these arguments. For example, a couple planning to have a child,
and knowing that the woman might be a carrier of a Fragile X gene, may be considered irresponsible
in their role as prospective parents if they reject the doctor’s advice to undergo testing. Knowing whether
the woman is a carrier or not could be considered as information relevant to the couple. However, this
argument fails to contextualise the notion of ‘relevant information’.

Little is known about what kind of information the prospective parents themselves consider to be
relevant in their situation. The argument presumes ‘relevant information’ to have the same meaning
for all, i.e. information that makes it possible for prospective parents to go for the ‘best’ alternative, a
healthy child. As observed by several authors41, this is a contestable presupposition. First, it takes for
granted that a disabled child is always worse off. Secondly, it assumes that families with disabled
children will always be more burdened (emotionally and economically) than other families. Thirdly, it
presumes that the world would benefit more from the birth of a non-disabled individual.

One conclusion that can be drawn from this analysis is that the couple’s behaviour could be viewed as
responsible behaviour. For this to be the case, the decision to decline testing and go ahead with having
a child has to be based “on a conscious parental assent to commit to the caring of a future child despite
its characteristics”42. In such a case, the couple’s decision to remain ignorant would be fully reasonable
and in accordance with the principle of autonomy.

See also recommendation on public information and education (N° 4)

7.2.2 The right to know and not to know
The broader impact which some genetic testing can have on the individual, compared to other medical
tests, has brought about a shift in emphasis from respect for physical integrity to the right to a personal
sphere: the right to know and not to know as an expression of autonomy, the right to share confidential
information with others, or the right not to share that information.

Genetic testing does not per se imply that the normative (human rights) framework applicable in
healthcare and related activities should be changed. The application of the norms in practice may,
however, need further accentuation and elaboration in order to address specific aspects related to some
genetic testing and genetic information.

Real freedom of choice in relation to genetic information with high individual impact sometimes calls
for further precision of the application of the legal requirement of informed consent, as well as of the
protection of confidentiality and privacy.
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For instance, it is the level of information content or the severity of the impact of the information which
should drive the format of informed consent. With low information content or low impact information,
consent may sometimes be presumed or given orally. Only some genetic tests, because of their impact
and because of the possibility of pressure from third parties, require express, written informed consent.
The aim of the requirement for express informed consent is to ensure that the individual has understood
all the implications of a test, including the implications of being a carrier, the implications for reproductive
choices and lifestyle adaptation, and also possible societal consequences. It is also – to a certain degree
– a procedure to avoid a situation in which an individual takes the decision to be tested under pressure
from a relative who needs the information for his/her own sake.

An important issue which needs to be addressed in relation to the right to know is that of possible
societal consequences. The issues of societal effects mentioned here are general and also pertain to
other aspects dealt with in different parts of this report. Absence of untoward societal effects is one of
the requisites for being able to decide freely to know or not to know genetically related information
regarding one’s health.

The unlimited right of third parties to impose certain genetic tests prior to an employment or insurance
contract or to look for existing information of this type, in particular where the test is related to a serious,
untreatable late-onset disease, would represent an unjustified infringement to the right to a personal
sphere. Such practices could create a serious barrier for the individual wishing to seek medical (genetic)
advice, to undergo diagnostic testing, or to participate in screening.

See also recommendations on data protection: confidentiality, privacy and autonomy (N° 10)

8. The impact of medical genetic testing on
healthcare systems in the EU

The developments made possible by technologies related to genetics have already had an impact, which
promises to become more substantial, on health systems and healthcare delivery. Their impact also has
the potential to influence health economics.

The link between diagnosis and therapy will be more specific than previously possible and may allow
more accurate predictions about patients’ future health, as well as the provision of more effective
treatments based on more accurate diagnosis. The healthcare systems of tomorrow will be confronted
with the growing demands of the individuals concerned, and of the health professionals, to receive
timely information about, and access to, testing and options for prevention and therapy. Government
authorities, international organisations, patient groups, healthcare providers, non-government
organisations, and industry are all important contributors to the debate regarding the decision processes
that will govern information about and access to genetic testing, and its implementation and impact
on health systems. Technical, clinical and economic issues, as well as management of real or perceived
benefits and risks associated with genetic technologies, will need to be resolved by societal consensus
or, in some cases, by political leadership based on foresight and reliable information. Over the coming
decade, medical progress related to genetic testing is likely to be evolutionary and gradual, rather than
immediate and revolutionary.

Like all medical progress throughout history, developments in genetic testing are accompanied by new
societal, ethical, economic, and health policy questions.These need to be addressed in a timely manner
and through informed dialogue among a wide variety of stakeholders so that compromise and consensus
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solutions are attained before being cemented into healthcare provision and systems. Progress must be
guided by the overarching goal of compassion and improvement of the human condition.

8.1 Communication, education and information

While great progress has been made in genetics on the research front, and while appropriate emphasis
has been put on bioethical issues, the issues of public understanding, information provision, and
education of healthcare professionals and policy-makers about the developing opportunities in genetic
testing are lagging behind. Consequently, one of the main challenges faced jointly by healthcare systems
and society is providing an improved understanding for the public and health professionals about the
possible benefits, as well as the limitations, of the role of genetic testing.This will require communication
through multiple channels, including the general and specialised press, public and professional education,
and a broad discussion involving society as a whole.

Recommendation on public information and education

That:
a. materials and resources be developed and made available at the EU, national, and local level

to provide information about genetic testing, genetic screening, and pharmacogenetics
through a variety of media;

b. science curricula at all levels (from primary to university level and vocational training) include
reference to progress and potential in the field of medical genetics;

c. national education systems ensure an adequate supply of appropriately trained scientists
and teachers, including technicians and clinicians, to ensure that benefits arising from genetic
research and genetic testing can be made real and delivered to all EU citizens;

d. concerted efforts to promote dialogue, education, information and debate be encouraged;
e. the ‘Science and Society’ component of the EC research and development framework be

further strengthened.

See N° 4 of the “25 recommendations” document

Therefore, one of the main challenges for health systems will be to address the individual’s and health
professional’s information needs, and to build that into the current education system. This means
providing flexible healthcare systems in which a more knowledgeable public can manage information
and use it for its own benefit, and the direct implementation of education about genetics, including
related technologies, consequences, benefits, risks, and counselling skills, into the study programmes
for clinicians and other health professionals.

See also recommendations on medical genetic testing and its context (N° 6) and on professional
development (N° 15)

8.2 Policy and regulation

It seems clear that the field of human genetic testing will grow, and that the provision of quality-controlled
genetic testing services to the medical profession will require accredited service laboratories (commercial
and academic). Commercial laboratories and producers of diagnostic kits will play an increasingly
important role in the provision of economical, quality-assured genetic testing services. Analytical
performance and clinical accuracy (i.e. sensitivity and specificity) should be a prerequisite before any

■ Analytical
performance
The technical

performance of a
test, including

precision
(repeatability and

reproducibility),
trueness (or bias),

and accuracy.
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new genetic tests are offered for routine diagnosis. A more detailed analysis of these issues has been
provided in chapters 1.4 and 6.1.

High-quality provision of genetic testing by laboratories is essential, and a matter of medical ethics. A
consistent regulatory framework is necessary to assure a high standard of quality in genetic testing
services and a system of accreditation for genetic testing laboratories, whilst taking into account the
need to ensure availability and quality of ‘in-house’ genetic tests for rare diseases.

Recommendation on quality assurance

That:
a. the European Union institutes a consistent regulatory framework to assure specific standards

of quality for all genetic testing services and their providers, including a system of accreditation
of genetic testing laboratories;

b. test providers ensure that information provided is accurate, by conforming with internationally
agreed quality standards;

c. national healthcare systems establish consistent quality requirements for genetic testing.

See N° 7 of the “25 recommendations” document

Such a framework should also prevent premature provision of genetic tests without benefit to the
patient (to be judged on scientific and medical grounds by independent experts), and prevent genetic
tests being offered that clearly provide a basis for intolerance or stigmatisation, or being misused for
racial or social negative discrimination.

Priority-setting for the development of accurate genetic tests, often resource-dependent, should be guided
by the severity of the medical need and not by its rarity: it should be independent of the prevalence of
the condition. Criteria of likelihood of technological solutions over the short term, and ease of use should
also be high on the list.

8.3 Health economics

New genetic tests may allow earlier, possibly preventive, interventions and optimised prescription of
medicines and other treatments. However, before their use becomes widespread, society will need to
decide how their implementation in predictive and preventive healthcare will work in practice as it may
involve reorganisation in some sectors and induce breaking with existing habits, if the potential benefits
are to be accessible to all. Patients’ access to new genetic knowledge and information will challenge
the conventional thinking presently limiting their responsibility with respect to their own health.

Whether these changes will further increase overall healthcare costs is an area of active debate. Some
say that there is no reason to suppose that genetic testing will contribute a major cost burden to public
health expenditure, but if this is to be the case, its implementation may require substantial change which,
historically, is not an easy thing to do in healthcare. An increased understanding of the contributions
of genetic factors to various diseases may lead to increasing stratification of patient groups, with smaller
groups of patients eligible for certain treatments, or conversely, some diseases which may appear to be
different – based on signs and symptoms – may be shown to have similar underlying mechanisms
requiring similar therapeutic interventions. It may become necessary to provide economic incentives in
order to make the development of treatments for minority groups economically feasible, as is currently
the case for ‘orphan’ medicinal products to treat rare or neglected diseases.



E T H I C A L , L E G A L  A N D  S O C I A L  A S P E C T S  O F  G E N E T I C  T E S T I N G : R E S E A R C H ,

64

As targeted therapies are developed for life-threatening and severe disorders, including many rare
genetic conditions, early diagnosis of these disorders will become extremely important, providing early
benefits for the patients before clinical symptoms are irreversible. This would offset the high costs
resulting from not treating these patients. Indeed, current care is often as expensive as newly available
therapies, including for rare diseases, without even taking the social costs and the benefits healthy people
bring to society into account. Cost-effectiveness calculations will also be influenced and weighted by
concerns for equity, since genetic testing may send out a message that we are all different, therefore
generating new requirements for social solidarity.

Targeting healthcare at those who will benefit the most implies a more efficient use of healthcare
expenditure with better health outcomes – on average – for those treated, and a freeing-up of resources,
including manpower, for other tasks such as caring for the ageing population. More focus on disease
prevention may result in more focus on overall costs and benefits in a holistic approach rather than by
department or budget, and may result in higher costs for diagnosis or treatment, while saving on care
and on lost working days.

One of the more far-reaching ramifications for healthcare systems of the development of new genetic
testing techniques may be the introduction of microchips (microarrays) for the detection of DNA
sequences or gene expression profiles (which indicate the activity of the genes being studied) in point-
of-care application43. An intensive dialogue between national healthcare systems, private insurers,
patient groups, and healthcare professionals will be necessary to address and resolve questions of when
a particular test is appropriate and how reimbursement should be handled. Research into areas where
genetic testing can be cost-effective for healthcare systems should be developed.

The question of whether society can afford the widespread application of genetic testing is an important,
but separate issue from that of the value some individuals would put on the information about their
health which can be provided by certain tests. These individuals may want to take a genetic test and
be willing to pay out of their own pockets to do so.

Recommendation on social, cultural and economic consequences

That:
the European Commission funds more research relating to the impact of genetic testing on
the social, cultural and economic aspects of healthcare provision.

See N° 14 of the “25 recommendations” document

8.4 Population screening programmes using genetic tests

Population screening programmes set out to identify the risk of disease or its complications in those
individuals who are apparently in good health, and therefore at a time when curative or preventive
interventions are still possible. Screening programmes have also to be seen in a socio-cultural and perhaps
ethnic context, where the question of “who is screening who and for what” is of high importance.
However, screening does have the potential to save lives and improve the quality of life through the
early diagnosis of disease.

■ Gene expression
The process by which

a gene’s coded
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translated into the
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(either proteins or

RNAs). 

43 Trends in Biotechnology (2002)
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If no treatment for the disease exists, extreme care has to be given to provide screening tests only to those
people really consenting to it and wanting to know the test result. Therefore, the promotion of screening
programmes by parties who have a vested interest in the provision of the testing should be carefully
investigated and controlled. Nevertheless, screening and testing for incurable or untreatable diseases can
be very relevant for families, as it provides them with options for decision-making based on certainty, rather
than uncertainty. It is clear that in each individual case, real informed consent is an extremely important
condition to allow a patient to make a choice and to be sure that his or her right not to know is respected.

Like other medical testing, genetic testing used for screening carries the risk that false positive or false
negative results may seriously impact the patient’s health decisions. This is even more relevant for
genetic tests because the prevalence of the disease tested for is often very low. Since screening tests
are performed on people without present indication of disease, all positive screening test results must
be followed up by other, confirmatory tests and by medical consultation before any decisions about
management or treatment of the disease can be taken.

Because of fears concerning the potential costs of follow-up in screening programmes, governments
tend to be very cautious about recommending screening tests. The costs of screening can be reduced
if the sub-population at risk can be identified and tested rather than the whole population (e.g. neonatal
PKU screening). This means that if the sub-population is sufficiently well identified by using a variety
of risk factors in combination, the test becomes more a diagnostic or a confirmatory test rather than a
screening programme, and may be more acceptable to the individuals and for the health systems.

As more epidemiological data about diseases become available, and more genetic tests become reliable
and informative, various forms of active screening for increased risk of developing serious diseases will
be promoted along with options for treatment and/or prevention.

Examples of screening options include:
• premarital screening for life-threatening diseases like Tay-Sachs
• prenatal and newborn screening for cystic fibrosis 
• carrier screening for familial hypercholesterolemia
• extensive newborn screening for metabolic diseases 
• newborn screening for risk of developing type I diabetes.

A Danish study44 on the economic analysis of prenatal screening for cystic fibrosis indicates that introducing
a screening programme will result in a net cost-saving to society, but this conclusion needs further
confirmation. Prenatal screening programmes should not increase pressure on individuals to consider
abortion as the only option, but should rather be promoted as an element of information and choice.

It is clear that screening programmes and their justification in public health terms need to be fully
validated and regularly evaluated, and can only be set up providing strict conditions of quality of testing
have been met. Screening programmes could also provide an essential surveillance system for the health
of the population – currently lacking – but this potential will depend largely on the specific condition
being screened for.

The Group considers that economics should not be the driver of the decision to set up a screening
programme.

44 Nielsen R. and Gyrd-Hansen D. (2002) 
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Recommendation on population screening programmes

That:
a. measures be put in place to ensure that tests are meaningful: the condition screened for

must be serious, the test highly predictive, and follow-up actions must be available in terms
of healthcare interventions (including reproductive choices);

b. the relevance of the genetic condition being screened for be validated and regularly evaluated
in the framework of the public health context (this may differ from country to country in the
EU);

c. the appropriate medical environment for providing information prior to testing and relevant
post-test counselling be in place prior to offering such screening;

d. pilot programmes be performed prior to the general introduction of the screening;
e. the economic dimension of envisaged screening programmes should be carefully considered.

See N° 8 of the “25 recommendations” document

8.5 Looking to the future: new challenges 

Healthcare systems may face more changes than those currently forecast and discussed above and in
other parts of the report. Genetic testing is generating a number of new challenges which relate to the
multidimensional consequences for an individual and his or her family. The benefits of genetic testing
are relevant to budgets for healthcare, social affairs, economy and public health, and so could lead to
increased collaboration between these government departments. In addition, the provision of genetic
testing and the potential treatment resulting from it will impose a scrutiny as to what is essential
healthcare and should be reimbursed, and what should lead to self-payment by the patient.

See also recommendation on social, cultural and economic consequences (N° 14)

8.6 Genetic testing in the global context

Emerging economies represent 80% of the world’s population, but less than 10% of the global economic
production – a situation reflected in the current state of their healthcare systems. Any increase in the
cost of healthcare and its delivery is likely to widen this gap. Recent and future immigration to and from
these nations makes the issue of their specific health needs a rapidly growing and important issue in
the European Member States and in North America, in particular. Such immigration contributes to a
shift in epidemiological patterns (e.g. a rise in the prevalence of hereditary blood disorders, such as
sickle-cell anaemia, and their associated transfusion requirements, and the concomitant burden to
properly screen blood supply for risks of HIV and hepatitis B and C infections).

Moreover, the frequency of consanguineous or endogamous marriages in certain populations brings
added and specific risks for inherited disease or predisposition to such disease. Socio-cultural differences,
such as the close family relations in most populations from developing countries, lead to decisions being
taken by the family rather than by the individual. The attitude towards healthcare, including genetic
testing, in these populations, and the possible non-acceptance of inherited traits in these families, need
to be carefully considered.
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9. Reflections on the Group’s dynamics and 
dialogue

9.1 How did the Group function and evolve? 

Membership of the Group was chosen with a view to ensuring representation of certain sectoral interests:
patients, science, academics, industry, lawyers, and politicians. It very quickly became apparent that any
expectation that people would contribute to the Group’s deliberations in a consistent and predictable
way, because of their particular background and experience, was misplaced. Members were able to
engage with their issues in an open-minded way, and could respect the viewpoint of others without
abandoning or concealing the specific interests, perceptions and concerns of those they represented.

Scope 
The Group had discussions about the scope of the debate and of the report and also about the public
to be addressed. It was agreed that it would focus on issues related to human medical genetic testing
and tests that are carried out in the framework of research and development.

After initial discussion, the Group members agreed to focus on the current ethical, social, cultural and
legal/regulatory challenges raised by potential future scenarios related to human medical genetic testing,
including the impact on public health and healthcare systems. The broad areas covered were research
and development leading to genetic tests; prioritisation and clinical use of genetic tests; genetic screening
programmes; and pharmacogenetic research and tests.

Within this broad framework, particular attention was paid to the following issues which represented
areas of shared interest for members of the Group:
• Who are the stakeholders, what are their views?
• Is genetic testing different from other medical testing?
• Population genetics, gender, ethnicity and genetic testing 
• Pharmacogenetics
• Impact of genetic testing on healthcare systems 
• The role of genetic counselling 
• Public perception and public participation (education, information, dialogue) 
• The formats for effective debate on genetic testing

Although the Group concentrated on genetic testing as a healthcare tool, it recognises the importance
of a number of other areas which were discussed, where appropriate, during examination of other issues,
but not addressed as separate topics.

These areas, considered to be outside the agreed scope, include:
• A detailed current state of the art of science and technology 
• Gene expression studies and many genomic and post-genomic applications 
• Judiciary uses (e.g. criminal, police, forensic uses) and paternity testing 
• Fundamental research, such as genome evolutionary studies
• Human gene therapy
• The use of genetic testing in insurance 
• The use of genetic testing in employment 
• Patenting issues

D E V E L O P M E N T  A N D  C L I N I C A L  A P P L I C A T I O N S
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Some of these areas are either already regulated (e.g. judiciary uses) or were not considered as an integral
part of human medicine (e.g. fundamental genome evolutionary studies). Other areas are currently being
addressed by other international organisations (e.g. the OECD’s work on biological resource centres, the
Council of Europe’s work on genetics and tissue research protocols, the European Group on Ethics in
Science’s work on genetic testing in the workplace, the Institute for Prospective Technological Studies’ and
European Science and Technology Observatory’s work on quality assurance and harmonisation of genetic
testing services in the EU,and the UNESCO International Bioethics Committee’s work on genetic databases).

The Group focused mainly on genetic data transmissible at the germinal level, pertaining to heritable
diseases or traits, and not on somatic genetic data which include genetic variations that are acquired
during a person’s lifetime, in the context of diseases such as cancer, or through environmental exposure.
Somatic genetic mutations take place in cells other than the germinal (sexual) cells and are not transmissible
to offspring. Somatic genetic data are subject to increasing interest as tools for identification of disease
mechanisms and pathways, disease classification, and identification of targets for new medicines.

The Group believes that important issues are at stake with respect to non-germinal (somatic) genetic
testing and that these require more in-depth reflection and investigation.

Recommendation on somatic genetic testing

That:
a. a specific working group be set up to discuss further issues relevant to genetic testing for

acquired genetic properties.

See N° 2 of the “25 recommendations” document

The Group also identified six prevalent perceptions that it considered may influence the general debate
on genetic testing:

1. The belief in the possibility of an “ethically costless” reduction of risks45;
2. Genetic exceptionalism – the belief that the particular nature of genetics gives rise to greater risks,

or risks which are of different nature to other health related risks;
3. Genetic determinism – the belief in genetic information as a kind of definitive, fatal, ultimate, non-

changeable sort of information “rather than as probabilistic information to be balanced against other
factors”46;

4. Genetic over-generalisation – the ‘failure’ to differentiate between different genetic tests, different
test results, and different forms of genetic information;

5. The statistical overestimation of uncertainty: risk assessment makes part of the uncertainty look less
uncertain by quantifying it. However, quantifying uncertainty does not imply its abolishment. In
addition, the perception and interpretation of risk can vary a great deal between individuals and the
estimation of what figure should count as ‘high risk’ or what increase in risk is considered necessary
to evoke medical concern may vary considerably between health authorities. This may arise as the
result of financial considerations, for example;

6. The obsession with drawing moral lines and boundaries: the importance of determining boundaries
in bioethics is clearly exhibited by the striking frequency of phrases such as: “But where do we draw
the line?”, “We have to draw a line somewhere”, or “Who will draw the line?”. Making moral

■ Germinal
genetic data

Information contained
in the DNA of the

reproductive cells of
the body and

transmissible to
offspring.

■ Somatic 
genetic data

Information from the
DNA contained in any
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except the germ cells
(sperm and egg) and
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45 Buchanan A. et al., 2002, p.10-11
46 Buchanan A. et al., 2002, p.10-11
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distinctions is at the heart of all forms of ethics, but the act of moral differentiation is described explicitly
as line-drawing in medical ethics and bioethics far more frequently and obviously than in other
disciplines dealing with ethical issues.

Methodology
The Group met nine times over 15 months and dialogue was maintained throughout this period by a
lively exchange of e-mails. The chairperson and the rapporteur acted as the main contact points with
the Commission.

Participants made use of their networks, their specific knowledge and also drew upon the results of
their earlier work in the field. All participants or sub-groups of them contributed to the work of the
Group with an issue paper, reflecting their specific knowledge, and added to the work and final results.
The Group also heard a number of presentations from experts, either proposed by members of the Group,
or by the Commission with agreement of the Group (see lists of hearings in Annex 4). These hearings
included presentations on complementary topics, where expertise was lacking within the Group, or on
topics where the Group wanted to hear different points of view on a subject under discussion.

It became apparent that people in the Group shared many views, although their different starting
positions meant that these could be explored through thorough discussions and investigation. Some
examples of discussions which finally produced a negotiated consensus on principles, but not necessarily
on their implementation, were:

• Limiting access to genetic tests through prescription by healthcare systems versus more open access
to commercial kits, through the internet, for example;

• The recommendation that setting up neonatal screening for rare diseases when treatment exists
should be mandatory;

• Whether the proposition of counselling should be mandatory or not in a number of specific
circumstances;

• The modes of consent required in the case of further use of samples from those initially planned (in
a biobank, for example);

• The analysis of whether the trend towards genetic exceptionalism actually exists in regulatory or policy
domains or is simply a possibility to be aware of.

The quality of dialogue deepened over the time the Group worked together. The necessity to report not
only on the best possible recommendations but also on the debate itself stimulated a common
understanding and made a number of attitudes explicit.

There were many discussions about the structure and organisation of the report in addition to those
about its content. There were no strong differences of opinion between members on the chosen issues,
but there were differences in the hierarchy of importance of issues according to the various stakeholders.
The differential expression of issues according to the point of view of each member was seen as a factor
of dialogue within the Group, although it took some time to establish as a way of working.

The experience of the Group led it to reflect upon what makes a good dialogue.The ingredients identified
as being essential to a good dialogue are that it should have a defined scope, be multidisciplinary, be
organised transparently, and be carefully designed to involve all relevant and interested stakeholders
in an egalitarian fashion. Participants in a dialogue should be encouraged to be open-minded, willing
to listen, respectful of others’ cultural values, and should treat the dialogue as an exchange of opinions
rather than as an opportunity for proselytising.An effective dialogue requires discussion leaders to ensure
that all participants in the debate are given equal opportunities to voice their respective positions, and
that provision is made for questions and answers.
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A growing number of organisations and scientists seem to be willing to get involved in public dialogue,
especially in the domain of genetic testing. What is missing is a more shared experience of what sort
of dialogue or debate format works best in different contexts. Citizens’ conferences, consensus
conferences, public debates of different kinds, and web forums are not all equally adapted to the various
publics targeted, as there is really no such thing as a ‘general public’. There is a growing experience of
engineering different forms of debate, yet the classic format of the ‘conference–debate’ continues to
be the most commonly used, although not always very satisfactorily. Television debates with question-
and-answer sessions present another option but often highlight only the most sensational or critical
aspects of the issues at stake. Local experiences presented in the context of well-established cultural
events may capture a different audience but can also generate high-quality dialogue. Students studying
genetics in higher education also need an opportunity to debate the ethical issues associated with the
subject rather than just being on the receiving end of an information flow.

There is a need for the development of criteria for the evaluation of debating activities and ways of
sharing experiences in that domain across the EU and elsewhere. There is also a need to develop tools
and methods to promote good dialogue as much as required tools for education.The Group experiment
could serve as one of those methodologies.

See also recommendation on public dialogue (N° 5)

9.2 Moving on to a larger-scale dialogue and a wider audience

The Group does not consider the report as an end in itself but as a step towards wider dialogue on
genetic testing and related societal issues throughout Europe.The citizens and stakeholders conference
(Brussels, 6 and 7 May, 2004) presented a first opportunity to give a new dimension to such dialogue
and for the Group to share its experience with others. The discussion continues however, and the
ongoing debate can be followed on the following website:
http://europa.eu.int/comm/research/conferences/2004/genetic/index_en.html 
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Annex 1
The Group of Experts
The Group consisted of 14 experts, including the chairperson and rapporteur, with representatives from politics, civil
society (consumer, patient and medical groups), industry, and scientific experts in the fields of genetics, ethics and law.
Participants were selected and invited on the merit of their personal experience and their competence. Representatives
from the pharma industry were included in the Group as it was hoped that industry at large would submit its present
and future practices in research and healthcare applications to the ethical criteria the 25 recommendations require.
The representatives from industry who were involved made it clear that they could only speak for themselves. It is
hoped however, that companies not involved in this endeavour would also engage in this process.

Participants were proposed by key federations from industrial and scientific bodies working in the field and selected
by the services of the European Commission.

The Group respected a balanced geographical distribution and gender participation (30% women).

Group Members

Eryl McNally, UK 

Chair, STRATA Expert Group

Member of the European Parliament

Eryl McNally is an MEP for the East of England region. She was first elected in 1994. Since 1999, she has been the
Socialist group coordinator on the Industry, External Trade, Research and Energy Committee, having previously been
vice-president of the Research,Technological Development and Energy Committee. Her policy interests include world
trade, energy and environmental issues (especially renewable energy), and research policy. Eryl McNally is currently
the first vice-president of the European Parliament's Scientific and Technological Options Assessment (STOA) and
was actively involved in the Parliament's contribution to the European Union's Sixth Framework Programme for
Research and Technological Development, in particular the promotion of science and society. Her work in this field
included being rapporteur for the Women and Science Report. Mrs McNally was also a member of the D'Avignon
high-level group on the future of the Joint Research Centre. More recently, she has been a member of the Commission-
led ‘Group of Personalities’ looking at the creation of a programme for security-related research.

Anne Cambon-Thomsen, France

Rapporteur, STRATA Expert Group

INSERM, Toulouse 

Based at Inserm Unit 558 (National Institute of Health and Medical Research) in Toulouse, France, Dr Thomsen is
a Director of Research at the CNRS (National Centre for Scientific Research) and leads a multidisciplinary team on
‘Genomics, Health, Society’, involving human and social sciences in the context of research in epidemiology and
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public health. She has an MD, a Masters degree in human biology, and a degree in health ethics. She also leads
the ‘Genetics and Society’ branch of the Toulouse Genopole. Her topics of research encompass human
immunogenetics, transplantation, genetic epidemiology of autoimmune diseases, population genetics, and ethics
in genetics. From 1985-1997, she directed several research units in these fields.

Dr Cambon-Thomsen is the author of 140 publications and 90 chapters and reports. She is a member of the
Advisory Committee for Priority 1 (Genomics and Biotechnology for Health) of the European Union’s Sixth
Framework Programme for Research and Technological Development and of the advisory scientific board of
Genome Quebec. She is involved in a number of activities concerning ethics in health and research, and has
been involved in the ethical evaluation of the EU’s Fifth Framework Programme projects and a member of an
international jury for a ‘Society and Genomics’ centre in the Netherlands. She is a member of the CCNE (French
National Advisory Bioethics Committee) and has been a member of other ethics committees in research and
hospitals.

Celia Brazell, UK

GlaxoSmithKline

Dr Brazell is the Genetics Science and Technology Director for Genetics Research at GlaxoSmithKline. In this role
she works with research ethics committees, drug/device regulators, policy-makers and healthcare providers to
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Annex 2
Glossary of terms used in the report
Many of the definitions given below are specific to their use in the context of genetic testing. The terms used in
scientific research are in constant evolution as scientific knowledge progresses.

Term Definition

Biochemical genetic test The analysis of human proteins or other biological molecules
predominantly used to detect gene products showing genetic variations
or mutations.

Gene penetrance In the case of genetic disorders, the probability for an individual carrying
a specific gene form or allele to manifest the disease or disorder
associated with that gene form or allele. The percentage frequency with
which a gene exhibits its effect.

Genetic overgeneralisation The ‘failure’ or lack of will to differentiate between different genetic tests,
different test results, and different forms of genetic information.

Germinal genetic data Information contained in the DNA of the reproductive cells of the body
and transmissible to offspring.

Identification of samples or data • Identified: those labelled with personal identifiers such as name or
social security number

• Single-coded: those labelled with a single specific code attributed to
protect the individual

• Double-coded: those labelled with a second code, providing additional
protection of privacy

• Anonymised: double-coded samples or data where the key linking the
first and second code is destroyed. Can also include previously identified
samples or data where the personal identifier has been destroyed

• Anonymous: those that do not have any personal identifiers or link with
individual identity  

Immunochemical test Identification of a substance,usually a protein,by its reaction to antibodies.

Non-medical genetic testing The application of genetic testing for all purposes that do not have a medical
aspect, mainly for the purpose of identification, e.g. paternity and forensic
testing, or the identification of the presence of animal and plant materials.

Pharmacogenomics The study and understanding of differential gene expression in response
to drug treatment using DNA profiling techniques.

Phenotype An individual’s characteristics (physical, physiological, etc.) resulting from
the expression of the products of genes or from the interaction between
genetic and other factors (e.g. environmental, lifestyle).
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