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lifestyle information and environmental exposures,
will necessitate the training of health professionals
with a truly interdisciplinary education. Given the
time it takes to train a physician, for instance, let
alone that required to plan and establish an in-depth
training programme, interdisciplinarity must be
considered a long-term goal to run in parallel with
short-term multidisciplinary interaction. It is clear,
however, that education and training must be made
an immediate priority area. If we do not initiate the
process now, we will not have the human resources
to support the vision of personalised medicine fur-
ther down the line.

Personalised medicine carries enormous poten-
tial not just to offer the most appropriate healthcare
options to individual citizens but also to place them
at the centre of the process. Efforts to promote and
support stakeholder participation (see section 6.2)
are dependent upon the ability of those stakehold-
ers to use the resources available to them. In the
case of individual European citizens, a key element
in supporting participation will be through pro-
motion of health literacy®. According to a recent
systematic review, “Health literacy is linked to lit-
eracy and entails people’s knowledge, motivation
and competences to access, understand, appraise
and apply health information in order to make
judgments and take decisions in everyday life con-
cerning healthcare, disease prevention and health
promotion to maintain or improve quality of life
during the life course™°. Although promoting
health literacy goes far beyond health education, it
is clear that education will be a critically important
element, particularly in ensuring that citizens are
able to understand and react to developments such
as risk prediction and physiological monitoring.
Influencing fields such as genomics in personalised
medicine have implications that extend far beyond
the clinic. In order for citizens to be active partici-
pants in the decision-making process over issues
such as privacy of genomic and other personal data,
responsibility must be taken to promote an adequate
level of health literacy to support participation.

Finally, health literacy and education will also
be important issues for policymakers and other
stakeholders, such as regulators, health managers,
and HTA and health impact assessment (HIA)
professionals, who will play crucial roles in imple-
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menting personalised medicine”". Those whose role
it is to support public engagement, establish ethi-
cal frameworks, establish public policy, etc. will all
need to learn about the relevant issues affecting the
field. In practice, this will be a core element of a
participatory model of personalised medicine, in
which ideas and knowledge from multiple sources
lead to cross-fertilisation and strengthening of the
framework that supports the future of the approach.
Furthermore, those driving the technological and
clinical developments that will support personalised
medicine will need to engage expertsin HTA, HIA,
health economics and legal issues to ensure the
development of robust frameworks for the future.

6.1.1 Recommendations

European policymakers and educational

institutions must:

1. Provide incentives for the interdisciplinary edu-
cation of healthcare professionals and scientists
from the earliest stages of professional develop-
ment.

2. Provide training for healthcare professionals,
bioscientists, ICT professionals and those with
expertise in regulatory and social domains to
facilitate collaborative development of the tools
for personalised medicine.

3. Ensure adequate training of the professionals
and citizens who will use the relevant ICT solu-
tions as they are developed.

4. Establish mechanisms to promote health literacy
among European citizens as an impetus to par-
ticipation.

6.2 Stakeholder participation

One of the lifelong skills associated with health lit-
eracy is the ability to find and assess health-related
information”. It is only through access to reliable
information that individual citizens can equip them-
selves with the skills to take greater control of their
own health and to participate actively in a system of
personalised medicine that benefits both individuals
and society as a whole. Thus, access to information
is a key factor in efforts to position the patient or
citizen at the centre of the healthcare process in
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personalised medicine. Participation is not only
about placing citizens at the centre, however; it is
also a practical consideration for personalised medi-
cine. Personalised medicine is a highly data-driven
approach and the development of algorithms to sup-
port treatment choice, prognostic evaluation and
monitoring, for instance, will depend on the oppor-
tunity to access information from large numbers of
citizens spanning regional, cultural and socioeco-
nomic divisions. Many citizens are already using a
wide variety of technological tools (e.g. smartphone
applications) to generate and analyse health-related
information, some of which could be fruitfully used
for research and clinical decision-making. This will
require public trust, and thus a core aspect of this
endeavour will be a commitment to transparency,
accountability and often also solidarity”’. Only in
this way will trust be gained regarding the benefits
and safeguards of data provision and sharing. A key
consideration will therefore be active support for
open public dialogue about the value of personalised
medicine and how issues of confidentiality and con-
trol of personal data can be dealt with appropriately.

The manner in which citizens access information
in personalised medicine is likely to vary. For some,
health literacy will need to be supported by educa-
tion and targeted provision of information, whereas
for others, the issue will instead be one of removing
barriers and helping to uphold standards of quality
and ethical provision of information. One impor-
tant step towards society-wide participation will be
to ensure that information is communicated in an
accessible and appropriate manner for each stake-
holder group. This principle is applicable at all levels
of participation. In addition, to promote participa-
tion and agency as a core principle of personalised
medicine, communication should endeavour to
foster cooperation rather than hierarchical relation-
ships.

Stakeholder participation is equally applicable in
the relationship between bioscientists, technologists
and healthcare professionals’+. Primary care physi-
cians and doctors from other clinical specialities, for
instance, will need complex data to be presented in a
way that facilitates rapid and shared decision-mak-
ing. To develop appropriate interfaces, technologists
will need to engage the participation of healthcare
professionals and listen to their needs rather than
attempt to educate them on what they should be
doing. Likewise, the development of technological
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solutions for citizens and patients, for instance to
support monitoring or decision-making to promote
personal health, will require close collaboration
between technologists, healthcare professionals,
communications specialists and citizens in order to
be effective. If appropriate solutions can be devel-
oped in this way, it is likely that the role of the state
will shift from taking responsibility for individual
health towards empowerment of citizens and their
communities to take responsibility for their own
health. However, this will require a genuine devo-
lution of power and agency to the citizen. Token
measures used ostensibly to empower citizens will
not be effective if the central aim is merely to encour-
age them to give up data and intellectual property
rights in order that they can be used and exploited by
others. It should also be remembered, however, that
participation will inevitably be variable and some
groups will need to delegate responsibility for their
care back to the healthcare profession.
Implementation of personalised medicine,
including strategies to facilitate the participation
of key stakeholders such as healthcare professionals
and citizens will require the support of other stake-
holders, namely those able to fund these initiatives.
Mobilising support will first require an awareness
of the key players in the process. More information
is therefore required to identify who the key players
are and what their attitudes are towards personalised
medicine. As in other areas of personalised medi-
cine, it would be wise to engage the support of health
economists as early as possible to evaluate the over-
all return on investment in personalised medicine.
Given the requirement to establish infrastructure
and long-term development programmes, it will be
essential to establish sustainable economic models.

6.2.1 Recommendations

Policymakers, health authorities and other public

bodies must:

1. Establish mechanisms across all relevant
domains to support citizen- and community-led
promotion of health and wellbeing.

2. Promote and support resources that enable citi-
zens, individually and cooperatively, to access,
understand, interpret and make use of reliable
information that supports personalised health-
care.

3. Define metrics to measure stakeholder partici-
pation, particularly among citizens and their
communities.

4. Facilitate public dialogue on the value of person-
alised medicine and the necessary conditions for
its success.
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6.3 Multidisciplinarity and beyond

The long-term vision for personalised medicine
could conceivably encompass a complete reor-
ganisation of the healthcare system. The medical
profession, for instance, could move away from
organ-related specialities and towards system-based
approaches. Patient care could involve specialists
in personalised healthcare interacting with multi-
disciplinary teams and decision-support interfaces.
In these and other areas we could be looking at
an interdisciplinary future involving profession-
als trained in wide-ranging areas that breach the
boundaries of current disciplines. Whether or not
such a transition occurs, the first steps must involve
multidisciplinary collaboration, which will need to
extend beyond medical specialities and the social
sciences to include wider disciplines from genomics
to social psychology and communication.

Multidisciplinarity can be seen as an organi-
sational challenge. In order for professionals
from different disciplines to be able to interact
effectively, they must have an appropriate commu-
nication mechanism. In many cases, this involves
shared physical space in which opportunities
for impromptu interactions are maximised and
resources shared. Thus, to achieve multidisciplinar-
ity as a first step towards an interdisciplinary future,
investment in appropriate infrastructure may be
needed. In parallel, efforts will be needed to support
a career structure for multidisciplinary and future
interdisciplinary professionals. Resource allocation
will therefore need to be planned to ensure sustain-
ability if young professionals are to be attracted to
a career in personalised medicine. If they feel that
investment is likely to be a short-lived, many will
choose not to take that path.

6.3.1 Recommendations

All stakeholders in the future of personalised

medicine must:

1. Participate in the generation of multi- and
interdisciplinary frameworks, tools and mod-
els to link the needs of different stakeholders in
achieving common goals within personalised
medicine.

Policymakers and governments must:

1. Provide the necessary infrastructure to facilitate
multidisciplinary interaction in the transition
towards interdisciplinarity.

2. Support the development of career structures in
personalised medicine.

6.4 Infrastructure

The requirement for appropriate infrastructure
goes beyond support for multidisciplinary research
institutes and training programmes. The data-rich
approaches that are likely to define personalised
medicine in the future will require sufficient tech-
nological infrastructure to support the collection,
storage and annotation of data, access to reference
information, etc. An appropriate organisational
infrastructure will also be required to control har-
monisation of data quality and maintenance, etc.
Finally, access to technologies such as imaging will
need to be supported by a European infrastructure
to prevent the generation of inequalities.

One particularly important area for the future of
personalised medicine is the use of electronic health
records. Given the low uptake of electronic health
records across Europe so far, there is currently a
massive gap between potential and realisation.
Patient records and information held in hospitals
and other institutions represent a huge resource that
is unexploited at the moment largely due to a lack
of organisational, ethical and logistic solutions”.
Opening up this resource is likely to be a key facili-
tating factor for the future of personalised medicine.
Efforts should be made to learn from experiences
such as those of Finland, Sweden, Scotland and the
Basque Country in order to define mechanisms to
release the enormous potential of electronic health
records to support the implementation of personal-
ised medicine throughout Europe”.

6.4.1 Recommendations
Governments and policymakers must:
1. Develop a two-stage plan for the establishment
of personalised healthcare:
a) A participatory stage designed to establish
the system and provide proof of principle.
b) Animplementation stage in which the system
begins to be applied in European healthcare.
2. Ensure the availability of core infrastructure to
support data collection and management over
the life course.
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6.5 Revised classification of disease

Classification of diseases is central to all aspects of
healthcare by serving as a reference point not only
for diagnosis but also for research into the aetiology
and treatment of different conditions, regulation
of therapies, and reimbursement. With stratified
and, ultimately, personalised medicine, however,
we are facing a progressive subdivision of existing
disease entities and perhaps a complete reclas-
sification of diseases according to the molecular
pathways and biological systems involved. Current
disease classification is largely organ rather than
pathway based’. For instance, the category ‘breast
cancer’ informs us as to the site of the lesion but
not its aetiology. In other disease areas, evidence is
appearing to support similar underlying processes,
such as chronic inflammation, being expressed in
different organs, such as the gut or respiratory sys-
tem*. Consequently, as we begin to develop greater
insights into the pathways underlying disease, there
is likely to be both convergence and separation of
disease classifications.

But what is the advantage of reclassifying dis-
eases? First and foremost, obtaining greater insights
into the molecular pathways underlying different
disease states will facilitate both targeted therapy
and improved monitoring, not only of treatment
response but also of individual health status as an
aid to prevention and proactive management. The
goal would be to generate ongoing descriptions of
an individual’s phenotype, including all the molecu-
lar, morphological, physiological and psychological
information that characterises a person in health
and disease, and to be able to assess it in relation to
environmental exposures, history and psychosocial
context in order to identify appropriate preventive
or therapeutic measures to promote continued
health. Such an approach has a number of core
implications.

Any effort to develop a systems-based disease
classification based on underlying causative molecu-
lar pathways will be critically dependent upon the
availability of reference data. This raises the ques-
tions of who collects the data, how and where are
they stored, who has access to them and how they
should be analysed. Such an enormous potential
resource containing integrated, cross-referenced
data from multiple individuals will be of value to
the healthcare system, research and industry alike,
as well as to citizens as end users and providers of
the information. Its use must therefore be contained
within an appropriate regulatory and governance
framework that supports a circle of trust for the
different stakeholders. Changed disease classifica-

tions may also affect social illness identities, which
are presently central to most patient organisa-
tions. Changes in their identity and organisation
may therefore affect the participation of patients
as stakeholders in personalised medicine and care
will be needed to address the potential for negative
impact on those groups.

Regulatory and governance frameworks will
not only need to be created to support information
repositories. They will also need to adapt to any
changes in disease classification that arise from their
use. Marketing approval for medicinal products is
controlled by indication. Consequently, regulators
and technology producers must accept proposed
changes to the classification of those indications
before they can be used as a basis for treatment or
indeed diagnostic purposes. Similar considerations
will apply to HTA and reimbursement procedures.
Inevitably, reimbursement procedures require
coded classifications. The risk, however, is that
classifications are not unified and that multiple clas-
sifications are introduced for the same condition.
Consequently, upcoming opportunities such as the
ICD11 revision scheduled for 201577 might be used
to support future frameworks for the reclassification
of diseases in personalised medicine.

6.5.1 Recommendations

Researchers, health authorities and policymakers

must:

1. Define the relationship between phenotypes,
patient information and reference data using
large-scale networked approaches.

2. Develop systematic algorithms to map disease
pathways onto existing disease classifications.

3. Introduce a networked approach to support
agreed disease definitions throughout Europe.

4. Take advantage of upcoming opportunities
such as the ICD11 revision scheduled for 2015 to
promote the introduction of a new disease tax-
onomy.

5. Ensure that the naming of disease pathways
within the new taxonomy allows for contin-
ual updating of definitions to support a stable
framework for reliable and safe diagnosis.

6.6 Revised testing models

Up until now, the gold standard for testing of
therapeutic interventions has been the randomised
controlled trial. In personalised medicine, however,
this methodology may not always be either neces-

77. http://www.who.int/classifications/icd/revision/en/index.html
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sary or suitable’®. Examples are now available in
which highly active drugs can be tested directly
in small groups of patients selected on the basis
of specific biomarkers>'. Under these conditions,
the use of placebo or standard-of-care comparator
arms in standard trial designs can be argued to be
unethical. Although most of the examples in which
specific biomarkers can be used to predict treatment
response to a selective drug currently come from
cancer”, the move towards personalised medicine
is expected to result in a large-scale increase in the
number of reliable biomarkers available for many
different diseases. Consequently, the way we con-
ceive clinical trials may have to change.

One of the implications of a revision of our
approach to clinical trials will be the need to define
outcomes and develop appropriate statistical frame-
works with which to assess them. Indeed, a shift in
emphasis may also be required to include the use of
modelling as a valid testing method, as is already
occurring in health economics. Insights from the
development of orphan drugs could be useful for
devising more appropriate testing models in per-
sonalised medicine. Virtual testing models could
also be an important development for N=r testing
in individual patients based on iz silico modelling.
It may also be necessary to move beyond outcome
measures based on symptom reduction and sur-
vival and include wider questions of quality of life,
productivity, etc. Proof of principle to demonstrate
that these new approaches really can deliver on their
promises will be absolutely critical at all levels.

6.6.1 Recommendations

Researchers must:

1. Develop appropriate methods to link diagnos-
tic tools to therapeutic and preventive measures
across the discovery and development pathway.

2. Rigorously test the performance (precision,
reproducibility, specificity) of diagnostics in
specific disease pathways.

3. Address the need for novel approaches to obtain-
ing evidence in personalised medicine. This must
include the following:

a) Clinical trial designs adapted to the data-
collection methods and interventions used in
personalised medicine, e.g. N=r1 trials, adap-
tive designs and Latin square methodology.

b) New statistical approaches to analyse the
results of trials assessing personalised medi-
cine.

78. Mandrekar SJ, Sargent DJ. Clinical trial designs for predictive
biomarker validation: theoretical considerations and practical
challenges. J Clin Oncol 2009; 27(24): 4027-34.

¢) Consideration of the influence of factors such
as age, gender, ethnicity and environmental
context on therapeutic response.
4. Develop new, more efficient models to investi-
gate possible prevention strategies.

6.7 Regulatory frameworks

Personalised medicine is beginning to place new
demands upon the regulatory frameworks that
control the licensing of medicinal products. Two
particular driving forces for change are the poten-
tial reclassification of diseases and the application
of new testing models. The linking of drug licensing
to specific diagnoses must be adaptable to changes
in disease classifications, identification of new diag-
nostic categories, particularly those based around
molecular pathways rather than organs and symp-
toms, and indeed to healthcare approaches that are
not centred on specific diagnoses. Furthermore, per-
sonalised medicine may lead to a reduced focus on
drug therapies and a move towards nutriceuticals,
gene therapy and regenerative therapies that will
all need to be supported by an appropriate regula-
tory framework. In all cases, changing approaches
to testing, moving away from large randomised
controlled trials, will necessitate agreement on
appropriate levels of evidence. Any such agreements
will also need to work alongside HTA, as a guaran-
tee of well-informed, transparent and accountable
decision-making and reimbursement procedures.
Regulation is not only about licensing of drugs.
There will need to be oversight of quality at all levels
for the successful implementation of personalised
medicine. Patients and citizens will need to have
confidence in the quality of testing, for instance, and
also in the quality of the information they receive. If
there is a move away from healthcare information
being handled almost exclusively through physi-
cians and the medical profession, there will need
to be guarantees over the reliability and appropri-
ateness of the information provided to citizens, as
well as over the lack of conflicts of interest or com-
mercial misuse of the information provided. Care
must nevertheless be taken to ensure that regulation
does not stifle innovation where this leads to clear
improvement in the health and wellbeing of citizens.
Changes in the European regulatory framework to
support the development of personalised medicine
will need to take into account cross-border issues, as
the lack of harmonisation makes European approval
difficult. However, it should not be forgotten that
regional differences within Europe can themselves
provide the flexibility to support innovation.



6.7.1 Recommendations

Regulators must:

1. Adapt regulatory frameworks to changes in
disease taxonomy and the introduction of new
diagnostic categories.

2. Develop appropriate regulatory frameworks for
non-pharmaceutical therapies and prevention
strategies.

3. Establish levels of evidence applicable to new
testing methods.

4. Work closely with HTA professionals to ensure
well-informed, transparent and accountable
decision-making and reimbursement proce-
dures.

5. Establish appropriate regulatory frameworks for
the use of networked databases for diagnostic
purposes.

6. Take steps to avoid stifling innovation while
providing appropriate guarantees of the quality
and safety of health-related products and infor-
mation, particularly when these are accessed
directly by European citizens.

6.8 Reimbursement models

Reimbursement of personalised medicine is a complex
issue. Although many predict a reduction in health-
care expenditure through rational use of targeted
therapies, the potential cost of introducing large-scale
data collection such as comprehensive ‘omics profiles,
biomarkers and imaging data alongside contextual
information on environmental exposures, etc., is
enormous. In fields such as oncology, for instance,
the fastest rising costs may be associated with imag-
ing rather than drug treatments. Furthermore, the
reduced numbers of patients who can be treated by a
given targeted drug would be expected to increase its
cost at the same time as offering greater or even com-
plete guarantees of efficacy. The question, therefore,
is how we determine the cost-to-benefit ratio for per-
sonalised medicine as a whole and what changes will
need to be made to reimbursement models. Perhaps
more importantly, how do we factor in very long-
term costs and savings for a system intended to be
pre-emptive rather than simply reactive? Given these
and other questions facing personalised medicine, the
need for close collaboration with health economics
and HTA specialists is clear.

An urgent question for personalised medicine is
whether reimbursement models can be developed to
support long-term prevention and early treatment
strategies. For instance, will it be possible to take into
consideration not only long-term reductions in hos-
pitalisation or late-stage cancer therapy, for instance,

but also indirect costs such as pensions, productivity,
etc.? This may require some reassessment of what
constitutes benefit, such as ‘non-events’ for preven-
tive measures. In seeking long-term benefit from
short-term investment, reimbursement models may
also need to overcome substantial political barriers.
The complexity of the problem is compounded in
Europe by the regional and cultural differences that
influence HTA procedures. Although HTA already
takes into account many factors beyond systematic
reviews and economic analysis, access to data across
regional boundaries could hinder adequate analysis
on a European scale. Data ownership, cross-border
access and privacy are all issues that could influ-
ence our capacity to develop workable HTA models
across Europe.

Prioritisation of funding will continue to be an
issue through the development, implementation
and consolidation of personalised medicine. A key
challenge will be to ensure adequate investment in
prevention, early diagnosis and monitoring to sup-
port future reductions in healthcare expenditure
or improved health status for similar financial out-
lay. Similarly, models will need to increasingly take
account of overall cost-effectiveness rather than
focusing on individual diseases and their treat-
ment. The issues that currently apply to rare diseases,
where large numbers of disease classifications apply
to small groups of affected individuals, are likely
to become more widely applicable in personalised
medicine as common diseases are reclassified into
more refined subtypes affecting smaller groups of
individuals. As has been found in rare diseases, the
small numbers of patients affected by each pathway-
specific disease subtype means that the economic
return on research investment is likely to be low,
along with reduced financial incentive for invest-
ment from industry. Reimbursement models may
therefore need to take account of overall cost-effec-
tiveness and also ethical and social considerations,
including funding to support access to new technol-
ogies. Care should also be taken to invest sufficient
time and resources to ‘good enough’ technologies
as we begin to introduce personalised medicine. In
this way, we can ensure that patients obtain benefit
at the earliest opportunity.

6.8.1 Recommendations

Health authorities and reimbursement bodies

must:

1. Prioritise HTA for the timely and efficient
evaluation of diagnostics, including companion
diagnostics.

2. Establish a flexible HTA framework that sup-
ports the adoption of technologies that offer
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added value within European healthcare systems.

3. Ensure adequate investment in prevention, early
diagnosis and monitoring.

4. Work towards overall cost-effectiveness evalu-
ations and reduced emphasis on individual
diseases and their treatment.

5. Take account of ethical and social considerations
in reimbursement decisions.

6. Ensure benefit from new technologies is obtained
at the earliest opportunity by applying the prin-
ciple of ‘good enough’ solutions.

6.9 Ethical, legal and social issues

6.9.1 Ownership and responsibility

A concern for personalised medicine is who retains
control over data collected across the life course
of the individual. One possible solution would be
for individuals themselves to keep the information
in the form of individual health records and other
relevant datasets that are accessible through an
appropriate technological interface. By shifting the
locus of control away from the physician or health-
care system, this may give citizens greater control of
their own health and personal information. Such an
approach, however, would need to ensure that the
right to manage one’s own data does not turn into
the duty to do so for those who do not have ade-
quate resources (economic or time resources; health
or computer literacy skills). In addition, appropri-
ate security and oversight measures will need to be
introduced to reduce the risk of data loss.

There is no stakeholder in the current health
arena that is capable of sustaining lifetime electronic
health records, mainly because it involves intensive
ICT efforts, including archiving and semantic pres-
ervation over a period of many dozens of years. A
possible new approach to this challenge is to change
the current legislation of health record keeping so
that healthcare providers and clinical trials spon-
sors are no longer the record keepers. Instead,
‘independent health record banks’ could be estab-
lished and be the sole keepers of an individual’s
health records, objectively serving all stakeholders
authorised to access the records. Multiple (and com-
peting) record banks would be merely regulated by
European authorities, taking the role of custodians
and thus working around the controversial issue of
health data ownership. In addition, privacy would
be improved by removing the need for globally
unique patient identifiers?.

79. Shabo, A. Global Socio-Economic-Medico-Legal Model for the
Sustainability of Longitudinal Electronic Health Records — Part 2.

Individual responsibility goes beyond control
of personal data. Personalised medicine needs to
be understood within a social framework and not
develop into a form of fragmented individualism.
We must therefore ensure that it does not focus
entirely on the individual at the expense of under-
standing the structural and contextual influences on
health and lifestyle. For instance, what role does the
food industry play in supporting healthy eating or
promoting unhealthy dietary choices? Likewise, con-
sideration should be given to the social factors that
support or hinder healthy lifestyle choices. Increased
emphasis on individual responsibility could lead to
a culture of victim blaming. Careful consideration
must be given to the risk of marginalising groups by
labelling them as simply ’irresponsible’ when they
fail to follow advice on exercise, for instance, or diet
without understanding the social factors that may
have a role to play in determining those choices.
Healthcare choices must ultimately be understood
within their sociocultural context®. Perhaps a long-
term goal, therefore, is to develop models that allow
personalisation not only of disease and its treatment
but also of health and the personal decisions that
support it along the life course.

Personal identity and notions of collective
belonging are another major topic to be considered
in relation to personalised medicine. Analysis of
traits based on genomic signatures, for instance,
cannot be considered to apply only to individual
citizens but also to family members who share
their genetic heritage. Indeed similar considerations
apply to environmental influences within the fam-
ily setting. An important question to be addressed,
therefore, is the extent to which certain information
should remain private and the ethical implications
of withholding information that could affect the
health of one citizen in order to protect the privacy
of another.

The relationship between citizen and state is also
an important consideration in the era of personal-
ised medicine. Issues will need to be addressed such
as whether individuals could be obliged to allow
their personal data to be used to develop tools of
wider benefit to society. Similarly, will society allow
the state to use information on individual behaviour
and lifestyle obtained from sources such as CCTV
recordings or credit card transactions to increase our
understanding of the relationship between behav-
ioural, lifestyle and sociocultural variables and
health in individual contexts?

Methods of Information in Medicine 2006; 45(s): 498—505.

80. Buyx A, Prainsack B. Lifestyle-related diseases and individual
responsibility through the prism of solidarity. Clinical Ethics (in
press).



6.9.2 Inequalities

Personalised medicine has the potential to improve
access to effective, safe treatments for all European
citizens. Yet, it also has the potential to introduce
or accentuate inequalities. Access to technology is a
core issue in this respect. Technology-driven health-
care such as smartphone monitoring could be limited
by individual ability to pay for the technology if
appropriate measures are not introduced to address
that. Furthermore, technological interfaces must
be adaptable to end-user needs if we are to avoid
the development of a technology divide in which
effective healthcare is available only to those able to
interact appropriately with the technology. Access
to technology is also a concern across countries and
regions and reimbursement models developed on a
European scale should take these issues into consid-
eration. Importantly, it should be remembered that
individual citizens throughout Europe are not merely
consumers of healthcare resources. They are also one
of the most important resources for personalised
medicine through the use of their data to develop
and refine algorithms and to assess the effective-
ness and safety of interventions. Without ensuring
widespread access to personalised medicine, it will be
impossible to take adequate account of factors such
as race, culture, socioeconomic context, gender, etc.
Care must also be taken to ensure that inequalities in
research funding among European countries do not
lead to differences in the rate at which knowledge is
translated into health benefits across Europe.

6.9.3 Informed consent

There is a particular concern about the way patients
with cancer are informed and recruited to participate
in research. The stakes are very high in this disease
area as it is an acutely life-threatening condition and
there is therefore a different tolerance for treatment
efficacy. Acceptance of risk and willingness to volun-
teer places a greater responsibility on professionals
to ensure that patients really are fully informed
when providing consent to clinical trials in cancer.
All of these factors must be taken into account when
building the framework for studies into personal-
ised approaches to cancer therapy. Moreover, many
of these issues are relevant to other disease areas and
to personalised medicine as a whole. It will be impor-
tant to remember that consent is not just an issue for
clinical trials and treatment but also for areas such
as the collection and storage of information and its
subsequent use.

Consent ultimately has wide-ranging implica-
tions across personalised medicine. As models are
developed, refined and updated, it will be essential
for agreements to be obtained on the sharing of per-

sonal information. Of particular concern to citizens
is the issue of access to identifiable information. New
consent models may need to be developed to ensure
that information is only shared by professionals for
the public good*+**. Such models will also need to take
into account the nature of the data to be collected.
Collection of detailed environmental information to
include behavioural and lifestyle data also raises seri-
ous privacy issues. Consent models must ultimately
act to ensure that individual citizens retain their right
to ownership of private information. However, work-
able frameworks will also be required to ensure that
consent, for instance to the use of information from
electronic health records, allows for on-going pro-
cesses and multiple uses of information. The potential
of online platforms to provide dynamic and citizen-led
solutions should therefore be explored and exploited.

6.9.4 Recommendations

Legislators and policymakers must:

1. Ensure that the right to manage one’s own data
does not turn into the duty to do so for those who
do not have adequate resources.

2. Guarantee appropriate security and oversight
measures to reduce the risk of personal data loss.

3. Investigate solutions such as independent health
record banks for the storage and management of
personal data.

4. Ensure that the frameworks supporting per-
sonalised medicine do not focus entirely on the
individual at the expense of understanding the
structural and contextual influences on health
and lifestyle.

5. Support research into the ethical implications of
withholding information that could affect the
health of one citizen in order to protect the pri-
vacy of another.

6. Initiate widespread consultation on the use of
personal data for the wider benefit of society.

7. Support widespread access to personalised medi-
cine to prevent inequality and ensure that factors
such as race, culture, socioeconomic context and
gender are adequately represented in datasets.

8. Establish appropriate consent models for research
and treatment in personalised medicine.

Researchers must:

1. Develop models that allow personalisation not
only of disease and its treatment but also of
health and the personal decisions that support it
along the life course.

81. Kaye J, Curren L, Anderson N, Edwards K, Fullerton SM,
Kanellopoulou N et 4l. From Patients to Partners: Participant-
Centric Initiatives in Biomedical Research, Nat Rev Genet 2012;
13(5): 371-376.
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1.

Recommendations

To frame the recommendations that have arisen
over the course of the ESF Forward Look on
Personalised Medicine, we have adopted a circle
model. At the heart of personalised medicine lies
the individual citizen, whose health status will be
reflected by a new disease taxonomy informed by
the multi-layered characterisation of physiological
and pathological processes.

Personalised

Medicine
Citizen Health

To support this new approach to classifying, under-
standing, treating and preventing disease, we
highlight four overarching recommendations:

1. Data handling:

Comprehensive, accessible and interoperable
datasets must be generated to support the devel-
opment of a new disease taxonomy and allow for
its on-going refinement and application.

2. Models and decision-making processes:
Models and decision-making processes must be
revised to reflect a focus on the individual citi-
zen at all levels, from assessment of the safety
and efficacy of interventions, through HTA and
reimbursement, to diagnosis, treatment and pre-
vention.

3. Interdisciplinarity, participation

and translational research:
Emphasis must be placed on stakeholder
participation, interdisciplinary interaction,
public-private and pre-competitive partnerships
and translational research in order to develop the
frameworks that support the vision of personal-
ised medicine and healthcare.

4. Infrastructure and resources:

Dedicated funding and governmental support
must be provided to ensure the availability of
core infrastructure, including access to core
technology and frameworks for education and
training of professionals and the wider commu-
nity.

These core recommendations are each supported by
the specific recommendations identified during the
foresight exercise:



7.1 Data handling

Health authorities and public and private
research organisations must:

I.

Define rigorous quality control mechanisms for
all aspects of data handling, from collection and
annotation through to storage and sharing.
Agree steps to guarantee the generation of repro-
ducible data based on harmonised protocols.
Harmonise approaches to data handling for
clinical and research purposes.

Ensure that health outcomes data are contex-
tualised based on environmental, lifestyle and
other relevant data.

Facilitate translational research by ensuring con-
sistent representation of patient data.

Research and development in the public
and private sectors must:

I.

Identify solutions to the technological challenge
of large-scale data storage and transfer.
Develop ICT solutions to handle comprehen-
sive biological datasets and convert them into a
meaningful output that will inform individual
healthcare decisions.

Develop ICT solutions to integrate and interpret

datasets from multiple sources and link the find-

ings to specific outcomes in individual citizens.

Develop non-invasive technologies and ICT

solutions for real-time monitoring, including:

a) Sensors to generate and store real-time infor-
mation about individual health status.

b) Stable biomarkers to facilitate on-going anal-
ysis of health status across the life course of
individuals.

¢) Methods to measure and quantitate the func-
tional state of molecular systems.

d) Rapid processing of imaging data without
loss of precision.

The healthcare profession must:

I.

Promote and participate in the development of
Europe-wide integrated networks to facilitate on-
going collection, storage and cross-referencing of
individual information with local environmental
data.

Support efforts to develop an integrated network
of biomarkers, including increased availability
of imaging biomarkers, linked to information
on specific phenotypes.

Promote the refinement and integration of
existing technologies and biomarkers into the
framework of personalised medicine.

Researchers, health authorities and policymakers

must:

1. Define the relationship between phenotypes,
patient information and reference data using
large-scale networked approaches.

2. Develop systematic algorithms to map disease
pathways onto existing disease classifications.

3. Introduce a networked approach to support
agreed disease definitions throughout Europe.

4. Take advantage of upcoming opportunities
such as the ICD11 revision scheduled for 2015 to
promote the introduction of a new disease tax-
onomy.

5. Ensure that the naming of disease pathways
within the new taxonomy allows for contin-
ual updating of definitions to support a stable
framework for reliable and safe diagnosis.

6. Investigate solutions such as independent health
record banks for the storage and management of
personal data.

Regulators and policymakers must:

1. Introduce appropriate legal and ethical frame-
works to support data sharing.

2. Guarantee appropriate security and oversight
measures to reduce the risk of personal data loss.

7.2 Models and decision-making
processes

Public and private research organisations must:

1. Define appropriate study designs to test poten-
tially relevant findings.

2. Demonstrate the clinical utility, validity and
relevance of all new technologies at the earliest
possible stage.

3. Demonstrate the clinical benefit of monitoring
biomarkers in asymptomatic, apparently healthy
individuals as well as in patients.

4. Determine the implications of making data
obtained for diagnostic purposes and monitor-
ing available for research designed to optimise
personalised medicine.

5. Promote initiatives to improve our understand-
ing of ‘healthy’ phenotypes.

6. Develop appropriate methods to link diagnos-
tic tools to therapeutic and preventive measures
across the discovery and development pathway.

7. Rigorously test the performance (precision,
reproducibility, specificity) of diagnostics in
specific disease pathways.

8. Address the need for novel approaches to obtain-
ing evidence in personalised medicine. This must
include the following:
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a) Clinical trial designs adapted to the data-
collection methods and interventions used in
personalised medicine, e.g. N=r1 trials, adap-
tive designs and Latin square methodology.

b) New statistical approaches to analyse the
results of trials assessing personalised medi-
cine.

¢) Consideration of the influence of factors such
as age, gender, ethnicity and environmental
context on therapeutic response.

Develop new, more efficient models to investi-

gate possible prevention strategies.

Regulators must:

I.

Adapt regulatory frameworks to changes in
disease taxonomy and the introduction of new
diagnostic categories.

Develop appropriate regulatory frameworks for
non-pharmaceutical therapies and prevention
strategies.

Establish levels of evidence applicable to new
testing methods.

. Work closely with HTA professionals to ensure

well-informed, transparent and accountable
decision-making and reimbursement proce-
dures.

Establish appropriate regulatory frameworks for
the use of networked databases for diagnostic
purposes.

Take steps to avoid stifling innovation while
providing appropriate guarantees of the quality
and safety of health-related products and infor-
mation, particularly when these are accessed
directly by European citizens.

Health authorities and reimbursement bodies
must:

I.

Prioritise HTA for the timely and efficient
evaluation of diagnostics, including companion
diagnostics.

Establish a flexible HTA framework that sup-
ports the adoption of technologies that offer
added value within European healthcare sys-
tems.

Ensure adequate investment in prevention, early
diagnosis and monitoring.

. Work towards overall cost-effectiveness evalu-

ations and reduced emphasis on individual
diseases and their treatment.

Take account of ethical and social considerations
in reimbursement decisions.

Ensure benefit from new technologies is obtained
at the earliest opportunity by applying the prin-
ciple of ‘good enough’ solutions.

7.3 Interdisciplinarity, participation
and translational research

All stakeholders in the future of personalised
medicine must:

I.

Pay attention to the effects of language and
terminology used in relation to personalised
medicine.

Take every opportunity to correct the miscon-
ception that personalised medicine refers to
genomic prediction alone.

Avoid inflated claims about the potential of
personalised medicine during early stages of
planning and implementation.

Participate in the generation of multi- and
interdisciplinary frameworks, tools and mod-
els to link the needs of different stakeholders in
achieving common goals within personalised
medicine.

The healthcare profession must:

I.

Raise awareness of examples in which stratified
approaches have already begun to be used effec-
tively in the clinic as precursors of a wider vision
of personalised medicine.

Initiate large-scale consultation programmes to
assess opinion and identify needs among exist-
ing disease specialities and across regions and
cultures within the same specialty.

Identify experiences in existing specialities that
could inform practice in personalised medicine
as a whole.

Define the vision of an integrated, lifelong
approach to healthcare in established disease
areas in order to inform how personalised medi-
cine will be implemented in the future.

Work towards cross-disciplinary consensus on
the future of personalised medicine.

Work with citizens and patients to define what
they need from their relationship with health-
care professionals within the framework of
personalised medicine.

Work with ICT professionals to design low-
threshold technological interfaces that support
the interaction between patients and healthcare
professionals in personalised medicine.

Work with ICT professionals to define how tech-
nology such as smartphone applications can be
used to monitor health-related and environmen-
tal variables and function as a decision-support
tool for citizens.

. Actively inform policymakers and the media of

unsubstantiated claims or misrepresentation and
support the provision of accurate information in
personalised medicine.



Research and development in the public

and private sectors must:

1. Identify which technologies can realistically be
moved into the clinic over the next 10 years and
communicate with healthcare professionals to
prepare the ground for this transition.

2. Develop in silico models to inform clinical deci-
sion-making, starting with a prototype model
that includes all available ‘omics technologies as
a proof of principle for integration.

3. Provide ICT solutions that support healthcare
professionals in providing straightforward
responses to the concerns of patients about
future illness, treatment options and opportu-
nities for prevention.

4. Provide ICT interfaces for citizens that facilitate
informed choices about monitoring and sharing
of different types of data.

5. Develop models that allow personalisation not
only of disease and its treatment but also of
health and the personal decisions that support
it along the life course.

Policymakers, health authorities and other public

bodies must:

1. Establish mechanisms across all relevant
domains to support citizen- and community-led
promotion of health and wellbeing.

2. Promote and support resources that enable citi-
zens, individually and cooperatively, to access,
understand, interpret and make use of relatable
information that supports personalised healthcare.

3. Establish mechanisms to promote health literacy
among European citizens as an impetus to par-
ticipation.

4. Define metrics to measure stakeholder partici-
pation, particularly among citizens and their
communities.

5. Facilitate public dialogue on the value of person-
alised medicine and the necessary conditions for
its success.

7.4 Infrastructure and resources

Governments and policymakers must:
1. Develop a two-stage plan for the establishment
of personalised healthcare:
e A participatory stage designed to establish
the system and provide proof of principle.
e Animplementation stage in which the system
begins to be applied in European healthcare.
2. Ensure the availability of core infrastructure to
support data collection and management over
the life course.

Identify solutions to the cross-border issues
affecting the use of electronic health records in
an increasingly mobile European population.

. Ensure provision of the necessary infrastruc-

ture and resources to support future integrated
approaches, including biobanks and core refer-
ence datasets.

Ensure widespread access to clinical infrastruc-
ture such as imaging technology.

Support robust frameworks for pre-competitive
public-private partnerships in research and
development.

Legislators and policymakers must:

L.

Ensure that the right to manage one’s own data
does not turn into the duty to do so for those
who do not have adequate resources.

Ensure that the frameworks supporting per-
sonalised medicine do not focus entirely on the
individual at the expense of understanding the
structural and contextual influences on health
and lifestyles.

Support research into the ethical implications of
withholding information that could affect the
health of one citizen in order to protect the pri-
vacy of another.

. Initiate widespread consultation on the use of

personal data for the wider benefit of society.
Support widespread access to personalised medi-
cine to prevent inequality and ensure that factors
such as race, culture, socioeconomic context and
gender are adequately represented in datasets.
Establish appropriate consent models for
research and treatment in personalised medicine.

European policymakers and educational
institutions must:

I.

Provide incentives for the interdisciplinary edu-
cation of healthcare professionals and scientists
from the earliest stages of professional develop-
ment.

Support the development of career structures in
personalised medicine.

Establish the intellectual and communications
infrastructure to support cross-disciplinary
interaction and training for ICT and healthcare
professionals.

. Ensure adequate training of the professionals

and citizens who will use the relevant ICT solu-
tions as they are developed.
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8.

Can we predict a timeline for the
development and implementation
of personalised medicine?

Change management will be an important con-
sideration in the transition towards personalised
medicine. The future success of the approach will
depend on how effectively we can prepare the
ground now. This will require active engagement
of stakeholders, development of the necessary
technological infrastructure, training of personnel
and establishment of appropriate regulatory and
reimbursement mechanisms, among others. In all
cases, timing will be critical. For instance, stake-
holder participation will not be optimal unless early
expectations are managed appropriately. Health
professionals and others will need to see proof of
principle, while citizens need to be confident about
the responsible, transparent and accountable
management of ethical, legal and social concerns.
Similarly, networked diagnostic approaches will
not be possible without prior steps being taken to
ensure standardisation of data inputs and, indeed,
participation of patients willing to share personal
data.

In all cases, education and health literacy pro-
grammes will need to be planned ahead of time
to ensure that all stakeholders can play the roles
required of them and indeed benefit from the devel-
opments that occur. Furthermore, if we envisage a
change in the structure of the healthcare professions
away from a primary focus on disease specialities
and towards multidisciplinary, patient-centred
teams, professionals within the existing structure
must be engaged in the process of managing this
transition from the earliest stage. Key players in this
process could be professional societies.

The further we attempt to look into the future,
the greater the level of uncertainty we face. Short-
term goals are therefore important to ensure that

concrete steps are taken. A failure to look far
enough ahead, however, can leave us unprepared
for eventualities and act as a barrier to trans-
formative change. Resource allocation is a case in
point. If early interest in personalised medicine
leads to diversion of resources away from exist-
ing treatments and prevention strategies, it may
have negative short-term consequences for public
health. The longer-term effect, however, could also
be to threaten future acceptance of personalised
medicine by creating hostility among affected
groups. If the long-term goal is to achieve the full
potential of this approach, then it will be essential
to establish adaptable timelines that allow both
short-term milestones and longer-term goals to be

addressed.

8.1 Core priorities
for the next five years

To ensure the future of personalised medicine and

lay the foundations that will support its long-term

vision, the following recommendations must be
given priority over the next s years:

1. Data handling:

Without data, there will be no personalised med-
icine. Existing systems for data collection and
storage, particularly biobanks, must therefore be
consolidated and agreements reached on how to
ensure future harmonisation of data collection
and handling throughout Europe.

2. Models and decision-making processes:
Data cannot support personalised medicine
without being converted into evidence. Priority
must therefore be given to defining appropriate
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Figure 5. Preliminary timeline for the development and implementation of personalised medicine

mechanisms for the evaluation of data in person-
alised medicine, especially in terms of clinical
trial designs and HTA.

. Interdisciplinarity, participation

and translational research:

Professionals and citizens alike will define the
future of personalised medicine through dis-
cussion and interaction. It is therefore essential
that all stakeholders be engaged in wide-rang-
ing consultation processes that facilitate
cross-disciplinary interaction and stakeholder
participation.

. Infrastructure and resources:

Without dedicated support, the foundations for
personalised medicine cannot be established.
Funding must therefore be ensured for core
infrastructure and education across Europe.

8.2 Preliminary timeline for the
development and implementation
of personalised medicine

(Figure 5)
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APOE4 Apolipoprotein E (4)

BRCA
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CVD
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EMRC
ESF
FDA
HER-2
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HTA
ICD11
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iPOP
ITFoM
LESC
PESC
SCH
SCSS

TPMT

Breast Cancer Gene

Cystic Fibrosis Transmembrane
conductance Regulator

Centre for Genome Diagnostics
Cardiovascular disease

Epidermal Growth Factor Receptor

ESF Standing Committee for

the European Medical Research Councils
European Science Foundation

Food and Drug Administration

Human Epidermal Growth Factor
Receptor 2

Health impact assessment

Health technology assessment
International Classification of Diseases,
revision 11

Information and communication
technology

Integrative personal omics profile
European IT Future of Medicine project
ESF Standing Committee for the Life,
Earth and Environmental Sciences

ESF Standing Committee for the Physical
and Engineering Sciences

ESF Standing Committee for

the Humanities

ESF Standing Committee for the Social
Sciences

Thiopurine methyltransferase
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