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COST Foresight 2030 
Benefiting from the Digital Revolution 
30 June to 2 July 2009 
 
Life Enhancement Workshop Report 
 
 Could this be healthcare in 2030? 
 
Jane is seeking treatment for recurrent back pain. She consults the Grand Galactic Web to ask 
the question, “I’ve been having back pain for three weeks or so. What can I do?” The complaint 
is too unspecific. A scan of Jane’s personal habits collected through sensors embedded in her 
clothes and in the newest type of intelligent cosmetics also shows no results, or a “shallow 
analysis”. 
 
Rather than travelling to the clinic, she uses the telepresence beamer in her home to make an 
appointment with her doctor, who refers her to a specialist. Dr. Brown looks real, but in fact he is 
an avatar that represents the integration of all the knowledge and experience of numerous 
experts from around the world.  
 
Remote palpation quickly reveals a potential spine problem. Terahertz scan is part of Jane’s 
beamer, so this is rapidly checked using multimodal telepresence technologies. A Full Body 
Simulation for Jane is updated and stored in a secure patient file. Dr. Brown runs a simulation 
using her personalised profile that includes Jane’s genome, which indicates her predisposition to 
diseases combined with information about her daily routines, sports and diet. This information 
helps to analyse exactly the kind of pain she is suffering.  
 
The diagnosis is probably right. But to reassure Jane, she and Dr. Brown enter into the 
simulation and discuss what is going on with her spine. He notes that she should adapt her 
posture and lifestyle, and to correct the position of her foot when jogging to avoid the problem in 
the future. Dr. Brown also recommends personalised drugs that are implanted into her body and 
dispensed in doses that vary according to the level of pain.  
 
All of Jane’s medical history is stored in a smartcard. When she is travelling, she stops in to visit 
an automaton to receive a GP’s advice based on the body scan that can be performed on the 
spot. A prescription is delivered in the language of the country Jane is visiting.   
 
With this knowledge, however, comes responsibility. Sensors track Jane’s behaviour, with data 
being transmitted to Dr. Brown and her insurance company. If Jane does not follow Dr. Brown’s 
orders, her insurance company will not cover her treatment. Jane, as a responsible citizen, is 
satisfied; she knows that her personal data is secure and she provides feedback to her doctor. 1 
 
 

                                                
1 eHealth future scenario developed in the ICT for Society scenario building working group, Bruges, April 2009.  
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Introduction 
 
In all working groups of the first COST’s workshop (Harnessing the Digital Revolution, 1 to 3 
April 2009), human health emerged as a key area, due to pressure for better healthcare from 
government’s health organisations and individuals. Participants noted that Information and 
Communication Technologies (ICT) advancements in quality of life are likely to garner maximum 
user acceptance. 
 
Participants in the subsequent Life Enhancement workshop (30 June to 2 July 2009) shaped a 
vision for 2030 with ICT at the heart of healthcare and biosciences, empowering people to take 
charge of their lives. The workshop explored three areas: 
 

�  Personalised medicine  – managing health on the basis of the individual’s genome 
enabling a more accurate diagnosis, drug treatment, customised therapies and web-
based models of healthcare delivery. 

 
�  Combating ageing  – new prospects in regenerative medicine including stem cell 

research and gene therapy. 
 
�  Cyber human  – advances in neuro-prosthetics, robotics and human-machine interfaces 

that enhance the quality of life. 
 
Personalised medicine  will provide a framework for the future healthcare, with implications for 
combating ageing as populations grow older and for bio-robotics as people who live longer 
require physical and mental enhancement. 
 
The participants were asked to shape their vision for life enhancement in 2030, identify future 
technologies and applications, develop a technology roadmap to 2030, highlight the challenges 
and drivers for success, and formulate recommendations. 
 
The three-day workshop was a rich, international, multidisciplinary exchange among experts 
from around the world, including healthcare practitioners, researchers, academics, engineers, 
industry representatives, and policymakers. 
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Vision 2030 
 
In shaping a vision for the future of biomedicine participants agreed that the approach to 
healthcare and biomedical research by 2030 will be: 
 
Qualitative and personalised . To effectively personalise medicine, a holistic, qualitative 
approach is needed that draws on a wide range of specialists and expertise. The genetic make-
up of an individual will be used to tailor diagnosis, treatment, therapies and life plans. 
Personalised medicine will be: 

 
�  Preventive and curative . Enabled by genomics and the wide range of “omics” such 

as proteomics, doctors will be able to manage a patient’s health more precisely, 
predicting a patient’s predisposition to various diseases. 

 
�  Based on lifelong data collection . Cradle-to-grave bioprofiling based on an 

individual’s genome analysis will enable both personal medicine and better 
healthcare for populations in general as clinician’s access valuable patient data 
securely. (See the bioprofile description below.) A genetic blueprint of an individual 
will be used to construct a bioprofile updated throughout his or her life. 

 
�  Based on patient empowerment . Personalised medicine is proactive and 

participatory. Engaged patients will make informed lifestyle choices and active health 
maintenance will compensate for genetic predispositions to disease. 

 
�  MDs working in virtual global teams. MDs will retain a critical position in the 

healthcare system; however, they will be supported by online health managers 
dealing with personalised medical records. Online managers will act as the interface 
with patients, medical doctors and specialists.  

 
Web based, secure and remotely accessible . Informed and empowered patients will be able 
to access information and consult medical doctors and specialists from anywhere in the world 
using the web and creating virtual, global, multidisciplinary teams. The web will be also a primary 
source of information for scientists, doctors and individuals around the world. Sharing databases 
and software will facilitate convergence in scientific research. 
 
Socially and culturally acceptable . Using the Internet and the web, new forms of artificial 
intelligence such as intelligent agents, avatars and telepresence technologies will be 
commonplace. Security, trust and governance issues will have been resolved and people will 
have full confidence in the Intelligent Web. Increasingly pressing legal, ethical and regulatory 
issues will prompt calls for new models of governance by both professionals and citizens. 
Governance issues will take priority as citizen’s grapple with a new societal model, ushered in by 
the drive towards personalised medicine that is enabled by ICT. 
 
Inter- and multi-disciplinary . As the fusion of ICT and biomedical R&D enable new models of 
healthcare delivery, there must be cross-fertilisation among health science professionals, ICT 
experts, policymakers, clinicians and industry. Building such inter- and multi-disciplinarity is 
critical if research is to move towards systems biology leading to understanding of complex 
interactions and biochemical pathways underlying systems. Leaps forward in genotyping2 and 
epigenetics3 will enable researchers to better understand the link between “genome” and 
“phenome”.  
 

                                                
2 Genotyping refers to the process of determining the genotype of an individual by the use of biological assays. The 
technology is important in clinical research for the investigation of disease-associated genes. 
3 Epigenetics is the study of heritable changes in gene function that occur without a change in the DNA sequence. 
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Personalised medicine – a major paradigm shift in h ealthcare 
 
A major trend leading up to 2030 is personalisation, which will penetrate many, if not all, aspects 
of life enhancement: personal monitoring of physiological signs and medical condition, personal 
treatment and medication, and personalised ICT enabled services to those in need of 
consultation. 
 
Workshop participants agreed that milestones have been achieved in genome sequencing 
technology, which provides genetic and genomic information of every individual. The result is 
that genome profiles of individuals will become affordable for individuals in just a few short 
years. (Estimates ranged from US$ 200 to US$ 1,000 in the next five years.)  
 
These genome-scale technologies and their application to all areas of biological investigation, 
which will enable more accurate individual disease prediction and prevention, will result in a 
dramatic paradigm shift. The ability to test individuals for genetic disorders will increase 
dramatically. This will include population screening as well as confirmatory diagnostics, pre-
symptomatic and pre-natal testing, as well as pre-implantation testing for in vitro fertilisation. 

Lab-on-chip technology will enable multiple tests to personalise medication. ”Omics” sciences, 
including genomics, proteomics, transcriptomics and metabolomics, will play a central role in 
personalised risk assessment and treatment. Drugs will be tailored to patients’ needs taking into 
account personal genetic make-up. Lab-on-chip and bio-nanotechnology will not only 
revolutionise the way the science is performed, but will have an enormous impact on society and 
particularly on the field of personalised medicine. This technology will provide opportunities to 
study complex cellular networks such as brain-on-a-chip and will improve diagnostics. 

The virtual patient 

Future personalised electronic health records will contain clinical and genetic data as well as 
data from an individual’s environment including daily routines, exercise and diet regime. Patient 
specific models of organs, overall anatomy and physiology wil be developed into 3D/4D models 
creating virtual replicas of a patient’s body. 

Ilias Iakovidis, ICT for Heath Unit, Directorate Generation Information Society and Media, 
European Commission, pointed out that efforts are already underway to develop the virtual 
physiological human (VPH) by an EU-funded project4. This methodological and technological 
framework uses advanced ICT to enable the investigation of the human body as a complex 
system.  

Participants agreed that healthcare in 2030 will be characterised by an integrated, holistic 
preclinical approach to clinical medicine where personalised medicine is commonplace. 
 
However, they acknowledged that despite the promise of personalised medicine, many 
challenges must be met before genetic information can be customised into treatments and 
therapies for individual patients.  
 
More than a decade into the genomic era, it remains easier to collect genomic data than to 
understand it. Currently, the function of just 50% of discovered genes and just 2% of genome 
codes for protein are known. More research is needed to investigate the missing links between 
genetics, disease and the environment. Studying the genomic parameters that can change 
genome function under external influences such as environmental factors will provide a key 
element in understanding gene expression and aetiology of different diseases. 
 
Today, we have little knowledge on how to interpret and use this information. Tomorrow, this 
information will be turned around in what one participant called “a knowledge leap”, opening the 
way for personalised medicine.  
 
                                                
4 www.europhysiome.org 
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Integrated preclinical approach to clinical medicin e

Global Population

 
 
Figure 1: From single gene to global population. 
 
 

Bioprofile – a customised life plan  

By 2030, a blood sample taken at birth to determine a person’s genome sequence will be the 
norm. Every five to 10 years, the genome sequence will be analysed and updated for somatic 
mutations and epigenetic changes. This information will be used to predict disease 
predisposition and design personalised drug treatment. Customised cell therapies will be 
commonplace. Patients’ biopsies will be used to derive stem cells by reprogramming any cells of 
the body. Induced pluripotent stem cells (iPS cells) will be used as customised cell lines for 
personalised therapy. 
 
Emmanuel Ifeachor, University of Plymouth, the UK, described a “bioprofile” as all of the relevant 
healthcare and lifestyle information about a person from birth to death. Bioprofile technologies 
will allow clinicians to objectively predict disease susceptibility, predict the onset of certain 
diseases several years in advance, and to accurately diagnose, plan and monitor response to 
treatment in a way that is tailored to individual needs.  
 
“ICT has a vital role to play in the design, development, deployment and use of bioprofile 
technologies in healthcare,” Ifeachor told participants. “This is real; this is something that can 
actually be done now.” 
 
Information from distributed databases, made available securely over the Internet, will be 
analysed using algorithms and online processing facilities. Advanced computation intelligence 
techniques will be needed to process, analyse, fuse and interpret the data to fully exploit the 
information for decision-making.  
 
Bioprofile technologies will have a profound impact on the individual, society and healthcare 
practitioners in Europe and beyond. Their primary benefits will be societal through improving 
quality of life and care and empowering the individual.  
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MDs will be empowered by personalised medicine 

Workshop participants discussed the challenges and opportunities for healthcare in an 
increasingly patient-centred environment. They debated whether ICT would eventually redefine 
the role of medical doctors, but concluded that their role will be enhanced in tomorrow’s radically 
changed healthcare environment. As patients become more informed and empowered, 
personalised medicine will become more proactive and participatory. 

MDs will retain a critical position in tomorrow’s healthcare system, but online health coaches or 
managers will support them. By working in virtual teams they can deliver a holistic, inter- and 
multi-disciplinary approach to patient-centred healthcare management. 

Bioprofile tools will allow clinicians, anytime and anywhere, to routinely collect and analyse a 
citizen’s bioprofile and to objectively diagnose, screen, quantify disease severity and monitor 
progression and response to treatment. Visual presentation of the dynamics of the bioprofile 
over time would facilitate monitoring of the person’s condition; it would allow prediction and 
evaluation of the effectiveness of treatment; and it would allow for a prognosis of disease.  

 
Over the long term, personalisation of medication will lead to safer, more effective and accurate 
diagnosis, thus reducing treatment costs related to misdiagnoses and the side effects of drug 
treatment. This in turn will improve the quality of life and productivity of the population.  
 

ICT will have a vital role to play in the design, development, deployment and use of bioprofile 
technologies in healthcare. In particular, ICT is needed to fill the gap in knowledge and 
infrastructure, and as an enabler in the use and application of bioprofile technologies in clinical 
practice. 

 

 
Figure 2: Example of a bioprofile by E. Ifeachor 
 
Combating ageing  
 
Personalised medicine is the backbone of research into combating ageing. Participants agreed 
that healthcare today and in the future will be driven by the effects of ageing and pathologies of 
diseases including cancer, diabetes, heart disease, macular degeneration, Parkinson’s, 
Alzheimer’s, and osteoporosis.  
 
Workshop co-chair Aubrey de Grey, Chair and Chief Scientific Officer of the Methuselah 
Foundation, the UK, set the stage for discussion and debate: “The enhancement of physical and 
mental capabilities is an enormous subject, but life enhancement basically comes down to 

Vision example – personalised bioprofiling – birth to death.  
Prevention of diseases & management plan 

Post mortem
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{Recordings from operative Procedures
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combating ageing more than anything else. This is not the way medicine works today,” he said. 
“By 2030, it should be possible to make a significant impact on the ageing process.” 
 
As noted in the section on personalised medicine, genome profiles and genome-scale 
technologies will enable more accurate individual disease prediction and prevention. Such 
genome profiles will enable individuals – together with their healthcare providers – to design 
careful life plans to avoid factors that would increase the likelihood of developing a particular 
disease. Such life plans would also encourage individuals to seek out preventive measures to 
reduce their vulnerability and prevent or slow down the ageing process.  
 

Regenerative medicine predicted to be a major break through 

Some major breakthroughs in biomedicine in the next 20 years will be in the area of regenerative 
medicines. Huge advances in our ability to manipulate cells are continuing rapidly and set to 
continue with stem cell research.  
 
The therapeutic promise of stem cell technologies is enormous. Participants discussed the use 
of embryonic stem cells, but pointed out that advances in reprogramming adult cells will yield the 
possibility of stem cell generation from any human cell opening possibility for personalised cell 
therapies. 
 
Partner technologies within regenerative medicine, particularly tissue engineering and gene 
therapy, need to make similar advances. These advances could be expected occur by 2020 or 
2030 at the latest. The applications of these technologies to medical care will be ubiquitous, but 
their most significant application will be in the health and longevity of the elderly. 
 
This type of research is particularly critical to a disease such as Alzheimer’s, which is on the rise. 
For the last 160 years, life expectancy has increased by five years for every 20 years. Because 
the likelihood to develop Alzheimer’s disease doubles every five years, it suggests that the 
proportion of cases has doubled every 20 years.  

 

Availability of genetic information will empower pa tients 

Genetic studies will guide individuals as to how best to manage their lives. Those with a 
predisposition for Alzheimer’s disease must adjust their life following careful life plans. Future 
health education, including Internet-based learning and targeting using personalised 
computerised health records, will likely contribute the most to improvements in healthcare.    

Early testing for the association between APOE genotype and memory dysfunction related to 
age and Alzheimer’s pathology combined with appropriate diet and memory training could 
reduce the number of individuals who would succumb to this disease. New brain scanning 
techniques using digital imaging and processing will enable more accurate diagnoses.  
 
Several participants pointed to genomic and epigenetic analysis as the way forward to combat 
ageing. They agreed that much more effort is needed in genomics and that functional genomics 
is key. Human genome sequences will become a standard baseline for diagnosing the health 
condition of a person and the potential for various diseases, but more research is needed into 
understanding how to reprogram cells at the molecular level to enable growth of new tissues as 
required. 
 
As Herve Chneiweiss, Centre de Psychiatrie et Neurosciences, French National Centre for 
Scientific Research, pointed out, “the more we know, the farther away we are from determinism.” 
Today, “omics” are necessary, but insufficient – 20 years from now common diseases will still kill 
millions. Advances in predictive, regenerative and personalised medicine need to be made 
quickly. 
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Future advances in proteomics and molecular systems analysis is the key to innovative 
biomedical applications and improvements in drug development. Biomarker discovery will lead to 
major advances in industrial and pharmaceutical applications. Proteins make up highly dynamic 
biological systems and this humbling complexity will lead to the failure of simplistic strategies.  
 
As a result, novel mathematical approaches are needed to deal with such complex sets of data. 
Participants agreed that collecting, federating and processing the data is a critical success 
factor. However, one of the major challenges of systems biology and functional genomics is to 
integrate proteomics, transcriptomics and metabolomics information to give a more complete 
picture of living organisms�  
 

Better understanding our toxic environment 

Ageing is the result of random damage that exceeds the capacity to repair. New technologies 
are emerging to measure the body burdens of potentially toxic chemicals and ”natural” toxins, 
including heavy metals and endocrine disruptors. These new high throughput methods in 
exposomics will allow the direct measurement of chemical levels of hundreds of potentially 
exposures hazardous substances for ageing populations. Robotics specimen handling 
equipment and miniaturisation of mass spectrometry is needed.  
 
In the next 20 years, it could be possible to identify and control the major toxic chemicals 
exposures hazardous for ageing; this would be entirely new as current work is focused on short-
term toxic effects, especially in children. In a world of populations, identifying long-term 
exposures on ageing outcomes could revolutionise gerontology and identify many new ways of 
protecting the body from random damage. Monitoring an individual’s exposure to toxic chemicals 
from birth will form an important component of their life plan as preventive measures could be 
undertaken. 
 
 By 2030, new exposure measurement technology will identify which of the 100,000 chemicals 
currently produced in the world are hazardous and contribute to damage and ageing. 
 
Cyber human – human bio-robotics on the rise 
 
By 2030, the linkages between cyber-computer technologies and human biological systems will 
be well advanced, enabling myriad applications in biomedicine. Participants discussed a wide 
range of technologies and applications, from neuroprostheses, attentive interfaces, eye tracker 
with remote optics, comprehensive 3D or 4D physiological body models that can be customised 
to a specific individual, and human-centred interaction technologies. 
 

Neuroprotheses – a striking breakthrough 

Participants agreed that one of the most striking breakthroughs in biomedicine will be in 
neuroprostheses. Neuroprostheses is an area of intense scientific and clinical interest and one 
of rapidly accelerating progress. Since the introduction of the cardiac pacemaker in 1932, 
developments include cochlear prostheses, techniques for bladder and bowel control, deep brain 
stimulation, and restoration of mobility and respiration to paralysed individuals.  
 
According to Fabio Babiloni, University of Rome “Sapienza”, there are an estimated 18,500 
upper-extremity amputations in the US each year. Rough estimates suggest there are about 
1,350,000 amputees worldwide with an average rate of 108,000 new cases per year. This 
number is set to increase as the world’s population grows and ages. Replacement of upper and 
lower limbs is not limited to people suffering amputation of a limb due to traumatic injuries or 
pathologies. For example, the loss of a limb could result from a stroke injury. Neuroprostheses 
will result in an enhanced quality of life for many as they regain autonomy following an injury. 
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Brain implantable electronic devices have a very promising future for regenerative and age-
related diseases. Future advances in understanding mechanisms operating in neurobiology 
together with miniaturisation and the omnipresence of microelectronic devices will enable the 
wide use of brain-machine interfaces. Such neuroprostheses will convey real sensations about 
the external world through sensors on the robotic limb and simulators on the body. 

The next step will be to decode brain waves in such way that prosthetic limbs can be driven by 
thoughts from the final user, becoming a real “neuroprosthesis”. Generation of a new class of 
signal processing algorithms able to correctly classify brain waves in real time will be a major 
breakthrough in enabling the efficiency of the neuroprostheses. 
In the next two decades, both upper and lower limb prostheses will be driven by thoughts 
through the use of neurophysiology signals. The vehicle will be tiny sensors worn on the human 
body. Improved sensors are critical if this breakthrough is to occur. Several participants pointed 
out that today’s sensors are the same ones used 20 to 30 years ago. 
 
Future progress in development of materials will enable the interfacing of artificial limbs with 
human tissue. Interfacing through osteointegration is one possibility. However, work needs to be 
done on developing smart, flexible, biocompatible materials, which opens up a realm of new 
possibilities for people with disabilities.  
 
The backbone of life enhancement technologies will be data, gathered from ubiquitous light-
weight wearable biosensors. These tiny devices will provide the basic monitoring and 
measurement data in real time and place, thereby providing advanced, patient-focused 
healthcare services. These sensors and cameras will continuously check body functions such as 
blood pressure, heartbeat, alcohol levels, concentrations of drugs and an individual’s emotional 
state. Sensors will be worn anywhere on the body, swallowed (disposable) or implanted. A key 
issue will be to manage the data deluge from millions of sensors around the world. 
 
Kris Verstreken, Department Director, Bio NanoElectronics (BioNE), IMEC, Louvain, Belgium, 
said that “repairing an old machine is too expensive; it is far better to reverse engineer and 
rebuild parts for the human body from scratch.” However, today the body is complex and the 
tools are primitive.  
Indeed, as participants pointed out, engineering artificial gene networks or re-designing natural 
biological systems and from modular components encompasses new area of research called 
synthetic biology. 
 
Participants also discussed the inherent challenges of “transhumanism,” that is, using science 
and technology to improve human mental and physical characteristics and capacities. 
Transhumanism is controversial; however, it is the cornerstone of research and experimentation 
in many areas of biomedicine, particularly in the area of prosthetics and orthotics. 
 

Robot companions and virtual reality will improve q uality of life 

Increases in automation and autonomy are already enabling computers to perform tasks without 
explicit user commands. New input signals are playing a major role in this research and 
development. For example, an attentive interface application being developed at the University 
of Finland monitors the user’s eye movements when he or she is reading a text in a foreign 
language. When an unknown word is encountered, it changes normal reading behaviour, which 
the system detects. It then automatically displays a translation for the unknown word.  
 
However, interaction technologies research must develop as a human-centred discipline 
advancing science and developing new technologies. Implementing systems that understand 
what humans are doing requires substantial brain research together with humanoid robotics 
research. 
 
Participants agreed with the prediction that empathetic, intuitive, interactive service robot 
companions will be commonplace by 2030, vastly improving the quality of human life. Such robot 



 Life Enhancement Workshop Report  12 

companions will be particularly useful for the elderly and people with disabilities; they will be 
used households and will substitute for people in performing dangerous tasks. 
 
Already, robots can maintain eye contact with users and can direct their attention to where the 
user’s visual attention is. The next step is to create models of the user’s situation and status that 
are suitable for the robot to adapt its behaviour accordingly. 
 
In the future, virtual reality programmes will be further developed allowing individuals the 
experience of being able to travel nearly anywhere on the globe and to interact with others just 
as they would in reality. This will enahce the lives of the disabled and the elderly. 

Moreover, augmented reality that overlays computer generated information to the real world will 
be commonplace. A new generation of devices will be able to display this type of information in a 
way that creates an impression that is much closer to real life. 

 
The evolution of the Intelligent Web 
 
By 2030, the Intelligent Web 4.0 will be well advanced. Human intelligence will have co-joined 
with advanced forms of artificial intelligence, creating a higher or meta-level of knowledge 
processing. This will be essential for supporting the immensely complex decision-making and 
problem solving requirements of 2030 and beyond, which is essential for civilisation’s progress.  
 
Web 4.0 will be ubiquitous by 2030, powered by a smart, self-organising and pervasive 
computation mesh, capable of autonomously spawning countless virtual networks, as well as 
optimising its own performance. This global network will connect human life through smart 
devices and automatic sensors and power all facets of human activity. 
 
“Most significantly, it is evolving as a decision partner with humans in the management of the 
planet’s natural assets, built infrastructure and development projects as we face the biggest 
challenges to our habitat and heritage,” said  
David Tow, Director of The Future of Life Research Centre, Australia.  
 

Managing the data deluge – the Facebook generation 

As mentioned previously in this report, the backbone of life enhancement technologies is data, 
gathered from tiny, ubiquitous biosensors in the home, the office or in the doctor’s surgery. 
These inexpensive, wearable tiny and reliable biosensors will provide the basic monitoring and 
measurement data for advanced, patient-focused healthcare services. Much of the basic patient 
data that will feed into web-based personalised records will be gained from body-monitoring 
sensors that enable real time diagnosis.  
 
The amount of data created yearly is expected to double in size every 18 months over at least 
the next decade. Already, the vast amounts of data being generated from various sources have 
outstripped scientists’ ability to use the data sensibly to improve medical decision-making. A 
major challenge lies in managing the data deluge as the progression towards almost unlimited 
computing power will enable collection and processing of massive amounts of information. By 
2030, there will be “an ocean” of data collected from billions of sensors around the world. 
 
However, the current trend of cloud computing and improvements in grid computing, together 
with the acceleration in processor speeds, will allow nearly unlimited computing power to 
become economically available on a pay-as-you-go-basis to end users. Further innovations in 
storage of data in the cloud will allow for massive distributed databases to be federated and 
accessible from anywhere. 
 
Participants acknowledged that many of the major breakthroughs from now until 2030 will be 
driven by the collection and processing of vast amounts of data. Algorithmically, advances in 
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data mining, image processing and artificial intelligence will be a cornerstone for this new 
generation of applications.  
 
The ability to federate data and create the physical infrastructure to meet exponentially growing 
resource demands will be an advantage for Europe as smaller operators will be able to 
seamlessly and automatically combine their resources to deliver services both domestically and 
internationally. There is also an urgent need for the semantic interoperability of healthcare 
information systems. This will require an international agreement on standards. Several 
participants pointed out that Europe could take the lead in the area of setting standards. 
 
Several participants agreed that a critical objective is not to simply gather large data sets, but to 
extract meaningful content from the data. Others raised the issue of privacy and trust. How many 
people would be willing to put their personal data on the web? However, as one participant 
pointed out, tomorrow’s adults will have been raised on Facebook, which could mean they could 
be less suspicious of sharing personal data.  
 
Future breakthrough technologies and applications 
 
Many workshop participants pointed out that we already have the ICT to enable the profound 
innovations in biomedicine from now until 2030. The major challenges lie in managing the 
complexity of the data deluge and ensuring interoperability among disciplines as the need for 
inter-disciplinarity increases. As mentioned throughout this report, participants predicted 
advances in the following technologies and applications: 
 

�  Sensors and semiconductors. 
�  New materials and neuroprosthetics. 
�  Future Internet development, for example, cloud computing and the Intelligent Web 4.0. 
�  Virtual Physiological Human. 
�  Lab-on-chip – cheap lab-on-chip technologies will replace expensive equipment currently 

used in laboratories. 
�  Decoding brain activity. 
�  Robot companions. 
�  Intuitive/seamless human machine interface. 
�  High throughput science – because science is a data-driven process, there will be a high 

level of data collection, aggregation, management and storage. 
�  Regenerative medicine. 
�  Brain and body scanning. 
�  Genome analysis and “omics” development. 
�  Systems biology. 
�  Stem cell technology and gene therapy. 

 
Technology Roadmap 2030 
 
Participants debated and finally agreed on a technology roadmap leading up to 2030. As some 
pointed out, the exponential growth of ICT will continue in line with Moore’s Law5, but storage 
capacity and systems to manage the complexity of massive amounts of data are urgently 
needed or the predicted technologies cannot be advanced in the timeframe between now and 
2030.  
 
Genome sequencing and lab-on-chip are expected to be on-stream in just six years, by 2015. 
However, it will take another 20 years to fully develop and understand genome, epigenome and 

                                                
5 Since the invention of the integrated circuit, the number of transistors that can be placed inexpensively on an 
integrated circuit has increased exponentially. This is the essence of “Moore’s law” – and it appears to be set to 
continue for the next 21 years. 
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functional “omics”. As previously mentioned, there is a lot of work to be done before the move 
can be made from genome to phenome. 
 
By 2020, we can expect sophisticated brain and body scanning technologies. At the same time, 
powerful nanosensors and semiconductors will deliver an exponential increase in computing 
power. We can also expect the development of synthetic biomaterials that are biocompatible 
with the human body for improved prosthetics. Systems biology will be the norm. 
 
Empathetic, intuitive robot companions, continuous real-time monitoring of the human body, 
future Internet development into a global intelligent network and stem cell technology and gene 
therapy will be commonplace by 2025.  
 
By 2030, we could expect the following technologies: virtual physiological human, regenerative 
medicine, genome combined with functional “omics”, gene therapy, decoding brain activity and 
synthetic biology.  
 
Research in 2030 will be multidisciplinary and on a global scale, thanks to the Intelligent Web 
and the fostering of multidisciplinarity. However, several participants noted that multidisciplinarity 
must start now or the predicted advances will never take place.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 – This roadmap predicts which technologies  will become available from now until 2030.  
 
Challenges leading up to 2030 
 
The challenges – both technological and societal – are myriad, as are the opportunities. 
Participants recognised that common challenges exist across the three areas of biomedicine 
discussed during the workshop.  

 

Data governance –  privacy, trust and ethical issues 

The safeguarding of personal data is today – and will continue to be – a critical issue. Genome 
profiles of individuals will become affordable for individuals in just a few short years. (Estimates 
ranged from US$ 200 to US$ 1,000 in the next five years). The major challenge is related to 
governance and of personalised data.  
 
This challenge will bring opportunities for the private sector to develop appropriate technologies 
and ICT infrastructure and tools in the form of software, databases and personalised medical 
records. Trust, on the other hand, will largely depend on the degree of citizen acceptance for the 
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leaps in technology that are going to dramatically change their lives and the systems of 
governance designed and implemented by governments. This will involve the setting of 
standards. 
 
Also challenging will be the societal implications of the future web and the evolution of artificial 
intelligence and decision-support systems. This co-joining of human and artificial intelligence will 
usher in a series of unique challenges to societies around the world as new technologies break 
through cultural and social norms. Sharing or ceding decision control to largely autonomous 
systems and co-existence with cognitive machines might cause major cultural shifts and radical 
changes to the status quo of personal lifestyle and work life.  
 
As advances in biomedicine accelerate, society will be faced with complex ethical issues. The 
stem cell research storm that swept the US until just recently is just one example of the ethical 
issues that will arise as progress is made in the areas of genotyping and epigenetics. As people 
live longer and in better health, a wealth of societal challenges will open up. Issues such as 
competition for jobs, natural resources and food are just a few examples.  
 
Personalised medicine also challenges the delivery of healthcare insurance. How much power 
will insurers wield in a world where a client’s personal data could be compromised? What 
procedures will be covered? Will certain preventive procedures and lifestyle choices become 
mandatory? Will personalised drug treatments and therapies be delivered to the wider public or 
they will be limited only to those who can afford them? 
 

Life-long personalised data acquisition and storage  

A crosscutting issue is managing the data challenge. Lifelong personalised data acquisition – 
central to personalised medicine – brings with it many challenges. However, managing the data 
deluge will bring with it many opportunities as the need for data management software will 
become increasingly urgent. This opens up opportunities for the private sector to make inroads 
in providing systems and services both in Europe and worldwide. 
 
Semantic interoperability of healthcare information systems will become increasingly important. 
 

Knowledge dissemination  

Knowledge dissemination is key, for scientists, politicians, policymakers and, importantly, the 
general public. However, a special effort must be made to engage citizens in the technological 
developments that are going to transform societies. This also involves risk communication, so 
that citizens become aware of the benefits – and the risks – inherent in the technological 
progress driven by ICT.  
 
Participants agreed that extraction of meaningful data and providing quality education will be a 
major challenge – and an opportunity – from now until 2030. 
 

Significant progress must be made in algorithms 

 
Biological systems are complex. Participants acknowledged that significant progress must be 
made in algorithms for translating, modelling and simulating complex biological systems. Further 
development of systems biology will depend on the engagement of mathematicians to unravel 
increasing complexity. 
 

Funding is key 

An underlying concern is the issue of funding. Despite the fact that the market for eHealth in the 
EU is considered a “lead market”, R&D spending is likely to fall short of achieving the Lisbon 
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Strategy goal of investing 3% of GDP on research by 2010.6  Over the last 25 years, healthcare 
has fallen progressively behind other service sectors in terms of relative levels of ICT 
investment.  
 
However, as one participant pointed out, the cost of not focusing on personalised medicine is 
much higher as Europe’s population ages. Introducing personalised medicine will require initial 
seed funding. Several participants called for strategic public-private sector partnerships as a way 
forward to reconciling the funding issue.  
 
An analysis of the eHealth market potential predicts “explosive growth” driven by the need to 
face Europe’s health-related challenges and to take advantage of burgeoning new medical ICT. 
Recent research has suggested that the health ICT industry has the potential to be the third 
largest industry in the health sector with a global turnover of €50-60 billion, of which Europe 
represents one third.7 
 

Specific challenges 

Significant leaps in genotyping combined with epigenetic analysis needed  
 
If life enhancement technologies are to advance from now until 2030, there must be significant 
leaps made in genomic and epigenetic analysis. Personalised medicine holds much promise, but 
it is a field that is tempered by significant challenges. Systems biology will become the norm, but 
as participants reiterated across the three-day workshop, there is much work to be done to move 
towards the understanding of systems and global populations. 
 
Capturing and decoding brain signals and further development of biomaterials 
 
Capturing and translating brain signals is critical for most of the advances in biomedicine 
discussed in the workshop, including developing neuroprostheses; diagnosing and finding a cure 
for diseases such as Alzheimer’s, Parkinson’s, and dementia; and developing empathetic, 
intuitive and interactive robot human companions.  
 
Challenges specific to the technologies discussed in the cyber human workshop include the 
development of biocompatible material development, for prostheses and new body parts such as 
joints and organs. Accommodating deformities, for example for children born without limbs, will 
be a challenge, as will user acceptance of prostheses.  
 
 
Drivers of success 
 
The area of personalised medicine emerged repeatedly as set to harness the rapid progress in 
the ICT domain, and especially benefit Europe’s ageing population. Europe, with its proven 
strengths in ICT, has an opportunity to make important inroads in this area as well as in the area 
of standard setting. Participants identified several key drivers of success on the road to 2030. 
 

Addressing public policy issues – socially and cult urally acceptable? 

The pathway to the development of personalised medicine involves identifying and addressing a 
range of public policy issues. Legal frameworks must be developed immediately to avoid 
exploitation or misuse of sensitive data. These legal frameworks are also needed to provide the 
basis for handling personalised data by all stakeholders, including healthcare practitioners, 
insurers, employers, governement institutions and citizens. New models of global governance 

                                                
6 Centre for European Policy Studies, http://shop.ceps.eu/BookDetail.php?item_id=1792 
7 http://ec.europa.eu/information_society/activities/health/docs/publications/lmi-report-final-2007dec.pdf, p. 12 
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will have to be established that recognise the need to cede some decisions and control to largely 
autonomous systems. 
 
This underscores the need for a multidisciplinary approach to informed decision-making and for 
developing new models for governance. One participant pointed out that technology itself is 
rarely the issue; it is about politics as the social and ethical changes in society will be 
tremendous. Health education for both citizens and healthcare professionals will be key to make 
the technology accessible. 
 
At the same time, harmonised European policies to regulate health insurance and a harmonised 
regulatory framework for bioethics are required.  
  

Stimulating new business opportunities – next gener ation of clinical trials  

As societies progress towards 2030, cost benefit analyses will be required as policymakers 
grapple with funding issues. Increasingly pressing legal, ethical and regulatory issues will prompt 
calls by both professionals and citizens for improved governance and legislation. Introduction of 
personalised medicine will open up new business opportunities across society for delivery of 
healthcare enabled by ICT. Stimulation of new business opportunities in the pharmacological 
industry related to the paradigm shift in drug design, validation, and clinical trials will lead in the 
long term to safer, more effective, accurate diagnosis. It will also reduce the costs of treatment 
related to misdiagnosis and the side effects of drugs.  
 
Today, pharmaceutical companies run clinical trials for new medicines. Several participants 
questioned this practice and noted that as personalised medicine develops and evolves, so must 
clinical trials. Because personalised medicine is genome based, it will necessitate a new way of 
designing trials that go beyond today’s methodology that is centred on the disease and not on 
the individual patient. 
 

Stimulating public-private partnerships 

The challenge of funding must be met, however, participants agreed that governments may not 
be willing to generously fund biomedical research. A way to meet this challenge would be for 
governments to stimulate public-private partnerships through various incentives and innovative, 
flexible financial instruments. 
 
At the same time, there must be increased cooperation between the private sector and medical 
doctors if advances in biomedicine are to be made. Today, many trained medical doctors work 
for private sector research companies. This practice needs to be encouraged.  
 

Establishing common education standards 

As the trend towards inter- and multi-disciplinarity grows, common international education 
standards will be required. This will become increasingly important as researchers, scientists, 
doctors and patients work in virtual teams. At the same time, mobility of researchers and 
scientists is critical. Common education standards will facilitate work done within virtual teams 
and mobility. 
 

Building a global scientific community 

Because complexity will increase as we approach 2030, it is critical to abandon the silo 
approach to research and development. Instead, an infrastructure for a global scientific 
community must be created to enable scientists to engage in multidisciplinary teams and 
collaborate across disciplines. This is particularly important as research moves towards systems 
biology and “omics”, including genomics and proteomics. 
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Participants agreed that the technological breakthroughs from now until 2030 can only be 
achieved by such inter- and multi-disciplinary research efforts from researchers around the 
world. Inter- and multi-disciplinarity will be driven by the need for a holistic approach to 
healthcare. 
 
A global scientific community will also facilitate the dissemination of knowledge among 
disciplines. This is key if multidisciplinarity and interdisciplinarity is to flourish.  
 

Inter- and multi-disciplinarity are paramount 

 

ICT-based education and training for future doctors , researchers  

As biomedicine advances, researchers and doctors will increasingly rely on 3D and 4D 
modelling. As described in this report, the virtual physiological human will become an invaluable 
education tool. The virtual physiological human will enable large collections of anatomical, 
physiological and pathological data to be stored in a digital format. It will also enable the creation 
of large collections of predictive models that can be interconnected to form effective 
representations of complex systems. 
 

Personalised bioprofiling must advance  

As advances in biomedicine enable personalised medicine, personalised bioprofiling will take 
centre stage. Personalised bioprofiles will be a breakthrough technology for healthcare. As a 
compendium of the relevant healthcare and lifestyle information of an individual from birth to 
death, a bioprofile will allow clinicians to objectively predict diseases susceptibility, predict the 
onset of certain diseases and to accurately diagnose, plan and monitor response to treatment in 
a way that is tailored to individual needs.  
 

Advanced computation intelligence techniques are ne eded 

Advanced computation intelligence techniques will be needed to process, analyse, fuse and 
interpret data from bioprofiling to fully exploit the information for decision making. Biofile 
technologies will have a profound impact on the individual, society and healthcare practitioners.  
 
By guaranteeing data privacy and security, this wealth of information will advance biomedicine 
by providing invaluable data from millions of individuals to researchers and scientists. 
 

The evolution of the Intelligent Web must be suppor ted 

The Intelligent Web will create a higher – or meta-level – of knowledge processing. This will be 
essential for supporting the complex decision-making and problem solving requirements leading 
up to 2030 and beyond. As the Intelligent Web evolves, there is likely to be a high level of public 
resistance to the implied cultural shifts and radical changes to the status quo of personal lifestyle 
and work life. This is why education and knowledge dissemination is so important.  
 

Advances in stem cell research and gene replacement  therapy needed 

Stem cell research and gene replacement therapy are critical drivers of personalised medicine. 
Participants called for increased funding for such research. They also pointed out that better 
communication to citizens regarding the benefits of this research would likely result in increased 
public support and pressure on governments and the private sector for more funding. 
 

Introduction of widespread sensor-based real-time a nd real-place monitoring 

Widespread introduction of various biosensors must be encoureged giving an advantege of real-
time and real-place monitoring of an individual’s health condition. Future clinicians would be able 
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to accurately predict the onset of certain diseases, several years in advance and to objectively 
plan for treatment and care. At the same time, individuals, relatives and caregivers, would be 
able to objectively monitor the progression of disease and response to treatment.  

For diagnosis, for example, a clinician anywhere in Europes supplies the necessary information. 
An appropriate set of algorithms is then used to analyse the bioprofile to look for the earliest 
signs of the onset of disease. 

Participants pointed out that today the social acceptance of such devices is low. However, 
significant advances could come from the gaming industry where various sensors and 
simulations are rapidly gaining acceptiability among today’s youth. 

�
Recommendations 
 
The pace of scientific and technological change is accelerating to the point where it is often 
overwhelming. Increased human longevity ushers in many new challenges to the environment, 
including more pressure on fragile natural resources, as well as to the organisation of society. 
 
Citizens will have to make a quantum leap if they are to fully understand and accept such 
unknown territory as neuroprotheses, artificial intelligence, bio-sensors, bioprofiling and ceding 
decision control to autonomous systems. Personalisation of healthcare will enable high quality of 
treatment and therapies and empower patients. Implementation of personalised medicine will 
require creating new legal and ethical frameworks, health insurance policies, education, ITC and 
further progress in biosciences.  
 
ICT will affect all aspects of people’s personal and work lives, breaking through today’s social 
and cultural norms. Issues of privacy, trust and security will become paramount.  
 
Participants reviewed the challenges and drivers of success. They made several 
recommendations that should be implemented by policymakers in the short term, including: 
 
�  Enhance progress in computational intelligence techniques need to process, analyse, fuse and 

interpret scientific data and medical records. 

�  Set-up European databases and bio-banks, as well as implement European biological 
resource centres and ensure the mobility of Europe’s scientists. 

�  Empower future patients through ICT to take charge of their lives promoting proactive and 
participatory attitude towards healthcare. 

�  Create a legal, ethical, and regulatory framework to ensure public support for advances in 
personalised medicine and ensure secure governance of databases and personal medical 
records.  

�  Build public awareness about advances in biomedical research that will include genotyping, 
stem cell technologies and gene replacement therapies.  

�  Facilitate advances in systems biology. Develop algorithms supporting modelling of biological 
pathways and systems. 

�  Involve key stakeholders in decision making process. 

�  Enhance progress in inter- and multi-disciplinary research and understanding the relationship 
between genome and phenome.  

�  Dedicate more funding to multi- and inter-disciplinary research developing a global 
international framework for scientific collaboration.  

�  Enhance training that involves virtual 3D/4D modelling. 

�  Focus on communication, dissemination and development of common international education 
standards. 
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�  Stimulate new business opportunities in the pharmacological industry related to the paradigm 
shift in drug design, validation and clinical trials. 

 
Foresight 2030 workshops – what’s next?  
 
Shifting social patterns and demographics will require new models for organising European 
society. This will usher in new challenges that Europe may – or may not – be ready to meet. The 
strategic brainstorming workshop in Bruges held 1 to 3 April laid the foundation for this second 
workshop 30 June to 2 July 2009, where participants discussed how the digital revolution will 
affect four major areas of society: energy, food security, natural resources management and life 
enhancement.  
 
A third workshop, from 7 to 9 October 2009, will attempt to define society in 2030, focusing on 
future cities, health, education, business and the impact of ICT on human behaviour.  
 
The EU is well-positioned to launch such an initiative. For example, it already has research ties 
with third countries and several EU Framework Programme projects have attracted partners 
from all over the world. 
 
 As one of Europe’s three pillars of joint research initiatives, COST, with its global network of 35 
European countries and its partnership with Israel, South Africa, New Zealand and Australia, 
could be the incubator for growing a global scientific community.  
 
 


