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— Executive Summary —

As information and communications technologies have increased the level of global interconnectedness exponentially in the blink of an eye, earning our present point in time such monikers as "the information age" and the "information revolution", the real changes facilitated by technology have yet to be realized.  One such realization is the use of computing in the field of biology, genetics, and the delivery of healthcare and the development of healthcare-related technologies.

Initially necessitated by the effort to map the human genome, the new science of "bioinformatics" has driven traditional computation designs to the limits of their capabilities.  The sheer number of calculations required in such analysis extends beyond any previously designed system.  However, the result is a new standard for computing in the biosciences that will forever change the nature of technology, healthcare, and scientific research.

In order to take advantage of this new market opportunity, estimated to be a $40 billion market by 2004, the world's largest and most successful technology companies, such as Compaq, IBM, and Motorola are developing the machines that will be able to handle the new mother lode of data.  However, the real leaders in this new field will be the collection of smaller, start-up companies that are striving to provide highly specialized services and products, such as Celera, Entelos, and ProteoMetics.  Just as entrepreneurs and innovative thinking helped turn the Internet into a limited network of "geeks" into a "revolution", the same will be true for the next generation of supercomputers.  Having learned this lesson from the Internet boom (and bust), some of the established technology companies are developing partnerships with start-up entrepreneurs with a new appreciation for due diligence.

Despite the promise of corporate profits and the benefits to society, bioinformatics, like any revolutionary idea, is not without its problems.  The new direction for technology and healthcare raises a number of thorny public policy issues—issues that touch the core beliefs of most societies, such as privacy of information, discrimination based on genetic make-up, and equitable access to the new treatments and procedures bioinformatics promises to bring.  The private developers of this technology also face important issues with respect to interoperability, common standards, protection of intellectual property, and anti-competitive behaviors.

Although none of these issues has an easy answer, with the right dialogue, progress will be made.  The dialogue will require representation of the public and private sectors, civil society and international organizations, and the academics and researchers who are blazing a new trail in this important field.  As the leading companies, organizations, and thinkers in this realm are spread around the globe, the World Economic Forum is uniquely suited to serve as the key facilitator and convenor of this dialogue.

A successful session at Davos could include leaders from both the healthcare and IT fields and possibly lead to a new task force or initiative to begin to address these issues.

I.      Organization of the Paper

	


This report is written with the goal of providing the foundation for the World Economic Forum to develop a series of sessions during the Annual Meeting 2002 in Davos.

In order to fully understand the implications of bioinformatics and the impact on society, this paper first examines the role of technology in healthcare as well as some of the primary policy issues it raises.

Bioinformatics is then defined in detail in order to provide a firm understanding of what is driving its development as well as why it presents such vexing challenges that need to be addressed.

The bioinformatics market is analyzed in order to identify the leading trends in the burgeoning field.  The analysis includes established and start-up companies and future predictions regarding the size and potential of the market.

Critical challenges facing society and the firms developing bioinformatic products are examined in the perspective of socio-economics, healthcare, public policy, and the unique issues attributed to genetic information.  Because of the substantial impact on society and the marketplace, the public policy issues are then examined in detail.

The paper then presents a resource section that contains information about leading bioinformatics companies, industry organization, and NGOs and research groups.  This section includes a profile of the Swiss Institute of Bioinformatics—a global leader in the examination of this field.

The appendix includes other resources such as other efforts to facilitate a dialogue on these issues, sample legislation in the U.S., and one NGOs call for action on a variety of policy issues.

II.      Technology's Impact on Healthcare

	


The Internet is rapidly and radically transforming many aspects of society, reshaping industries from aircraft manufacturing to retailing by enabling the widespread sharing of information and creating new relationships between buyers and sellers of goods and services. Businesses now sell goods and services over the Internet, often dealing directly with customers rather than working through traditional distribution channels and intermediaries, tailoring products to match more closely the preferences of individual customers. Governments disseminate public information on World Wide Web sites, and consumers use the Internet to find information, communicate with friends and family, plan trips, shop, and pursue hobbies. Both the scope of applications and the number of Internet users will undoubtedly continue to grow as technologies improve and innovators continue to experiment with new online applications. 

Health-related activities stand to benefit enormously from the Internet. As a highly information-intensive set of functions characterized by complex interactions among a large number of stakeholders—primary care physicians, specialists, nurses, patients, health plan administrators, public health officials, medical librarians, researchers, and others—health-related activities can take advantage of the nearly ubiquitous reach of the Internet and its capability to support communication between users who may not have interacted with each other before. Already the Internet is beginning to influence the health sector by forging new relationships among stakeholders and improving access to health information. Its application in the delivery of health care, maintenance of public health, payment for health care services, education of health professionals, and conduct of health sciences research could improve the quality of care and access to it as well as reduce its cost. 

Despite its promise, the Internet's future in supporting health and health care is far from assured. A number of technical, organizational and policy barriers stand in the way of its adoption by health organizations and consumers. Furthermore, although much can be done with the Internet in its present form, some health applications demand greater technical capabilities than the Internet can now provide, especially in the areas of security, reliability, and timely transmission of information. As a result, some health applications cannot be implemented across the Internet and used in operational settings without potentially threatening the privacy and care of patients. 

Health applications have helped motivate a number of efforts to improve the nation's information infrastructure. Ongoing research and development efforts, such as those being pursued under the Next Generation Internet initiative and the private sector's Internet 2 initiative, also hope to foster technologies that enhance the Internet's ability to meet the needs of the health sector. These efforts will also provide testbeds for improved evaluations of the benefits of health applications of the Internet and their technical and non-technical requirements. But these testbeds—and ultimately the Internet itself—will not adequately support health applications unless a better understanding is developed of the technical capabilities that these applications demand. 

The strong interrelationships between the network, other technology, and organizational and national policy introduce great uncertainties into the evolutionary path of the Internet with respect to health applications. For example, although many would agree that the Internet will enhance the role of the consumer in health care, the future of specific applications, such as remote medical consultations or online access to patients' medical records, is more difficult to discern because of the range of technical, organizational, and policy issues to be. Further research and experimentation are needed to understand these issues more fully and develop workable solutions. 

III. Bioinformatics Defined

	


Bioinformatics: "The science of developing computer databases and algorithms for the purpose of speeding up and enhancing biological research. Bioinformatics is being used most noticeably in the Human Genome Project, the effort to identify the 80,000 genes in human DNA. New academic programs are training students in Bioinformatics by providing them with backgrounds in molecular biology and in computer science, including database design and analytical approaches." — The New England Journal of Medicine.
The burgeoning field, known as bioinformatics, comes of the marriage between biology and high-powered computing that was instrumental in deciphering the human genome.  Craving vastly more speed and power to isolate the genetic origins of myriad afflictions, the biotechnology industry's demand for ever more muscular computers is expected to be insatiable. For example, it was high-speed computers that enabled researchers from Celera Genomics and the federal Human Genome Project to make a blueprint of the 3 billion chemical base pairs that comprise the human genetic makeup. But researchers now must study the roughly 30,000 genes and hundreds of thousands of proteins that are the keys to the future drugs that can attack many diseases at their biological origin.  That requires computer simulations of how drugs may act on humans, or how they may interact with other drugs - and vast amounts of storage space for all that data.

Beyond the laboratory, the demand for processing and storage muscle may well come from what is becoming known as personal medicine.  In personal medicine, an individual's genetic data would be stored digitally, providing doctors with information needed to develop individualized care.


A human being's genetic information—the so-called blueprint of life—is stored in a complex molecule called deoxyribonucleic acid, or DNA, which resides in the nucleus of most cells. DNA is the famous double helix, two long spirals joined by a giant spiral staircase. Each step in the staircase is made up of two chemicals joined together: amino acids called adenine, cytosine, guanine and thymine. They join together in combinations called base pairs. 

The first task of decoding genetic information is identifying the amino acids in each step, and drawing out the map of As, Cs, Gs, and Ts. Not too long ago, this involved looking at long printouts from chemical analyzers and identifying each base pair by sight. However, human DNA contains 3 billion base pairs. The Whitehead Center alone generates about 40 million "lanes" a year, with each lane comprising 500 to 700 base pairs. 

To be sure, identifying all the base pairs and putting them in the correct order is just the beginning. The long string of base pairs is divided into individual genes, each controlling a different characteristic or life process. Scientists are still trying to learn how many genes humans have, but a good guess is between 25,000 and 40,000. 

The challenge for researchers is identifying which genes are responsible for diseases, and which could be useful targets for new drugs. Forget about microscopes and Bunsen burners. This, again, is a job for high-speed computers and advanced programs, or algorithms that can search for patterns in lengthy streams of data. Computer scientists call this data mining. 

When the amount of data increases, the difficulty of searching that data increases at a higher order of magnitude.  A number of companies have said their bioinformatics needs and budgets are increasing anywhere from 20 percent to 60 percent a year. Firms are having to spend more money and hire more people. Just because the human genome has been sequenced doesn't mean the data accumulation has stopped.

The mapping of the human genome, announced in February of 2000 as a monumental achievement, is in many ways just a first step in using genetic information to create new drugs and therapies. The individual genes have to be classified according to what they do and how they function in the body and the amount of data keeps increasing.

The tempo of technological advance that the computing requirements of bioinformatics rival those of any governmental agency, heretofore the biggest customer of supercomputing. In this community, data is going from terabytes (a trillion) to pedabytes (a quadrillion) sooner than in any other industry. Because the computational requirements of proteomics are orders of magnitude greater than genomics, we will see architectures scaled to pedabytes installed in the next two to three years. 

Life-science databases are not as large as airline reservation systems, but internally they are much more complex and less stable in their terms and data structures. The definition of a reservation hasn't changed in 20 years; but the definition of a gene has altered significantly in the past two years. And in bioinformatics, relationships between pieces of data change as new discoveries are made. 

Then there are serious knowledge-management issues for data users. Computers can be programmed for interoperability of databases, and taught to integrate, synthesize and simulate human thinking, but the people who use this output usually will be deep specialists in some very narrow field—for example X-ray crystallography or nuclear chemistry. So there is a communication divide across disciplines that will be difficult to resolve with computing and display technology. What is a drug toxicologist going to do with gene-expression information? That raises the serious question of how do we integrate these genomics- and proteomics-based approaches into the traditional categories of life-science R&D.

The sequencing of the human genome is only a first, relatively small step toward the ultimate goal of replacing current hit-and-miss methods with rational drug discovery. Most drugs are small molecules that modify the function of a specific protein. When researchers stumble across a protein that appears to cause disease, they begin a long chain of investigation—from discovery, to validation, to chemical validation, optimization, pre-clinical and clinical trials—that can take more than a decade and cost $400 million to $500 million. 
  
Genomics takes some of the guesswork out of drug targeting, by hunting for similarities between a newly sequenced bit of DNA and previously sequenced DNA bits. When there is a match, it's sometimes possible to predict the type of protein that the new sequence encodes, or "expresses," in biospeak. Many thousands of these matching experiments have supplied a Pandora's box of new drug targets. Supporters view this as a validation of the genome project, which was much criticized a decade ago.

IV. The Business of Bioinformatics

	


In December of last year, an Atlanta company called NuTec Sciences acquired the fastest supercomputer in commercial use, an IBM machine capable of 7.5 trillion calculations per second. Only a few computers on the planet possess such speed, and many of those were built to simulate nuclear explosions and test the viability of atomic arsenals. But NuTec is using its supercomputer for biology, rather than for the purpose of nuclear simulations. 

The mapping of the human genome has triggered an explosion in data about the nature of life. As pharmaceutical and biotech research companies like NuTec struggle to understand the workings of tens of thousands of genes and the hundreds of thousands of proteins they produce, biology is overtaking nuclear weapons as the field demanding the most sophisticated computers. Every other day seems to bring a new discovery—like the announcement last year that a biotech company located a gene thought to be responsible for heart-attack-inducing cholesterol. NuTec will deploy its supercomputer to analyze cancer patients' individual genetic profiles to find the most effective treatments for their particular disease. 

To capitalize on such advances, technology companies like IBM, Compaq and Sun Microsystems are pouring money into their life-sciences divisions and courting the biotech industry. Compaq and IBM recently launched dueling bio-supercomputer projects that will result in two of the world's most powerful computers. Like genomic research, bio-supercomputing is a leap into the unknown: It remains unclear exactly how these staggeringly expensive machines will be used and who will be willing to pay for them. But finding a market for bio-supercomputers is almost beside the point for the companies. Rather, the drive to push the boundaries of biological computing is behind the quest.

IBM was the first to announce its bio-supercomputer plan. When completed in 2004, Blue Gene will be capable of performing 1,000-trillion calculations per second, or 1,000 teraflops in supercomputer lingo. That's a quantum leap over the company's current champion, a supercomputer housed at Lawrence Livermore National Laboratory in California that operates at the relatively leisurely pace of 12 trillion calculations per second. In fact, Blue Gene is faster than the top 500 computers in the world put together. The machine will also be deceptively compact. While the Livermore Lab supercomputer compares in size to two basketball courts filled with refrigerators, Blue Gene will be contained in two fridge-size units. 

IBM, which is spending at least $100 million on Blue Gene, also has chosen to build it for a narrowly defined purpose: mathematically predicting the changing shape proteins take—a process known as protein folding—before they go about their business regulating the human body. Misshapen proteins are thought to be a major trigger of disease. Determining the shape of a protein is crucial to developing drugs that can latch on to a damaged protein and prevent it from causing illness. 

Competitor Compaq is taking a different path. In January, the company announced plans to develop a 100-teraflop bio-supercomputer dubbed Red Storm in partnership with Celera Genomics, the Rockville, Md., company that mapped the human genome, and Sandia National Laboratories in Albuquerque, N.M. Although Blue Gene will be 10 times faster than Red Storm, a Celera executive stresses that the company's machine could eventually match IBM's speed. 

Unlike Blue Gene, though, Red Storm is being designed for a broader array of life-science experiments and may be used to conduct nuclear research. The supercomputer, set to begin operating in 2004, will cost an estimated $125 million to $150 million to build.  And as microbiologists and genetic scientists increasingly rely on information science, such business is growing—IBM predicts a $40 billion market for life-science technology by 2004.   Other analysts expect the market to grow 550% between 1999-2006.

Sun Microsystems has been working with biotech and pharmaceutical firms to develop hardware and software for genomic research. Sia Zadeh, head of Sun's life-sciences group, says the bio-supercomputer being built by his company's rivals are more attention-grabbing ploys than sound business strategy.

The transformation and synthesis of biological research and IT is irreversible. There have been important changes in the way science is being done today. Biology and chemistry once were not very data-intensive fields. Investigators would produce only a handful of data points in a week, and they'd often analyze the result of an experiment by observation. But as experiments are now done in a more industrialized way—more high throughput, miniaturization, robotics, combinatorial chemistry and genomics—they turn out data at a rate where the information-management aspect is the big bottleneck, just to keep track of experiments, retrieve them, compare them and, to communicate them to colleagues. 


Beguiling as this possibility may be, there are resource constraints of pharmaceutical companies, universities and national labs and other funding agencies that could crimp bioinformatics' rate of growth. The number of potential biopharmaceutical customers, already fewer than 50, is shrinking because of industry consolidation. Potential buyers of commercial bioinformatics software complain that it is too expensive compared to shareware, or in-house development programs, and that it cannot be altered to actually be of use to scientists' highly specific problems. The individual applications can be very heterogeneous, so it can be hard to leverage a specific product across many applications. The net result is that development time and cost can be high, but each individual market is relatively narrow.
Even if half of all current bioinformatics ventures should fail—as well they might—others will spring up to drive the discipline's growth, because the convergence of biology and computation is a synergistic, self-feeding force. Seeing its power, universities are increasingly offering courses that meld the two disciplines.

V. Critical Challenges

	


The examination of the role of IT in healthcare and its impact on the complex healthcare systems in most industrialized nations around the world requires careful consideration of key questions that arise when focusing on these issues.

1. Socio-economic issues

· Information technology has the potential to heighten inequality in knowledge, power, wealth and access to services. At the same time, IT could increase access, particularly in remote rural and northern communities.

· New forms of non-spatial and virtual communities, and increased connectedness, are emerging, although, at the same time, there may be increased social isolation for some.

· Knowledge and power will increase for people in their communities and society as well as within the health care system. However, this raises the spectre of information overload.

· The role for the private sector in health care will increase because of its domination of the information technology sector. Not only does this threaten universal access to health care, it may also reduce access to technology and databases that the private sector considers to be proprietary. Simultaneously, the private sector may be in the best position to provide universal access to the IT demands of the health care sector, and fostering such linkages and exchanges may be an important direction for future policymakers to consider.

· Information technology will increase choice and customization of products and services for individuals in society as a whole, and in health care in particular. 

· The potential for abuse of information technology by both the public and private sectors increases because of their ability to control access, and increase monitoring and surveillance of individuals and communities. 

2. Health Care System Issues 


The key driver for change in the health care system is the ability to know what is happening and what works. For example: 

· Increased knowledge of what is happening and what works may lead to better system management through better outcomes and lower costs. 

· The availability of better information could lead to significant shifts in power and control within the system, and to changes in the ways that health professionals do their work, are educated and trained, and conduct research. 

· The quality of information will become a concern for both providers and for patients, with attention focused on information within the system itself as well as the information provided through the Internet and other sources; how valid and reliable is the information, and who decides? 

· This also raises issues of liability—in a global system, how is it possible to manage and control liability and ensure accountability within provincial and national contexts? 

3. Policy Issues


The current momentum in the development of information technology suggests that rapid changes in society are going to happen, and that they could accelerate beyond anything we currently experience or can even imagine What then are the policy choices facing countries like Canada? These choices have to do with how information technology is used, to what end, and what values and principles will guide its use. Some of the significant policy considerations are: 

· How can we avoid the potential negative impacts of information technology on mental and social well-being? 

· How can information technology be used to enhance local democracy, social networking and social support? 

· How can we ensure that information technology enhances rather than harms the health of the workforce? This has implications for labor and occupational health policies. 

· How will the wealth that is created by technology be redistributed in society, if there is indeed a reduction in the amount of time spent working and if automata increasingly replace workers? 

· How will public policy avoid the further polarization of income in society that may result from the development and application of information technology?

· How—if at all—will the content of the Internet be judged both in terms of its content and its values? Is there a role here for public policy? 

In the health care sector, some key policy issues include: 

· Since a universal health care system in the future will require universal access to information technology, will it be necessary to amend or re-interpret such policies? How will universal access to information technology be ensured?

· How will the potential for enhancing the capacity for self-care be realized? What changes are needed to public education, what policies are needed to support the development of the appropriate software and hardware technologies? 

· Can and should the funding of self-care be included as part of the publicly funded health care system and how can funds be shifted from professional care to self-care? 

· What standard national databases and information collection systems will be needed to ensure local flexibility and autonomy, and strong safeguards for confidentiality? 

· What support is needed, in the form of education and incentives, to ensure that health care providers actually use the information technology that is available? 

· How will issues of transnational regulation, accountability and liability for health professionals and providers of health information and services be addressed? 

· Since information technology will change how services are provided, where and by whom, how should policies governing the payment for such services be changed? 

4. Genetic Information Issues

· Fairness in the use of genetic information by insurers, employers, courts, schools, adoption agencies, and the military, among others. 

Who should have access to personal genetic information, and how will it be used? 

· Privacy and confidentiality of genetic information. 

Who owns and controls genetic information?

· Psychological impact and stigmatization due to an individual's genetic differences. 


How does genetic information affect individuals and society's perception of that individual? 

· Reproductive issues including adequate informed consent for complex and potentially controversial procedures, use in reproductive decision making, and reproductive rights. 

Do healthcare personnel properly counsel parents about the risks and limitations of genetic technology? How reliable and useful is fetal genetic testing?

· Clinical issues including the education of doctors and other health service providers, patients, and the general public in genetic capabilities, scientific limitations, and social risks; and implementation of standards and quality-control measures in testing procedures. Currently, there is little regulation at the national level.

How will genetic tests be evaluated and regulated for accuracy, reliability, and utility? 

· Uncertainties associated with gene tests for susceptibilities and complex conditions (e.g., heart disease) linked to multiple genes and gene-environment interactions. 


Should testing be performed when no treatment is available? Should parents have the right to have their minor children tested for adult-onset diseases? Are genetic tests reliable and interpretable by the medical community? 

· Conceptual and philosophical implications regarding human responsibility, free will vs. genetic determinism, and concepts of health and disease. 


Do people's genes make them behave in a particular way? Can people always control their behavior? What is considered acceptable diversity? 

· Safety and environmental issues concerning genetically altered foods and microbes. Commercialization of products including property rights (patents, copyrights, and trade secrets) and accessibility of data and materials. 

Who owns genes and other pieces of DNA?

In summary, the effort to anticipate future impacts of information technology on health and health care has revealed a number of apparent contradictions: 

· between the maintenance of public sector involvement in health care and forces pushing toward increased private sector involvement; 

· between individual privacy and confidentiality of information on the one hand and the public need to know, through access to aggregate data, on the other; 

· between the old primacy of location and geographical determinism on the one hand and the fact that cyberspace is not geographically located or clearly demarcated with borders; 

· between the potential for increased democratization and empowerment and the threat of greater social control by either government, big business or both; and

· between the old view that more information leads to greater uncertainty, and our growing understanding that increased information, while often leading to a greater depth of understanding, does not necessarily lead to precision or certainty.  
VI. Public and Private Issues:  A Detailed Policy Analysis

	


A variety of cultural, social, and political forces influence the ways in which health care providers, health management organizations, publishers of biomedical knowledge, researchers, consumers, and others use the Internet. By shaping the prevailing policies of the times, these forces influence not only the types of Internet-based applications that are likely to find widespread, routine use in the health sector but also the underlying technical capabilities of the Internet. 

Policies affecting Internet use, and the debates surrounding them, reflect fundamental beliefs about the way things work—or should work—in the United States. In this sense, these policies are points of potential conflict, where ideas about individual rights, the public good, equal access, free enterprise, and the role of government collide with material, economic, and technical realities and possibilities. The uncertainties surrounding the resolution of policy issues, combined with the organizational dilemmas, generate considerable doubt in regard to the technological trajectories that are likely to be pursued in the health sector and the capability of the Internet to support health applications. Clearly, the resolution of technical issues will not, by itself, enable greater use of the Internet in the health sector.

The primary policy issues that influence the use of the Internet in support of health objectives are examined: the protection of personal health information, access to information infrastructure, the protection of intellectual property contained in educational and reference materials, regulatory issues associated with the electronic delivery of medical services, federal support for health informatics research, and human resources. 

These topics have been addressed in several national reports in the last five years, a sign of both their significance and the difficulties of resolving them. Many of these issues have implications outside the health sector; nevertheless, their importance in health applications argues for strong leadership by the health community in their resolution. 

This section describes the issues, the uncertainties they introduce to the Internet's deployment in health applications, and ongoing efforts to address them. Consistent with the charge to the committee and the expertise of the committee's members, the chapter does not attempt to offer recommendations for resolving these issues. These issues will need to be resolved if the benefits of the Internet are to accrue to the health community. 

1. Protection of Personal Health Information 


Technology is, to a large extent, both the cause of and the solution to concerns about the protection of personal health information. The capability to connect health information systems to the Internet exposes personal health information to hostile attacks that can alter, delete, or divulge it. At the same time, technologies such as passwords, encryption, and firewalls offer reasonably effective means of protecting information systems and the data contained within them. Nevertheless, the effective assurance of data and service protection ultimately depends on the implementation of policies and practices within the organization.  

To whom should organizations be allowed to disclose personal health information with and without patient consent? Under what conditions may such disclosures be made? What steps must organizations take to protect personal health information from loss, unauthorized editing, or mischief? What types of security technologies and administrative policies will be considered sufficient protection? 

2. access to information infrastructure 


The promise of the Internet in health applications is related to its ability to interconnect the diverse members of the health community—care providers, insurers, consumers, researchers, educators, and others—in a dynamic fashion that allows the sharing of information and resources in response to changing needs and affiliations. Health applications of the Internet pose particularly challenging requirements for access.

First, they demand that access be widespread—extending to the point of care, whether it be a major hospital, rural physician's office, a patient's home, or a hotel room. Second, to the extent that applications such as home-based patient monitoring and telemedicine to the home become more viable, access links will need to provide high-bandwidth connections to and from the end user. Third, to the extent that the Internet is used for consumer-oriented health initiatives, near-universal access to the information infrastructure will become important to avoid exacerbating existing inequalities in the access of different population groups to health information and health care. 

As more health transactions move online, there will be strong incentives to ensure broad-based, universal access to the Internet for patients, providers, and administrators—particularly among disadvantaged groups, who are often those most in need of health care. Furthermore, as different technologies for high-speed (or broadband) connections to the Internet are deployed that cost more than a standard telephone line, concerns will arise about unequal access to the Internet by different population segments. 

3. Intellectual property protection 


The laws and practices that cover the creation, storage, dissemination, and use of intellectual property shape the way in which digital knowledge resources can be used in health professional education, biomedical research, health care, and the information systems that support health care. Considerable experimentation is under way to develop new models for distributing electronic media over the Internet as the technologies for disseminating and protecting health-related information mature. These trends have implications for both the publication of such information and the practice of distance education in the health sector. 

4. Electronic Publishing 


The health community has long been among the most active scientific professions in developing online resources providing access to current information (e.g., the NLM's MEDLINE, which predated similar bibliographic resources for other scientific communities), in part because of the rapid growth in biomedical knowledge. Thus, the health community (biomedical researchers in particular) has a special interest in the evolution of electronic publishing and the mechanisms by which scientists and practitioners, as well as the public, will be able to gain unfettered access to information on research, health care, and disease. 

Publishers also have a special interest in the evolution of electronic publishing, which is seen as both a blessing and a curse. For example, once an electronic book is produced, the cost of distributing copies is small compared to the cost of printing and distributing the print equivalent. But this very quality of electronic publishing is also its burden—publishers fear that their revenues will shrink as readers simply "cut and paste" the information they want, rather than purchasing the rights to use it. 

5. Distance Education


Two types of intellectual property issues arise out of attempts to use the Internet to deliver distance education, which is becoming increasingly popular in the health sector. For many years, a large group of stakeholders participated in the Conference on Fair Use (CONFU), which sponsored discussions on topics such as intellectual property protection and copyright as applied to digital images, distance learning, educational multimedia, electronic reserves, interlibrary loans and document delivery, and in-library use of computer software. The group's final report, issued in November 1998, contained voluntary guidelines covering several issues but no consensus that led to action. 

6. Regulations affecting electronic delivery of health services 

Various communications technologies (e.g., telephones, satellite links, and private networks) have long been used to deliver health services at a distance—that is, telemedicine. But a number of regulatory issues have impeded the expanded use of information technology for telemedicine. Ongoing issues include payment policies, especially those used in federal programs (Medicare and Medicaid); professional licensure requirements; and standards for malpractice liability, which have impeded attempts to deliver services across state lines. The difficulties that have arisen in the regulatory environment are indicative of the broad range of potential obstacles that could arise as the Internet becomes more widely used for the delivery of health services. 

7. Payment Policies 

The lack of suitable mechanisms of payment for telemedicine sessions is a significant impediment to the use of information technology within the fee-for-service environment that still dominates much of health care. Traditional fee-for-service insurers pay for health care in accordance with specialized rules outlining the particular services that will—and will not—be reimbursed. 

This model stands in contrast to capitated care systems, in which providers are paid based on formulas such as the number of patients under their care rather than the individual services rendered. Providers in capitated systems have incentives to use efficacious and cost-effective approaches, without regard to specific reimbursement policies. They can be expected to view Internet-based service delivery not as competing with face-to-face service delivery but as a tool to reduce the customer service burden on their facilities and confer a competitive advantage. Hence, payment policies are not a significant obstacle to telemedicine in capitated care systems. However, private insurers that rely on a fee-for-service model will need to revisit their payment policies. 

8. Liability and Licensure


Use of the Internet creates a host of new issues regarding licensure and liability. For instance, it is not clear what rules and regulations control the online prescription of medications or confer credentials on remote interpreters of radiographs. Some people fear that the Internet could allow quacks to masquerade as credentialed physicians. At the same time, existing licensure and liability rules do not adequately cover current and potential Internet applications in the health sector. State-based liability for malpractice poses an additional barrier to widespread use of the Internet for telemedicine services across state lines. 

Under the principle of long-arm jurisdiction, any state court can claim authority over transactions in another state if it can prove that it has jurisdiction over that transaction.  The Internet confounds the matter of which state has jurisdiction in the delivery of health services and information because the transaction is distributed among two or more locations. For example, if a patient undergoes a remotely managed surgical procedure at a medical center in a neighboring state, which state has jurisdiction if there is a malpractice claim—the patient's home state, the state in which the medical center is located, or the surgeon's home state? Must the surgeon be licensed in all three states? A mechanism is needed for crafting creative solutions to situations such as these. 

9. Federal support for health-related IT research 


The combined efforts of both private and public organizations will be required to ensure the robust development of health care applications of the Internet. To date, federal health agencies in the U.S. have exhibited uneven interest in pursuing Internet-based applications or in funding information technology research that could support health applications. By comparison, the Department of Defense and the Veterans Administration—both of which operate large health care delivery systems but are not federal health agencies—have invested considerable resources in the development of telemedicine programs and infrastructure for sharing patient health records. 

Some entities within the DHHS, most notably the NLM but also other elements of the NIH and the Agency for Healthcare Research and Quality, have invested in research on health-related applications of computing and communications technologies, but DHHS itself has not made use of the Internet in health-related activities a priority.  The department has considerable expertise in information technologies, but that expertise is dispersed throughout its many agencies, with no formal mechanisms for cross-fertilization and exchange of ideas. No clear advocate exists within the DHHS for Internet-based applications.  As a result DHHS and its constituent agencies sometimes lag behind the institutions they serve (e.g., they do not accept Medicare claims via the Internet) and sometimes mirror the same conservative approach that is characteristic of many health care organizations. For example, HCFA's strategic plan for information systems, dated July 1998, mentions the Internet only twice in passing—despite the report's focus on enhancing timely access to information for a variety of users. 

10. Workforce issues 


If governments, health care organizations, academic institutions, and professional groups need to attract more effective leaders in the strategic uses of information technology, where will they find them? The number of individuals who understand both the biomedical milieu and the technologies relevant to computing and the Internet is remarkably small. The lack of trained individuals at the interface may also help to explain why the biomedical community has lagged other fields in understanding and adopting computing and communications technology, especially when direct use by health professionals is required. 

Although the NLM has funded graduate training programs in informatics for more than two decades and some computer science departments and library schools have set up programs to train health technology specialists, the supply of medical information scientists and professionals from these programs does not meet the demand. Directors of the current medical informatics training programs find that their graduates are highly sought after by industry (e.g., the pharmaceutical and health information system industries), health care organizations (e.g., managed care groups, hospitals, and multi-specialty practices), and academic informatics groups with training or research missions. 

—Resources —
I. Leading Bioinformatic Companies

	


Structural Bioinformatics, Inc.

Structural Bioinformatics, Inc. (http://www.strubix.com) is a leading provider of 3-D protein structures, computational analysis tools, database platforms, and services to the burgeoning market of proteomics. SBI's products and services are employed in rational experimental design, drug discovery, and therapeutics. SBI's technologies enable customers to conduct research with greater speed and efficiency, thereby saving organizations considerable time and money. SBI has offices and research facilities in San Diego, CA; Cambridge, MA; Washington, DC; and Horsholm, Denmark.

Optimal Design

Optimal Design, Sprl., a Belgian company, is a spin-off of Brussels University (ULB). Building upon more than a decade of top quality research into Genetic Algorithms by its founders, Optimal Design specializes in development of high-performance optimization software solving highly complex problems arising in production planning, engineering and science. Additional information on Optimal Design is available at www.optimaldesign.com.

Silicon Genetics

Silicon Genetics is a leader in developing and commercializing gene and protein expression informatics. By combining expertise in biology and information technology, Silicon Genetics offers a suite of desktop and server-based applications that together form an integrated solution for gathering, analyzing, storing, retrieving and mining the results of gene expression research. This integrated solution allows researchers to collaborate better, leverage their cumulative learning and improve the efficiency of the discovery process. Silicon Genetics' customers include pharmaceutical, biotechnology, diagnostics, consumer products and agriculture companies, as well as leading academic, government and other non-profit research institutions. To date, over 3,000 scientists at more than 250 research organizations are using Silicon Genetics' gene expression products. Additional information about Silicon Genetics and its GeneSpring(TM) and GeNet(TM) products can be found at www.sigenetics.com.

Tripos Inc.

Tripos ( http://www.tripos.com ) is a leading provider of discovery chemistry, integrated discovery software products, software-consulting services, and discovery research services to the pharmaceutical, biotechnology, agrochemical, and other life sciences industries. The company combines information technology and scientific research to optimize and accelerate molecular research for the discovery of new products by customers. Tripos' products include diverse chemical libraries; collaborative and contract research for the discovery, synthesis, characterization and optimization of new chemical compounds that are active in biological systems; proprietary discovery software tools to manage, analyze and share biological and chemical information; and systems integration and other software consulting services.

MediChem Life Sciences 

MediChem Life Sciences ( www.medichem.com ) is a drug discovery company that combines the power of structural proteomics with medicinal chemistry to deliver more effective drugs and drug targets. MediChem's technology platform includes a broad range of integrated R&D capabilities. MediChem partners with pharmaceutical and biotechnology companies in addition to conducting proprietary research

GeneData AG

GeneData AG (www.genedata.com )—with European headquarters in Basel (Switzerland), regional branch offices in Munich (Germany), San Francisco and Boston (USA), and represented in Japan by Infocom—is one of the world's leading suppliers of high-performance bioinformatics software and database systems. GeneData specializes in the analysis of data generated in functional genomics research such as genome data, gene expression data, protein expression data, metabolic profiling data and high-throughput screening data. Existing customers include leading life-science companies such as Altana, Aventis, Bayer, Epigene, F. Hoffmann-La Roche, MediGene, MWG-Biotech, NITE, Novartis, Pedigree Masterfoods, Philip Morris, Schering, and Syngenta

diaDexus

diaDexus (www.diadexus.com ), located in Santa Clara, California, is focused on translating genomic sequence data into novel diagnostic and therapeutic products. diaDexus has utilized genomics and bioinformatics to identify thousands of disease-associated molecular targets. Currently diaDexus has two diagnostic product candidates in late-stage pre-clinical development.

Accelrys' High Throughput Crystallography Consortium

Accelrys' High Throughput Crystallography (HTC) Consortium, an international

research project that develops new software for protein structure determination. The software gives scientists the ability to examine interactions between proteins and ligands in a high throughput manner, providing unprecedented insights into the nature of drugs and their therapeutic targets. Rapid, high throughput methods of structure determination can be exploited in characterizing potential new therapeutic targets, as well as providing important information in drug discovery and design.   Consortium members: Bristol-Myers Squibb, Procter & Gamble, Tularik, The Genetics Institute, Corvas International, Vertex, and Schering AG

LION bioscience AG

LION bioscience (http://www.lionbioscience.com) provides proven information and knowledge management solutions to significantly improve life science R&D performance and productivity. These solutions integrate all R&D disciplines, spanning from genetics to early and late discovery through clinical trials. LION applies these solutions for its internal drug discovery program in the field of nuclear receptors with the goal to out-license specific databases, polymorphism marker panels, and validated targets and leads

Founded in 1997, LION, together with its consolidated subsidiaries, has more than 465 employees, with headquarters in Heidelberg, Germany, and subsidiaries in Cambridge, UK, Cambridge, MA, USA and San Diego, CA, USA. To date, LION has established partnerships with leading life science companies, including Aventis, Bayer, Boehringer Ingelheim, Celera, DuPont, GlaxoSmithKline, GMD, Janssen, Merck Inc., Nestle, Novartis, Paradigm Genetics, Pharmacia & Upjohn, Roche, Sumitomo Pharmaceuticals and Tripos

Motorola, Inc.
Motorola, Inc., is a global leader in providing integrated communications and embedded electronic solutions. Sales in 2000 were $37.6 billion. Motorola Life Sciences is developing products which enable the delivery of better healthcare through the understanding and practical application of genomics. The organization is developing products that will enable scientists and healthcare professionals to quickly and accurately analyze DNA and RNA. The CodeLink biochip system is used for research applications, while the eSensor DNA detection system is used for clinical and industrial diagnostic applications. For more information visit Motorola at www.motorola.com/lifesciences. 

SNP Consortium

The SNP Consortium is organized as a non-profit entity whose goal is to create and make publicly available a high-quality SNP map of the human genome. The Consortium's members include the medical research charity, the Wellcome Trust; 10 pharmaceutical companies including AstraZeneca, Aventis Pharma, Bayer AG, Bristol-Myers Squibb Company, F. Hoffmann-La Roche, GlaxoSmithKline, Novartis Pharmaceuticals, Pfizer Inc, Searle (now part of Pharmacia); and Motorola, Inc., IBM, and Amersham Pharmacia Biotech. Academic centers including the Whitehead Institute for Biomedical Research, Washington University School of Medicine in St. Louis, the Wellcome Trust's Sanger Centre, Stanford Human Genome Center, and Cold Spring Harbor Laboratory, are involved in SNP identification and analysis. Orchid BioSciences performs third-party validation and quality control testing on SNPs identified through the Consortium's research. 

3rd Millennium

3rd Millennium Inc., a privately held company, located in Cambridge, MA, is a leading developer of life science information systems. The Company works with pharmaceutical, biotechnology, and academic clients on a project basis to design and develop software systems critical to the early stages of research and discovery. 3rd Millennium has developed applications in areas such as sequence and annotation databases, similarity searches and motif analysis, image acquisition and analysis, laboratory information management (LIMS), knowledge management, and analysis information management (AIMS). Additional information about 3rd Millennium's services can be obtained by visiting the company's website at http://www.3rdmill.com or by calling 1-888-3rdmill

ID Business Solutions Ltd 

Founded in 1989, IDBS employs over 120 people worldwide. IDBS works with discovery organizations who need to maximize the value of their research data, by providing software solutions to capture, manage and use biological and chemical information in an integrated framework. Unlike resource-intensive tool-based solutions, IDBS delivers complete - and proven - applications that bridge the gap between IT and science. Headquartered in Guildford, United Kingdom, IDBS has offices in Emeryville, California; Parsippany, New Jersey; and, Cambridge, Massachusetts. IDBS partners with CTC Laboratory Systems in Japan to market IDBS products and services. 

Advanced Chemistry Development, Inc 

Advanced Chemistry Development, Inc. is a leader in the field of physical property prediction, desktop chromatography and spectroscopy management, systematic naming, and Web-based access to chemistry prediction. Founded in 1993 and with headquarters in Toronto, Canada, the company employs over 90 people and has established worldwide distribution channels. ACD's mission is to define a new standard in capability for chemistry-based software, addressing the needs of spectroscopy, chromatography, global solutions for analytical data management, physical property prediction, and chemical naming. 

Agilent Technologies

Agilent Technologies Inc. is a global technology leader in communications, electronics and life sciences. The company's 43,000 employees serve customers in more than 120 countries. Agilent had net revenue of $9.4 billion in fiscal year 2000, as restated to reflect the sale of its healthcare business. Information about Agilent is available on the Web at www.agilent.com.

Rosetta Inpharmatics

Founded in December 1996, Rosetta Inpharmatics is a leader in gene expression analysis. Its technology solutions, including the Rosetta Resolver system, are designed for many purposes, such as the potential to accelerate drug discovery by improving high-throughput biological data analysis. Gene expression analysis is instrumental in many drug discovery aspects, including target identification/validation, toxicogenomics, clinical trials and diagnostics. Rosetta Inpharmatics is a wholly owned subsidiary of Merck Co., Inc.. Information about Rosetta Inpharmatics can be found on the Web at www.rii.com.

LeadScope Inc.

Since 1997, LeadScope Inc. has focused on creating chemically intelligent decision-support software that meets the changing needs of life scientists. The LeadScope product line includes LeadScope Enterprise, server-based decision-support software; Personal(TM) LeadScope, the desktop version of Enterprise; ToxScope, a series of toxicity databases; and soon-to-be released GeneScope(TM), a gene expression analysis and chemical genomics system.

Celera

Applera Corporation comprises two operating groups. The Celera Genomics Group, an integrated source of genomic and related medical information headquartered in Rockville, Md., is evolving to become a next generation diagnostic and therapeutic discovery company. Celera intends to leverage its industrialized approach to biology to develop platforms for enabling these new discoveries both for subscribers and for its own internal product development. The Applied Biosystems Group (NYSE:ABI) develops and markets instrument-based systems, reagents, software, and contract services to the life science industry and research community. Applied Biosystems is headquartered in Foster City, Calif., and reported sales of $1.6 billion during fiscal 2001. Celera Diagnostics has been established as a joint venture between Applied Biosystems and Celera Genomics. This new venture is focused on discovery, development and commercialization of novel diagnostic tests. 

Compaq

Compaq's high-performance AlphaServer systems running Tru64 UNIX and Compaq ProLiant industry standard servers running Linux as the computational platforms for its current and next-generation high-throughput PhysioLab(TM) systems.  Founded in 1982, Compaq Computer Corporation (``Compaq'') is a leading global provider of enterprise technology and solutions. Compaq designs, develops, manufactures and markets hardware, software, solutions and services, including industry-leading enterprise storage and computing solutions, fault-tolerant business-critical solutions, communication products, and desktop and portable personal computers that are sold in more than 200 countries. 

NuTec Sciences, Inc.

NuTec Sciences, Inc. Life Sciences Division provides the technology platform to accelerate medical and academic research in disease management, treatment and drug discovery. The Atlanta based Life Sciences Division partners with major pharmaceutical companies, medical research and academic institutions, biotechnology companies and premier healthcare centers to compress their basic research and drug discovery timelines. 

Physiome Science

Physiome Sciences, Inc., a privately held Princeton-based company, is a leader in the commercial development of software tools, proprietary databases, and web applications for simulating biological processes. This biological operating system can be harnessed to model cells, tissues and organs, in a virtual setting, enabling scientists to generate predictive information using their own data. Drug developers, for example, already use Physiome's operating system and models to predict the effects of specific drugs on animals and humans. This greatly speeds the selection of drugs for entry into human trials. The selection process becomes more rational and potentially increases drug quality at an early state of development

Genomic Solutions Inc.

Genomic Solutions Inc. designs, develops, manufactures, markets and sells instruments, software, consumables and services used to determine the activity level of genes and to isolate, identify and characterize proteins. The company's products and systems enable researchers to perform complex, high volume experiments at a lower cost and in less time than traditional techniques. As a result, Genomic Solutions products and systems facilitate more rapid and less expensive drug discovery. 

Genomic Solutions markets products through its corporate headquarters in Ann Arbor, Michigan USA, and offices in San Diego, California USA and Japan. Remaining worldwide distribution is provided by PerkinElmer Life Sciences through a strategic alliance with Genomic Solutions. The two companies also cooperate to sell co-branded products and collaborate to leverage their intellectual property and technologies. 

Incyte Genomics Inc. 
Incyte is engaged in the design, development and commercialization of genomic information-based tools that include database products, genomic data-management software tools and microarray-based gene-expression services. 

ProteoMetrics, Inc.

ProteoMetrics, Inc. is a New York, New York based bioinformatics company with expertise in protein chemistry, mass spectrometry applications, and data archival and retrieval. Incorporating a diverse array of tools and applications, ProteoMetrics has produced an enterprise class Intelligence Management Platform that helps researchers discover, analyze and leverage valuable data from proteomic experiments. ProteoMetrics markets products through its corporate headquarters in New York, New York USA and Sacramento, California USA. 

MDS Proteomics 

A pioneer in the field of proteomic-enabled drug discovery, MDS Proteomics' goal is to significantly improve the productivity of the pharmaceutical industry in discovering and developing new medicines for the treatment of disease. The company has developed exceptional capabilities in proteomics systems, technology, supercomputing, drug design, screening and biology and is uniquely positioned to build an effective bridge between gene discovery and therapeutic development. This distinctive capability is being used in collaborations with pharmaceutical and biotechnology companies as well as for the development of the company's own product pipeline. In its proteomics facilities in Europe and North America, the company focuses on drug target discovery and validation for both antibody and small molecule therapeutics. MDS Proteomics is a majority-owned subsidiary of MDS Inc. For more information on MDS Proteomics, visit the company's website at http://www.mdsproteomics.com 

Rigel Pharmaceuticals

Rigel Pharmaceuticals ( www.rigel.com ) is a drug discovery and development company that uses advanced functional genomics tools to discover novel drug targets. Rigel's technology is designed to identify molecules which play an important role in regulating a human cell's response to disease by testing a very large number of proteins in a very large number of cells to determine which proteins will change the cell's response to the disease. Rigel currently has programs in asthma/allergy, autoimmunity, transplant rejection, rheumatoid arthritis, inflammatory bowel disease, chronic bronchitis, cancerous tumor growth and hepatitis C. Rigel has multi-year collaborations with Pfizer Inc., Cell Genesys, Inc., Janssen Pharmaceutica N.V. and Novartis Pharma A.G. Rigel is based in South San Francisco, California

Entelos, Inc.

Entelos, Inc. (www.entelos.com), headquartered in Menlo Park, California, is the commercial leader in predictive biosimulation for in silico drug discovery and development. The company's patented PhysioLab(TM) technology provides a breakthrough platform for testing experiments and hypotheses in silico, predicting the results through simulation, and creating knowledge out of fragmented discovery and clinical data. Entelos provides integrated expertise in the metabolic, immunologic, and respiratory areas, and currently offers PhysioLab systems for asthma, obesity, diabetes, and adipocytes. Access to Entelos technology and expertise is available through RD collaborations, research agreements, and licensing. The company plans to expand its in silico RD capabilities based on its PhysioLab technology for a wide variety of disease areas.

ChemNavigator, Inc.
ChemNavigator (http://www.chemnavigator.com) is bringing order to the world of chemical information through its powerful cheminformatics technology. The company's proprietary iResearch System is the fastest and most comprehensive chemical-structure-based search and comparison system in the world. ChemNavigator's technology is easily adapted to proprietary, customized applications behind a client's firewall to design custom information-biased libraries. In addition, applications of the iResearch System are available through the Internet for quickly searching for and sourcing commercially accessible screening compounds.

IBM Life Sciences 

IBM Life Sciences brings together IBM resources—from research and e-business expertise to data and storage management and high-performance computing—to deliver new solutions to the life sciences market, including biotechnology, genomic, e-health, pharmaceutical and agri-business companies. For more information on IBM Life Sciences, visit http://www.ibm.com/solutions/lifesciences. 

II. IT-Healthcare Organizations

	


International Society of Technology Assessment of Healthcare

ISTAHC seeks to foster the application of high-quality and appropriate Health Technology Assessment in health care decision-making, by means of an interdisciplinary and international approach, encouraging the timely and effective dissemination of assessment information throughout the world, and supporting education and research in Health Technology Assessment.

ISTAHC—the International Society of Technology Assessment in Health Care—leads the world in partnering for research and education on the clinical, economic and social implications of health technologies.

Since 1985, ISTAHC has been an international, multilingual forum for researchers and clinicians working for scientifically-based assessment of the expanding range of technologies in health care, including drugs, devices, medical and surgical procedures, as well as organizational, administrative and support systems.  http://www.istahc.org/en/welcome.html

Medical Technology & Practice Patterns Institute

MTPPI) is a nonprofit organization established in 1986 to conduct research on the clinical, economic, and social implications of new and emerging health care technologies. MTPPI's research is directed toward the formulation and implementation of local and national health care policies. In addition, MTPPI has been designated by the World Health Organization as a WHO Collaborating Center for Health Technology Assessment and in that role contributes to international health care research. 

With extensive investigator experience in both the public and private sectors, MTPPI's staff designs, implements, and conducts a full range of health services research activities. The staff includes clinicians, biomedical engineers, economists, statisticians, lawyers, and policy analysts. http://www.mtppi.org/
RAND Center for Healthcare and the Internet

The Center for Healthcare and the Internet is the focal point of RAND Health's research on e-health issues. The Center's goal is to attract resources and foster interdisciplinary collaboration to capitalize on a growing interest in understanding and developing the potential of the Internet and related technologies to improve the healthcare system.  Current projects in the Center include: 

· Developing quality standards for electronic prescribing systems

· Developing methods for estimating the costs and benefits of investments in electronic medical record (EMR) systems, with the goal of increasing adoption of EMRs in varied health care settings. 

· Analyzing accessibility, accuracy and literacy level required for understanding health information on selected English and Spanish web sites. 

· Measuring the effect and response to care facilitated by the electronic exchange of information between a patient's home and care managers. 

· Surveying Californians about their health information needs and preferences—especially their use of the Internet as a source of health information. 

· Developing and evaluating web-based tools for a variety of applications—for example, helping consumers choose health care benefits, helping patients be more active in managing their own care, and helping patients understand the health care options available to them, given the diagnosis of a critical disease or condition. 

Center for Medical Technology Assessment

The Center for Medical Technology Assessment (CMT) was established in 1984 as an independent research institute under the President of Linköping University, with financial support from the County Council of Östergötland (the local health care provider). Its objective is to carry out assessment studies of medical technologies from the medical, social economic and ethical points of view. CMT activities consist of applied research sponsored by health care providers in the local community, basic research funded mainly by  scientific councils and other national research bodies and projects externally commissioned by commercial clients. The span of medical technology represented at CMT comprise preventive programmes, pharmaceuticals, medical devices and procedures, and rehabilitation and habilitation technologies.  

http://ghan.imt.liu.se/cmt/

III. Profile:  Swiss Institute of Bioinformatics

	


The Swiss Institute of Bioinformatics is an academic institution established on March 30, 1998 as a non-profit foundation under the statute of article 80 of the Swiss civil law. The activities of this foundation are compatible with the statute of article 16 of the Swiss law on the funding of research activities. 

The Institute is tightly associated to the University of Geneva, the University of Lausanne, the Swiss Institute for Cancer Research (ISREC), the Ludwig Institute and GlaxoSmithKline R&D S.A. (former Glaxo Welcome Experimental Research). It will also operate in association with industrial partners. 

Switzerland, through its academic and industrial skills has always been a key player in biotechnology. In the last decade, bioinformatics research groups in Geneva and Lausanne have developed unique competencies which are ideally suited to support and complement the current and future biotechnological efforts in Switzerland and elsewhere. 

It has been emphasized by Swiss scientific authorities that it is now essential and urgent to promote the creation of "centers of excellence" in interdisciplinary domains that are economically important and crucial for tomorrow's society. Therefore in late 1997, the creation of the Swiss Institute of Bioinformatics (SIB) has been proposed. 

The goals of the institute are: 

· To promote the development of software tools and databases in the field of bioinformatics;

· To sustain a high-quality research program in bioinformatics; 

· To provide, in collaboration with academic partners, a curriculum of courses and seminars for the formation of research scientists in the field of bioinformatics; 

· To offer services to the Swiss scientific user community through the Swiss-EMBnet node (which is currently maintained jointly by Swiss Institute for Cancer Research and the University of Geneva). 

IV. Other Bioinformatics Organizations

	


Biodiversity Conservation Information System
A global partnership of a dozen conservation organizations that use Internet technology to leverage their data, information and expertise; providing ready access to the most current knowledge about biodiversity including location, distribution, trends and protective measures.

Biodiversity Observatory Network

An NSF initiative to establish a series of research "observatories" around the U.S. for projects involved in species discovery and other collaborative research of systematists, ecologists and other scientists.

Convention on Biological Diversity
The first global, comprehensive agreement to address all aspects of biological diversity: genetic resources, species and ecosystems. Inspired by the world community's growing commitment to sustainable development, it represents a dramatic step forward in the conservation of biological diversity, the sustainable use of its components, and the fair and equitable sharing of benefits arising from the use of genetic resources.

Committee on Environment and Natural Resources
One of nine committees under the National Science and Technology Council, it is charged with improving coordination among Federal agencies involved in environmental and natural resources research and development, establishing a strong link between science and policy, and developing a Federal environment and natural resources research and development strategy that responds to national and international issues.

Clearing-House Mechanism
Facilitates access to and the exchange of information on biodiversity around the world by promoting technical and scientific cooperation at all levels of the Conference of the Parties, the decision-making arm of the Convention on Biological Diversity.

Committee on Data for Science and Technology
An interdisciplinary committee organized under ICSU aimed at improving the quality and accessibility of data, as well as the methods by which data are acquired, managed and analyzed, and facilitating international cooperation among those collecting, organizing and using data.

The National Commission for the Knowledge and Use of Biodiversity
The Mexican governmental agency in charge of biodiversity information management. As a national effort to coordinate conservation and research initiatives designed to preserve biological resources, the agency hopes to establish a National Biological Inventory Program and design and coordinate the National Biodiversity Information System.

Committee on Recently Extinct Organisms
A committee with an active interest in the scientific assessment of extinct species.

DIVERSITAS
A partnership of inter-governmental and non-governmental organizations, formed to promote, facilitate, and catalyze scientific research on biodiversity including its origin, composition, ecosystem function, maintenance and conservation. Its goal is to provide accurate scientific information and predictive models of the status of biodiversity and sustainability of the use of the Earth's biotic resources, and to build a worldwide capacity for the science of biodiversity.

Directory of Research Systematics Collections
An online directory developed and maintained through a partnership with ASC and USGS-Biological Research Division allowing access to basic information on research-quality systematics collections.

Global Biodiversity Information Facility
A proposal of the Biodiversity Informatics Subgroup of OECD in recognition of the need for a distributed, global information network in which OECD members collaborate with each other and with other countries.

Global Environment Facility
A financial mechanism that provides grants and concessional funding to recipient countries for programs that protect the global environment, including projects and other activities that address climate change, biological diversity, international waters and depletion of the ozone layer. It is jointly implemented by the United Nations Development Programme (UNDP), UNEP and the World Bank.

Global Taxonomy Initiative
Initiated by the CBD, it is an innovative plan to promote capacity building in taxonomy and link efforts worldwide.

Inter-American Biodiversity Information Network
An initiative of the Summit of the Americas to provide greater and more useful access to biodiversity information throughout the western hemisphere.

International Biodiversity Observation Year
A DIVERSITAS initiative aimed at raising public awareness about the consequences of the loss of biodiversity and to further advance scientific understanding of biodiversity issues. It will concentrate on linking various countries and areas in a bioregional approach by covering the three main levels of biological diversity (genetic, species and ecosystems), and surveying the field for the most obvious gaps in knowledge of global patterns of biodiversity.

International Council of Scientific Unions
A non-governmental organization that brings together scientists in international scientific endeavors, thus providing a wide spectrum of expertise and enabling members to address major international, interdisciplinary issues.

International Geosphere-Biosphere Programme
An ICSU research program with the objective to describe and understand the interactive physical, chemical and biological processes that regulate the total Earth system, the unique environment that it provides for life, the changes that are occurring in this system, and the manner in which they are influenced by human actions.

International Legume Database and Information Service
A collaborative organization involving experts and institutions all over the world that provides a service to legume specialists and users of legumes and legume products worldwide.

Instituto Nacional de Biodiversidad
A Costa Rican scientific institution that promotes a new awareness of the value of biodiversity on a national level. It generates knowledge about biodiversity, and its activities support the spiritual, social and economic development of Costa Rican society in equilibrium with the environment.

Integrated Science for Ecosystem Challenges
An interagency, government initiative to develop, coordinate, and maintain a national infrastructure that provides scientific information needed for effective stewardship of the nation’s natural resources.

Integrated Taxonomic Information System
The first comprehensive, standardized reference on the World Wide Web for scientific names of North American flora and fauna.

International Union of Biological Sciences
Created in 1919, its main objectives are to promote the study of biological sciences and to initiate, facilitate and coordinate research, capacity building and other scientific activities, which necessitate international and interdisciplinary cooperation.

International Union of Microbiological Sciences
One of the international scientific unions of ICSU.

Man and the Biosphere
An interdisciplinary, UNESCO-guided program of research and training intended to develop the basis for the rational use and conservation of the resources of the biosphere, and for the improvement of the global relationship between people and the environment.

North American Biodiversity Information Network
A tri-national effort among Canada, Mexico and the United States to form a cooperative network of persons, institutions, and information regarding biodiversity.

National Biological Information Infrastructure
A USGS-led, national effort to make biological data more accessible. It is an electronic gateway to biological data and information maintained by federal, state, and local government agencies, and private sector organizations and other partners around the world.

National Spatial Data Infrastructure
A government effort to increase access, sharing, and application of geospatial data throughout all levels of the government, private, and non-profit sectors.

National Science and Technology Council
A cabinet-level council chaired by the President that coordinates research and development policies and activities across federal agencies.

Organisation for Economic Co-operation and Development
The Megascience Forum of the OECD Committee for Scientific and Technological policy addresses issues related to large-scale scientific programs requiring international collaboration. Within the life sciences, it has established a Biological Informatics Working Group, pursuing its mandate through subgroups for Neuroinformatics and Biodiversity Informatics.

President’s Committee of Advisors on Science and Technology
A Presidential-appointed committee that advises the President and NSTC about science and technology issues of national importance.

Subsidiary Body on Scientific, Technical and Technological Advice
A multidisciplinary body, comprising government representatives competent in all the relevant fields of expertise that provides the Conference of the Parties and, as appropriate, its other subsidiary bodies, with timely advice relating to the implementation of the CBD.

Scientific Committee on Problems of the Environment
Created by ICSU to assemble, review and assess the information available on man-made environmental changes and the effects of these changes on man. It has established itself as a corpus of informed advice for the benefit of centers of fundamental research and of organizations and agencies operationally engaged in studies of the environment.

Systematics Agenda 2000
An early 1990’s, international initiative to document the importance of systematics in meeting societal needs and to build a framework for enhancing support for systematics research within the U.S.

Systematics Agenda 2000-International
A core program element of DIVERSITAS focused on discovering and describing diversity, constructing a phylogenetic understanding of life, and creating predictive hierarchical information systems about taxic diversity.

SPECIES 2000
A project focusing on enumerating all known species of plants, animals, fungi and microbes on Earth as the baseline data set for studies of global biodiversity. Its goal is to provide a simple access point enabling users to link to other data systems for all groups of organisms using direct species-links.

Taxonomic Resources Expertise Directory
An online directory developed and maintained through a partnership with ASC and USGS-Biological Research Division allowing access to basic information on taxonomic experts.

Tree of Life
Multi-authored by biologists around the world, it is an effort to summarize current knowledge about the phylogenetic relationships of organisms.

United Nations Conference on the Environment and Development
More popularly known as the "Earth Summit" held in Rio de Janeiro in June 1992 at which world leaders convened to sign major initiatives on sustainable development, climate change and biological diversity.

United Nations Environment Programme
As the environmental conscience of the United Nations, it provides leadership and encourages partnerships in caring for the environment.

United Nations Educational, Scientific and Cultural Organization
With 186 member states, it promotes collaboration among nations through education, science, culture and communication.

V. Bioinformatics Experts
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Dr. Peter Wagner, Chief Technical Officer, Board Member & Founder, Zyomyx, Inc. 
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Dr. A. Mirzabekov, Director of the Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, Moscow 
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Dr. Mauro Ferrari, The Ohio State University 

Dr. Carlo D. Montemagno, Associate Professor, Cornell University 

Dr. James M. Tour, Chao Professor of Chemistry, Department of Chemistry and Center for Nanoscale Science and Technology, Rice University 
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Dr. Malcolm G. Pluskal, VP, New Technology Partnerships, Proteome Systems, Inc.
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Dr. Craig Muir, Senior VP of Process Technology, Millennium Pharmaceuticals 

Michael Lytton, General Partner, Oxford Bioscience Partners

Dr. Michael J. Heller, Chief Technical Officer, Nanogen 

Dr. Randy Levine, Motorola Life Sciences 

Dr. Glen A. Evans, Chief Executive Officer, Egea Genomics, Inc. 

Karin A. Hughes, Vice President, Research and Development, Prolinx, Inc.

Dr. Salil D. Patel, Co-founder and Chief Scientific Officer, GeneEd, Inc. 


Dr. Steve Lee, Director of R&D, MiraiBio Inc., Hitachi Genetic Systems 


Dr. Michael Herrler, R&D Groupleader, Disease Profiling, BD Biosciences/CLONTECH 

Dr. Walter Ausserer & Richard Graff, Caliper Technologies Corp. 

Dr. Mark Rand, Worldwide Applications Manager, Applied Precision 

Dr. Debra Guyer, Microarray Application Scientist, Amersham Pharmacia Biotech 

Dr. Ken Buechler, VP Research, Biosite Diagnostics 


Dr. Gunars Valkirs, VP R&D, Biosite Discovery 


Dr. Tina Tian, Associate Director of Genomics, ACLARA BioSciences, Inc. 

Dr. Jing Cheng, Chief Technology Officer, AVIVA Biosciences Corporation 

Dr. Charles R. Cantor, Chief Scientific Officer, Sequenom 


Dr. Kenneth H. Buetow, Director, Center for Bioinformatics; Chief, Laboratory of Population 

Genetics, National Cancer Institute, National Institutes of Health 

Dr. Markus Ehrat, Chief Executive Officer, Zeptosens AG, Switzerland 

Dr. Joshua LaBaer, Director, Institute of Proteomics, Harvard Medical School 

Dr. Leigh Anderson, Chief Scientific Officer, Large Scale Biology Corporation 

Dr. Louise Pedlar, Applications Lab Manager, BioRobotics, Inc. 

Dr. T. Preckel, Agilent Technologies, Germany 

Dr. Christopher M. Hopkins, Senior Scientist, Incyte Genomics 

Dr. Towia Libermann, Associate Professor of Medicine, Director, BIDMC Genomics Center, Beth Israel Deaconess Medical Center and Harvard Medical School, Harvard Institutes of Medicine 

— Appendix —

I. Summary of Key Literature Resources

	


Realizing the Information Future: The Internet and Beyond (CSTB, 1994). This report looked at the powerful potential of the emerging national infrastructure to "enrich people's economic, social, and political lives . . ." (p. 1). It went on to say, "Today we lack a consistent technical, legal, and business framework for the dissemination of intellectual property over networks" (p. 100). Noting the need to balance public and private interests, the report called for a fuller consideration of competing interests, particularly as they affect "decisions relating to societal equity—including access to networks and the information resources available on them" (p. 211). 

Telemedicine: A Guide to Assessing Telecommunications in Health Care (IOM, 1996). Noting that "most clinical applications of telemedicine have not been subjected to systematic comparative studies that assess their effects on the quality, accessibility, or cost of health care," this report presented a framework for evaluating the practicality, value, and affordability of telemedicine. Concluding a lengthy chapter on the policy context of telemedicine, the committee noted: "The task for this committee was to develop an evaluation framework for clinical telemedicine—not to develop policy recommendations. The committee recognized, however, that policies related to licensure, malpractice, and other matters need to be considered . . . because they may affect the availability, acceptability, effectiveness, and cost of telemedicine services" (p. 115). 

For the Record: Protecting Electronic Health Information (CSTB, 1997). This report looked at technical and non-technical mechanisms and issues relating to the privacy and security of health care applications of the national information infrastructure. It led off with a chapter on the public policy context. Among other things, it said that "better protection of electronic health information will require efforts at the national level. The lack of uniform national standards for the privacy and security of health information creates particular problems for health care organizations that serve constituents in multiple states and creates additional confusion for patients regarding their rights." It then suggested that "conflicting views of data ownership and a lack of patient understanding of health data flows and of their rights to privacy and confidentiality also need to be addressed . . ." (pp. 49-50). 

The Computer-Based Patient Record: An Essential Technology for Health Care (IOM, 1997). Updating and expanding the original report, published in 1991, this revised edition provides a scorecard on the implementation of the original recommendations. The original committee concluded that "computerization can help to improve patient records and that improved patient records and information management of health care data are essential elements of the infrastructure of the nation's health care system" (p. 46). The authors of the revised edition's progress report noted: "Security, privacy, and confidentiality concerns have become major barriers to widespread implementation of [computerized patient record] systems and [the] sharing [of] data. There is, as yet, no agreement on what must be done to establish the balance between appropriate use of health care data and the individual patient's rights to privacy" (p. 14). 

Health Data in the Information Age: Use, Disclosure, and Privacy (IOM, 1994). This report examined the potential of health data organizations to improve health and the performance of the health care system, as well as issues relating to the quality of health information contained in data repositories and protection of the confidentiality of personal health information. As the report noted, "[e]xisting ethical, legal, and other approaches to protecting confidentiality and privacy of personal health data offer some confidentiality safeguards, but major gaps and limitations remain" (p. 15). The report recommended preemptive legislation to fill these gaps.

II. A Sample Call for Legislation

	


In 1998, the National Action Plan on Breast Cancer (NAPBC) and the NIH-DOE Working Group on the Ethical, Legal, and Social Implications (ELSI) of human genome research made the following recommendations for future legislation regarding bioinformation:

· Based on genetic information, employers may try to avoid hiring workers they believe are likely to take sick leave, resign, or retire early for health reasons, file for workers' compensation, or use healthcare benefits excessively.

· Some employers may seek to use genetic tests to discriminate against workers—even those who do not and may never show signs of disease—because the employers fear the cost consequences. 

· The economic incentive to discriminate based on genetic information is likely to increase as genetic research advances and the costs of genetic testing decrease. 

· Genetic predisposition or conditions can lead to workplace discrimination, even in cases where workers are healthy and unlikely to develop disease or where the genetic condition has no effect on the ability to perform work. 

· Given the substantial gaps in state and federal protections against employment discrimination based on genetic information, comprehensive federal legislation is needed to ensure that advances in genetic technology and research are used to address the health needs of the nation—and not to deny individuals employment opportunities and benefits. Federal legislation would establish minimum protections that could be supplemented by state laws.

· Insurers can still use genetic information in the individual market in decisions about coverage, enrollment, and premiums. 

· Insurers can still require individuals to take genetic tests. 

· Individuals are not protected from the disclosure of genetic information to insurers, plan sponsors (employers), and medical information bureaus, without their consent. 

· Penalties in HIPPA for discrimination and disclosure violations should be strengthened in order to ensure individuals of the protections afforded by the legislation. 

III. A Brief History of U.S. Federal Policy

	


No federal legislation has been passed relating to genetic discrimination in individual insurance coverage or to genetic discrimination in the workplace.  Several bills were introduced during the last decade.  Some of these bills attempted to amend existing civil rights and labor laws, while others stood alone.  The primary public concerns are that (1) insurers will use genetic information to deny, limit, or cancel insurance policies or (2) employers will use genetic information against existing workers or to screen potential employees.  Because DNA samples can be held indefinitely, there is the added threat that samples will be used for purposes other than those for which they were gathered. 

1. Executive Order Protecting Federal Employees


On February 8, 2000, U.S. President Clinton signed an executive order prohibiting every federal department and agency from using genetic information in any hiring or promotion action.  This executive order, endorsed by the American Medical Association, the American College of Medical Genetics, the National Society of Genetic Counselors, and the Genetic Alliance does the following:

Prohibits federal employers from requiring or requesting genetic tests as a condition of being hired or receiving benefits.  Employers cannot request or require employees to undergo genetic tests in order to evaluate an employee's ability to perform his or her job. 

Prohibits federal employers from using protected genetic information to classify employees in a manner that deprives them of advancement opportunities.  Employers cannot deny employees promotions or overseas posts because of a genetic predisposition for certain illnesses. 

Provides strong privacy protections to any genetic information used for medical treatment and research. Under the EO, obtaining or disclosing genetic information about employees or potential employees is prohibited, except when it is necessary to provide medical treatment to employees, ensure workplace health and safety, or provide occupational and health researchers access to data.  In every case where genetic information about employees is obtained, it will be subject to all Federal and state privacy protections. 

2. Genetic Nondiscrimination Bills from the 106th Congress 1999-2000 


H.R.293, Genetic Information Health Insurance Nondiscrimination Act of 1999

A bill to amend the Public Health Service Act and the Employee Retirement Income Security Act of 1974 to prohibit health insurers and group health plans from discriminating against individuals on the basis of genetic information. 

H.R.306, Genetic Information Nondiscrimination in Health Insurance Act of 1999

A bill to prohibit discrimination against individuals and their family members on the basis of genetic information or of a request for genetic services. 

S.300, Patients' Bill of Rights Plus Act

A bill to improve access and choice of patients to quality, affordable health care.  Includes section on genetic information nondiscrimination in health insurance. 

S.326, Patients' Bill of Rights Act.

A bill to improve the access and choice of patients to quality, affordable health care. Includes section on genetic-information nondiscrimination in health insurance.

IV. Similar Conferences

	


As bioinformatics and the use of IT in healthcare are trends that are redefining many important aspects of society, there are a number of ongoing efforts to begin to raise and address these issues in the public and private sectors.  The following represents two such examples, both of which are considered among the premiere efforts attracting the most attention:

1. BioSilico 2001: The Strategic Summit on In Silico Biology


More than 300 decision makers from the biotechnology, pharmaceutical, business, law and academic communities will meet at the Plaza Hotel in New York for the second annual symposium of "BioSilico 2001: The Strategic Summit on In Silico Biology," hosted by Scientific American on October 18-19, 2001. 

The symposium offers a forum regarding the future directions and impact of the convergence of Information Technology and Genomics. It will feature keynote speakers from some of the industry's leaders in charting the path of the IT/Genomics convergence: 

Dr. Leroy Hood, President & Director, Institute for Systems Biology 
Dr. Bill Blake, VP, Head of Supercomputing, Compaq Computer 
Dr. Vijay Pillai, Head of Life Science Software Development, Oracle Corporation 

Additional presentations by the leaders of the following companies will update the audience about both current developments and their vision of where this industry is headed: Array Capital, Avalon Pharmaceuticals, Curis, DNA Sciences, Genaissance Pharmaceuticals, Healthcare Ventures, LION bioscience, Myriad Proteomics, NetGenics, Physiome Sciences, RHeoGene, Serono and Variagenics. 


BioSilico 2001's agenda includes the following topics: 

· Case studies analyzing bioinformatics, as it is being developed by both biotech/pharma and hardware/software companies.

· Post-genomic data processing: New developments in storage, transfer, super-computing, and analysis. 

· New developments in genomics and medicine, for precisely targeting and treating disease. 

· Emerging technologies and their potential impact in the fields of proteomics, DNA sequencing, DNA chemistry, automation, etc. 

· Real-world perspectives and bottlenecks to success from companies that finance these technologies, whether as Wall Street investors or pharmaceutical end users. 

2. Chips to Hits 2001


Chips to Hits 2001 will be held on October 28 - November 1 at the Sheraton San Diego Hotel & Marina in San Diego, CA. 


This year's meeting features two keynote presentations sponsored by the journal Science: Dr. George Annas of Boston University School of Public Health, Law, and Medicine will present a talk entitled, "No Ethics Gene: Privacy, Property, Consent, and Community in the Genomics Era." Also delivering a keynote address is Dr. Craig Muir, Senior VP of Process Technology of Millennium Pharmaceuticals. 


The event brings together industry and academia to address technology and application of microarrays, protein arrays, microfluidics, sample prep, data/imaging analysis and emerging technologies in the field. Chips to Hits 2000 was attended by over 1,200 delegates, 60 exhibitors and 90 speakers. 

IBC has moved with this advancing field and the Chips to Hits topic coverage reflects the latest in science, technology, and applications in areas such as: 

NanoBiotechnology 

Surface Chemistry 

Protein Microarrays 

Molecular Diagnostics 

Legal, Ethical, and Regulatory Considerations
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