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When HUGO comes to visit Seniors’ Healthcare

Nashid Fermin

Sammanfattning

Hur det mänskliga genomprojektet (HUGO-projektet) kommer att påverka framtiden vet
ingen säkert men det finns många spekulationer. För en lönsam utveckling krävs att
kommersiella intressen går hand i hand med de vetenskapliga. Riskkapitalister spelar en viktig
roll här eftersom de ständigt är ute efter nya idéer att investera i. Detta arbete fokuserar på
riskkapitalisternas intresse för affärsmöjligheter inom bioteknik som HUGO genererar inom
hälsovården.

Marknaden är som bekant styrd av tillgång och efterfrågan, vilket också är det valda
angreppssättet i rapporten. Att identifiera sjukdomsområden där patientgruppers efterfrågan
möter investerarnas vinstintresse kopplad till teknikens framfart är syftet med rapporten.

Examensarbete 20 p i Molekylär bioteknikprogrammet
Uppsala Universitet Januari 2001



 

ABSTRACT 
 
New substances and healthcare solutions are assumed to be guided by prospective profits, 
i.e. customer willingness to pay and innovative technologies to provide. This study 
matches the demands of customers with the possible solutions as seen by suppliers. 
Demand has been identified by demographic changes that correlate with disease 
developments. Supply, on the other hand, has been linked to new research developments 
in biotechnology focusing on the opportunities emerging from the Human Genome Project 
(HUGO). 
 
One customer group that is of special interest to the healthcare industry is elderly citizens. 
This geriatric population accounts for the largest medical expenditures worldwide. The 
shift towards an aging population in most developed countries implies an increased 
burden on healthcare. The problem is likely to be more acute as the “baby boom” cohorts 
reach senior status. Costs of medicine in developed countries have doubled in the last 
decade. Along with improved drug efficacy, the number of days spent in hospitals has 
gradually decreased. There is a transition from inpatient to outpatient care. This implies a 
reduction in healthcare expenses since hospitalization and other inpatient medical services 
account for the largest portion of total healthcare costs. However, the reduction is not 
enough to counterbalance the growth in the number of elderly. 
 
Solving the problems of rising healthcare costs and aging population requires novel 
approaches. The torrent of knowledge, resources and technologies emanating from the 
genome project may well be the solution. The project’s goal to understand life at the 
molecular level could lead to improved health and lower costs in future decades. The 
ongoing surge of companies associated to genomics is many and includes bioinformatics, 
gene testing, customized drugs, gene therapy, and vaccines. 
 
Advances in biotechnology and the Human Genome Project are aiding medical research in 
age-related diseases. In the first wave of genomic knowledge, the following therapeutic 
areas are expected to be most significant. They have been determined on the basis of 
disease prevalence and the progress of medical technology. Except the first, all the 
categories below are concerned with diseases affecting mainly the elderly population.  
 
1. Diagnostics, genetic testing 
2. Cardiovascular disease 
3. Cancer of the breast and prostate 
4. Other forms of cancer  
5. Neurodegenerative diseases (Alzheimer’s and Parkinson’s) 
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1 INTRODUCTION 

1.1 Background 
This thesis is part of a master degree in Industrial Engineering and Management at the 
Royal Institute of Technology in Sweden. The thesis has been conducted on behalf of 
Swedestart Management AB, a venture capital firm in Stockholm. Its areas of investment 
are telecommunications, IT-related technologies and Life Sciences. 
 
This thesis work focuses on Life Sciences, notably on the advances in biotechnology. With 
rapid changes taking place in molecular biology and genetics, there is an interest in 
knowing and understanding the development of these fields in the near future.  
 

1.2 Purpose 
Recent advances in biotechnology have instituted a vast field of opportunities in 
healthcare. Many welcome the opportunities as they hope for better treatments in hitherto 
untreated diseases and efficient therapies. Even existing therapeutic procedures are 
expected to be improved by thorough understanding of human biology at the molecular 
level.  
 
The purpose of this thesis is to identify trends and possible business opportunities in the 
healthcare market in the future. Healthcare industry is approached in light of 
demographic developments and advances in genomics related to the Human Genome 
Project (HUGO). This is done by studying:  
Ø Disease trends via demographic changes  
Ø Technology based on the Human Genome Project 
 

1.3 Definitions 
Biotechnology: is a set of biological techniques developed through basic research and now 
applied to research and product development. In particular, the use by industry of 
recombinant DNA, cell fusion, and new bioprocessing techniques. (Online Human Genome 
Project Information)1 Early biotechnology includes traditional animal and plant breeding 
techniques, and the use of yeast in making bread, beer, wine and cheese (OECD Report: 
Economic aspects of biotechnologies related to human health, Part I, 1998).  
 
Life Sciences: is the field of science that deals with living organisms and life processes. It 
includes many areas including biology, medicine, anthropology, or sociology. (Online 
Merriam-Webster Dictionary)2 
 
Healthcare: The services and products devoted to improve the quality of life and health of 
living organisms, generally human beings. The services are generally divided into 

                                                 
1 http://www.ornl.gov/hgmis/publicat/glossary.html#gene expression 2000-08-16. 
2 http://www.m-w.com 2000-09-04. 
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outpatient and inpatient care. Outpatient care does not include hospitalization or duration 
in clinical institutions, like nursing homes as opposed to inpatient care.  

1.4 Delimitations 
This work is an attempt to match future technical possibilities with disease trends. The 
medical field is vast and opportunities arising due to the genome project are even larger. 
This work has been limited to the expected impact on healthcare, trying to determine the 
major effects. It has not been the intention to cover the entire medical field but to provide 
what the author has judged to be most significant. It is hoped that the thesis will provide 
readers with a general overview of the advances in biotechnology and provide sufficient 
groundwork for investment related decisions. The work is not directed towards medical 
professionals but more towards a general audience with limited know-how about 
medicine.  
 
Most of the general population is aware of the ethical debate enwrapping research in the 
field of genomics; moral questions are almost impossible to eschew when considering 
biotechnology. It is likely that medical advances that do not directly question or impose 
moral objections will more easily be economically endorsed, and hence will reach further 
progress. Not many investors or entrepreneurs would be interested to plunge into 
enterprises that run a high risk of becoming indefinitely postponed by regulatory 
authorities. Therefore the ethical dilemma, though not directly, steers research and 
advances in the medical field. However, a thorough discussion of ethics in genomics would 
be too large to be encompassed in this report and is beyond the primary purpose. To 
ensure a manageable volume in the time frame of a thesis other issues have been excluded 
as well. 
 
The following have been excluded:  

• The thesis focuses upon biotechnology related to healthcare, and not agriculture or 
marine culture 

• The regulatory framework of patents is not included 
• No moral standpoint is taken on cloning or other DNA-methods 
• Social and ethical issues of the Human Genome Project are not discussed  
• The aim is to assess possibilities in the future, not to predict future outcomes 

 

1.5 Thesis outline 
The thesis has made an effort to take into account the wide range of readers, some with 
extensive knowledge of biotechnology and others with limited knowledge. Thus the eight 
chapters that constitute this thesis are of varying significance or interest depending on 
medical know-how of the audience. To facilitate, a glossary containing terminologies 
frequently used in genomics has been provided in Appendix A. 
 
In general, the work comprises of two parts. The first section looks at trends in 
demographics and diseases to determine potential opportunities for healthcare suppliers. 
In the second half, the consequences of the HUGO project are investigated, applied to the 
result of the first part. The structure of the work in more detail is as follows: 
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In Chapter 2 the methodology employed is discussed. It presents the supply and demand 
approach and its suitability for the purpose of this report.  
 
Chapter 3 is dedicated to demographic trends correlated to disease trends to determine 
economically viable patient groups from the viewpoint of investors. It looks at the 
population changes taking place in the Western countries.  
 
Chapter 4 presents an introduction to the Human Genome Project – what it means and its 
significance in the medical world. The different phases of the so-called biotechnology 
revolution is also included.  
 
In Chapter 5 the various methods and techniques offered by the study of genes are 
described. Advances that enhance healthcare have been included. The chapter ends with 
the history of insulin – insulin was the first biotechnologically manufactured medicine to 
be approved. 
 
Chapter 6 depicts the possible outcomes of the Human Genome Project in the healthcare 
industry. It portrays ongoing clinical protocols and research. This chapter can be difficult 
to understand if not familiar with medical technology.  
 
Chapter 7 is devoted to the result. It comprises five therapeutic areas for investment based 
on the advances of the Human Genome Project. The potential offered by genomics in each 
of the areas are also highlighted. 
 
In the last chapter, Chapter 8, a brief note on future work is given.  
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2 METHOD 
 
A method should conform to the subject that is being studied. It should be integrated with 
the purpose of the study and be an instrument to attain the object. Per definition a method 
is a “way, technique or a process of or for doing something” (Webster’s Ninth Collegiate 
Dictionary, 1988). As a concept it encompasses “not only techniques of analysis but also 
problems pertaining to the utilization and organization of knowledge and competence 
during the course of the study and in the presentation of the final results” (Schwarz, B. 
1982, p.11).  
 
The method adopted for this study is based upon demand and supply in healthcare 
coupled to demographic trends. The intention is to lay a ground for improved decision-
making in the intersection of biotechnology and healthcare. Data from various sources 
have been collected related to Life Sciences and have been combined with in-depth 
interviews with key persons. This chapter explains the method employed in detail and 
ends with a short summary. 
 

2.1 Outline of the theoretical framework 
Demand and supply are well known concepts of economic theory. The theory can be 
applied to the healthcare industry where one expects development of new substances and 
healthcare solutions to be steered by prospective profits, i.e. customers’ willingness to pay 
and innovative technological advances. An economic analysis of the future thus purports 
to match these two groups.  
 

Patients Healthcare
Providers

Customers Suppliers

Lawyers/Healthcare
Consultants

Health Insurance Hospital Care

Regulators

Medical
Instruments

Laboratory
Equipment

Biotechnology

Pharmaceuticals

 
Figure 1: The Healthcare Industry. The representation shows the actors involved in healthcare. Adapted from 
Eliasson, 2000 a, p.52. 
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The analysis is supported by demographic changes, which rely on trend extrapolations. 
This tool is widely used in population studies and is well suited for the purpose of this 
work. Trend extrapolation belongs to the field of Future Studies, which has been 
extensively described in Appendix C. 
 

2.2 The method applied  
The method applied concentrates on commercial opportunities. Advancements in 
biotechnology justify a method based upon supply and demand that can determine what 
the market wants to pay for and what can be possibly supplied. However, not all 
technologies stem from a direct customer demand; a market can be created for a 
product/service. New applications of a technology can also extend into novel markets. 
Investors need to look for these technologies as well. In addition, consequences of the 
HUGO project will have an impact on many venues of the healthcare sector, beginning 
from the very first stage of drug development, which are also of great commercial interest. 
 
The method is thus based upon supply and demand between healthcare providers and 
healthcare consumers and a consequence analysis of the HUGO project. However, in the 
case of venture capital firms neither the demand nor the supply has to be immediate, it can 
occur in a time period of up to five years. Therefore, it is in the interest of investors to 
foresee trends and market potentials at an earlier stage so that they can invest wisely and 
receive substantial returns on investments. It should be noted that the technological 
advances depicted in the coming chapters could be realizable as far as ten years in the 
future.  
 

2.2.1 Demand and supply 
Healthcare encompasses a range of companies related directly or indirectly to health. 
Focus in this work is on human diseases, where diagnostics, treatments and medications 
play an important role. Medical science and technology is constantly expanding the field 
of healthcare, increasing the scope of supply and fulfilling demands of many people. 
Pharmaceutical and biotech companies are interested in markets where the patient 
population is relatively large and can afford enhanced medical products. Products do not 
directly reach end-users but are controlled. The regulatory agency is not included in this 
work, rather supply made possible by medical science and technology in congruence with 
public demand contains the subject. 

Figure 2: Simplified supply and demand in healthcare. The regulatory organ is not included in the thesis. 

 

Supply based upon
medical science and

technology

Demand
for improved health

Regulatory
agency
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There are areas in medicine where drugs are not available or not very efficient. If the 
population of patients is large, pharmaceutical and biotech companies should actively be 
interested in such fields according to the laws of supply and demand. It promises 
profitability – if the patient group constitutes an economically strong group. In other cases, 
special subsidies or tax relaxation may generate an incentive for pharmaceutical and 
biotech companies to invest in diseases affecting a smaller or financially weaker patient 
population.  
Which are the numerically and financially attractive patient groups for the healthcare 
industry? The medical product suppliers should be expected to focus on such groups. In 
this respect, their fields of research provide an important lead. The companies cannot offer 
products in all therapeutic areas and have, therefore, decided to concentrate on a small 
number of areas where they believe they have a competitive advantage3 or can gain such 
an advantage.  
 
Because development of new drugs is a very long and expensive process, it is not likely 
that companies modify their research fields frequently or decide upon therapeutic areas 
impulsively. The decisions are well grounded – based upon disease trends coupled with 
demographic changes, and assuring high rates of return on investments. The players are 
not only large pharmaceutical companies, even small biotech companies have entered the 
arena. Well-integrated biotech companies are competitors to large pharmaceutical 
companies, but there are not many companies that can boast of being totally full-fledged 
drug providers. Most of these companies at one time or another have to rely on the 
“muscles” of large pharmaceutical companies. All companies are concerned about their 
own survival and therefore keen to invest in critical areas: essential platform technologies 
for drug discovery or therapeutic fields of great interest. Their research investments have 
therefore been of importance as well to explore supplies.  
 
Interviews with key persons have helped to orient the focus of this study on what is 
possible to supply. The captions in newspapers can make one believe that almost 
everything from everlasting youth to constant well being till the age of 100 can be provided 
with in-depth knowledge about the core of life. Though wonderful to read, the reality 
seems to be far behind. To orient on what is actually happening on the forefront of science 
and what difficulties remain, interviews with well-known scientists have contributed 
excellent information. In addition, journals and magazines explaining novel fields and 
discoveries aid a layperson with some knowledge of biotechnology to peruse in the realm 
of biotechnology. Many organizations also do a spectacular work in disseminating 
specialized knowledge about biotechnology and its opportunities.  
 

2.2.2 Consequence analysis 
Progress of the HUGO project and biomedical technologies implies a revolution. The 
consequence analysis is focused upon several fields in the healthcare sector. Some of the 
most important impacts of the genome project are expected to be drug development, 
                                                 
3 Competitive advantage is described by Michael Porter and is based upon five forces that give a 
company relative advantage compared to others in the same branch. For further description see The 
competitive advantage of nations: [New ed.], 1998, p. 18-21, 29-30. 
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therapeutic treatments4 and prophylactic treatment. As more and more knowledge about 
biological pathways and disease mechanisms are elucidated, a more systematic and 
rational procedure for drug development and therapy can be envisaged.  
 
In the course of developing a medicine many stages have to be passed before it reaches a 
patient, which explains the extensive time and money involved in the branch. It is an 
experimental procedure. Figure 3 below provides a sketch of drug development. Many 
drug candidates are discarded on the way and the costs of these failures have to be borne 
by a few successful drugs. The novel technologies that are emerging will definitely 
influence the drug development structure, particularly the time frame and hence the cost. 
It is significant to investigate the impact of such technologies in each and one of the stages 
of drug development and their effects on the healthcare sector. This will provide 
information for investors and help them make wise decisions. 

10 to 15 years

Research Drug
candidates

Clinical
studies

Approval Market

 
Figure 3: Development of a drug. Standard costs of the few approved drugs, the ones that reach the end, have to 
include the costs of the numerous failed projects. 

 
Medical technology and cost can be categorized into three levels according to Weisbrod 

(1991, Journal of Economic 
Literature, Vol.29:2, p. 523-552)5. 
The author implicates an inverted 
U-shaped relationship between 
technical progress and medical 
expenditures. Costs of treatment 
are low for diseases that are 
poorly understood or where there 
is no cure – the state is defined as 
low or “non-technology”. In this 
case medical intervention largely 
involves social assistance and 
hospitalization. For patients 
suffering from intractable cancer, 
multiple sclerosis, stroke or 

advanced cirrhosis low or non-technology prevails.  
 
“Halfway technology” tides patients over diseases that are partially understood. It 
includes palliative treatments and interventions to delay the course of a disease about 
                                                 
4 Therapeutic treatments are defined here as those that do not explicitly require drugs. For instance, 
organ transplantation or in vitro fertilization.  
5 The idea was initially presented by Lewis Thomas in The lives of a cell, 1972. 
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which medicine is unable to do very much. Medication here can at most treat the 
symptoms and delay the course of the disease but cannot prevent it. Most of the existing 
drugs fall into this group – they alleviate symptoms. However, halfway technology 
prolongs life and can augment the quality of life. Organ transplantations, artificial organs, 
irradiation and chemotherapy are all examples of halfway technology. Weisbrod mentions 
that costs incurred for halfway knowledge-based technology are likely to be high. Patients’ 
lives are merely prolonged as they are not cured from their diseases. 
They remain as sometimes patients, sometimes relegated to a life of chronic illness. 
 
Ultimately, “high technology” is available when a complete remedy is conceivable. This is 
possible “as a result of a genuine understanding of disease mechanisms, and when it 
becomes available, it is relatively inexpensive … to deliver” (quoted from Lewis Thomas 
(1972) by Weisbrod, p.9). Examples include antibiotics for bacterial infections,  
Figure 4: Inverted U-shaped curve showing the relationship vaccines and some surgeries. The  
between costs per case for a disease and state of medical technology. evolution of a vaccine for polio 
Source: Weisbrod, 1991. serves as an illustration of  
 Weisbrod’s ideas. At the 
beginning of the last century polio was a prevalent disease. The knowledge base was so 
low (i.e. low or non-technology) that victims died quickly from paralysis as a consequence 
of the disease. As an untreatable disease the healthcare costs encountered were relatively 
low. Eventually halfway technology led to the development of the iron lung, which 
prolonged the lives of patients. The cost of this new technology was quite high and could 
hardly be afforded by many. Finally, better knowledge about polio led to a vaccine (Sabin 
and Salk) – example of a high technology – which dramatically reduced polio-associated 
expenses. (Weisbrod, 1991) 
 
The aggregate aftermath of technological change, in accordance of the argument above, 
depends to the extent halfway technologies will replace low or less costly technologies, or 
be substituted by higher technologies. This bodes extremely well for genomics. It cannot be 
doubted that the most significant contribution of the HUGO project is its heightened 
knowledge about biological pathways, and therefore, treatments based on higher 
technologies are quite conceivable.  
 
So far the initial effects of the HUGO project is already being seen in diagnostics of 
monogenic diseases but also other genes underlying numerous diseases are being 
uncovered. Although the project still has a number of years before completion, about 95 
percent of genes associated with diseases have already been identified (New Scientist, 1 
July, 2000). The consequence of these findings could be “customized health” and will 
probably have tremendous affect on healthcare.  
 
The consequence analysis is directed at the entire healthcare branch, including hospitals 
and clinics. With improved medical technology many patients may be kept away from 
hospitals, benefiting both society and patients. The impact of technology based upon the 
HUGO project is the core of the analysis.  
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To summarize, an explorative procedure constrained by the supply and demand 
perspective can help to address the following: 

• Trends in diseases based upon demographics 
• Their consequence on the healthcare branch, arising from the opportunities of the 

HUGO project 
 
Although the technologies that form the basis of the “biomedical revolution” are not novel, 
the impact of biotechnology is only beginning to be unveiled. To perceive its force an 
interdisciplinary approach is vital. By not confining to the technology but extending to 
demographics and disease developments, hopefully a broader view of biotechnology will 
be portrayed. The first section of this work looks at trends in demographics and diseases to 
correlate healthcare suppliers with users. In the second half, the consequences of the 
HUGO project are investigated, applied to the result of the first section of the thesis.  
 
The main literature that forms the foundation of this work is numerous reports, interviews 
with key-persons and newspaper articles. It should once again be emphasized that the 
nature of this work is explorative and many of the parameters in this work are difficult, if 
not impossible, to quantify. Frequent discussions with the author’s supervisor at work, Jan 
Lundahl and supervisor at KTH, Gunnar Eliasson, have influenced and guided the thesis 
as well as the author’s own knowledge and perceptions about the subject matter. 
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3 DISEASE FORECASTS THROUGH DEMOGRAPHICS 
 

“Technology and demography are the two principal drivers of 
change in the economy, with implications for society, public 
policy, and even the environment in which we will work and live.” 
      John A. Challenger 

 
The impact of demographic trends on healthcare can hardly be exaggerated. Broad 
healthcare policies are primarily shaped by demography but even day-to-day practice of 
medicine can considerably affect (Shapiro, Ear, Nose and Throat Journal, June 1999, 
Vol.78:6, p. 418-421). In the healthcare branch these trends play a vital role as indicators 
of future tendencies – social, economic, and health– all of which affect healthcare. To 
provide a rational basis for examining disease developments, population issues related to 
health have been investigated. Trend extrapolation is a useful and fairly common tool to 
discern demographic changes. The accuracy (or inaccuracy) this analysis supplies is 
considered adequate for the purpose of differentiating important factors affecting 
healthcare.  
 
One of the population issues influencing healthcare is a result of declining birthrates and 
increasing longevity. It has led to a noticeable growth in the geriatric population. In this 
study, older citizens are defined as those over the age of 60. The health, economic and 
social needs of this group differ from other population segments. Although this group as a 
whole is a minority, it is a disproportionate consumer of healthcare and other health-
related services. For example, in Sweden, approximately 70 percent of hospitalization costs 
are spent on senior citizens (Sylwan & Andersson, 1998, p. 421). 
 
The first part of this chapter primarily discusses demographic trends. It is not confined to 
the situation in Sweden but to a number of countries in the Western world. The interest 
lies in finding widespread changes that will certainly influence healthcare. In the next 
section, these changes are coupled to forecasts of disease developments. The reliability of 
this analysis is finally measured against what therapeutic areas healthcare companies are, 
de facto, investing in.  
 

3.1 Demographic trends – the aging population 
The changing demographic composition of the population will considerably affect the 
future of healthcare. Trends noticed in Europe and the U.S. show some common traits. 
These developments are largely due to improved health status and changing life styles. 
One of the most dramatic changes is the increase in life expectancy over the past century; 
on average the increase has been two years per decade (Raleigh, 1997, British Medical 
Journal, Vol.7106, p. 442). Coupled with a decrease in birth rates, the consequence is a 
smaller and older population.  
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The aging of the population can be viewed in a number of ways. The number of the elderly 
people, the median age6 of the population as well as the proportion of elderly as a 
percentage of the total population - all present figures on the rise. In 1999, there were some 
376 million European Union (EU) citizens, according to Eurostat, EU’s statistical office. 
The population had grown one million from the previous year, and immigration 
accounted for three quarters of this increase, since there were merely 266,000 more births 
than deaths. That was the lowest growth since World War II. Germany, Italy, Spain as 
well as the Nordic countries are experiencing lower birth rates. Only Ireland, in the EU, is 
in the midst of a baby boom. United Nation’s (UN) statisticians, examining trends in 
several European countries, anticipate an even faster drop. For example, according to this 
report, low fertility rates – lower than two children per couple – will reduce Italy’s current 
population of 57 million to 41 million by 2050. (Economist, 15 Jan. 2000, p. 52) 
 

Table 1: Life Expectancy projections implicit in UN demographic statistics. Source: OECD Aging Working 
Papers, AWP3.2 1998. 

 

                   

                                                 
6 Gives the age below which half of the population lies. 
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Figure 5: Proportion of projected elderly (age 60 or older) as percentage of the total population in selected 
European countries. Source: Eurostat, 1996. (See also Appendix D Projection of 15-64 year-olds) 

 
The figure above shows a growing proportion of the population becoming older. In all the 
countries, the seniors are anticipated to denote more than 20 percent of the population by 
2020. To form a notion of the number of people this embodies, the table below represents 
the anticipated 65 plus population in several countries. 
 
 
 
 
Country 1995 2000 2005 2010 2015 2020 
Belgium 1,607,518 1,723,891 1,807,285 1,850,207 2,003,269 2,168,846 
Italy 9,488,589 10,425,505 11,324,412 11,799,449 12,559,308 13,079,041 
Greece 1,617,092 1,838,173 2,023,076 2,096,555 2,207,602 2,321,069 
U.K. 9,226,214 9,324,579 9,606,551 10,112,215  11,259,775 12,033,169 
Sweden 1,541,366 1,533,973 1,560,858 1,703,800 1,901,915 2,025,563 
Netherlands 2,047,229 2,166,910 2,319,501 2,549,336 2,998,294 3,364,601 
Germany 12,608,210 13,451,924 15,498,924 16,668,523 17,203,440 18,306,296 
France  8,782,247 9,493,410 9,963,676 10,256,394 11,544,423 12,749,426 
U.S. 33,617,521 34,835,293 36,370,450 39,715,126 45,959,093 53,732,755 
Ireland 414,396* 430.168 461.541 507.039 584.831 668.086 

Table 2: People above the age of 65 in several developed countries. *The population in 1996. Source: U.S. Bureau of 
the Census, International database. 

 
The trends are similar in the U.S. and statistics depict a similar scenario there. The 
population aged 65 and older (also denoted as “young elderly”) is living longer and 
healthier than any previous elderly generation in history. An American born in 1900 had a 
mean expectancy of just 47.3 years, only five years below that of the continent of Africa 
currently and worse than any Asian nation except Afghanistan. But life expectancy has 
risen dramatically; already in 1950 it had increased to 68.2 years. Due to antibiotics and 
modern medical technology, especially surgery and diagnostic procedures, longevity has 
risen to 76.5 years and is continuing to advance. (Beale, Food Review, Jan – Apr 2000, 
Vol.23, p16)  
 
A quarter of the present U.S. population are baby boomers, the first of whom will turn 55 
in 2001 and officially pass the threshold of senior citizenship. Over the next two decades 
the 77 million baby boomers will join the ranks of senior citizens and require increased 
levels of medical care. They are simultaneously the richest generation of Americans in 
history (discussed later). The combination of wealth and numbers will radically change the 
faces of a host of industries serving them, primarily the ones related to healthcare. 
 
At the present time, seniors constitute 13 percent of the U.S. population. (Modern 
Healthcare, Nov. 1997, Vol.27, p. 38). Between 1960 and 1994 the number of persons aged 
65 or more has grown from 16.6 million to 33.2 million. In this interval the median age 
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rose from 30 to 34 years and is expected to be 41 by 2030. Only 4 percent lived till the age 
of 65 in 1900 but by 1960 this figure had increased to 9 percent and in 1964 it was 12.6 
percent. By 2030 it is projected that more than 20 percent of the population will be 65 
years or older. (Shapiro, 1999, p. 418-421) 
 
The increase of “old elderly”, those above 85 years, is just as remarkable. This is the fastest 
growing subgroup of the U.S. population (U.S. Bureau of the Consensus, 1996). In 1994 
approximately 3.5 million were 85 years or older; it is estimated that this figure will double 
by 2020 and again to 14 million by 2040. 5 percent of the population will belong to this 
group by 2050.  
 
The general trend of the U.S. population is shown in the graph below (Figure 6). (See 
Appendix E for similar population outlay of Sweden)  
 

 
Figure 6a: Constitution of the U.S. population in 1975. It is roughly pyramid-shaped. 
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Figure 6b: Projection of the U.S. population by 2030 shows a “squaring of the pyramid” effect. This is the 
consequence as the younger population decreases relative to the older groups. Source: Shapiro, 1999. 

 
The real income of the older population is continuously rising. A well-off consumer 
population is a matter of great interest to the medical industry. In the U.S. only 13 percent 
of those above 65 have incomes below the poverty level (U.S. Bureau of the Census, 1996). 
An article presented in the Federal Reserve Bank of New York Quarterly by Cantor, R. and 
Yuengert, A. (1994), shows the aggregate increase in income between the baby boom 
generation and previous generation. According to their survey, it appears that baby 
boomers have managed to accumulate more wealth than their parents had at the same 
age. Furthermore, their savings so far seem to meet the “desirable” or “target” levels to 
meet an adequate provision for retirement. However, there is a wide distribution of income 
in this group, which is manifested in the large gap between average-to wealth-income and 
median wealth-to-income ratios. The relatively few number of households with 
substantially higher incomes pulls up the average wealth-to-income ratio. 
 
 Household Head 

35 to 44 years old in 1962 
Household Head 
35 to 44 years old in 1988 

Average wealth-to-income 
ratio (AWI) 

2.07 2.76 

Median wealth-to-income 
ratio (MWI) 

0.87 1.10 

Table 3: Savings of the baby boomers and the preceding generation. Adapted from Cantor, R. and Yuengert, A, 
1994. Average wealth-to-income =(Assets – Liabilities) / annual income. The low MWI compared to AWI implies 
that few of the households have a much higher AWI than the rest. 
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In Europe, a small percentage of pensioners have an income that is less than 50 percent of 
the net average income. The situation in Europe is depicted in Table 4 (next page). The 
majority has net equivalent incomes that are 75 – 150 percent of the national net 
equivalent income. It is only in the U.K. retirees fall into lower brackets of income 
compared to other European counterparts.  
 
Along with the shift towards an older population, the “old-age dependency ratio” will 
also be affected. This ratio is used as a measurement to summarize the demographic 
relationship between the old, generally retired people, and the young, working population 
(individuals aged 18 to 64). It is a coarse indicator of the level of economic and physical 
dependency of the elderly. In the U.S. there are approximately 5 supporting individuals for 
each person aged 65 or more. In 50 years (2050) this figure is expected to drop to half, 
meaning that there will only be 2.5 supporting individuals for every elderly person. 
(Shapiro, 1999, p. 418-421) Similarly Sweden’s age dependency ratio is steadily decreasing. 
There are about 3.5 supporting persons for every individual who is above 64. By 2050 it is 
expected to reduce to 2 supporting individuals7. The change in Sweden is not as dramatic 
as the one in the U.S. That is mainly because of the already more pyramid-shaped 
population structure of Sweden, comprising of a larger percentage of senior citizens. The 
shortcomings of the age-dependency ratio should be kept in mind whenever it is used. It 
does not take into account the economic assets of the elderly nor does it consider the 
general employment status of individuals aged 18 to 64 (Shapiro, 1999, p. 418-421). Do 
notice that it has been shown that both in Europe and the U.S., the elderly have better 
financial resources than many other age groups (See Table 3 and 4 as well as the text 
related to income in this chapter).  
 

                                                 
7 An expanding age dependency ratio in many European countries has initiated a debate about 
increased immigration to offset the trend in the coming years. 
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Table 4: Persons in pensioner households by relative net equivalent income brackets as percentage of average 
national net equivalent income. Suppose that the average national net equivalent income (income after tax) in 
Belgium is BEF1,000,000 per year. According to the table’s Old OECD scale 7.2 percent of pensioner households 
earn 50 % less than this average income, 27.9 percent earn 50%-75% of average income, 57.6 percent earn 75%-
150% and 7.3 percent above 150%. Do notice that pensioners generally have larger disposable incomes since they 
do not have big expenses as other households (spending on children, house, education, etc.) Source: OECD Aging 
Working Papers, AWP4.2 1998. 

 

3.2 Disease trends 
Pharmaceutical companies follow demographic changes and disease patterns to give them 
guidelines about business enterprises. An ideal investment is one that can attract a large 
patient volume who can afford modern healthcare. The previous section showed that in 
most Western countries the proportion of elderly is increasing and that they correspond to 
a financially stable group. This part relates the ongoing demographic trend to the effects it 
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propones on the healthcare industry. The consequences are viewed in terms of disease 
developments.  

3.2.1 Age-related Diseases 
As seniors expand in numbers, diseases related to old age will naturally rise. The majority 
of age-associated diseases is chronic and does not have any cure. The common diseases, i.e. 
afflicting many, among elderly can be crudely divided into four groups (Aros Securities, 
Sector Report, April 1999, p.9): 

• Diseases related to the degeneration of the central nervous system (CNS) 
• Diseases related to increased cell division due to extended life span – all kinds of 

cancer 
• Diseases related to changes in hormone balance 
• Diseases related to Western lifestyles such as high fat diet, stress, smoking and a 

low level of physical activity. 
 
Members of the group above are many. Some common ones are cancer, stroke, 
cardiovascular disease, diabetes, Alzheimer’s, Parkinson’s, osteoporosis and chronic renal 
failure. The advances in medical technology have been successful in prolonging lives of 
patients suffering from age-related diseases but at the expense of long-term convalescence, 
diminished quality of life and increasing healthcare expenditures. It can be said that the 
knowledge about most geriatric diseases have reached what Weisbrod denotes as halfway-
technology (See Chapter 2). Whereas persons with these diseases would have died within 
a short span of time a century ago, they now survive thanks to medical help. However, the 
available treatments for most of these diseases are limited to symptomatic regimens. Any 
treatment, including medication, that is more effective is bound to have tremendous 
impact. 
 

Medical technology has seen the rate of 
survival for severe chronic diseases steadily 
climb in the last decades. In Sweden about 80 
percent of female patients aged 35 to 74 
survive after stroke. 55 percent of females 
survive cancer compared to 50 percent of 
men. (Aros Securities, p.8-9) Cancer seems to 
be particularly correlated to increased 
longevity. Mutations occur spontaneously in 
our bodies throughout our lives but most of 
them are harmless. Generally more than one 

mutation is necessary for cancer development. The longer  
Figure 7: Incidence of cancer in different ages.  we live the more mutations we accumulate,  
Source: Official Statistics of Sweden, 1998.   thus increasing the chances of acquiring  
  multiple transformations required to produce  
all the characteristic changes of full-fledged tumor cells (see inset). According to a study by 
Swedish National Board of Health and Welfare the annual growth of cancer during the 
period of 1960 to 1998 has been 2.2 percent for men and 1.9 percent for women. The most 
prevalent cancer among men is prostate cancer whereas for women it is breast cancer. The 
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difference in prevalence to the next most frequent cancer is as high as 20 percent. (See 
Appendix F about Cancer Prevalence in Sweden) Approximately half of the cases are a 
result of the continuous change in the age composition of the population. (Cancer 
incidence in Sweden 1998, National Board of Health and Welfare) 

 
Figure 8: Steady growth of cancer incidence since 1960. Source: Official Statistics of Sweden, 1999. 

 
World Health Organization (WHO) has outlined the diseases that currently terminate most 
individuals’ lives (Making a Difference, The World Health Report 1999). Out of these ten 
diseases the majority are not age-related. However, the picture is different in developed 
countries. In these countries the life expectancy has extended most and consequently, it is 
in the same regions the leading mortality causes are related to old age. In the member 
states of EU about half of the seven leading causes are age-associated and they account for 
two-thirds of the cumulative cases.  
 
Disease Rank Percentage 

of total 
Cases in 
thousand 

Ischemic heart disease 1 13.7 7 375 
Cerebrovascular disease  2 9.5 5 106 
Acute lower respiratory infections  3 6.4 3 452 
HIV/AIDS  4 4.2 2 285 
Chronic obstructive pulmonary disease  5 4.2 2 249 
Diarrheal diseases  6 4.1 2 219 
Perinatal conditions 7 4.0 2 155 
Tuberculosis  8 2.8 1 498 
Cancer of trachea/bronchus/lung  9 2.3 1 244 
Road traffic accidents  10 2.2 1 171 

Table 5: Leading causes of mortality and burden of disease, estimates for 1998. Source: WHO 
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Figure 9: Main causes of death by groups (percentage of total causes) in EU 15 member states – 1996. Source: 
Eurostat, causes of death statistics. 

 
The most frequent diagnoses in open care in Sweden show clearly diseases biased towards 
the age of patients. In 1997 most patients in open care were diagnosed with hypertension, 
followed by sleep disturbances, psychoneuroses, depression and asthma. These five were 
the most prevalent, each comprising above 2-3.5 percent of all open care incidences. More 
than half of the elderly suffer from hypertension or a heart condition8. A look at all the 
diagnoses that were frequent in more than 1 percent of the persons (13 diagnoses), reveal 
that more than half of them are age related. Psychoneuroses, diabetes mellitus, angina 
pectoris and heart failure are among the most frequent diagnoses. (Swedish Association of 
the Pharmaceutical Industry “Läkemedelsindustriförening” (LIF) Survey 1997) 
 

3.2.2 Current tendencies 
Statistics Sweden’s data depict an average of more than 20 days spent in hospitalization 
for long-term care, rehabilitation and psychoneuroses. In inpatient (“sluten vård”) care 
most of the patients are elderly and some of them suffer from multiple diseases. An elderly 
may suffer from hypertension along with diabetes and heart failure. Even within the same 
disease area as cancer, the gap between cancer incidence and the number of cancer 
patients have grown to 16 percent. This implies that several cancer patients are afflicted 
with more than one sort of cancer. However, one trend in inpatient medical service is the 
continuous decline of hospital duration in the last decades. In 1970 the average number of 
days spent in hospital was 14 days. It has dropped from an average of eight days in 1985 
to five and a half days ten years later. Over the time period of 25 years, the decline has 
been substantial. A combination of more accurate diagnosis, improved hospital therapies 
and surgical procedures, and more efficient drugs lie at the center of the decrease. There 
has thus been a gradual shift from inpatient to outpatient medical services, a continuing 
transition that is having tremendous impact on indirect cost savings, especially in the form 
of higher life quality. 
 
In the recent years, the continuous increase of average weight has led to obesity becoming 
a folk-disease. About 30 percent of the American population is overweight. In Europe, the 

                                                 
8 According to study conducted in the U.S.  



Nashid Fermin, Master’s Thesis at Swedestart Management AB 

Page 20 

20,7%

2,3%

19,1%

1,8%

56,1%

Primary care 

Doctor visit at
hospitals 
Pharmaceuticals

Diagnostics

Inpatient medical
service

number is lower but growing. Countries like the U.K. and Germany are observing larger 
proportions of their populations becoming corpulent (above 20 percent). There are several 
severe diseases that are more likely to be contracted by overweight individuals, resulting in 
reduced longevity. They run a higher risk of contracting diabetes mellitus, heart disease, 
high blood pressure and many other morbid diseases. The onset of diabetes Type II, for 
example, is becoming more prevalent in younger age group as weight increases.  
 
The other problem that is resulting in health impairments is stress. The number of persons 
experiencing constant stress and, in the extreme case, showing symptoms of being “burnt 
out” is growing. This trend is more noticeable among people between the age of 20 to 60. 
The pressure in daily life has made it difficult for many to find a harmony between work 
and leisure time. Stress involves many factors and shows varying symptoms from 
individual to individual, which can make it hard to define. It is not yet termed as a 
“disease” in most countries though there is an increasing concern for its debilitating 
effects.  
 

 
Figure 10: Average number of days spent in hospital from 1970 to 1995 in Sweden. Source: Statistics Sweden. 

 
Most of the healthcare costs 
incur during the last years of our 
lives. Of the total healthcare 
expenditure, inpatient services 
exact the heaviest burden with 
56.1 percent (Wiklund, Dagens 
Medicin, 2000-10-03, p30). In 
Sweden alone, the geriatric 
group stands for more than half 
of the total health expenditure 

(Sylwan & Andersson, 1998, p. 421). They  
Figure 11: Distribution of healthcare expenditures.   account for a third of the long- 
Source: Dagens Medicin.   time care spending and a  
   considerable part of 
pharmaceuticals, especially for lifetime (chronic) diseases. This disproportionate 
representation is not only due to a larger elderly patient population but to the fact that 
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most of them require inpatient care, which is considerably more expensive than outpatient 
care. In addition, some of them suffer from several diseases. 
 
Health authorities in many nations have been alarmed by the rapid increase in 
expenditures for pharmaceuticals and the price of some drugs. In the U.S. the outpatient 
expenditure on prescription drugs has almost doubled during 1990 to 1998. The recent 
increases have been large, with a peak in 1998 when the expenditures rose 12.3 percent. 
(Calfee, Consumers’ Research Magazine, May 2000, p10-16) The seniors, who constitute 
12 percent of the population, account for 34 percent of the total pharmaceutical costs. 
Among the elderly, 41 percent of the total pharmaceutical expenditures are for 
cardiovascular and renal drugs. A third of them suffer from three or more chronic 
conditions amounting to 57 percent of drug expenditures for this group. Chronic disease is 
an important factor of pharmaceutical costs. These diseases do not have any cure but 
require long term medication for their patients, cumulating to very high expenses. For 
elderly with one chronic disease the average expenditures in 1987 were $196 as opposed to 
$519 (yearly) for patients with multiple chronic conditions. (Meuller, American Journal of 
Public Health, Oct. 1997, 1626-1629)  
 
The latest statistics for Sweden, for the first half of 2000, manifest sales rise of 7.4 percent 
for pharmaceuticals compared to the first half of 1999. This growth is equivalent to 
SEK730 million. The largest drug sales occurred for diseases in the central nervous system 
(SEK858), accounting for about 16 percent of the total pharmaceutical expenditure. It was 
ensued by heart and circulatory drugs (SEK848) and gastrointestinal drugs (SEK787). The 
cost increase of drugs is influenced by three factors (Drugs, Life Quality, and Economic 
Consequences, ”Läkemedel, livskvalitet och ekonomiska konsekvenser”, Socialstyrelsen, 
1999):  

• Changed sales volume for given sortiment 
• Price alteration in given sortiment 
• Changes in sortiment (often more expensive new drugs) 

 
The changes in prices are marginal compared to the other two determinants. It has 
increased by an average of 1.6 percent annually during 1989 to 1999, as opposed to 3.4 
percent of volume changes and 6 percent changes in sortiment for the same time. The 
combination of these has led to an annual pharmaceutical cost growth of approximately 
10 percent. (Drugs, Life Quality, and Economic Consequences, Socialstyrelsen, 1999) 
 
The pharmaceutical share of total healthcare expenditure has steadily grown. It is 
currently about 19 percent and will most probably continue to rise. The major reason for 
that is increasingly more expensive drugs along with a growing number of elderly patients. 
The healthcare budget is accordingly becoming a bigger fraction of a nation’s gross 
domestic product (GDP). However, in Sweden the trend has been slightly different. From 
the peak in 1988 the healthcare costs as a percentage of gross domestic product has 
declined and seems to have stabilized slightly above 7 percent. The diagrams below 
indicate that the total healthcare cost has been more or less steady while the percentage of 
pharmaceutical expenditure has grown. 
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Figure 12a: Pharmaceutical expenditure as a percentage Figure 12b: Healthcare costs as a percentage of  
of total healthcare costs. Source: Swedish Association of GDP. Source: Sweden Statistics.  
the Pharmaceutical Industry.  
 
In a global context, the U.S represents the largest healthcare market equivalent to 14 
percent of its GDP. Whereas most other developed nations have been able to slow the 
growth of medical costs, expenditures in the U.S. have continued to move upward (see 
Figure 13 below). The difference between America and Germany, the next country with 
the largest percentage healthcare expenditure, is about 4 percent. Most of the developed 
countries have healthcare costs ranging from 6 – 10 percent of GDP and impose strict 
national fiscal controls. Not surprisingly, the U.S. is also the world leader of expensive 
diagnostic and therapeutic procedures. (Doyle, R., Scientific American, April, 1999, p.36). 
Even though the U.S. is the leading nation in medical technology, its citizens have a lower 
longevity than other developed nations. This is partly due to an insurance system that has 
excluded more than 44 million Americans (~ 15 percent of the population). Japan, f or 
instance, spends relatively much less but has one of the oldest living populations. 
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Apparently, healthcare cost is not an accurate measurement of well-being but serves as a 
crude measurement. On the other hand, it can be argued whether longevity is a justifiable 
parameter of good health. As an article in the Economist stated (“Health International”, 
June 24, 2000, p.24), commenting on WHO’s 2000 report, “there is a lack of clear 
connection between inputs (more spending) and outputs (better health)”. (“Health 
International”, June 24, 2000, p.24) 
 

 

Figure 13: Healthcare expenditure as a percentage of GDP in selected major markets. Source: Doyle, R., Scientific 
American, April, 1999. 

3.2.3 Healthcare providers 
The changes in healthcare have not gone unnoticed by pharmaceutical companies. They 
are keeping apace with all relevant changes in disease developments. Because the 
development of a drug can take up to 15 years, it is critical that companies make wise 
investments long ahead of time. A wrong investment can cost a pharmaceutical company 
dearly.  
 
The revenues of the ten largest pharmaceutical companies account for almost half of the 
global drug sales (see Appendix G for list). The recent mergers between large companies 
like Astra and Zeneca, Glaxo Wellcome and SmithKline Beecham, have also contributed to 
market share gains. The total worldwide revenues of the pharmaceutical industry amount 
to approximately $300 billion dollars. (Online IMS Health)9 
 
Pharmaceutical companies cannot and do not invest on all possible therapeutic areas. 
They choose a few in which they believe they have a competitive advantage and can 
develop drugs that will sell well, preferably be blockbusters. Blockbuster is defined as a 
drug that has annual sales over $500 million during its patent lifetime. A scrutiny of the 
largest pharmaceutical companies indicates that most of them are conducting research for 

                                                 
9 http://www.imshealth.com 2000-22-08. 



Nashid Fermin, Master’s Thesis at Swedestart Management AB 

Page 24 

new drugs in same therapeutic areas. The most popular therapy class, in the 12 month 
period from September 1999 to August 2000, was the central nervous system (CNS) 
followed by cardiovascular diseases and metabolism (metabolism includes alimentary 
tract). CNS and metabolism are the two fastest growing areas, with sales increase of 19 
percent and 15 percent respectively, during the one-year time period. (Online IMS Health, 
see also Appendix H Drug Sales) Almost all of the multinational companies are investing 
in diseases related to the central nervous system (11 out of 12 companies), and ten of them 
are also involved in research projects concerning cardiovascular and metabolic disorders. 
Although pharmaceutical products in the cardiovascular category had the highest sales, its 
growth in sales was 12 percent (to be compared with 19 percent growth of CNS and 15 
percent of metabolism). The pharmaceutical industry as a whole had an average of 10 
percent growth. In Europe, the increase was about 7 percent, in alliance with IMS Health’s 
earlier forecast. (Online IMS Health)  
 

 
Figure 14: The therapeutic areas of the largest 13 companies. These companies are largest by revenues and they all 
have placements in Fortune’s Global 500. The diagram gives an indication of how many companies that invest in 
the same area but not the size of the investments. More than half of the 13 companies are conducting research in the 
six therapeutic areas above. Source: Company websites. 

 
The investments of the largest pharmaceutical companies clearly demonstrate their 
concern for therapeutic areas involved with elderly. Out of the six fields four are related to 
old age: neurological disorders, metabolic problems, oncology and cardiovascular diseases. 
Moreover, incidence of respiratory diseases is more prevalent among seniors than other 
age groups. The graph above gives no indication of how much is being invested or how 
many research projects there are in each of the categories. Therefore the diagram below is 
of interest: it displays the number of research projects in various therapeutic fields. 
However, it does not provide any information about the size/fund of the projects.  
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Figure 15: Number of medical research projects in different therapeutic areas. Source PJB Publications. 

 
There is once again accordance that a majority of the projects are dedicated to age-related 
diseases. This focus is also coupled with the interest in consumers who have sufficient 
means to buy healthcare products. Demographic trends are undoubtedly important 
determinants of medical research projects for pharmaceutical companies. The fruits of 
research befall not only the aged of today but all who will join this group tomorrow.  
 
Summary: 
An increased aged population and a higher rate of survival for patients with chronic 
diseases are two trends that indicate a higher consumption of pharmaceuticals. This adds 
to the number of patients who need medical care in addition to the ongoing demographic 
change. Furthermore, these changes will lead to an increasing demand for care, focusing 
on hospital placements, nursing homes, assisted living, physical therapy, and 
rehabilitation. In many cases, it will not be unusual to find grandparents taking care of 
their own parents. Unless governments and insurance systems already engage in finding 
sustainable solutions, the above mentioned trends will have far-reaching effects and may 
even result in segregation: better healthcare for a few rich but worse care for the poor 
majority of elderly. 
 
In light of the data provided in this chapter, the following tendencies can be demarcated. 
 
There will be more seniors, living longer. 
As a result: 
Ø The number of age-related diseases will increase  
Ø Healthcare expenses will rise, mostly due to growing pharmaceutical costs 
Ø More effective drugs and treatments will continue the transition from inpatient to 

outpatient medical services 
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The aftermath being: 
Ø Need for more hospitals and inpatient medical services  
Ø Higher sales of drugs  
Ø Decreasing number of hospitalization days 
Ø Increased medication costs but lower hospitalization costs 
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4 THE HUMAN GENOME PROJECT (HUGO PROJECT)  
 
In the previous chapter demographic changes affecting healthcare have been provided. As 
the elderly grow in number the pressure on medical technology to focus and find means to 
treat age-related diseases will increase. The rise of diseases related to age is one side of the 
success story modern medicine exemplifies. The development of modern medicine has, 
among other advances, seen the introduction of antibiotics, oral diuretics, transplantations 
and new surgical techniques. Physicians today save the lives of patients who would almost 
certainly have died a century ago. Previously lethal diseases, which affected people in the 
younger age group can now be cured, as a consequence people enjoy a longer life but also 
contract diseases associated with old age.  
 
In this chapter the focus is on the Human Genome Project. Medical knowledge has 
hitherto been very limited in preventing diseases and not very successful in treating 
diseases affecting elderly. The increase of age-related diseases may require that the 
problems be attacked from a different angle – reasoning from cause to effect, rather than 
the traditional medical practice – reasoning from effect to cause (Wulff, H, “Functioning 
value of medical knowledge in modern diseases”, 1990, p. 75-86). It is in this vein that the 
genome project holds its greatest promise. It makes possible to bridge the knowledge about 
disease effects to their underlying causes. In this chapter a portrayal of the genome project, 
its current status and the ensuing phases have been included. Biotechnology and its 
potential emanates from technologies developed to comprehend the human genome and 
application of the knowledge hereby obtained. The chapter also outlines the paradigm 
shift that has taken place in the scientific community, from reductionism to holism. 
 
 
One of the most ambitious research projects of our time is the Human Genome Project. An 
organism’s genome is its “instruction book”; it carries information about the function of 
each and every cell constituting the organism. The genome consists of genes – discrete 
units of hereditary information – which exist in the biochemical format of deoxyribonucleic 
molecules, commonly known as DNA. This double helix molecule is the basis of 
inheritance in almost all organisms10 and is the material we inherit from parents. It resides 
on long, densely packed fibers called chromosomes in the cell. The building block of DNA 
is four nucleotides (also called bases): adenine (A) which can only pair with thymine (T), 
and guanine (G) which can only pair with cytosine (C). There are about 3 billion bases in 
the genome of a human being. The sequence of these building blocks determines the 
protein a specific gene codes for.  
 
The Human Genome Project began in 1990 with over 50 laboratories, mostly located in the 
United States and the United Kingdom, collaborating. What was initially thought to be a 
formidable task in 1990 has been accomplished at a much faster pace, thanks to the rapid 
technological advancement. Instead of 15 years, the project is now deemed to finish two 

                                                 
10 Several viruses are known to use ribonucleic acid (RNA) for inheritance.  
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years earlier in 2003. The project goals are to (cited from Online Human Genome Project 
Information, 2000-11-20):  

• identify all the 100,000 genes in human DNA, 

• determine the sequences of the 3 billion chemical base pairs that make up human 
DNA, 

• store this information in databases,  

• develop tools for data analysis,  

• transfer related technologies to the private sector, and  

• address the ethical, legal, and social issues (ELSI) that may arise from the project. 

 
The project is unique in the sense that it even addresses the ethical, legal and social issues 
emerging as a result of the project. The information is to be stored in databases accessible 
to the public. Free access implies that Life Science companies can compete on equal 
grounds; there is no information bias giving large companies extra advantages.   
 
The dramatic implications of the Human Genome Project for people and society has the 
potential to metamorphose life and reshape many business sectors. It heralds the century 
of Life Sciences, the “biotechnology revolution”11. Not many contends that we will witness 
a “biomedical revolution” in the future but probably not at the pace the stock market has 
been valuing biotechnological companies. After talking with Dr. Ingmar Kihlström, senior 
analyst at Aros Securities12, it seems quite reasonable that the transformation may take up 
to ten or fifteen years. The HUGO project is only the first step in the biomedical revolution 
(see figure below).  

HUGO-project
Raw sequence data

leading to genes

From gene to
protein

What protein does a
specific gene

express?

The biomedical revolution

Phase I Phase II Phase III

From protein to
mechanism

How does a protein
interact in the body?

 
Figure 16: The biomedical revolution. 

 

                                                 
11 There are many terms that have been used more or less been synonymously: biotechnology, molecular 
biology, genetics. The biomedical revolution pertains to a narrower field, medicine, and can be said to be 
a subdivision of the more general biotechnology/life science revolution. 
12 Interviewed in April 2000. 
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Phase I 
Recently the first draft claiming the completion of sequencing about 3 billion nucleotides 
has been announced (June 26th, 2000) in the media13. It is the “genetic blueprint” of a 
human being, localizing the exact position of a gene. The sequencing data currently 
available consists of 85 percent of the genome. For physical mapping, the mapping of the 
actual distance in nucleotides, vectors carrying small fragments of the genome have been 
utilized. The human genome is otherwise too large to be sequenced in one step. The raw 
data of As, Ts, Gs and Cs which is similar to the binary code of 0s and 1s becomes 
significant once it has been processed to “spell out” genes. Genetic (linkage) mapping is the 
tool for identifying sequence(s) that serves as a marker in the vicinity of a disease-
associated gene. An individual inherits one copy of a chromosome from each parent. In a 
process known as recombination, segments from a pair of chromosomes mix and blend 
into a new one. Linkage mapping calculates the probability of such combinations; the 
nearer two loci are each other the lesser is the probability that they will segregate through 
recombination.  
 
Many of the genes involved in monogenic diseases have already been identified through 
this strategy. In contemporary Sweden, the population is not genetically screened but all 
new-born babies are tested for four genetic diseases: phenylketunuria, hyperthyroidism, 
galactosemi and adrenogenital syndrome (Landegren, U., “Hereditet: 0?”, Läkartidningen, 
Vol.93, 1996, p. 2495-2498). These disorders can mostly be alleviated if detected at an early 
stage. The current limited genetic diagnosis will probably be transformed radically predicts 
Professor Ulf Landegren14 as more and more effective screening can be done safely and 
accurately at a reasonable cost. 
 
Phase II 
In this phase, a gene sequence is matched with its protein. There are approximately 
100,000 genes15 in the body and the proteins/enzymes they express are of immense interest 
to pharmaceutical companies worldwide. They can be used as targets to combat specific 
diseases as better knowledge of their functions are illuminated. Research methods that can 
boost the identification process of genes to their corresponding proteins are becoming 
increasingly important. Special software designed to detect genes in databases is only one 
aspect of the booming bioinformatics (See Chapter 5) industry.  
 
Phase III 
It is at this stage that the vast power of knowledge about the genes and the proteins they 
encode can be unfathomed. The function of a protein is largely determined by its 3-
dimensional structure. Once the function has been ascertained the next step is to 
understand its mechanism. Only after that can new drugs be developed that can precisely 
attack a specific target unlike the available “me to” generic drugs or other treatments be 
investigated. The process is quite time consuming and requires a rigorous understanding of 
how a certain protein interacts in the body before a product can be constituted showing 

                                                 
13 See for example Economist 1st July 2000, Dagens Nyheter and Times 26th June, 2000.  
14 Professor Ulf Landegren, Institute of Medical Genetics, Uppsala University, was interviewed in 
September 2000. 
15 The estimate varies from 100,000 genes to 50,000 genes. 
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desired therapeutic effects. Research companies that can rapidly resolve protein structure 
and function will definitely be the market leaders. Currently some companies 
concentrating on proteomics, the study of proteins, are trying to develop faster 
methodologies. The known two-phase method is slow and cannot study many proteins at 
a time in addition to being constrained to a specific protein size.  
 
 
The human genome is only the beginning of the so-called biomedical revolution, or “life 
science revolution”. Elucidating the building blocks of all organisms will not only aid to 
define what it is to be human (compared to species) but also help to understand the 
genetic basis of underlying biological processes. It is a revolution in the sense of its 
potential impact on many aspects of our lives. Enriquez and Goldberg (Harvard Business 
Review, Mar/Apr 2000, Vol.78:2, p.94-104) states that the advances in biotechnology will 
reshape vast sectors of the world economy. “The boundaries between many once distinct 
businesses, from agribusiness and chemicals to healthcare and pharmaceuticals to energy 
and computing, will blur, and out of the convergence will emerge what promises to be the 
largest industry in the world: the life-science industry”.  
In the sprit of Kuhn, this transformation can truly be called a paradigm shift in Life 
Sciences. From studying one gene at a time, the common approach now is holistic. 
Scientists, propelled to some extent by commercial interests, are now focusing upon large 
scale research. It has become accepted to publish partial findings than waiting till all the 
parts of the puzzle have been assembled. The first draft of the HUGO project was, for 
example, announced before it was entirely complete16. The new approach unites all parts 
of biology – all forms of life on earth are composed of the same genetic building blocks. 
Hitherto, medical knowledge has been concerned with “identification of a single causal 
factor in a complex causal network” and “if this causal factor is a non-redundant 
component of the effective causal complex, its elimination may well have a curative effect” 
(Wulff, 1990, p.77). However, this tells nothing of what went wrong in the body or of the 
process which initiated the disease. If the human body is viewed as a machine, there are 
many different flaws that can lead to similar symptoms. Endeavoring to find the 
individual deviations, through genetic and environmental factors, will certainly offer a 
new mode of reasoning in medical technology.  
 

                                                 
16 New Scientist, “The coming revolution”, 1 July 2000.  
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Figure 17: Areas of applied Biotechnology. Source: National Health Museum17.  

 

                                                 
17 The website of this museum was donated by Genentech Inc. Online address: 
http://www.accessexcellence.org/AB/GG/biotechnology.html, 2000-04-06. 
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5 OPPORTUNITIES OFFERED BY THE WORLD OF GENOMICS 
 
A new era of Life Sciences is being heralded by the biomedical revolution. The door is 
being opened to molecular medicines devised to treat the fundamental causes of diseases 
and less the symptoms. The potential of genomics is so powerful because all diseases have 
a genetic component, whether inherited or triggered by the body as a response to 
environmental stresses like viruses or toxins (Online Oak Ridge National Laboratory)18. 
With the successes of the Human Genome Project the future of treating countless maladies, 
of which many are incurable at the moment, seems possible. Diagnostic tests that are more 
specific and faster can enable earlier treatment of numerous disorders. Research of novel 
therapeutics based on new classes of drugs, immunotherapy techniques, avoidance of 
environmental conditions that trigger adverse reactions, and even replacement of defective 
genes have brought to the horizon a new world of medical science.  
 
Below a list of fields where the advances in Life Sciences will play an important role has 
been presented. The list is by no means exhaustive and it is deemed to be quite impossible 
to enumerate all the biotechnology developments that will come up in the near future. 
However, an attempt has been made to capture most of the major areas of development. 
 
Databases 
Ø Genetic information databases 
Ø Population data 
Ø Genomic and proteomic information 
 
Disease diagnosis and prediction 
Ø Identify genotype and predict disease 
Ø Genetic cause of existing disease 
 
Treatment of diseases 
Ø Gene therapy 
Ø Protein therapy 
Ø Small molecule therapy 
Ø Therapeutic proteins 
 
Rational drug design 
Ø Systematic approach towards finding new chemical entities 
Ø Drugs developed by understanding biological functions at genetic level 
Ø Development of pharmaceuticals that are disease specific and have minimal or no side 

effects 
Ø Pharmacogenomics – response to drugs 
 

                                                 
18 Oak Ridge National Laboratory (ORNL) is a multiprogram science and technology laboratory 
managed for the U.S. Department of Energy, 
http://www.ornl.gov/hgmis/medicine/resource/medicine.html, 2000-07-07. 
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Platform technologies 
Ø DNA chips 
Ø Bioinformatics 
Ø High speed screening 
 
Complementary products and Supportive services 
Ø Preventive drugs 
Ø Genetic counseling 
Ø Information about specific diseases 
Ø Lifestyle counseling 
Ø Education of healthcare professionals, general public and patients 
 

5.1 Databases 
Computer technology and information technology have supported the developments 
within genomics enormously. It is now possible to process huge amounts of data, do 
searches, and collaborate over geographical boundaries.  
 

5.1.1 Genetic information databases  
Gigantic databases containing details of gene sequences and protein structures are helping 
scientists to determine biological functions. Genes involved in vital functions, like 
regulatory, are highly conserved across species. This makes search for similar sequences 
between species highly informative. Even proteins that have similar structures may have 
similar roles in different organisms. Thus finding near sequence matches between two 
organisms allows researchers to identify a gene and predict the type of protein the gene 
encodes. Comparison is fruitful even when the function of the conserved sequence is not 
known in any of the compared species. It is often easier to study the sequence in an 
organism that is smaller and has a faster generation life, for example, fruit fly or mouse (in 
so-called model organisms) than in humans or trees.  
 

5.1.2 Population data 
All human genes are more or less the same, what makes us different is that the same gene 
can occur in slight variations known as polymorphisms or allele variations. These 
variations, including single nucleotide polymorphism (difference of one base among 
groups of individuals), have great significance for biomedical research. Most populations 
contain genetic pools that contain many polymorphisms since there have been extensive 
mixture of ethnic groups. However, there are a few population groups, which have 
historically been quite isolated and thus their genetic pool has less variations. One such 
known population is the Icelandic one. Iceland has a series of distinctive characteristics; its 
population is relatively small and highly homogeneous. A complete set of family records of 
over 80 percent of the entire population of 275,000 exists. Dating back to 1915 there exist 
comprehensive clinical records of Iceland’s public health service (Online Berkeley 
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University)19. This sort of population genomics aids in identifying genes associated with a 
multitude of diseases.  
 
A company that has taken the assignment of assembling the genetic information available 
in Iceland is deCODE Genetics. It, a private company, has been granted the permission of 
acquiring genetic and health information of the entire Icelandic population. Research 
based on this unique population provides insights into the pathogenesis of many diseases 
(Online deCODE)20. 

 

5.1.3 Genomic and proteomic information 
The majority of diseases affecting large number of the human population worldwide are 
not single gene related, but involve multiple genes. Widespread diseases like diabetes, 
obesity and hypertension are examples of polygenic disorders. It is also known, for 
instance, that the effect of one gene can monitor or regulate the effect of another. 
Understanding how that is carried out and what genes interact among themselves will 
enable medical researchers to devise novel regimen of therapeutics. Not only the genes, but 
just as important if not more, are the proteins the genes code for. Databases containing 
information about protein-protein interplay are gaining increased focus as the next phase 
of the genomic revolution. The growing significance of proteomic information has also 
been brought to attention by Stefan Hök21, consultant at Arthur D. Little. 
 

5.2 Disease diagnosis and prediction 
One of the first applications derived from the localization of disease-related genes is 
diagnostics and prediction of disease susceptibility. As such knowledge increases, it will be 
easier to determine the specific disease an individual is suffering from as well as the 
predisposition an individual has to develop a certain disease. 
 

5.2.1 Identify genotypes and predict disease 
The vast array of raw data in databases will be transformed into knowledge as scientists 
identify genes that are involved in diseases. An individual’s genotype is her genetic 
makeup and it is possible to screen for disorders and indeed the susceptibility of a malady 
before it actually develops. Screening for genetic changes characteristic for diseases, not 
necessarily only monogenic disorders, but even cancers can help identify people in the risk 
zone. By understanding what has gone wrong at the genetic level, there is the possibility of 
finding new diseases.  
 
Diseases that do not have distinct symptoms in the early stage or diseases where onset can 
be prevented, for instance, by a change of life style, will also expand the field of 
genotyping. If a faulty gene is cloned and the genetic change identified, there is a 
possibility to identify the change with simpler methods. Such methods are already being 
                                                 
19 http://sunsite.berkeley.edu/biotech/iceland/index.html 2000-05-24. 
20 http://www.decode.is/ 2000-05-24. 
21 Stefan Hök was interviewed in April 2000. 
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used in fetal diagnosis to examine the presence of nearly 400 monogenic diseases 
(Pettersson, U., Report from IVA seminar series 1997-98, Stockholm 1998, p.38-41)22. Other 
examples include the diagnostic tool kits developed for testing the predisposition of 
acquiring breast cancer and heart disease23.  

5.2.2 Genetic cause of existing diseases 
Patients will have the opportunity to undergo genetic testing to identify the specific genetic 
cause of their diseases. This will enable better treatments and will minimize side effects by 
prescribing targeted drugs rather than by “trial and error”. There is the possibility of 
curing a genetically caused disease once the underlying genetic reasons are understood.  
 
Many diseases that are life threatening are polygenic. To make matters even more 
complicated, these diseases are often combined with environmental factors. Diseases like 
asthma, cardiovascular disease, diabetes, multiple sclerosis, schizophrenia and 
hypertension are included in this category. The genes that lie behind these prevalent 
diseases have not yet been discovered but as soon as they are identified, diagnostic tools 
that readily detect them will become vital to the healthcare business.  
 

5.3 Treatment of diseases  
The promise of gene therapy has been heralded in the media but the result so far has not 
met the expectations. Genetic engineering has the potential to correct some genetic 
disorders in individuals but many technical difficulties still need to be overcome. In the 
area of treatment of single-enzyme deficiency diseases, gene therapy seems quite 
promising.  
 

5.3.1 Gene therapy 
It is theoretically possible to replace or supplement a defective allele with a functional 
normal allele (any alternative form of a gene24) in the case of a genetic disorder traceable to 
a single defective allele using recombinant DNA techniques. The target of gene therapy 
can be either somatic (body) or germline (egg or sperm) cells. In somatic gene therapy only 
the recipient’s genome is altered, and the alteration does not pass on to future generations. 
Conversely, in germline gene transfer, the aim is to pass the changes on to the next 
generation. Hence germline gene therapy is ethically controversial and is not actively being 
investigated in human beings. However, the technology is not uncommon in laboratory 
environments.  
 
There are various approaches to gene therapy and they can be roughly grouped into two. 
Exogenous gene transfer means removing cells from the body temporarily and then 
returning them after undergoing genetic alteration. In vivo gene transfer introduces 
therapeutic DNA cells directly at the proper physical site in the body. Vectors, generally 
recombinant DNA, are used as vehicles to transfer DNA into the body. The aim of gene 
                                                 
22 IVA is the Royal Swedish Academy of Engineering Sciences. 
23 See Myriad Genetics, a U.S. based biotechnology company. 
24 See Glossary for a detailed definition.  
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therapy is to accomplish one of the following (OnlineVanderbilt University Medical 
Center)25: 

• Hyper-express a normal protective gene  
• Express a normal but down-regulated gene  
• Block expression of a foreign gene 
• Repair a faulty gene by insertion of a normal gene 

 

5.3.2 Antisense therapy  
Inhibition of protein synthesis with the help of complementary DNA or RNA is a 
promising medical field. A small target sequence can bind to a specific gene and inhibit it 
from protein synthesis. It is estimated that DNA or RNA segments of 15 to 17 nucleotides 
(also known as antisense oligonucleotides) are specific enough for binding to only one site 
in the entire human genome (Renneisen, K., et al, Journal of Biological Chemistry 
Vol.265:27, 1990, p. 16337-16342). The advantage of this approach is its extreme 
sensitivity. The disadvantage is that oligonucleotides have a very short half-life and do not 
enter cells readily. However, these are technical problems which can and are being solved. 
 
In cell culture models, inhibition of gene expression has provided a ground for 
identification and validation of disease targets. Although the technique has a complex 
mechanism of action, it offers considerable promise for novel therapeutic products. The 
technique has already entered clinical trials for AIDS, cancer, and viral inflammation 
(Narayanan & Akhtar, Current Opinion in Oncology, Nov 1996; Vol.8:6, p.509-15).  
 

5.3.3 Small molecule therapy 
Molecules that have the proper structure and size to intervene with mutated/altered 
proteins are another method for treating patients. Many proteins are activated by 
attaching molecules of a certain size and shape to their active sites. Drugs that imitate the 
structure of these molecules can attach to the active site and either inhibit or stimulate the 
binding of the proper molecule.  
 
One example is the important class 7-transmembrane receptor, which is of particular 
interest to pharmaceutical companies. These proteins intercross the cell membrane so that 
part of the protein is inside the cell and part outside. Many of these proteins act as the 
pick-up points for hormones and other molecules that pass signals from cell to cell. Many 
existing drugs turn out to be the targets of these transmembrane proteins and work by 
either stimulating or clogging them since they are about the same size and shape as the 
appropriate molecule. This revelation by genomics has given the hope that previously 
unknown receptors will provide a key to treating hitherto intractable diseases.  
 

                                                 
25 http://www.mc.vanderbilt.edu/gcrc/gene/aquired.htm 2000-05-26. 
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5.3.4 Therapeutic proteins  
Though strictly speaking not new technology, therapeutic proteins may be another field 
for the future of disease treatment. The purpose is to use proteins that are naturally 
produced in humans in a therapeutic context. Opposed to gene therapy, there is no direct 
interference with patients’ genomes. Insulin (for early-onset diabetes) and erythropoetin 
(for a form of anemia) are examples of therapeutic proteins. At the moment there are only 
half a dozen examples and all are proteins that were known before they were 
manufactured as drugs. Human Genome Sciences, a U.S. company, is actively investing in 
this new class of drugs and has so far come up with several “products”. KGF-2 promotes 
the growth of skin cells and is being tested for the treatment of chronic ulcers; MPIF helps 
to regulate blood-cell numbers and, will hopefully mitigate the cell-depleting effects of 
cancer treatments; and VEG-F, which stimulates the growth of blood vessels, may be used 
in bypassing clogged arteries (Economist, July 1st 2000, p.3-16).  
 

5.4 Rational drug design  
A new regimen of drugs based upon genomic knowledge is transforming Life Sciences. 
There are many ways biotechnology is anticipated to contribute to drug discovery. The 
accumulated knowledge of molecular biology is expected to transform the process of drug 
discovery from a trial and error approach to a systematic approach. 
 

5.4.1 Systematic approaches towards finding new drug entities 
Genomic knowledge has aided in identification of new drug targets by enhanced insight of 
disease mechanisms. By knowing the function of a gene, a library of compounds that bind 
to the protein the gene encodes can be generated and tested, for instance by combinatorial 
chemistry and high speed screening (see Platform technologies). Before drug candidates 
were generated without in-depth knowledge of the target protein. A company’s dream 
was to generate candidates that solely hit the intended target. The company had no way 
of knowing the effects a compound had until it was tested on a wide population (Business 
Week, 12 June 2000, p.147-161). Now it is possible, to not only generate candidates 
targeted against a specific protein but it is also possible to see how well those compounds 
interact with the protein. It is also possible to study if a compound interplays with other 
proteins than the intended one and whether the interaction can be adverse. 
 
A recent incident that has been brought to attention is the withdrawal of Warner-
Lambert’s Rezulin (troglitazone) from the market. The drug is for the treatment of Type II 
diabetes and had sold for more than US$1.8 billion since January 1997 before FDA decided 
to prohibit it in March 2000 (Online FDA press releases)26. The cause of 63 deaths could by 
then be traced to the drug (Online Rezulin site)27. The serious liver damage Rezulin caused 
in these patients was not so evident in the clinical studies, as clinical tests naturally involve 
a considerably smaller population. This sort of failure costs society and the marketing 
company enormous sums, but which the progress of genomics may curb. A full collection 

                                                 
26 FDA press releases, http://www.fda.gov/ 2000-08-18. 
27 http://www.rezulin-center.com/ 2000-08-18. 
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of genes and rapid screening makes possible to test a medicine against all possible targets 
before it is launched on the market (Business Week, 12 June 2000, p147-161). 
 

5.4.2 Drugs developed by understanding biological functions at genetic level  
Many biological pathways have been illuminated but not many at the genetic level. It has 
been noted that while some people almost recover from a drug others with the same 
disease do not improve. By pinpointing what has gone awry at the genetic level, it is hoped 
that the exact dysfunction will be discovered. Once that is known it will be easier to 
develop drugs that go to the root of the disease. The target will be known and thereby 
what the motive of the drug should be. The HUGO project is believed to make way for a 
plethora of potential drug targets. 
 
Model organisms (laboratory yeast, mice, and rats) carrying a disease-causing human gene 
can be mass-produced with the help of genetic engineering. This allows efficient study of 
the disease gene and demonstrates whether other genes are involved in the disease. In one 
method, all the genes, except the disease-causing gene, are knocked out in the organism 
one at a time and the affect closely observed. This shows if other genes are important in 
developing the disease and hence can serve as targets of novel drugs.  
 

5.4.3 Pharmacogenomics  
Pharmacogenomics or pharmacogenetics28 uses the information obtained from the 
genotype of a person to determine how an individual will respond to a particular drug. 
Important information such as how the drug will be metabolized and whether the 
individual will suffer from side effects can be obtained (The impact of genomics on the 
pharmaceutical industry, PriceWaterhouseCoopers, 1998). When there are a number of 
drugs addressing the same disease, pharmacogenomics can aid in determining which drug 
is best for an individual and how high the dose should be. If the individual has a high rate 
of drug metabolism, the given dose should be higher and vice-versa if the individual has a 
low rate of metabolism. 
 

5.5 Platform technologies 
Platform technologies offer an integrated suite of tools for research in the healthcare 
industry. Many tedious and time consuming laboratory processes have been standardized 
and automated, which has led to an ever faster pace of developing new medical 
compounds. Platform technologies have not only increased the rate of finding new drug 
entities (NDE), but even the cost and time for NDE has been reduced considerably. Several 
significant technology platforms, indispensable for almost all biotech companies involved 
with drug development, are presented below. 
 

                                                 
28 Pharmacogenomics and pharmacogenetics are used synonymously. There could be a slight variation 
in definition. Although both terms refer to drug tailoring pharmacogenomics is the more prevalent one. 
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5.5.1 DNA chips 
Genes and their products (i.e. proteins) have a complex mechanism of function in living 
organisms. Unlike, traditional molecular biology methods, which work on the basis of one 
gene in one experiment, genes in living organisms, function in an intricate, coordinated 
fashion. The expression of one gene can and actually is regulated by other genes. The 
technology that allows numerous genes and their products to be studied simultaneously is 
commonly known as DNA chip, biochip or DNA microarray (Online Genechips and North 
Dakota State University)29. This technology, enables researchers to obtain an overview of 
the interactions among thousands of genes on a single chip concurrently.  
 
The potential of DNA microarray technology lies in two major areas: i) identification of 
gene sequence, including gene mutation and ii) determination of when and where genes 
are turned on. There are several studies that demonstrate the application of DNA chip and 
the list is constantly growing. Fields where the technology already has been used are gene 
expression30 (genes that are expressed into proteins or other products) and discovery, 
mutation detection, allelic and evolutionary sequence comparison, and genome mapping 
(Online Waterloo University)31. The progress towards a chip carrying the entire genetic 
profile of a person’s genome may be a reality in the years to come. 
 

5.5.2 Bioinformatics 
Biology, computer science, and information technology merge into a single discipline in 
bioinformatics. There are three important sub-disciplines within bioinformatics (Online 
National Center for Biotechnology Information (NCBI))32:  

• the development of new algorithms and statistics with which to assess relationships 
among members of large data sets;  

• the analysis and elucidation of various forms of data, such as nucleotide and amino 
acid sequences, protein domains, protein structures (See figure below); and 

• the development and implementation of tools that enable access and management 
of different types of information.  

 

                                                 
29 http://www.gene-chips.com/, http://www.ndsu.nodak.edu/ 2000-08-11 
30 See Glossary. 
31 http://sciborg.uwaterloo.ca/~bpbobech/Apps.html 2000-08-11. 
32 NCBI is part of the U.S. National Institute of Health. Adapted from www.ncbi.nih.gov/ 2000-08-11 
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Figure 18: Analysis and interpretation of various types of Data. Source: National Center for Biotechnology 
Information. 

5.5.3 Combinatorial chemistry and High-speed screening33 
The technology of creating a library of compounds that are systematic variants of a 
chemical structure is known as combinatorial chemistry. The molecules created en masse 
are rapidly tested/screened for desirable properties. With conventional methods only one 
molecule at a time could be studied, and a chemist would probably be able to investigate 
four compounds a month at a cost of $7,500 per compound (Online American Chemical 
Society)34. Combinatorial chemistry has accelerated this process enormously offering 3,300 
compounds to be screened at a cost of about $12 per compound (Online American 
Chemical Society )! Cutting the time and cost for finding relevant derivatives has meant 
that the number of optimal compounds ready for preclinical evaluation has escalated 
profoundly. This technology has made a place for itself in the healthcare industry as an 
indispensable tool for generating new drug leads.  
 

Starting with
one

molecule

3 new
molecules

3 new chemical
changes3 chemical changes

9 new
molecules

 
Figure 19: Combinatorial chemistry: a schematic overview of how combinatorial chemistry gives rise to new 
compounds by systematically modifying a molecule. Naturally many more than three chemical modifications are 
performed in lead synthesis. Before only one chemical change could be done at a time, not several chemical reactions 
as shown above.  

                                                 
33 Another name for high-speed screening is high-throughput screening. 
34 http://pubs.acs.org/hotartcl/cenear/980406/comb.html 2000-08-11. 
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5.6 Complementary products and supportive services 
There will be a growing market for people eager to know what possibilities there are for 
recovery or alleviation once a disease has been diagnosed. Information about preventive 
drugs, suitable diet and lifestyle, as well as knowledge about environmental factors that 
trigger the disease will help people to lead a healthier life. 
 

5.6.1 Preventive drugs 
With diagnostic tool kits predicting an individual’s susceptibility for a disease, preventive 
drugs to postpone or even eliminate the onset of the disease will be devised. These 
medications will aid people at risk to lead healthy normal lives and minimize the duration 
of hospital or other medical care. Disease prediction is not of great value and not the sort 
of information many will like to receive unless there are ways to ward off the predicted 
perils. Preventive treatments are thus an after market of diagnostic tests. 
 

5.6.2 Genetic counseling 
Genetic counselors could be a possible profession in the future. Specializing in medical 
genetics and counseling, they will be cooperating with physicians and nurses. They will 
provide support to patients and their families who have genetic disorders, may be at risk of 
inheriting genetic diseases or may be undergoing gene testing. The individuals will be 
offered individual counseling, helping them understand their disorder, its implications for 
their lives and the lives of family members, and also testing and treatment options. 
 

5.6.3 Information about specific diseases 
As customers of healthcare services get more and more empowered, they will seek for 
increased information. With the help of advances in telecommunications it is possible to 
present information about diseases to a geographically scattered group and update the 
information from time to time. Virtual disease reference desks, numerous on the Internet, 
contain facts about specific diseases, where the related genes are located in the genome, 
their functions, and disease manifestations. In recent years, medical websites have seen 
explosive growth, reflecting the heightened interest in medical knowledge.  
 

5.6.4 Lifestyle counseling 
A recent study has shown that 70 percent of all cancer cases are due to environmental 
factors and only the remaining 30 percent arise due to genetic causes (Hellbom, Dagens 
Nyheter, 2000-07-13, p.A5). The study undoubtedly shows the importance of 
understanding how external conditions affect reactions in the body, especially at the 
genetic level. This sort of insight gained by lifestyle counselors can help many lead 
healthier lives. Lifestyle counselors can provide information about environmental factors 
an individual with a susceptibility for a certain disease should avoid as well as suggest the 
sort of diet and exercise the individual should maintain. Even for genetic disorders, 
counselors can advise which sort of lifestyle would be detrimental to the patient and 
therefore should be avoided. 
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5.6.5 Education of healthcare professionals, general public and patients 
If the knowledge gained by biotechnology is to be of any value, it has to be diffused among 
the public. They are ultimately the final consumers and if they are left unaware of 
scientific progress, the opportunities biotechnology can offer will never be reaped. It is on 
the basis of unbiased information that civilians can make proper decisions about what is 
best for them and also make clear their desires and demands. The quantum leap in Life 
Sciences also requires education of healthcare professionals, who have to think in a new 
way that is opened by the world of genetics.  
 
Initially the responsibility of informing the public lies with healthcare professionals since 
they are the ones who have the most in-depth knowledge. Governments are equally 
responsible for informing the public and formulating proper regulations. Such legislation 
and guidelines should support the new technology without suffocating business or 
commercial opportunities, as well as benefit society as a whole.  
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5.7 A thorough example: The history of insulin 
 
Biotechnology has changed the composition of pharmaceuticals in the treatment of 
diabetes. Diabetes as a disease condition has been known for at least 3,500 years (Online 
U.K.’s diabetic organization)35 and is a chronic disease without any cure. With the 
discovery of insulin in 1922 by a Canadian research team consisting of F. Banting, C. Best, 
J.B. Collip and J.J.R Macleod (Online Diabetes.com)36, the development of new composition 
of drugs for diabetes patients has been swift. Today insulin is manufactured with the help 
of recombinant DNA technology. It is the first medical biotechnology product that reached 
the market. 
 
The clinical term of the disease, diabetes mellitus, is associated with impaired insulin 
production or function. High levels of glucose accumulating in blood distinguish diabetes. 
The hormone is produced and secreted by special pancreatic cells, beta cells on Islets of 
Langerhans, and regulates the metabolism of carbohydrates. It is essential in the process by 
which sugar and starches are broken down into glucose (blood sugar), glucose being the 
principal fuel in the body. Patients who are diagnosed with diabetes run a high risk of 
heart disease, stroke, end-stage renal disease, adult blindness as well as lower-limb 
amputations (Biotechnology’s Impact on diseases of the Elderly: A White Paper, BIO, 2000, 
p.64-77). Serious complications associated with diabetes can lead to increased illness and 
premature death.  
 
In a diabetic person, the body cells, unable to uptake glucose, start reacting as if 
experiencing starvation. The body begins burning its own fat and muscle, a process that 
can be potentially dangerous. Acidic by-products of fat breakdown, such as ketones (an 
organic compound), may accumulate in the blood, resulting in ketoacidosis, which if 
untreated leads to coma and death. (Online Columbia University College of Physicians and 
Surgeons)37. There are two distinct types of diabetes mellitus: Type I, in which the beta cells 
cease to produce insulin, and Type II, in which the body is unable to use the insulin 
produced by the body (there may or may not be a shortage). Type I is more severe and 
frequently develops during childhood or adolescence. It affects 10 to 15 percent of the 
diagnosed diabetic population in Sweden and 5 to 10 percent in the U.S. Before the 
discovery of insulin in 1922 most of the Type I patients died of ketoacidosis or other severe 
complications associated with diabetes. 
 
In Sweden about 3-4 percent of the population suffer from diabetes (~ 0.3 million people), 
in the U.S. the percentage is 5.9. The largest group of diabetes patients suffer from Type II 
and is represented by those over the age of 65; in Sweden they account for 50-55 percent 
of all the diabetes cases. During 1977-87 the number of diabetes patients in the age group 
0-14 grew approximately by 20 percent. According to the Swedish National Board of 
Health and Welfare (“Socialstyrelsen”) the number of diabetic patients in all age groups is 

                                                 
35 http://www.diabetic.org.uk 2000-10-25. 
36 http://www.diabetes.com/ 2000-10-25. 
37 http://cpmcnet.columbia.edu/texts/guide/ 2000-10-25. 
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steadily rising. Every fourth Swede runs the risk of developing diabetes during his/her life. 
(Healthcare in Sweden 1998, “Sjukvården i Sverige 1998”, Socialstyrelsen, Chapter 3.7 – 
3.12) 
 
An estimated 15.7 million people in the U.S. are affected by diabetes (this includes 10.3 
million diagnosed cases and 5.3 million who are not aware of having the disease). The 
number of cases grows daily with as much as 2,200 people diagnosed per day (Online 
American Diabetes Association (ADA))38! The aging population and the recent rise in 
diabetes among children and adolescents have led the U.S. Center of Disease Control and 
Prevention (CDC) to project that the number of diabetic patients will double by 2020. 
(BIO, 2000) 
 
Given this background, it is not a surprise that any achievement within diabetes is 
followed with keen interest. Insulin has attracted a wide scientific attraction from the very 
beginning after it was isolated in the 1920s. Since then it has become one of the most 
thoroughly studied molecules. For about 60 years since Banting’s discovery diabetic 
patients had to rely on insulin extracted and purified from essentially pigs and cattle. 
Animal insulin works well to a great extent but in some people it can lead to adverse 
reactions such as skin rashes. This is because mammalian insulin does not match human 
insulin exactly and therefore causes immune reactions in some patients. Moreover, 
extracting insulin from animals is not easy; it involves painstaking activity to acquire 
substantial amounts.  
 
It was in 195539, when F. Sanger sequenced the hormone, that the reason why insulin 
extracted from other species worked in diabetic patients was understood. His work made 
it clear that all human proteins have a unique sequence and they do not differ at all in 
human beings. Proteins are made of a combination of 20 different amino acids, put 
together into long chains like beads of a necklace. It is the exact sequence of these amino 
acids that lead to a particular protein. Insulin from pigs is almost identical to that of 
human but differs by one amino acid out of 51 and insulin from cattle differs by three. 
With the sequence of human insulin available it was possible to synthesize the hormone in 
vitro (which was done in 1963) but the yield was very low. (Online U.K.’s diabetic 
organization, 2000-10-25). That rendered this process for commercial manufacture of 
insulin inapt. New methods for manufacturing was becoming significant since there was a 
fear that regular injection of foreign substance could ensue in complications among 
persons suffering from diabetes.  
 
The breakthrough came with biotechnology in 1978. A team of researchers from the 
fledgling biotech company Genentech announced that it had managed to synthesize large 
amount of human insulin in the laboratory using a process based on genetic engineering. 
The product was shown to be identical to the natural human hormone, although 
produced in Escherichia coli (E. coli) bacteria. This procedure has been proven to be more 
reliable and sustainable than abattoir method of extracting and purifying the animal 

                                                 
38 http://www.diabetes.org/ada/ 2000-10-27. 
39 Fredrick Sanger was awarded the Nobel Prize for his outstanding work in 1959. 
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counterpart. Today the majority of all human insulin is produced through biotechnology. 
The description below provides a simplified explanation of recombinant DNA technology. 
 
In-depth research has led to the localization of human insulin on chromosome 11. With 
the help of biological scalpels, called restriction enzymes, it is possible to cut out the 
fragment coding for the hormone. The fragment is then inserted into a plasmid, a circular 
bacterial DNA. This DNA, known as recombinant DNA, carries the insulin gene from 
human beings inserted into the DNA of E. coli. The bacteria serve as a factory for insulin 
production. Bacteria have a geometric growth rate, i.e. every cell replicates into two 
identical cells. The growth can be mathematically represented by 2n where n is the number 
of generations. In optimal conditions with no limiting factors it is thus possible for a cell to 
form a colony of 5X1021cells in 24 hours if the generation time is 20 minutes.  
 

 
Figure 20: An overview of recombinant DNA technology Source: Novo Nordisk. 

 
The advantage of this recombinant DNA technology procedure is high purity, high specific 
activity, steady supply and batch-to-batch consistency. Studies indicate that an immune 
response is reduced with this insulin compared to animal derived insulin. (Online Eli Lilly)40 
It more closely mimics the body’s natural response to food. Humulin (tradename Lispro) 
manufactured by Genentech and marketed by Eli Lilly was approved by FDA in 1982. The 
two major pharmaceutical companies that deliver recombinant DNA human insulin are 
Eli Lilly (U.S.) and Novo Nordisk (Denmark). These companies charge a premium price on 
their product - about 20 percent higher – than other insulin drugs available on the market 
(BIO, 2000).  
 
The increasing number of patient population has made diabetes the focus of many cost 
studies. According to a study the direct cost of diabetes in Sweden in 1993 was SEK2,500 

                                                 
40 http://www.lilly.com 2000-10-26. 
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million, including costs incurred both in hospitals and primary care. Persons diagnosed 
with diabetes spent ten days on average in hospitals, accumulating a total expense of 
SEK600 million. The bill for primary healthcare was assessed to be SEK825 million, the cost 
for insulin was SEK348 millions and the cost for blood sugar reducing drugs was SEK104 
million. On average the cost for a diabetic patient per annum was approximately 
SEK28,000 in 1993. These expenses are primarily for Type II diabetes patients affecting 
people generally above the age of 40; Type I patients have a minor effect on the total cost. 
The cost for leg amputations due to diabetes has not been included in the above direct 
costs. (Healthcare in Sweden 1998, Chapter 3.7 – 3.12) 
 
The indirect cost of diabetes affects society with disability payment, time lost from work 
and premature death. In Sweden it was estimated that the expense of sick leave was 
SEK780 million, SEK525 for men and SEK255 for women. The cost of early retirement as a 
result of disability was SEK1,800 million as well as SEK700 for premature death. (The 
figures are for 1993). The prediction for the future is an increased expenditure as more and 
more patients are diagnosed with diabetes. In 2010 about 10 percent of the population is 
expected to seek healthcare due to diabetes. For Type II patients, the growth is due to the 
fact that the number of elderly persons are multiplying and that the disease is being 
detected earlier. However, it is projected that the disease is still undetected in every third 
person between the age of 25 and 65. (Healthcare in Sweden 1998, Chapter 3.7 – 3.12)  
 
Analogues cost studies of diabetes in the U.S. estimated that the direct cost was $98.2 
billion in 1998. This figure comprises direct medical costs of $44 million and an indirect 
cost of $54 million for disability payment, time lost from work and premature death. 
Diabetes is the seventh leading cause of death in the United States, with a mortality rate of 
193,000 lives a year (Online ADA, 2000-10-27). The healthcare cost per capita in 1997 was 
$10,000 for a diabetic compared to $2,700 for a non-diabetic. On average in 1997, diabetes 
patients lost 8.3 days from work whereas people without diabetes lost 1.7 days. For the 
elderly a study rendered that $4.1 billion was spent on hospital care, $255 million and 
$306 million on physician respective nursing home visits. (BIO, 2000) It is difficult to 
measure the full economic and social cost of diabetes due to lack of cost assessment 
associated with diabetes on the proximate cause of death and costs associated with 
undiagnosed persons (Online CDC, Diabetes, 1999)41. (See also Appendix I on Diabetes in 
the U.S.) 
 
Many of the costs associated with diabetes can be reduced if detected and treated at an 
earlier stage. A ten year clinical study beginning in 1983 by the National Institute of 
Diabetes and Digestive and Kidney Diseases (NIDDK) showed that maintaining a blood 
sugar level close to normal in diabetes patients lowers the onset and progress of eye disease 
by 76 percent, kidney disease by 50 percent and nerve disease by 60 percent (NIDDK, 
Diabetes Control and Complications Trial, 1994). 
 
It is difficult to assess if the consequence of DNA insulin has led to direct expenditure 
reduction; in fact the cost for recombinant insulin is higher. The price reflects its higher 

                                                 
41 http://www.cdc.gov/nchs/data 2000-10-27. 
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quality and batch-to-batch consistency. With a growing number of diabetes patients, the 
diabetes cost is likely to expand. However, the benefit of this hormone is related with 
increased quality of life. Studies show that people with diabetes have better quality of life 
than patients with other serious chronic diseases (BIO, 2000). How much that translates 
into monetary terms is difficult to estimate. Earlier detection and drugs maintaining blood 
sugar level in control have had the consequence of minimizing severe complications like 
kidney disease, nerve disease and blindness considerably. The amount saved by these 
measures has definitely resulted in substantial cost reductions. Even the cost of reduced 
immunogenicity (provoking an immune response) has been beneficial for patients who 
could not use insulin derived from animals.  
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6 POSSIBLE OUTCOMES OF THE HUGO PROJECT  
 

“Knowledge and human power are synonymous, since the 
ignorance of the cause frustrates the effect.” 
      Francis Bacon 

 

6.1 Drug development 
One of the most important areas for biotechnology is the development of drugs. 
Biotechnological research is expected to provide new medications for many chronic 
and/or fatal diseases, and previously incurable conditions. The number of drugs that can 
be traced to biotechnology has grown tremendously over the years. In 1996 and 1997 only 
10 percent of product launches in the U.S. were attributable to biotechnology but the 
following year, it stood for 25 percent of all drug launches (Online Center for International 
Development at Harvard University (CID)42, see also Appendix J which lists approved 
biotechnology drugs). The opportunities that drugs based upon genetic knowledge offer 
are difficult to imagine that any pharmaceutical company would like to forsake. The 
following answers why by delineating the impact of biotechnology on the various stages of 
drug development.  
 

6.1.1 Preclinical studies 
Before a drug embarks upon clinical studies required for registration, it undergoes rigorous 
preclinical trials. Pharmaceutical and biotech companies, hereafter only called 
pharmaceutical companies, are keen upon filtering out drugs that are not very promising 
at an early stage, long before initiating clinical studies. Many costs can thus be avoided by 
allowing only very potential candidates to enter the expensive and lengthy clinical studies. 
Clinical studies comprise the most time-consuming and expensive stage of drug 
development in addition to marketing.  
 
The cost at the preclinical stage is comparably minimal. At this stage a receptor target is 
identified. Most of these receptors are proteins; approximately 98 percent of existing drugs 
interact with a protein in our body (Mathias Uhlén’s seminar at Biotech Fair Stockholm, 9-
11 Oct. 2000). By knowing which genes and thereby which proteins that are involved in a 
biological process, it is easier to screen for suitable receptor targets. Genetic databases and 
bioinformatics have proven to be very helpful here, assisting companies to find similar 
proteins in other animals for trials. It is crucial to know that the target is involved in the 
biological pathway of interest. The following exemplifies the remarkable application of 
platform technologies such as databases and bioinformatics. Last year the gene known to 
be critical for the onset of Alzheimer’s disease was unraveled. The search had engaged 
research teams all over the world for the past ten years, who had looked for this gene with 
conventional methods. But last year some scientists decided to use the newly completed 
genomic database of Caenorhabditis elegans (a worm) to find the gene. After a couple of 

                                                 
42 http://www.cid.harvard.edu/cidbiotech 2000-05-05. 
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hours of “surfing”, the gene in the worm was found. The researchers then continued the 
search for a similar gene in the human genomic database and promptly found a match. In 
a few days they had unearthed what numerous scientists had struggled to find for a 
decade! (Bojs, Dagens Nyheter LördagSöndag, 2000-11-11, p.18) 
 
In the next step of finding chemical entities (known also as leads) that react with a 
receptor target in a preferable way, platform technologies are proving to be indispensable. 
Combinatorial chemistry and high-throughput screening have reduced both the time and 
costs associated with finding and optimizing leads. The cost reduction has been far above 
100 fold (see Section 5.5.3 Combinatorial chemistry and High-speed screening). The 
consequence has been a rapid escalation of optimal chemical compounds in preclinical 
studies.  
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Figure 21: Phases in preclinical studies before clinical trials are initiated. Source: Hultberg, H. (interview), 2000. 

 

6.1.2 Clinical trials 
Biotechnological approaches may save some of the average $500 million required to 
develop a drug in the present. This figure does not include the weighty fiscal losses due to 
failures. Much of the risk and uncertainty involved in the process can diminish thanks to 
genomics. In Phase I of clinical trials, a drug is tested for toxicity in humans. If genetic data 
were used to identify patients likely to suffer from adverse reactions, then many drugs 
could be eliminated already in Phase I, thus reducing the risk of negative reactions being 
evident after the drugs have been launched in the market. The rate of attrition for drugs is 
very high. To launch three new products per year there has to be 150 projects in the 
company’s research pipeline says Hans Hultberg, Director of Global Discovery Alliances of 
AstraZeneca43. This indicates that the majority of the drugs never pass the clinical trials to 
reach the market. In 1997, Phase I tests typically cost about $7 million, whereas Phase III 
trials cost $43 million, the stage during which the efficacy of compounds are investigated 
in large patient groups. Of course, these figures vary widely from trial to trial. A rough 
estimation is that discarding unpromising drug candidates earlier could save up to $36 
million for each candidate compound. (Bhandari, et al, McKinsey Quarterly, Vol.4, 1999, 
p.58-67) 
 

                                                 
43 Hans Hultberg, Director of Global Discovery Alliances, AstraZeneca was interviewed in May 2000. 
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Figure 22: Typical regulatory path for a drug. It is long, costly and uncertain. The expenditures relate to the 
situation in 1997. The current total cost is estimated to be $500 million44, double the cost of 1997. Source: Drews, 
J., Nature Biotechnology, Dec.15, 1997.  

 
Pharmaceutical companies, with the help of genetic profiling, could categorize patients 
into four groups depending on their reaction to a specific drug: high responders (those 
who respond especially well), low responders, non-responders and adverse reactants. If 
genetic testing became widespread in clinical trials then fewer drugs that show negative 
effects after being launched would enter the market. This could lead to reduced number of 
patients in the initial phases. For example, Phase II trials gather preliminary data on 
efficacy on a small number of patients (100-300). Selecting patients that respond strongly 
to a drug enhances its predictive power and reduces the number of patients required to 
observe a drug’s efficacy. If the efficacy between two drugs or one drug and a placebo is 
expected to be small, very large trials have to be conducted. But if preselected patients 
were engaged to reveal statistically significant differences, there could be potential savings. 
However, regulatory authorities might not allow small trials or may confine the usage of 
the drug to the particular group of responders. To avoid this limited usage, pharmaceutical 
companies could expand trials in later stages. (Bhandari, et al, 1999, p.58-67) 
 
Additional benefit of genetic screening is in reducing the length of clinical trials. To date, it 
takes an average of 12-15 years to discover and develop a new drug (Pharmaceutical 
Research and Manufacturers of America (PhRMA), and Online Eli Lilly). Minimizing the 
time would mean enormous savings for drug companies. Testing could help drug 
                                                 
44 Data from PhRMA. Online address: www.pharma.org 2000-09-03, www.lilly.com 2000-09-03.  
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development in degenerative diseases, some of which are relatively asymptomatic in early 
stages. To refer back to Alzheimer’s disease, there is evidence that genetics play a role in 
the early onset of the disease. One of the genes, ApoE, associated with the disease has 
recently been identified (Online Alzheimer’s Disease Education and Referral Center)45. If all 
the relevant gene or genes associated with the disease could be identified, diagnostic tests 
could be developed to select susceptible patients. Clinical trials conducted on these patients 
could more quickly and economically disclose whether a new drug had any effect on 
early-onset of Alzheimer’s.  
 
Genetic testing thus offers three ways to reduce costs, through a reduction of the number 
of candidate drugs, number of patients in trials and length of clinical trials. The authors of 
“A genetic revolution in health care” (Bhandari, et al, 1999, p.58-67) estimate that 
widespread usage of screening in all phases of clinical studies could curtail some $60 to 
$85 million in development expenditures of each approved drug. This includes the higher 
costs of testing, where a typical test is assumed to be in the range of $2000 (costs actually 
vary from $295-2400, Online Health Technology Advisory Committee)46 and 1,000 tests are 
performed.  
 

 
Figure 23: The potential cost-savings of genetic testing on clinical trials based upon expenditures of 1997. Source: 
Bhandari, M., et al, McKinsey Quarterly, Number 4, 1999. 

                                                 
45 http://www.alzheimers.org/ 2000-11-11. 
46 http://www.health.state.mn.us/htac/gt.htm 2000-11-11. 
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6.1.3 Commercial value of a drug  
Genetic tests could enhance the value of existing drugs in several ways. First a test could 
identify which type of drug in the same therapeutic class would be most beneficial for a 
patient. There exist many drugs that have the same purpose. However, trial and error has 
shown that some drugs are more effective in a particular patient group than in another. A 
genetic trait is most likely the underlying cause of this variation. For instance, to treat 
hypertension there are three classes of medications: calcium channel blockers, beta-
blockers and angiotensin-converting enzyme (ACE) inhibitors. Some evidence suggest, that 
the latter two seem to be more effective on African-Americans than calcium channel 
blockers (Bhandari, et al, 1999, p.58-67). Genetic testing could thus provide scientific basis 
to match drugs to appropriate patients or groups of patients. 
 
Clinical research organizations will benefit from the ongoing advances in biotechnology. 
As the number of chemical entities in preclinical stage is escalating, there will be more 
candidates initiating clinical trials. Genetic databases and bioinformatics are aiding in the 
process of finding targets while at the same time combinatorial chemistry and high-
throughput screening are testing up to 50,000 leads per week (Report: How a drug 
originates, “Hur ett nytt läkemedel kommer till”, LIF, p.5, 1999). Genetic profiling will 
gradually grow in significance during clinical developments. It lies in the interest of 
pharmaceutical companies to conduct genetic testing as standardized procedures in 
clinical studies. Technologies that lower the costs and time of genotyping, but retain a high 
sensitivity in mass samples are prerequisites that can assist the widespread usage of genetic 
information states Professor Landegren. Even at the given cost of $2,000 per test, screening 
is worthwhile, since the accumulated cost of failure or withdrawal is much higher at 
subsequent clinical phases. Genetic testing at all stages thus imply cost savings for 
pharmaceutical companies, with the greater savings at the earlier stages.  
 
There are numerous examples that demonstrate the savings genetic data could have made 
if employed at earlier stages of drug development. Seldane manufactured by Aventis is an 
antihistamine drug that had to be removed from the market because of toxicity problems. 
Genetic data have later shown that patients with mutations in the CYP3A family can 
suffer from severe cardiac conditions if using Seldane and erythromycin (antibiotic) 
concurrently. A diagnostic kit for the mutation could have helped Aventis save a $600 
million franchise. The weight reduction medication, Redux by American Home Products 
and Interneuron had to be eliminated when few users encountered improper function of 
their heart valves. Novartis had launched a drug called Clozaril against schizophrenia, but 
it had to be prohibited when severe blood problems (agranulocytosis – complete loss of 
certain blood cells) were contracted by some patients. Warner-Lambert’s Rezulin, for 
diabetic Type II patients have been mentioned earlier. The company lost more than $200 
million solely in potential sales while it was investigating the problem. (Bhandari, et al, 
1999, p.58-67) 
 
There is even much to gain for companies with products that did not pass the stringency 
of clinical trials or have products that have been withdrawn. The drugs could be revived if 
the underlying reasons of the failure could be unearthed. Withdrawn drugs, for example, 
could be relaunched for the niche patient population they serve. The attrition rate, which 
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reflects the number of drug candidates that never reach the market, is somewhere between 
60 and 80 percent for the entire clinical procedure. According to PhRMA, only five 
medicines out of 5,000 join clinical studies! The costs are naturally highest for candidates 
in the end phases. Rather than losing all the money invested, drug companies would 
benefit by finding high responders to the drugs. Genetic variations or polymorphisms are 
the reason for varying drug response in many cases. To launch highly effective drugs for 
somewhat smaller populations could still lead to substantial profits, since a premium price 
could be charged.  
Other examples emphasize how the commercial value of a drug has been enhanced 
through genetic information. Pravachol, a cholesterol-lowering drug, produced by Bristol-
Myers Squibb, have shown that the drug has different level of responsiveness depending 
on the two allelic variations that code for cholesterol ester transfer protein. (Kuivenhoven 
JA, New England Journal of Medicine, Vol.338:2, Jan. 8, 1998, p.86-93) It has a higher 
efficacy on patients possessing one variant of the alleles than the other. Lipitor, a drug in 
the same class, is manufactured by Warner-Lambert and marketed by Pfizer. The 
companies collected extensive clinical data that showed higher efficacy of Lipitor than 
other available medicines. Within a short time Lipitor jumped from fifth to second place in 
market shares within its category of drugs.  
 

6.1.4 Customized drugs and treatments 
Pharmacogenomics – tailoring of drugs depending on a patient’s genetic profile – could 
eventually help doctors find the most suitable class of drug and dosage. Today a physician 
has to rely on his/her clinical knowledge to select the most suitable treatment among 
several for a patient and often prescribes the dose level advocated by the drug producers. 
It does not consider how well the patient processes the medicine neither how long the 
body takes to metabolize the drug. By taking account of the body’s metabolism, the 
therapy’s value will be enhanced and the risk of overdose decreased. In some severe 
diseases the patient’s response to a chosen course of therapy can take very long before the 
doctor can review the effects of the treatment. For cancer and cardiovascular patients it 
would be of immense significance if a physician could predict which class of drugs that 
would be most appropriate and have the least side effects in advance, rather than trial and 
error. This would minimize the risk of negatively affecting a patient’s condition before the 
right treatment is found. When the therapy is highly toxic, like chemotherapy or radiation, 
killing normal and tumor cells alike, genetic profile seems even more valuable to find the 
therapy and dosage that is least harmful. Rheumatoid arthritis, for example, is commonly 
treated with a combination of three drug classes, a highly toxic treatment. A study, 
however, found that individuals with certain genetic characteristics responded better to a 
single class of drug than the toxic combination of three. (Online Rhematoid Arthritis 
Disease Center)47 
 
Genetic testing can also reveal important differences in responses to drugs within the same 
class. Clinical evidence alone seems to be insufficient in determining the reason why some 
drugs are effective in some groups of patients but induce no response in others. Drugs 

                                                 
47 http://pharminfo.com/disease/ra/ra-site.html 2000-11-12. 
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against depression often appear to behave in this fashion. Prozac, a selective serotonin 
reuptake inhibitor manufactured by Eli Lilly, shows a range of unpredictable responses. 
Knowledge about pharmacogenomics is already in use in some disease areas such as 
Alzheimer’s, some cancer forms and also for patients taking codeine, a painkiller to ensure 
proper drug treatment (Hed, Dagens Nyheter LördagSöndag, 2000-05-20, p.16-17). The 
possibility of testing a person’s genotype in psychiatry already exists, so that the proper 
drugs and dosage can be determined based upon how fast a patient breaks down the 
medicines (Hed, Dagens Nyheter LördagSöndag, 2000-05-20, p.16-17).  
 
When used to differentiate reactions among patients, a drug’s profitability will depend on 
the size of the group of responders, the larger the group the higher the gains. However, if 
the techniques to match or tailor drugs segment the patient populations further and 
further, a point of diminishing returns may be reached. 
 

6.1.5 Segmentation of market – blockbuster families? 
One of the consequences of employing genetic testing/pharmacogenomics is segmentation 
of the market as has been mentioned above. To date, all existing drugs are not specifically 
designed to meet the demands of patients of a particular group, they are directed towards 
the mass, based upon an average patient constitution. This is the basis for “one size fits all” 
or “me too” drugs. With available technologies that allow a better match between 
treatment and patient, it is getting increasingly harder to maintain the existing generality. 
Multinational pharmaceutical companies are realizing that the days of blockbusters, with 
one drug matching everyone may be limited. However, it is a transformation that may take 
time for pharmaceutical companies to adapt to. Representatives from companies state that 
blockbusters will still exist but not in the same form as today. Instead a family of drugs by 
a single company will struggle to cover the market share of a former blockbuster48.  
 
Profitability in a microsegmented market is dependent on the size of the patient population 
a medicine addresses. The larger the number of responders to a drug, the higher the sales. 
However, once it is possible to confirm, on scientific grounds, the superior efficacy of some 
medications, other medications that prove to be relatively ineffective for entire groups of 
patients will experience diminishing markets. Some drug markets could even collapse. 
That may not necessarily occur, if high response can be shown among some patients. As 
long as regulatory authorities do not intervene, it is doubtful whether pharmaceutical 
companies would disclose ineffectiveness of a drug for certain patient groups. If authorities 
do demand statements about which group of patients will benefit most from a drug, the 
result will be considerable gains for some companies and massive losses for others. It is 
however, more likely that improved efficacy and/or reduced side effects would be 
emphasized and utilized as competitive differentiators, especially for a “latecomer” drug 
(a drug that is not first-in-class but has entered the market late) to win market shares.  
 
Market fragmentation into niches based upon categorization of patient responses will 
result in a growing number of drugs. There will now be room for more competitors to 
                                                 
48 Based on interviews with Hans Hultberg, AstraZeneca (May 2000) and Thomas Olin, Pharmacia 
Upjohn (July 2000). 
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enter the market since different patient groups are more interested in medications that 
show better efficacy for themselves. Superior efficacy also includes fewer side effects, 
which may make development of drugs for small groups economically justified. Because 
the data carried in our genes is open to all, small and big pharmaceutical players alike will 
compete on the same grounds. Increased competition and customization of drugs will 
enhance the pharmaceutical market and end-users. 
 

6.2 Gene therapy 
Gene therapy offers a new model for curing human diseases. Instead of altering the disease 
phenotype by employing substances which interact with gene products (or are gene 
products themselves), gene therapy can theoretically modify specific genes, resulting in 
disease cure or ultimately prevention. By changing the expression of a person’s genes, it is 
hoped that the conditions for many diseases will be ameliorated. Initially the scope of gene 
therapy was envisioned for treating genetic disorders but has currently expanded to study 
a wide range of diseases, many of which are commonly associated with old age. Some of 
the areas of interest are oncology, cardiology and neurology. This novel technology is still 
in its infancy and to date, it is primarily experimental, with a few early human clinical 
trials in progress.  
 
Gene therapy is not without problems. The scientific obstacles need to be solved before the 
therapy can gain widespread application. Some of the hurdles that gene therapy need to 
overcome include getting the new genes to the right place in the body and there be 
expressed in adequate quantities. Vehicles that deliver the therapeutic genes to patients’ 
cells must be safe, ensuring that the therapeutic genes operate after incorporation and do 
not invoke immune responses in recipients. Here the application of gene therapy related 
primarily to age-related diseases will be portrayed. 
 

6.2.1 Oncology 
Cancer is one of the most widespread diseases in the Western world, accounting for 30 
percent of all mortalities. Standard therapies involving chemotherapy, radiation and 
surgery are often ineffective in achieving cures. A large patient population is in great need 
of new approaches, and therefore much attention has been directed to gene therapy in 
tumor treatments. In fact the majority of all clinical protocols in gene therapy deal with 
cancer (Gene Therapy – opportunities and ethical aspects, “Genterapi – möjligheter och 
etiska aspekter”, MFR-report 7, 1999, p.8). The table below exemplifies some of the targets 
of gene therapy in oncology. 
 

Cancer type Frequency of the disease  
 (x 100,000) 
Brain tumor 8.1 
Breast cancer 411.4 
Cervical cancer 54.1 
Lymphoma 43.7 
Leukemia 19.7 
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Renal carcinoma 26.7 
Melanoma 38.8 
Myeloma, multiple 9.7 
Non-small cell lung 
cancer 

49.5 

Table 6: Targets of gene therapy research in oncology. Frequency of disease among ages 15 and over. Source OECD 
1998. 

 
The most important strategy employed is immunologic. It builds on efforts to activate 
immune cells to recognize and kill tumor cells. About 55 percent of all the cancer protocols 
were involved in this approach last year (Gene Therapy – opportunities and ethical 
aspects, MFR-report 7, 1999, p.8-9). The advantages of this strategy are that the expression 
need not last long, only long enough to kill the cancer cells, is not limited by how the 
tumor evolved and how it currently behaves. Furthermore, it does not affect other cells 
than the targeted as chemotherapy and radiation do. One clinical protocol uses a so-called 
tumor vaccine. Cancer cells are isolated from a patient and treated in vitro with an 
immune-stimulating substance. These modified cancer cells are then injected into the 
patient and function as a vaccine. They stimulate the body’s own “murder cells” (T 
lymphocytes) which are now specialized on the specific tumor cells. This therapy has 
shown to be effective in melanoma (skin) cancer. However, the cancer often recurs with a 
different genetic appearance. The vaccine is then no longer effective. (Gene Therapy – 
opportunities and ethical aspects, MFR-report 7, 1999, p.8-9)  
 
Another strategy is to repair the genetic cause that leads to cancer. This approach has only 
been used in about ten percent of tumor cases. Many of the instances have targeted a 
proto-oncogene called p53. This gene is vital for proper cell cycle function and its product 
inhibits defective cells from continuing to replicate or survive. It blocks cells with flawed 
DNA to enter the cell cycle phase where DNA is replicated (G1), and if a faulty DNA 
cannot be repaired it mediates in the pathway of programmed cell death (apoptosis). 
Unfortunately, this gene of paramount interest requires only one mutation to become 
deregulated and does not have many copies in our body49. (Lewin, 2000, p.901-906) This 
approach has been investigated in lung cancer, breast cancer and, head and neck cancer. 
The problem here is to reach all the tumor cells; in the trials, the dispersion has been low 
and not throughout the entire tumor. In addition, most type of cancers generate daughter 
cancer cells that spread in the whole body. (Online Hospital Practice)50 
 

6.2.2 Cardiology 
The interest in circulatory and cardiology problems has grown since these conditions 
require only a temporal, local treatment (Bioteknikkommittén, 1999, p.15). Moreover, the 
sheer number of patients afflicted by cardiovascular disorders draw attention to the field. 
In the U.S. alone, one coronary event occurs every 29 seconds and one fatal incidence 

                                                 
49 Maybe evolution did not count with the increasing longevity in humans and therefore did not equip us 
with multicopies of this gene.  
50 http://www.hosppract.com/genetics/ 2000-11-15. 
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every minute. Though the death rates of heart diseases are declining, the risk of developing 
heart disorders is very high in advanced ages. At the age of 70, every third American male 
and every fourth American female will develop heart disease in the remaining years of life. 
(BIO, 2000) Therefore, to tackle the problem promoting blood-vessel growth in the heart 
has been one strategy. In a recent clinical trial in the U.S. billions of copies of a gene that 
promotes the growth of blood vessels was directly injected into the patients’ hearts. All the 
16 heart patients in the trial showed improvement and six of them have been entirely 
relieved from their chest pains. Some 300 similar procedures are being carried out around 
the world where more than 3000 patients are involved. (Time Magazine, Jan. 11, 1999, 
Vol.153:1) The number alone implies a growing optimism in gene therapy.  
 
Clogged blood vessels represent a unique disorder and is well-suited for gene therapy at its 
current knowledge state. The delivery problem of gene therapy was avoided in this case by 
using “naked DNA”. This DNA fragment contained a gene called VEG-F, which 
stimulates the production of new blood vessels, and signal elements that export the VEG-F 
product from cells. Unlike most other therapeutic genes, VEG-F does not need to invade 
millions of cells, relatively few cells that have incorporated the DNA is enough to have an 
effect. Another distinction is that the effect does not have to be long lasting. In fact, the 
expression of VEG-F terminates after a few weeks but that does not affect the new blood 
vessels that have already started burgeoning due to VEG-F stimulation. (Time Magazine, 
Jan. 11, 1999, Vol.153:1) It is understandable that not many disorders have these 
characteristics and thus the present application of the new medical discipline of gene 
therapy is limited. A better understanding of why naked DNA works but only transiently 
would help to extend the application of gene therapy.  
 

6.2.3 Parkinson’s Disease 
Parkinson’s disease is a disorder of the central nervous system. This disease affects 
primarily elderly and is caused by the dearth of a signal substance, called dopamine, that 
carries messages between nerve cells in the brain. The release of dopamine by nerve cells 
decreases gradually over the years in all humans but in Parkinson’s patients the loss is 
rapid, about 5-6 percent per year. The disease symptoms are manifest when 60 to 70 
percent of the dopamine producing cells are lost. The overall loss of dopamine results in a 
lack of movement coordination. (Online Parkinson’s information and Parkinson’s Disease 
Foundation)51 
Currently there is no way to stop the loss of nerve cells (neurons) that produce dopamine 
or restore those that have been lost. The available treatments, including drugs, endeavor to 
slow the rate at which the disease advances but treatments that focus upon repairing the 
underlying reasons are wanting. Already as early as 1987, a research team in Sweden 
attempted to transplant dopamine-producing cells from fetuses into Parkinson’s patients. 
The trials are still at experimental stage but some positive results have been noticed. 
(Document medicine, “Livet som lotteri”, Dokument medicin, Sveriges Television, 2000-11-
05) 
 

                                                 
51 http://www.parkinsonsinfo.com/ and http://www.parkinsonsinfo.com/ 2000-11-16. 
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The problem in this medical strategy is the usage of embryo cells that come from aborted 
fetuses. It is difficult to get a large enough quantity, as well as guarantee sterility and 
material quality. Gene therapy can be a rescuer in this context. One of the attempts is to 
employ gene-modified stem cells from the brain. The stem cells can be isolated, modified 
with the dopamine-producing gene and then multiplied in laboratories. This would lead to 
an almost infinite reservoir of dopamine nerve cells to implant in Parkinson’s patients. 
(Gene Therapy – opportunities and ethical aspects, MFR-report 7, 1999, p.7) 
 

6.2.4 Idiopathic pulmonary fibrosis (IPF) 
This is a chronic lung disease in humans where patients suffer from progressive shortness 
of breath, eventually starving the body of oxygen. It is generally diagnosed in people 
between the ages of 50 and 70. The prognosis is dismal and diagnosed patients have an 
average life expectancy of 3 to 5 years after symptoms are noticed. However, some patients 
do survive longer. Idiopathic pulmonary fibrosis52 is a terminal disease and the immediate 
cause of death is often respiratory failure, heart attack, stroke or lung infection brought on 
by the disease. The exact number of individuals who develop idiopathic pulmonary fibrosis 
is unknown, but it is known that equal numbers of men and women are affected. (Online 
Mayo Clinic)53 
 
The cause of IPF is not well understood. It seems that patients suffering from the disease 
have a lower cyclooxygenase activity leading to a reduced level of its product, 
prostaglandin E2 (PGE2). It is postulated that this deficiency of PGE2 is responsible for 
lung fibrosis. If down-regulation of specific genes are the cause of IPF then gene therapy 
where the activities of the relevant genes are augmented would help patients. 
(OnlineVanderbilt University Medical Center)54 
 

6.3 Cell Therapy 
This term is used to describe the various methods applied to replace injured, lost or missing 
tissues and organs (Bioteknikkommittén, 1999, p.17). This therapy also applies 
biotechnology and the knowledge gained from it. The cells are generally genetically 
manipulated and frequently biotechnologically derived reagents are used for growth and 
propagation. All cells in humans contain the same DNA but the differentiation is due to 
certain genes being active in certain cells. Theoretically, selective activation of some genes 
and inactivation of others can alter the typing of a cell. This, however, also requires the 
presence of the relevant growth factors at the right time and the right concentration 
during the cell’s evolution.  
 
The medical art of putting in artificial joints and heart valves, and taking skin from other 
parts of the body to treat skin injuries is not new; they exemplify existing cell therapy. 

                                                 
52 Other names for the disease are: interstitial pulmonary fibrosis, desquamative interstitial pneumonitis, 
usual interstitial pneumonitis or pulmonary fibrosis. 
53 http://www.mayohealth.org/mayo/9904/htm/idiopath.htm 2000-11-20. 
54 http://www.mc.vanderbilt.edu/gcrc/gene/aquired.htm 2000-05-26. Recent clinical trials involve the 
usage of PG1 to treat IPF patients. 
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With increased knowledge of how cells function individually and in tissues, the 
opportunity to construct new tissues and organs may become a reality. To date, 
transplantation is one of the most known and used form of cell therapy. It has become a 
viable medical technique as knowledge about antigens, that lead to graft rejection, and 
drugs that suppress immunologic reaction have accumulated. This has definitely helped 
many patients prolong their lives but the shortage of donor organs is still acute. Currently 
only about 5 percent of patients receive a heart transplant, and a large proportion of them 
die waiting for one (Mooney, D. and Mikos, A, Scientific American, Sept. 1999). A better 
supply of organs could shorten the cues for transplantations as well as save many more 
lives. The scarcity has been one of the main propellers to find alternatives to donor organs. 
Here below are some new approaches based upon increased genetic knowledge. 
 

6.3.1 Xenotransplantation 
The demand for transplantation is already acute and is most likely to increase in the near 
future, which means that other methods have to be found. One new approach towards 
overcoming the limited availability of human organs and tissues is xenotransplantation. It 
entails the transplantation of animal organs, cells and tissues to humans. The recent 
advances in biotechnology have made this procedure a feasible alternative when no 
human donors are available. Implantations from other near-species is not entirely new, the 
method has existed for a long time, though has not become common due to the hazards 
coupled with organs from other species.  
 
The major obstacles to xenotransplantation are immune rejection by recipients and organs 
free of pathogen. Recent developments of immunosuppressive drugs have overcome the 
problem of xenograft rejection. These powerful drugs however reduce the immune 
function of the recipient, diminishing the body’s ability to protect itself from everyday 
pathogens. As a consequence, transplant patients become more vulnerable to infections. 
Understanding the mechanism by which the immune system identifies foreign cells, 
genetic engineering has succeeded in circumventing the system. This has led to 
experiments where pig hearts have been transplanted in humans without the problem of 
rejection. (Online Industry Canada - Life Sciences Branch)55 
 
The other challenge is to assure pathogen free grafts. FDA press release from 1996 states 
the following “Concerns about potential infection with both recognized disease agents and 
new ones arising from xenotransplants are real.”56 If the transplanted organ cannot be 
guaranteed to be free of pathogens then there is a risk that microbes or viruses present in 
the organ will infect the human recipient. In addition, there may be viruses that do not 
cause any disease in donor animals but may give rise to serious or even fatal diseases when 
transmitted to humans. One known occurrence is HIV. In monkeys, a virus similar to HIV 
has been found but it appears to be harmless in them. But in humans HIV leads to AIDS – 
a disease that has cost the lives of 17 to 18 million people worldwide. This has been one of 
the reasons why primates, although being closely related to human beings, are not used in 
xenotransplantation. (Online Industry Canada - Life Sciences Branch) Xenotransplantation 
                                                 
55 http://www.strategis.ic.gc.ca 2000-11-18.  
56 FDA press release http://www.fda.gov/opacom/backgrounders/xeno.html 2000-11-18. 
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still faces many problems, and therefore the quest for finding other solutions to replace 
human tissues and organs continues. 
 

6.3.2 Stem cells  
In the realm of biology, the direction of development used to be only in one direction; the 
cells of a fertilized egg differentiate and retain their specialization till they perish. 
However, the advances in the last decade have questioned this unidirectional process. The 
cloning of the sheep Dolly from adult cells is probably the best-known example. Its success 
demonstrated that not only is it possible for an adult cell to retrace its differentiation 
process but also forget its specialization and become an omnipotent cell, capable of 
creating new life. In other words, it is possible to reprogram cells and regain their 
embryonic totipotent character. 
 
There are special cells called stem cells that have retained the characteristic of evolving into 
different sort of cells. These undifferentiated cells can be either embryonic cells or tissue 
specific. The former cells are primordial and can evolve into any sort of cell and even an 
entire being. The latter give rise to differentiated cells pertaining to a specific tissue or 
organ. Examples are hematopoietic stem cells in bone marrow, stem lever cells that evolve 
into various lever cells and nerve stem cells. The existence of stem cells has been found in 
almost all tissues by now (Bioteknikkommittén, 1999, p.18).  
 
The applications of stem cells have grown rapidly in the last decade. It has been possible to 
grow embryonic stem cells of humans from the blastomere stage (stage reached six days 
after fertilization) in cultures. By comprehending the differentiation mechanism by which 
a kidney becomes a kidney and a heart a heart, it will be possible to regulate the 
specialization stem cells undergo. For therapeutic usage, this means that stem cells can be 
made to differentiate into cells of choice enabling the creation of pancreatic cells for insulin 
production, production of blood cells in leukemia patients and nerve cells in 
neurodegenerative diseases. The usage of fetal stem cells to treat Parkinson’s (mentioned 
earlier in section 6.2.3) is one example. Another field of application has been the growth of 
new tissues and organs.  
 

6.3.3 Tissue engineering 
Tissue engineering is focused on the modification and creation of cells and tissues for 
therapeutic applications. Organs are three-dimensional structures composed of a matrix of 
cells. There are two broad approaches to generating organs. The first one, which has 
existed for some time, entails exogenous tissue generation. The cultured tissue is 
transferred into a patient, either in the form of a suspension or together with a scaffold. 
This generally involves multiplication of isolated cells derived from the patient. In another 
exogenous method, entire structure of cells and scaffolding is created in vitro and 
transplanted. The cells then replicate, reorganize and form new tissue. The artificial matrix 
breaks down gradually after implantation, leaving a complete natural product in the end 
(similar to dissolvable sutures). Exogenous tissue growth as the above exemplify already 
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exists for skin, cartilage and recently cornea (Schwab, and Isseroff, New England Journal 
of Medicine, July 2000, Vol.343:2, p136-138) 
 
The other approach entails endogenous tissue generation. In this case, the body’s own 
biochemical wisdom is relied upon to sprout organs and tissues within a person or 
organism. The appropriate cells in the body are stimulated, for example, with growth 
factors to regenerate new tissue or organs. For complicated organs this seems to be the best 
method since all the factors involved in tissue regeneration are not completely known. 
Some of the problems the researchers are faced with, besides determining the multiple 
factors necessary for tissue growth, are: when is one factor replaced by another, at what 
concentrations the factors should be available and for how long (Mooney, D. and Mikos, 
A, Scientific American, Sept. 1999). There are various ambitious projects in progress, 
inclusive heart, lung and kidney creation. To date, blood vessel and bone tissue 
regenerations have been grown successfully.  
 
Already in 1965 experiments demonstrated that animals which received implants of 
pulverized bones formed bone tissue. Further study led to the isolation and DNA-sequence 
of bone morphogenetic proteins (BMP) responsible for this activity. The proteins are now 
produced in mammalian cell lines with the help of recombinant DNA technology (See also 
5.7 An Example). Various ongoing trials are testing the ability of BMP to regenerate bone 
tissue for severe bone fracture and diseased periodontal tissues. One such trial involved 
patients with leg fractures in which the gaps failed to rejoin after nine months. The results 

showed that patients given bone growth 
promoters did just as well as those who 
received a surgical graft from another part 
of the body.  
 
In the future the notion of irreparable 
damages can be a thing of the past. Just like 
automobiles, spare part or “off the shelf” 
organs may seem less than far-fetched. 
Researchers have already managed to grow 
new intestines and bladders inside animals’ 
abdominal cavities (Rawe, Time Magazine, 
May 29, 2000, Vol.155:21). The figure below 

depicts a tissue engineering experiment on a mouse, growing a human ear on its back. 
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Figure 24: The mouse’s “third ear” is a template in the shape of a human ear seeded with cartilage cells, which has 
been surgically implanted under the skin of the mouse. Source: Center for Tissue Engineering, University of 
Massachusetts Medical Center.  

 

6.4 Diagnostics  
A correct diagnosis can prevent many of the afflictions associated with wrong treatments. 
In current medical practice, diagnosis is primarily based upon a patient’s symptoms. The 
underlying reasons giving rise to the symptoms are not always known. As has been stated 
earlier, the same features may be due to a varied number of biological factors. One of the 
major contributions of the HUGO project is to help researchers identify errors at the 
molecular level that cause or contribute to a disease. It is likely that the relative importance 
of some diseases when it comes to treatment will be re-evaluated in the light of cumulative 
genetic data.  
 
Often the compounds that are to be measured for accurate diagnosis are present in minute 
quantities. Technologies have been developed to trace these substances but genetic 
diagnosis offer even higher sensitivity. For example, by testing for a specific substance in 
the blood muscular biopsies could be avoided. Currently, almost all immune diagnostics 
laboratories use monoclonal antibodies. Another scheme is molecular diagnostics, which is 
based upon multiplication of small quantity of DNA and search for foreign DNA. 
Although the costs of these advanced methods can be higher than traditional methods, 
they have the advantage of being faster, safer and more accurate, which enable a quicker 
initiation of the proper treatment. (Bioteknikkommittén, 1999, p.3) Accurate diagnosis 
from the very beginning, in other words, can eliminate additional costs of side effects due 
to wrong treatments and/or drug dosages. 
 
The following gives an account of the diagnostics field as a result of the Human Genome 
Project. Diagnosis represents a very small portion of contemporary healthcare costs. It is 
merely 1.8 percent of total healthcare expenditures in Sweden. In the future, the value of 
diagnosis is expected to increase since its usage will not only be to determine diseases but 
also to predict the genetic predisposition of future diseases. 
 

6.4.1 Side effects  
While the genome project is proclaiming the dawn of new, effective drugs, the flip side of 
existing drugs have not been highlighted as much. There is no doubt that a large part of 
our current improved health status is due to the beneficial effects of drugs but at the same 
time drugs account for a considerable number of negative reactions. Jason Lazarou, et al, 
published an article in 1998 estimating that approximately 106,000 deaths occur annually 
in the U.S. from medications (Journal of the American Medical Association, April 15, 1998, 
Vol.279:15, p.1200-05). Their study indicates that adverse drugs reaction (ADR) may rank 
between the fourth and sixth leading cause of death in the U.S.! The authors define ADR 
according to WHO as “any noxious, undesired effect of a drug, which occurs at doses in 
humans for prophylaxis, diagnosis, or therapy”.  
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It has been known for a long time that the majority, over 75 percent, of all ADRs is 
associated with drug dosage (Cohen, Medscape Pharmacotherapy, Dec. 13, 1999). Most 
physicians do not always reflect over the standard manufacturer-recommended doses. 
Current methods of determining dosages for a patient are quite crude and depend on age 
and weight. In addition to considering a patient’s weight and age when selecting drug 
dosage, genetic variation in drug response should be considered. It is the most significant 
origin of variations in drug response and ought to be considered for drug metabolism and 
elimination. Diagnosis based upon genetic variation is not frequent yet, but clinical tests to 
identify variations are growing with increased genomic knowledge.  
 
Studies demonstrating the costs and prevalence of drug-associated side effects are many. A 
one-year study in 1998 in Italy showed that 4.3 percent of all emergency visits originate 
from adverse drug reactions. Drug-drug interaction was the more severe form of ADR and 
usually led to hospitalization. (Raschetti, R., et al, European Journal of Clinical 
Pharmacology, 1999, Vol.54, p.959-963) Bengt-Erik Wiholm of the Swedish Medical 
Products Agency (Läkemedelsverket) in 1996, estimated that side effects result in 40,000 
hospitalizations and cost SEK500 million per year. Of the 100 drugs that had been 
withdrawn from the Swedish market since 1960 for side effects, 60 of them are due to 
adverse drug reactions. Moreover, at least 5 percent of all inpatient medical services are 
related to adverse drug reactions. (Spross, Läkemedelsvärlden, Dec. 1996, Vol.100, p. 20-
21) A narrower study concentrating upon heart patients at a Swedish hospital 
(Södersjukhuset) indicate that one out of seven heart patients are hospitalized because of 
wrong medication. This affects primarily seniors since they more often suffer from heart 
conditions. One of the most significant findings of this article was that elderly more often 
are afflicted with drug side effects because of “polypharmacy” – the usage of multiple 
drugs. (Tiwe, Läkemedelsvärlden, Vol.104:5, 2000, p.7)  
 
The above once again questions the principle of “one drug fits all” widespread in 
pharmaceutical companies. To avoid dose-related adverse drug reactions, variability 
among individuals and interactions between drugs, need to be asserted in medical 
therapeutics. This requires genetic diagnosis to tailor the drug dosage to the individual 
patient and consider possible drug-drug interactions. Not only negative drug reactions but 
also no response to drugs because of wrong diagnosis are a point of concern. That is the 
focus of the ensuing section. 
 

6.4.2 Proper Diagnosis 
Proper treatment necessitates proper diagnosis. The current fashion of relying on 
symptoms does not always work. As a result 20 to 50 percent of individuals taking a drug 
do not show the expected therapeutic effects. These patients thus continue being sick even 
though they are on medication and continue to be so until the right drug is found. (Karet 
and Boguslavsky, R&D Magazine, Aug. 1999, Vol.41:9, p.14-23) This trial and error 
method only serves to accumulate costs but provides no avail from sickness, except maybe 
psychologically.  
For severe diseases like cancer the time to find the right treatment can be fatal. The 
standard technique to diagnose tumor is based upon the tumor’s appearance (under a 
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microscope) to determine the sort of malignancy involved. It does not always work. 
Recently a method was developed to distinguish between two different types of leukemia, 
known as AML and ALL (Economist July 1st 2000, “The Human Genome”, p.3-16). With 
traditional methods it is difficult to discern between the two types, but making the 
distinction is important because the treatments of these leukemia vary, and applying the 
wrong treatment significantly reduces the chance of recovery. In another incident 
involving cancer, researchers found two distinct types of diffuse large B-cell lymphoma57 
(DLBCL) within the single diagnosis of DLBCL. Both give rise to similar appearances 
under the microscope and can only be distinguished by analyzing the involved genes in 
cell proliferation and immune response. This may be the cause why only 40 percent of 
patients respond well to current therapy while the rest show no progress. (Alizadeh, et al, 
Nature, Feb. 3, 2000, Vol.403:6769, p.503-511) They have been receiving the wrong 
treatment because of inaccurate diagnosis! Yet another example pertains melanoma which 
begins as a skin cancer, hence its name, but may end up in the lung or breast, causing 
more damage than primary lung or breast cancer. It is becoming more evident that neither 
appearance nor location serves as an accurate basis for diagnosis, rather 
molecular/genetic fingerprints provide a better basis.  
 
Furthermore, genetic diagnosis of a patient can instruct which drugs are most suitable for 
a patient. This implies proper treatment from the very beginning. A recent study showed 
that the gene the drug Albuterol (against asthma) is to block, exists in 13 different versions. 
Twelve of these were rendered to be medically significant. With this information, doctors 
could rule out that one-third of asthma patients would not be appropriate candidates for 
treatment with Albuterol. (Gross, Business Week, Nov. 2, 2000, Vol.3701, p.170) A second 
example relates to finding the right treatment without delay. Not knowing what would be 
the best treatment for a patient suffering from lethal esophageal cancer, physicians turned 
to a biotech company in the U.S. The doctors wondered whether chemotherapy, radiation 
or experimental antiangionenesis drug should be used, and in each case what sort. The 
company has powerful technologies that can examine some 42,000 genes in one shot and 
analyze the results. With the help of these tools the cancer patient’s cells were compared 
with cells from healthy and sick individuals. The analysis, which can take much longer 
time with conventional methods, was completed within a few days and provided clear 
indications of the sort of cancer treatment that should be chosen. (Lemonick, Time 
Magazine, July 3, 2000, p.24-29) The need for accurate diagnosis is unquestionably 
significant but the need for fast and correct diagnosis can be a matter of life and death in 
severe diseases.  
 

6.4.3 Diagnosis of hereditary diseases 
A better knowledge about hereditary diseases and the genes that cause them will enable 
the development of diagnostic kits to confirm whether a person is suffering from a 
hereditary disease or not. Many hereditary diseases have shown to be caused by DNA 
deletions. With the help of small specific DNA fragments (markers) for each and every 
part of the genome, such deletions will be much easier to find. Such a clinical method 

                                                 
57 It is the most common type of non-Hodgkin’s lymphoma. 



Nashid Fermin, Master’s Thesis at Swedestart Management AB 

Page 65 

would be much faster and easier than traditional methods, and would be able to search 
many disorders concurrently. (Bioteknikkommittén, 1999, p.5) Diagnostic tests for 
numerous hereditary diseases already exist, but as the number of markers grow more tests 
for hereditary diseases will be possible.  
 
The method would also enable to probe for future disease risks. Before physicians had to 
rely on family history of disease inheritance but now molecular diagnostics can accurately 
pinpoint whether one is a carrier of a certain disease. If one is in the risk zone, earlier 
detection could delay the onset of the disease or even protect from its breakout. This could 
be possible by knowing which environmental factors are coupled to the onset of the 
disease. However, if treatment for a disease is unavailable then it could be doubted if 
individuals would like to know their susceptibility for the disease. This will impose new 
questions on medical insurance and other healthcare related systems – subjects beyond the 
realm of this thesis work.  
 

6.4.4 Fetal Diagnostics 
Diagnostics pertaining to fetus for detection of injury or other problems before the child is 
born is known as fetal diagnostics. Ultrasound is the most common form of fetal 
diagnostics. It is customarily carried out to estimate the stage of the pregnancy but can also 
detect some major handicaps. Test of amniotic fluid is another common test where cells 
from the fetus can be analyzed for genetic disorders.  
 
During in vitro fertilization (colloquially called test-tube babies) diagnostic screening before 
actual implantation occurs. One or two cells from early embryogenesis of several fertilized 
eggs are analyzed so that a healthy one can be selected for implantation. This has an 
advantage over fetal diagnosis because it no longer requires a woman to take a position on 
the issue of, and undergo, an abortion. Instead of having to terminate a life, future 
biotechnological techniques may allow diagnosis at the level of gametes and for many 
more diseases. Diagnosis of this form can theoretically be performed for all sorts of diseases 
but so far in Sweden it has been confined to detect lethal or incurable diseases like 
Duchennes muscular dystrophy. (Bioteknikkommittén, 1999, p.9)  
 

6.5 Vaccines 
Vaccines make us immune to many infectious diseases, especially viral infections. Their 
function is to stimulate the production of antibodies against the actual pathogens. The 
technique is to expose the immune system to harmless variants or derivatives of pathogenic 
microbes. Once the body’s defense mechanism is sensitized, it will react vigorously to 
protect the body if ever exposed to the actual microorganism. Many former diseases have 
been prevented and even eradicated at very low costs because of vaccines. Some examples 
of current vaccines are polio, small pox, tuberculosis, diphtheria, and tetanus. 
 
Traditional vaccines can be divided into two groups: one is produced from viruses that 
have been inactivated by chemical or physical means, the other uses virus particles from 
an attenuated (non-pathogenic) viral strain. Both generate the desired immune defense. 
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Biotechnology can extend the current field of vaccination and probably provide vaccines 
against previously recalcitrant diseases. (Campbell, 1996, p.333, 387) 
 
With the help of recombinant DNA techniques large amount of vaccines can be produced, 
which reduce the usage of animals to manufacture vaccines. Polio vaccine, for instance, 
used to be produced on kidney cells of apes but is now generated from cell cultures. DNA 
techniques can also be used to generate specific surface structures (surface proteins) of 
disease-causing microbes that trigger the production of antibodies in humans. These 
surface proteins can then be sufficient to serve as vaccines. Yet another method is to 
modify the genome of the pathogen in order to make it non-virulent. This eliminates the 
necessity to inactivate or find a non-virulent strain otherwise required in the traditional 
approach. Vaccines composed of surface proteins are not as effective as vaccines 
containing entire microbes. The reason could be that even the remaining viral components 
are necessary to mount a strong defense. A possible solution is to provide the vaccine 
containing viral proteins with a substance that amplifies the immune response. 
(Bioteknikkommittén, 1999, p.2-3) 
 
Biotechnology has even developed new methods to provide vaccines. The usual method 
has involved injection for exposure but now oral vaccines have emerged for the same 
purpose. One example of an oral vaccine stimulates the immune system located in mucous 
membranes. Another venue of development is vaccines in food. The fictitious scenario of 
eating a banana and becoming vaccinated may actually be typical in the future. In another 
scheme, genes – that trigger the immune system – from various pathogens can be packaged 
and delivered in one vaccine. These are referred to as multivaccines and can induce 
immunity to as many as ten diseases simultaneously. (Campbell, 1996, p.387) 
 

6.6 Medical practice and research 
Medical practice and research is already in the midst of a transition as the genetic code is 
deciphered. More and more data is becoming available on databases, which means, 
according to Björn Andersson58, associate professor of Medical Genetics, that a 
considerable amount of work will move from laboratory benches to computer terminals. 
Genetic causes underlying diseases will gain a stronger focus in research as a consequence 
of the Human Genome Project. A shift towards prevention rather than symptomatic 
treatment will be the aim of many medical projects. The role of doctors and patients is 
likely to be affected as well. The practice of doctors may gain a larger counseling role in the 
future. The healthcare branch as a whole may see the emergence of new specialized 
niches, where different disciplines synthesize to create new branches.  
 
The amount of information concerning the building blocks of life will be unparalleled in 
the years to come. Bioinformatics is the discipline which aims to mine the vast genomic 
data. Software companies, focusing on genomics, have been budding recently. The 
winners will be the ones who can tap the flow of information best. Before a research team 
could spend years searching for a gene segment, now it can be done in matter of hours! 

                                                 
58 Björn Andersson was interviewed in September 2000. 
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These bioinformatics companies are generating databases containing the information 
about the genes that are activated in different tissues of the body, the proteins that are 
encoded by these genes, how they interact with one another and the role they play in 
disease developments.  
 
When AstraZeneca wanted to discover a drug target that would only impinge on bacteria 
without hurting humans, it compared the databases of bacterial genomes with that of 
human. Although the human genome is not complete, bacterial genes that lacked human 
counterpart and would thus serve as adequate targets were soon discovered. 
Concentrating on the functions controlled by these genes mean less risk of side effects in 
humans. In addition, this reduces the time spent on finding targets tremendously. The 
above is just one of many example of the opportunities provided by bioinformatics. The 
tendency is clearly a move from experimental to “in silico” research. 
 
There are players, other than bioinformatics, that will join the race. An increasing 
abundance of drug leads mean that the number of clinical studies will climb. Clinical 
research organization (CRO) will experience a boom that it has never seen before. There 
may be CROs that specialize in certain disease categories and offer customers new 
services, related to genetics, for example, genetic testing in relevant organs or tissues. They 
could also offer data about other available drugs for the same disease, and highlight the 
positive effects of a specific drug. The information could then be utilized for marketing 
purposes.  
 
Fragmentation and specialization in research will lead to new companies. Some companies 
could be specialized in animal testing, some in chemical synthesis of therapeutic molecules, 
others in organ-specific expertise and yet others in large-scale customized protein 
production. The list can become very long. One of the new niches that already have many 
proponents is e-healthcare – healthcare utilizing information technology. The possibilities 
there are simply enormous, facilitating or eliminating many of the typical chores today. 
Doctors may no longer have to be physically near for patient visits or even surgeries.  
 
The role of doctors may also change states Professor John Skår59. From having an 
authoritative function today, they may work more as counselors, helping individuals on 
the basis of their genetic profiles. If a person has a genetic susceptibility for a disease, a 
doctor can guide the person – informing about what factors to avoid, what life style to lead 
so that the onset of the disease can be prevented or delayed. Currently, the power of 
patients is next to nothing. In the future, it is likely that patients will have a more active 
role, making them similar to customers rather than inactive consumers. These customers 
possess widespread knowledge about diseases and can be expected to direct research flow 
to some extent. Cases where empowered patient associations have driven through 
research projects on diseases affecting small patient populations have been evidenced and 
the tendency is likely to spread to other disease groups as well.  

                                                 
59 Professor John Skår at Karolinska Institute was interviewed in Oct. 2000. He is part of the Center for 
Medical Innovations. 
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Amidst all the new developments within biology, one is certain –the future of biomedical 
technology will be transformed from the way we know it today. How and when is difficult 
to predict accurately but the developments point towards better health for human beings 
at large. 
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7 POTENTIAL AREAS FOR INVESTMENT 
 
The Human Genome Project is expected to contribute the most in the field of human 
health. The project opens the door to a world of opportunities to comprehend living 
organisms at the most fundamental level, and thereby also their maladies. The plethora of 
knowledge, resources and technologies emanating from the HUGO project will transform 
the healthcare industry in the decades to come. 
 
A market is created where demand meets supply. A large population of patients who are 
willing to pay for new drugs and healthcare solutions is expected to guide pharmaceutical 
and biotech companies in their business. One such group is the elderly – persons beyond 
the age of 60. The geriatric population is not only growing in numbers but it also 
represents the patient group that accounts for the largest medical costs. The escalating 
expenditures will necessitate innovative medical solutions.  
 
The five broad areas matching prospective customers’ demand with innovative medical 
solutions are: 

1. Diagnostics, genetic testing 
2. Cardiovascular disease 
3. Cancer of the breast and prostate 
4. Other forms of cancer 
5. Neurodegenerative diseases (Alzheimer’s and Parkinson’s) 

 
The selection represents broad categories for investment focus. Particular methods or 
technology to invest in will be much more narrowly defined within these areas. These five 
areas of investment have been chosen on the basis of the following premises: 

• Patient volume and disease prevalence 
• Affordability or willingness to purchase, i.e. buying power 
• Functional potential for biotechnological methods based on HUGO 
• Technologies and medical solutions that are realizable in a relatively short time 

span (5-10 years)  
 
Disease categories that do not fulfill these criteria have been excluded. It has been an 
extremely difficult task to select a handful categories; there are many more diseases that 
have regained hopes of ailment due to recent medical advances. The list above represents 
investment areas where the genome project has been judged to have a higher impact or 
may be of interest within 5-10 years. It is almost impossible to foretell in which of these 
categories medical advances will accelerate most or first, the ranking thus has little 
significance. Only the first category, diagnostics - being a prerequisite for proper treatment 
- is expected to be realizable earlier as research identifies all the human genes and their 
functions. Finding treatments once the disorder is detected may take much longer time. In 
addition, ethical consideration is surely bound to affect which research areas get the most 
attention.  
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It is almost impossible to separate moral discussions from research that encroaches the 
very core of living beings. Solutions that aid humans in their combat to live are more likely 
to gain endorsement by regulatory frameworks. Advances that save human lives are easier 
to justify than doubtful developments, for example, to generate human beings with 
predicted characteristics. The areas that have so far made the greatest developments, and 
are likely to continue to do so, are those that do not directly impose moral objections, i.e. 
the risks in those cases are considered to be less than the benefits. Hence, it can be said that 
ethical consideration influences research and thus indirectly affects the list above.  
 

Number 1 Diagnostics, genetic testing 
The greatest effect is expected to be in diagnostics and genetic testing. It comprises a 
relatively small portion of the healthcare expenditures today but with growing genomic 
knowledge and technological advances, it is bound to rank among the fastest growing 
segments within healthcare. The significance of genetic testing can hardly be 
overestimated; it will influence drug discovery from the beginning to end, it will affect the 
mode of therapy chosen as well as play a dominant role in disease prediction. In other 
words it will become an indispensable instrument. The entire healthcare industry will 
benefit not only the elderly. The how and why of that is discussed below. 
 
In pharmaceuticals research, as many as 4,995 candidate drugs out of 5,000 (in the 
preclinical stage) are discarded. Furthermore, it takes companies an average 12 years to 
launch a drug from idea to product, and there is still a risk of withdrawal once on the 
market. The painstakingly long and insecure route pharmaceutical companies face can be 
reduced and risks decreased with the help of genetic testing. In addition, genetic testing 
can enhance the commercial value of a medicine.  
 
Genetic testing can filter out unpromising drug leads from the research pipeline at an early 
stage. Firstly, it confirms whether a receptor target and a lead interact at all to have any 
therapeutic effects. This saves time and money for pharmaceutical companies. Secondly, 
during the clinical phases, it allows close monitoring of drugs and the elimination of 
candidates that show toxicity. For candidates that do not pass the clinical trials, testing 
can help uncover the underlying reasons of failure. It could be that patients with a specific 
genetic setup react adversely to the drug whereas others respond well. Instead of 
discarding the drug, the pharmaceutical company can still profitably launch the drug to 
only the latter group. 
Similarly, in cases where medicines are eliminated from the market because of negative 
reactions, genetic testing can revive the drug after finding the cause. This regimen of 
effective drugs will continue the shift from inpatient to outpatient medical services, which 
implies a significant improvement in the patient’s quality of life.  
 
Thus, to summarize, genetic testing provides potential benefits to drug suppliers in the 
form of: 
- Reduction of time and cost in drug discovery 
- Gives rise to more powerful medicines  
- Increases efficacy and decreases adverse drug reactions 
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- Minimizes risk of withdrawal from market  
- Offers specific drug and proper dosage to a particular patient group, i.e. customized 

drugs  
- Results in enhanced commercial value of medicines 
- Patients enjoy a greater quality of life 

 
The positive results of widespread genetic testing also extend to therapy. Diagnosis based 
upon genetics will identify the molecular cause of a disorder and not rely solely on 
symptoms. Not only does this reduce the risk of undesirable consequences, but it also 
enables the therapist or physician to initiate the most appropriate treatment right from the 
very beginning. In this way, the chosen mode of therapy will increasingly depend on the 
genetic profile of a patient, reducing side effects and increasing efficacy. This will reduce 
hospitalization time for patients.  
 
So, the benefits of genetic testing in therapy are: 
- Proper diagnosis from the beginning 
- Cost savings and increase in efficacy 
- Decrease in side effects and non-responding treatments 
- Shorter duration in hospitals leading to faster recuperation as a result of accurate 

treatment 
 
Finally, genetic diagnostics can be used to identify susceptible individuals. That way, a 
disease can be detected at a much earlier stage and the proper treatment can be 
introduced at the point where it will have the maximal benefit. Likewise, information 
about disease susceptibility based upon the genetic profile will allow individuals to make 
adequate lifestyle and environmental changes to postpone or prevent the onset of disease. 
This will result in reduced costs for the affected population as well as society as a whole. 
Earlier detection and treatment contributes to better health and decreases loss of 
productivity. 
 

Number 2 Cardiovascular diseases 
Cardiovascular disease is an aggregate term for diseases associated with heart and blood 
vessels of the body. It encompasses cardiac arrest, ischemic heart disease, angina pectoris 
and other severe diseases related to cardiac disorders. Heart disease is the leading cause of 
death in the world. Its high prevalence makes it a lucrative candidate for the focus of 
medical research. Conventional methods, primarily surgery, are expensive cures, which 
greatly increase the direct financial burden on the affected patients. At the same time, 
cardiac surgery is very invasive, with the attendant costs of secondary complications and 
prolonged hospitalization. 
 
As the human genome continues to be unraveled, it is hoped that novel biotechnology-
based cures will be realized. The current biotechnological approach is to reduce the need 
for expensive and repeated surgery, reduce the risk of infarct and promote the growth of 
coronary blood vessels. Gene therapy seems to be a likely candidate to stimulate or 
inactivate specific genes, e.g. genes involved in clot and platelet formations or blood vessel 
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growth. To date, there are about 300 clinical trials around the world testing gene therapy. 
Companies that overcome the technical hurdles currently holding back the progress of 
gene therapy will be the winners.  
 

Number 3 Cancer of the breast and prostate 
The most widespread form of cancer in women and men is breast and prostate cancer, 
respectively. The incidence of these tumors is approximately 20 percent higher than that of 
the next most common cancer. An estimated 411.4 per 100,000 women and 1,025 per 
100,000 men, primarily aged 65 and over, develop these tumors each year (OECD, 1998 
and BIO, 2000).  
 
The current treatments for prostate and breast cancer include surgery, radiation and 
hormone therapy. However, the first two run a danger of damaging nerves near the 
prostate and breast, since they affect healthy and tumor cells alike. Therapy that is better 
equipped to damage only the target cancer cells would enormously help patients suffering 
from these cancers. This is possible by understanding the changes that lead to the cancers 
at the molecular level, enabling early detection and treatment. Accurate diagnoses that can 
distinguish between the different forms of breast and prostate cancers will allow the 
initiation of accurate treatments.  
 
Investors should be aware that there are many players focused on these cancers. To win 
market shares, new technology and products have to be considerably better than current 
procedures, either in detection, growth delay or other forms of treatment.  
 

Number 4 Other forms of cancer 
Biotechnology will play an important role for cancer patients in general. About three 
quarters of all clinical protocols in gene therapy focus on cancer. The reasons are not 
difficult to grasp. Cancer of all forms is highly prevalent in the geriatric population. In 
general, standard therapies are often not effective in achieving cures, fuelling the interest 
in new cures. Short time gene expression and high specificity are important requisites in 
cancer treatment – characteristics that are eminently suitable for gene therapy.  
 
At present, the limiting factors are more methodological than lack of suitable targets. 
Efficient gene delivery techniques facilitating effective intervention will enhance the usage 
of gene therapy in the battle against cancer. As before, companies that are the first to clear 
these technological hurdles will reap high financial rewards. 
 

Number 5 Neurodegenerative diseases 
The biggest financial burden to patients, their families and society as a whole are for 
diseases affecting the central nervous system. They are chronic and require long-term 
ambulatory and/or nursing home care, in addition to physicians’ services and 
hospitalization. The already ample media coverage of these diseases has grown vastly as 
the medical costs and incidence of these diseases have skyrocketed. Among the elderly, the 
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prevalence of Alzheimer’s disease is one in ten beyond the age of 65 and then double of 
that for ages 75 to 85 (BIO, 2000). At present there are very few drugs that can halt the 
degenerative progress of Alzheimer’s. Because of its complex character, an effective 
treatment may take time. However, the recent acceleration in discovering genes associated 
with the disease is a definite leap forward.  
 
Conversely, Parkinson’s disease, another CNS disorder, is expected to experience a 
breakthrough much earlier - definitely within less than ten years and probably four, claims 
Claes Post60, CEO of Melacure Therapeutics. The reason is that Parkinson’s disease is 
caused by the dearth of a single substance. Trials employing stem cells have shown some 
success at clinical stage and the crux lies in finding an effective long-term production of 
the substance. The greatest contribution of the Human Genome Project will be to enhance 
the understanding of cell differentiation, allowing researchers to regulate the specialization 
of cells to treat Parkinson’s patients. For complex and not so well understood diseases like 
Alzheimer’s, the genome project will facilitate the understanding of disease mechanisms 
and search for adequate targets.  
 
 
 
Of course there are many more diseases that affect the elderly and some even have a 
higher prevalence than the ones mentioned above. Stroke and chronic renal failure are two 
examples. The knowledge emanating from the HUGO project will undoubtedly influence 
these disorders as well but may be manifested in a longer time perspective, i.e. beyond 5-10 
years. One of the fields that are promising in a longer perspective is tissue engineering and 
it is worth further investigation in the years to come. It addresses the acute shortage of 
organ donors, a shortage that is likely to increase with growing number of elderly. The 
research is still in its infancy but as it gains impetus it will eliminate much of the organ 
shortage and change the notion of irreparable damage of organs. 
 
To conclude, genetic technology is currently a halfway technology in accordance with 
Weisbrod’s definition. It has hitherto only produced partly effective results for poorly 
understood disorders. (Nichols, Sciences, Sept/Oct. 2000, Vol.40:5, p.4) While increased 
longevity suggests greater accumulated healthcare costs for seniors, new and innovative 
medical solutions can lead to decreased cost by providing cheaper, genetic based 
substitutes for conventional medical practice. Improved understanding of human beings at 
the genetic level may substantially reduce the necessity for surgery, intensive care units, 
and long term nursing home care (Pardes, et al, Science, 1 Jan. 1999, Vol.283:5398, p.36-
41). On the other hand, for some diseases genetic technology may entail improved health 
only for rich patients who can afford novel technology that is difficult and expensive to 
implement. However, according to Eliasson, new technology introductions in all markets, 
and also in healthcare, are first demanded by the rich customers in the rich countries 
(“The Health Care Competence Bloc”, 2000 b). The new technology will later become 
standard treatment available to most. Regardless of whether the HUGO project decreases 
medical costs, the convergence of disciplines in biotechnology will soon lead to knowledge 

                                                 
60 Interviewed over the phone in September 2000. 
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so powerful that therapists, physicians, patients, governments, medical companies, and 
indeed society at large will soon experience a new era in medical care. 
 

Deep within man dwell those slumbering powers; 
 powers that would astonish him, 
that he never dreamed of possessing; 
 forces that would revolutionize his life if aroused  
and put into action.” 
     Orison Swett Marden 
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8 FUTURE WORK 
 
There are many more aspects of biotechnology that have not been covered in this thesis. To 
improve health and prevent disease, one should not over-emphasize capital-intensive, 
complex treatments. Biotechnology offers other possibilities which entail enhancement of 
nutrients or addition of antibiotics to control infectious agents of specific food items. This is 
the new field known as “neutraceuticals”. Other research projects could include the 
manufacture of cosmetics and other products applied directly to human beings using 
biotechnologically manufactured natural compounds. For instance, a special cream that 
mimics the body’s natural way of maintaining young skin texture or growth of hair. 
Another field is e-healthcare, which has been mentioned before. New applications taking 
advantage of Internet’s possibilities will furnish the healthcare industry with new life and 
vigor.  
 
However, the most crucial impact of biotechnology, outside the realm of research, is its 
social aspect. Many of the ethical concerns related to genetics must be discussed in the 
open so that the public is engaged and aware of the new technology. With any technology, 
there is a balance between risks and opportunities. If the public is not well informed, it is 
only understandable that the risks associated with biotechnology are overemphasized 
rather than the opportunities. Media coverage has played an important role to sway public 
opinion for or against biotechnology. According to Berndt Halling61, Liason Manager of the 
European Association for Bioindustries, media exposure of biotechnology has been much 
more positive in Sweden than in other European countries. This has the effect of making 
Sweden a better choice for biotech business enterprises claims Halling. Proper information 
dissemination is required if society as a whole is to share the benefits generated by 
increased knowledge in Life Sciences. Otherwise, there is a risk that advances in science 
will be halted by regulation. This is exactly the situation in agricultural biotechnology. 
 
 
 
 

                                                 
61 Halling was interviewed in July 2000. European Association for Bioindustries is the European 
counterpart of BIO. 
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APPENDICES 

Appendix A: Glossary63  
 
Allele: Alternative form of a genetic locus; a single allele for each locus is inherited 
separately from each parent (e.g., at a locus for eye color the allele might result in blue or 
brown eyes).  
 
Amino acid: Any of a class of 20 molecules that are combined to form proteins in living 
things. The sequence of amino acids in a protein and hence protein function are 
determined by the genetic code.  
 
Biotechnology: A set of biological techniques developed through basic research and now 
applied to research and product development. In particular, the use by industry of 
recombinant DNA, cell fusion, and new bioprocessing techniques.  
 
Chromosome: The self-replicating genetic structure of cells containing the cellular DNA 
that bears in its nucleotide sequence the linear array of genes. In prokaryotes, 
chromosomal DNA is circular, and the entire genome is carried on one chromosome. 
Eukaryotic genomes consist of a number of chromosomes whose DNA is associated with 
different kinds of proteins.  
 
Clone: An exact copy made of biological material such as a DNA segment (a gene or other 
region), a whole cell, or a complete organism.  
 
Cloning: Using specialized DNA technology (see cloning vector) to produce multiple, 
exact copies of a single gene or other segment of DNA to obtain enough material for 
further study. This process is used by researchers in the Human Genome Project, and is 
referred to as cloning DNA. The resulting cloned (copied) collections of DNA molecules 
are called clone libraries. A second type of cloning exploits the natural process of cell 
division to make many copies of an entire cell. The genetic makeup of these cloned cells, 
called a cell line, is identical to the original cell. A third type of cloning produces complete, 
genetically identical animals such as the famous Scottish sheep, Dolly.  
 
Cloning vector: DNA molecule originating from a virus, a plasmid, or the cell of a higher 
organism into which another DNA fragment of appropriate size can be integrated without 
loss of the vectors capacity for self-replication; vectors introduce foreign DNA into host 
cells, where it can be reproduced in large quantities. Examples are plasmids, cosmids, and 
yeast artificial chromosomes; vectors are often recombinant molecules containing DNA 
sequences from several sources.  
 
Crossing over: The breaking during meiosis of one maternal and one paternal 
chromosome, the exchange of corresponding sections of DNA, and the rejoining of the 

                                                 
63 From the Report: Primer of Molecular Genetics, U.S. Department of Energy, 1992.  
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chromosomes. This process can result in an exchange of alleles between chromosomes. 
Compare recombination.  
 
DNA (deoxyribonucleic acid): The molecule that encodes genetic information. DNA is a 
doublestranded molecule held together by weak bonds between base pairs of nucleotides. 
The four nucleotides in DNA contain the bases: adenine (A), guanine (G), cytosine (C), 
and thymine (T). In nature, base pairs form only between A and T and between G and C; 
thus the base sequence of each single strand can be deduced from that of its partner.  
 
DNA replication: The use of existing DNA as a template for the synthesis of new DNA 
strands. In humans and other eukaryotes, replication occurs in the cell nucleus.  
 
Double helix: The shape that two linear strands of DNA assume when bonded together.  
 
E. coli: Common bacterium that has been studied intensively by geneticists because of its 
small genome size, normal lack of pathogenicity, and ease of growth in the laboratory.  
 
Enzyme: A protein that acts as a catalyst, speeding the rate at which a biochemical 
reaction proceeds but not altering the direction or nature of the reaction.  
 
Eukaryote: Cell or organism with membranebound, structurally discrete nucleus and other 
well-developed subcellular compartments. Eukaryotes include all organisms except viruses, 
bacteria, and bluegreen algae. Compare prokaryote. See chromosome. 
 
Gene: The fundamental physical and functional unit of heredity. A gene is an ordered 
sequence of nucleotides located in a particular position on a particular chromosome that 
encodes a specific functional product (i.e., a protein or RNA molecule).  
 
Gene expression: The process by which a gene's coded information is converted into the 
structures present and operating in the cell. Expressed genes include those that are 
transcribed into mRNA and then translated into protein and those that are transcribed 
into RNA but not translated into protein (e.g., transfer and ribosomal RNAs).  
 
Gene family: Group of closely related genes that make similar products.  
 
Genetic engineering technology: See recombinant DNA technology.  
 
Genetic map: See linkage map.  
 
Genetic material: See genome.  
 
Genetics: The study of the patterns of inheritance of specific traits.  
 
Genome: All the genetic material in the chromosomes of a particular organism; its size is 
generally given as its total number of base pairs.  
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Genome project: Research and technology development effort aimed at mapping and 
sequencing some or all of the genome of human beings and other organisms.  
 
Genomics: The study of genes and their function.  
 
Human gene therapy: Insertion of normal DNA directly into cells to correct a genetic 
defect.  
Drugs, devices, procedures, and the organizational and support systems within with 
health care is delivered. 
 
In vitro: Outside a living organism.  
 
Linkage: The proximity of two or more markers (e.g., genes, RFLP markers) on a 
chromosome; the closer together the markers are, the lower the probability that they will 
be separated during DNA repair or replication processes (binary fission in prokaryotes, 
mitosis or meiosis in eukaryotes), and hence the greater the probability that they will be 
inherited together.  
 
Linkage map: A map of the relative positions of genetic loci on a chromosome, determined 
on the basis of how often the loci are inherited together. Distance is measured in 
centimorgans (cM).  
 
Localize: Determination of the original position (locus) of a gene or other marker on a 
chromosome.  
 
Locus (pl. loci): The position on a chromosome of a gene or other chromosome marker; 
also, the DNA at that position. The use of locus is sometimes restricted to mean regions of 
DNA that are expressed. See gene expression.  
 
Mapping: See gene mapping, linkage map, physical map. 
 
Marker: An identifiable physical location on a chromosome (e.g., restriction enzyme 
cutting site, gene) whose inheritance can be monitored. Markers can be expressed regions 
of DNA (genes) or some segment of DNA with no known coding function but whose 
pattern of inheritance can be determined. See restriction fragment length polymorphism.  
 
Messenger RNA (mRNA): RNA that serves as a template for protein synthesis. See 
genetic code.  
 
mRNA: See messenger RNA.  
 
Mutation: Any heritable change in DNA sequence. Compare polymorphism.  
 
Nucleic acid: A large molecule composed of nucleotide subunits.  
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Nucleotide: A subunit of DNA or RNA consisting of a nitrogenous base (adenine, 
guanine, thymine, or cytosine in DNA; adenine, guanine, uracil, or cytosine in RNA), a 
phosphate molecule, and a sugar molecule (deoxyribose in DNA and ribose in RNA). 
Thousands of nucleotides are linked to form a DNA or RNA molecule. See DNA, base pair, 
RNA. 
 
Nucleus: The cellular organelle in eukaryotes that contains the genetic material.  
 
Oligonucleotide: A chain of usually up to 20 nucleotides. 
 
Oncogene: A gene, one or more forms of which is associated with cancer. Many 
oncogenes are involved, directly or indirectly, in controlling the rate of cell growth.  
Physical map: A map of the locations of identifiable landmarks on DNA (e.g., restriction 
enzyme cutting sites, genes), regardless of inheritance. Distance is measured in base pairs. 
For the human genome, the lowest-resolution physical map is the banding patterns on the 
24 different chromosomes; the highest resolution map would be the complete nucleotide 
sequence of the chromosomes.  
 
Plasmid: Autonomously replicating, extrachromosomal circular DNA molecules, distinct 
from the normal bacterial genome and nonessential for cell survival under nonselective 
conditions. Some plasmids are capable of integrating into the host genome. A number of 
artificially constructed plasmids are used as cloning vectors.  
 
Polymorphism: Difference in DNA sequence among individuals. Genetic variations 
occurring in more than 1% of a population would be considered useful polymorphisms for 
genetic linkage analysis. Compare mutation.  
 
Primer: Short preexisting polynucleotide chain to which new deoxyribonucleotides can be 
added by DNA polymerase.  
 
Probe: Singlestranded DNA or RNA molecules of specific base sequence, labeled either 
radioactively or immunologically, that are used to detect the complementary base sequence 
by hybridization.  
 
Prokaryote: Cell or organism lacking a membrane-bound, structurally discrete nucleus and 
other subcellular compartments. Bacteria are prokaryotes. Compare eukaryote. See 
chromosome.  
 
Protein: A large molecule composed of one or more chains of amino acids in a specific 
order; the order is determined by the base sequence of nucleotides in the gene coding for 
the protein. Proteins are required for the structure, function, and regulation of the bodys 
cells, tissues, and organs, and each protein has unique functions. Examples are hormones, 
enzymes, and antibodies.  
 
Recombinant DNA molecules: A combination of DNA molecules of different origin that 
are joined using recombinant DNA technologies.  
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Recombinant DNA technology: Procedure used to join together DNA segments in a cell-
free system (an environment outside a cell or organism). Under appropriate conditions, a 
recombinant DNA molecule can enter a cell and replicate there, either autonomously or 
after it has become integrated into a cellular chromosome.  
 
Recombination: The process by which progeny derive a combination of genes different 
from that of either parent. In higher organisms, this can occur by crossing over.  
 
Restriction enzyme, endonuclease: A protein that recognizes specific, short nucleotide 
sequences and cuts DNA at those sites. Bacteria contain over 400 such enzymes that 
recognize and cut over 100 different DNA sequences. See restriction enzyme cutting site. 
 
Ribonucleic acid (RNA): A chemical found in the nucleus and cytoplasm of cells; it plays 
an important role in protein synthesis and other chemical activities of the cell. The 
structure of RNA is similar to that of DNA. There are several classes of RNA molecules, 
including messenger RNA, transfer RNA, ribosomal RNA, and other small RNAs, each 
serving a different purpose.  
 
RNA: See ribonucleic acid.  
Sequencing: Determination of the order of nucleotides (base sequences) in a DNA or RNA 
molecule or the order of amino acids in a protein.  
 
Single-gene disorder (also called monogenic disorder): Hereditary disorder caused by a 
mutant allele of a single gene (e.g., Duchenne muscular dystrophy, retinoblastoma, sickle 
cell disease). Compare polygenic disorders.  
 
Somatic cell: Any cell in the body except gametes and their precursors.  
 
Transformation: A process by which the genetic material carried by an individual cell is 
altered by incorporation of exogenous DNA into its genome.  
 
Vector: See cloning vector.  
 
Virus: A noncellular biological entity that can reproduce only within a host cell. Viruses 
consist of nucleic acid covered by protein; some animal viruses are also surrounded by 
membrane. Inside the infected cell, the virus uses the synthetic capability of the host to 
produce progeny virus.  
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Appendix B: A little biology 
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Appendix C: Future Studies 
Human beings have always been interested in the future. Prophecy has engaged many 
religions, literary and government practices. As the past influences the situation today, 
tomorrow is expected to bear a legacy of decisions made today. “Future is thus nothing 
that only dawns upon us – it is shaped by us all through small and big decisions” 
(translated from the Swedish Public Inquiry, “Statens Offentliga Utredningar (SOU)” 
1986:33, p.11). According to Boucher (1977, p.6-9) a distinguishing feature of future 
studies is to provide information of relevance in a long range perspective and therefore, 
future studies can be said to support decision-making.  
 
The field of future studies is generally accepted to have emerged as a consequence of the 
systematic approach towards future developments carried out by the U.S. military force at 
the end of World War II (SOU1986:33, p.15). Since then the field has expanded and almost 
all nations have at least several institutions involved with future studies. In Sweden the 
state institute dealing with future studies is the Institution of Future Studies (“Institutet för 
Framtidsstudier”). Among the many methodologies of future studies, trend extrapolation 
has been chosen. It is by far the most common tool used in demographical analysis, and 
subsequently meets the purpose of this thesis work. 

C 1 Characteristics of future studies 
“The aim of Future studies is to replace subjective certainty by objective structured 
uncertainty”64 (cited by Schwarz, S., 1976, p.xiii. Similar chain of thought can be traced 
back to Knight, F., 1921). Due to the inherent nature of future studies, it necessitates a 
multi-disciplinary approach. A specific technique of analysis is difficult to apply. Some 
features and problems associated with futures studies have been discussed by Schwarz, B. 
(1982, p.4-9) and are outlined below.  
 
1. Time horizon: Future studies span over a long period, ranging from five years to fifty 

years. The time horizon itself is not a distinct feature but rather the way emphasis is 
put on situations’ vicissitude over time.  

 
2. Problems: The problems facing future studies are “open-ended” in at least three 

respects. 
- The problems are often across several administrative or policy-making 

units. They cut across boundaries and it is difficult to identify where the 
area of responsibility should rest.  

- An interdisciplinary approach is necessary to properly investigate the 
subject matter. In real-world a problem seldom only involves one 
discipline. The emergence of problems in the future accentuates the need 
for competence drawn from numerous disciplines and the utilization of 
knowledge in any way related to the subject. 

                                                 
64 This is a paraphrase of an idea cited by Schwarz (1976, p.xiii) which elegantly captures the core of 
future studies. The idea originates from Y. Dror (Futures, 1973, p.536). 
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- Formulating the problem itself may turn out to be a major part of the 
analysis. No definite solutions can generally be expected. In addition, 
well-established scientific theories do not exist regarding futures studies. 

3. Uncertainties and discontinuities: In a long term perspective, the underlying parameters 
for short- and medium-term forecasting may become erroneous and be replaced by 
new variables. Many authors claim identification of variables that lead to 
“discontinuous changes and uncertainties” is a significant element of future studies. It 
can be stated that what is now known as future studies, evolved to obtain opinion 
from experts about possible future technological breakthroughs and their probable 
occurrence in time. 

 
4. Criterion of adequacy: The future itself will evolve as an effect of decisions not yet made. 

It is also true that in general our knowledge of the world is limited. This makes the 
future uncertain and may at times be used to discredit future studies. However, the 
aim futures studies is not to predict future events but to supply an overall picture 
pertaining to the problem at hand.  

 
5. Role of theory: Futures studies do not rely on established theories based upon clear 

causal relations. However, this does not imply that future studies discards all theories. 
It can be said instead that it attempts to reconstruct theories and theoretical 
assumptions, and thus may have an impact on the development of theories within 
many disciplines. 

 
6. Values, goals and norms: It is recommended to explicitly state values and norms in 

future studies. The advice stems partly for the idea that futures studies should, directly 
or indirectly, motivate planning and policy-making. Nevertheless, the modification of 
norms and goals over time and the complexity of planning processes designate the role 
of values in futures studies ambiguous. 

 

C 2 Methods of future studies 
As the field of future studies has grown many analytical techniques have evolved. Some of 
these techniques are quite formal, whereas others rely heavily on intuitive judgements. The 
various methods are not necessarily mutually exclusive; the interplay between formalized 
and so-called intuitive techniques is often very rewarding.  
 
Some of the most common methods of future studies have been presented. They offer 
readers an orientation of the analytical tools practiced concerning prospects of the future.  
 
C 2.1 Trend extrapolation 
One of the least complex and intuitively transparent tools for forecasting about the future 
is by trend extrapolation. The analysis is based upon the empirical examination of a 
phenomenon with repeated measurements taken across time. The inherent pattern or 
regularity in the historical data manifests a tendency or a trend, which is extrapolated into 
the future. A trend is thus a description of a unique historical development (Sandberg, 
1975, p.127).  
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The extrapolation is carried out by determining an equation that fits the existing time series 
data. There are various approaches, of varying sophistication, to detect the inherent trend. 
Linear regression is one which summarizes a trend by providing the single straight line 
that best fits the actual values in the series. If a series do not exhibit linear trend, 
curvilinear regression can be applied. Another technique, known as envelope curves, is 
frequently used in technological forecasting. New technologies generally have an S-shaped 
life cycle, where the initial growth is comparatively slow compared to the rapid growth as 
the technology invades and replaces older techniques. The growth then stabilizes and 

reaches a plateau 
characteristic of mature 
technologies65. The method to 
apply depends on the variable 
to study. However, whether 
the factor is concrete or 
abstract, it has to be reduced to 
measurable indicators. The 
former is rather 
straightforward, but to choose 
a criterion variable to study 
trends in abstract concepts 
such as quality of life, family 
harmony or economic well 
being can be less obvious. To 

analyze trends in family harmony, for example, one possible index may be the number of 
divorces. (Hill, K., 1978, p.249-272) 
 
Once the factor for analysis has been chosen, the time period has to be decided. This refers 
to both the time span of historical data required and how long into the future the 
projection is to be. When it comes to time series, it should be long enough so that “trends 
can be noticed”. The time frame must ascertain that the complete seasonal or cyclical 
variation has been 
captured so that the effects of the trend are not biased by non-trend components.  
 
 
 
 
 
 
 
 

Figure: Observations and “regularities” for a hypothetical parameter development. Broken lines refer to 
projections of “regularities”. Graphs A and B have observations consistent with data but they project two distinct 

                                                 
65 For further reading about technological developments, James Utterback’s “Mastering the Dynamics of 
Innovation” is recommended. 
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trend patterns. Adapted from Gunnar Näslund in Knowledge and Concepts in Future Studies, Schwarz, S. (editor), 
1976, p.31. 

 
In forecasting future developments, it is well known that the uncertainty level increases as 
the projection leaps further and further into the future. How long the projection should be 
is thus a matter of the goal of the analysis and the level of accuracy that is to be attained. 
For many rudimentary questions, however, very approximate projections are satisfactory 
since the interest lies in the nature of the trend – whether it is moving upward or 
downward or is constant.  
 
Trend extrapolation is widely used because of its simplicity and ease of application. It is 
frequently applied especially when certain aspects or parts of the problem are quantifiable. 
Its requirement of data is considerably lower than many of the forecasting tools mentioned 
in this chapter. This justifies trend extrapolation as a suitable tool when other methods 
may be impossible or too costly. At the same time, the usage of trend extrapolation is 
somewhat paradoxical since it implies that the future is uniquely determined by past 
trends (Schwarz, B., 1982, p.15). The problem lies in the validity of the forecast when it is 
extended into the future. With what justification can past regularity be extrapolated? The 
prediction is highly dependent on the observed pattern which can vary within the same 
set of data (See figure above). Therefore, when considering trend extrapolation, the kind of 
information required to make the extrapolation and the kind of knowledge that can be 

gained from such a method should be discussed. 
C 2.2 Delphi technique 
Conventionally this technique involves a monitor team and a panel, a group of experts, 
selected by the monitor team. The team explores a problem area and formulates a 
questionnaire. The questionnaire is sent to the panel members and the monitor team then 
summarizes the responses and designs a new questionnaire. The questionnaire is sent to 
the panel together with information about the group response. It should be noted that the 
members of the panel do not have any contact with the other experts. Anonymity is 
stressed to make sure that the opinion of an expert does not influence the response of any 
other. The panel members generally have one opportunity to evaluate their original 
responses after being aware of the group response. By means of an efficient 
communication process, a consensus is reached.  
 
With the advent of on-line communication, a new process for compiling group results, so-
called “Delphi Conference” has originated. The Delphi technique has spread from being 
used for forecasting purposes and has found new users among social scientists and 
administrators, who are interested in exploring differences of opinion between groups of 
people. In recent form of the technique, the panel members are not necessarily experts, 
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they can be laymen as well depending on the issues explored. Moreover, Delphi no longer 
aims to reach a consensus. 
(Linstone, H., 1978, p.273-300)  
 
The Delphi technique has been criticized for its intuitive forecasting methods. Many claim 
it can be regarded as mainly a brainstorming process and state that it lacks the 
meticulousness of other questionnaire techniques. Futurists argue that the technique 
should be considered as the last resort when no other methods are available or when other 
methods are deemed as too expensive. Though Delphi has played an important role in the 
history of future studies, it is hardly considered to be the dominant tool in future analysis. 
(Linstone, H., 1978, p.273-300) 
 
C 2.3 Scenario 
Probing the future with the help of scenarios has almost become synonymous with futures 
studies. A scenario can be described as “multifaceted and holistic … approach to the 
future” (Wilson, I., 1978, p.226). A scenario can also be an outline of a sequence of 
hypothetical events. Yet another definition of scenario stresses the qualitative and 
quantitative features that this method captures at a particular time in the future. However, 
scenarios as a methodology of futures studies do not necessarily possess quantitative 
information and may solely constitute a set of verbal descriptions. Though there may be a 
wide dispersion of definitions, scenario as a method usually entails some of the 
methodological ideas outlined below.  
 
• The future cannot be predicted but the uncertainty can be delimited by designing a 

number of plausible and consistent descriptions of hypothetical future situations. 
 
• To improve our future situation, the present trends should not be assumed to just 

continue, instead desirable futures should be designed through identifying actions 
which can induce developments in a desirable direction. 

• The future development of a specific system can be facilitated by making explicit 
assumptions or scenarios about the development of the environment of the system. 

• Fragmented, dispersed and sometimes vague knowledge may be synthesized into a 
holistic and consistent picture with the help of a scenario. 

 
• Some future developments, though usually unlikely, are regarded as dangerous. By 

imagining in detail how such developments may arise (i.e. scenarios), preparations 
may be taken which will render the developments less probable or less dangerous.   

(Schwarz, B., 1982, p.28-29) 
 
Due to the wide dispersion of methodologies the term scenario embodies, it can be difficult 
to understand which methodology is meant when reference is made to “the scenario 
method” only. The adequacy of a particular methodology depends, among other factors, 
on the kind of scenario desired, the problem area and organizational setting (Wilson, I., 
1978, p.225-247). Scenario application is sometimes regarded as a crude approximation of 
future events, where extreme alternative developments are portrayed. Its result is therefore 
deemed to be vague and frequently weak at forecasting events. Though it is true that a 
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single scenario may be poor at depicting future developments, a set of scenarios generally 
cover most of the developments and do provide a satisfactory result.  
 
C 2.4 Mathematical models  
This analytical technique belongs to the most formal approaches. Mathematical models 
deal with quantifiable features as opposed to qualitative aspects that engage scenario 
techniques. In Methods of Futures Studies, the authors stress the point that mathematical 
models do not usually function as techniques for prediction, although such a view seems to 
be generally embraced. The models are presented as “planning devices” to gain insight 
into a problem area, or compare different decision alternatives or hypotheses.  
 
In futures studies three different classes of mathematical models have been identified. The 
model (Schwarz, B., 1982, p.41) 

- is determined internally on the basis of past demeanor 
- is wholly or partially determined exogenously 
- remains outside the scope of the problem treated by the model.  

 
Mathematical models have been argued to be the most scientific approach and even the 
most superior one. Critics, including the authors of the book mentioned above, do not 
agree with the postulation. They mean that unless a mathematical model considers and 
comprehends all the factors that influence the phenomenon observed, it cannot be 
expected to offer adequate forecasts, though in some cases fairly satisfactory forecasts can 
be provided, particularly regarding short-term forecasting. In the long run, the 
mathematical model employed runs the risk of being erroneous as the underlying factors of 
the model changes and new situations arise. 
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Appendix D: Projection of the 15 to 64 year-old population  
 

 
 
Source: AWP 4.2 OECD 1998. 
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Appendix E: Population Pyramids for Sweden 
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Appendix F: Cancer Prevalence in Sweden 
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Appendix G: Largest Pharmaceutical Companies by Revenues  
 

 
 
Source: Fortune Global 500, 2000. 
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Appendix H: Sale of Pharmaceuticals 2000 

 
Source: IMS Health 

H 1 Pharmaceutical sales in Sweden 1999 

 
Source: Läkemedelsindustriföreningen, LIF 
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Appendix I: Diabetes in the U.S. 
 
Diabetes Overview for the Elderly 
 

 
 
Source: Biotechnology’s Impact On Diseases of the Elderly, BIO 2000, p.73.  
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Appendix J: A Selection of Biotechnology Approved Drugs 
Related to elderly diseases 1998-1999 By FDA 
 

Product Company Application (use) Approval 
Date 

Apligraf® (graftskin) Organogenesis  treatment of venous leg 
ulcers 

May 1998 

Doxil® (liposomal 
formulation of 
doxorubicin 
hydrochloride) 

Alza  second-line therapy for 
Kaposi's sarcoma in 
AIDS patients; metastatic 
carcinoma of the ovary in 
patients with disease that 
is refractory to both 
paclitaxel- and platinum-
based chemotherapy 
regimens 

Nov. 1995  
June 1999 

Enbrel® (etanercept) Immunex  reduction in signs and 
symptoms of moderately 
to severely active 
rheumatoid arthritis in 
patients who have had 
an inadequate response 
to one or more disease- 
modifying antirheumatic 
drugs; treatment of 
polyarticular course 
juvenile rheumatoid 
arthritis  

Nov. 1998  
May 1999 

Epogen® (epoetin alfa) Amgen treatment of anemia 
associated with chronic 
renal failure and anemia 
in Retrovir-treated HIV-
infected patients; 
pediatric use 

June 1989  
July 1999 

Herceptin® 
(trastuzumab) 

Genentech treatment of patients 
with metastatic breast 
cancer whose tumors 
over express the HER2 
protein 

Sept. 1998  

Hextend® (hetastarch) BioTime  plasma volume expander 
for treatment of 
hypovolemia during 
surgery 

March 1999 

Integrelin™ COR Therapeutics/ treatment of patients May 1998  
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(eptifibatide for 
injection) 

Schering-Plough with acute coronary 
syndrome and 
angioplasty; including 
patients who are to be 
managed medically and 
those undergoing 
percutaneous coronary 
intervention  

Sept. 1999 

Intron A® (alpha-
interferon) 

Schering-Plough treatment of hairy cell 
leukemia; genital warts; 
AIDS-related Kaposi's 
sarcoma; non-A, non-B 
hepatitis; hepatitis B; 
chronic malignant 
melanoma; extended 
therapy for chronic viral 
hepatitis C; treatment for 
follicular lymphoma in 
conjunction with 
chemotherapy; treatment 
of hepatitis B in pediatric 
patients 

June 1986  
June 1988  
Nov. 1988  
Feb. 1991  
July 1992  
Dec. 1995  
March 1997  
Nov. 1997  
Aug. 1998 

LYMErix™ 
(recombinant OspaA) 

SmithKline Beecham 
Biologicals 

prevention of Lyme 
disease 

Dec. 1998 

Neupogen® 
(Filgrastim) 

Amgen treatment of 
chemotherapy-  
induced neutropenia; 
bone marrow transplant 
accompanied 
neutropenia; severe 
chronic neutropenia; 
autologous bone marrow 
transplant engraftment 
or failure; mobilization of 
autologous PBPCs post 
chemotherapy 

Feb. 1991  
June 1994  
Dec. 1994  
Dec. 1995  
April 1998 

Nutropin®/Nutropin 
AQ® (somatropin 
rDNA)  

Genentech treatment of growth 
hormone deficiency in 
children; growth 
hormone deficiency in 
adults; growth failure 
associated with chronic 
renal insufficiency prior 
to kidney transplant-
ation; short stature 

Nov. 1993  
Jan. 1994  
Jan. 1996  
Dec. 1996  
Dec. 1999 
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associated with Turner 
Syndrome; to improve 
spine bone mineral 
density observed in 
childhood onset adult 
growth hormone 
deficient patients and to 
increase serum alkaline 
phosphatase 

Ontak® (denileukin 
diftitox) 

Ligand 
Pharmaceuticals 

treatment of patients 
with persistent or 
recurrent cutaneous T-
cell lymphoma whose 
malignant cells express 
the CD25 component of 
the interleukin-2 receptor 

Feb. 1999 

Proleukin, IL-2® 
(Aldesleukin) 

Chiron treatment of kidney 
carcinoma/treatment of 
metastatic melanoma 

May 1992  
Jan. 1998 

PROVIGIL® 
(modafinil) Tablets 

Cephalon to improve wakefulness 
in patients with excessive 
daytime sleepiness (EDS) 
associated with 
narcolepsy 

Dec. 1998 

Rebetron™ Schering-Plough  combination therapy for 
treatment of chronic 
hepatitis C in patients 
with compensated liver 
disease who have 
relapsed following alpha-
interferon treatment; 
treatment of chronic 
hepatitis C in patients 
with compensated liver 
disease previously 
untreated with alpha 
interferon therapy 

June 1998  
Dec. 1998 

Refludan® (lepirudin 
(rDNA) for injection) 

Hoechst Marion 
Roussel 

for anticoagulation in 
patients with heparin-
induced 
thrombocytopenia and 
associated 
thromboembolic disease 
in order to prevent 
further thromboembolic 

March 1998 
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complications 
Remicade™ 
(infliximab) 

Centocor short-term management 
of moderately to severely 
active Crohn's disease 
including those patients 
with fistula; treatment of 
patients with rheumatoid 
arthritis who have had 
inadequate response to 
methotrexate alone 

Aug. 1998  
Nov. 1999  

Renagel® Capsules 
(sevelamer 
hydrochloride) 

GelTex 
Pharmaceuticals/ 
Genzyme  

reduction of serum 
phosphorus in patients 
with end-stage renal 
disease 

Nov. 1998 

Simulect® 
(basiliximab) 

Novartis 
Pharmaceutical 
Corporation/ Ligand 
Pharmaceuticals 

prevention of acute 
rejection episodes in 
kidney transplant 
recipients 

May 1998  

Thyrogen® 
(thyrotropin alfa for 
injection) 

Genzyme  adjunctive diagnostic tool 
for serum thyroglobulin 
(Tg) testing with or 
without radioiodine 
imaging in the follow-up 
of patients with thyroid 
cancer 

Dec. 1998 

Targetin® 
(bexarotene) 

Ligand 
Pharmaceuticals 

treatment of cutaneous 
manifestations of 
cutaneous T-cell 
lymphoma in patients 
who are refractory to at 
least one prior systemic 
therapy 

Dec. 1999 

Wellferon® (interferon 
alfa-n1, 
lymphoblastoid) 

Glaxo Wellcome treatment of chronic 
hepatitis C in patients 18 
years of age or older 
without decompensated 
liver disease 

March 1999 

 
The medicines and vaccines included on this list are produced and/or developed by 
companies involved in recombinant DNA research or other biotechnology applications. 
 
Source: The Biotechnology Industry Organization, BIO. 
 
 
 


