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Executive Summary 

This study intends to evaluate the potential of Canadian stem cell science and technology (S&T). To do so, the 
multiple scientific and ethical issues that remain in stem cell research have been reviewed, the potential 
therapeutic applications of stem cell technology have been identified, a scientometric and a technometric analysis 
were performed providing a quantitative evaluation of this field in Canada relative to the world and also within 
Canada, and the position of stem cell S&T within the context of the healthcare industry was discussed. Finally, 
Canada’s main strengths and weaknesses together with future opportunities and threats were summarized in order 
to establish the potential of stem cell S&T in Canada and to provide recommendations in such a way that Canada 
can benefit from this potential. 

The scientometric analysis is based on publications retrieved from the Medline papers database using a set of 
keywords defining the field and was conducted on a time frame of 12 years (1991-2002) to outline the evolution of 
the scientific output in stem cells at the international level (G7 countries) as well as at the national level for Canada. 
The performance of the different international-level entities is presented according to four scientometric indicators 
and a combined multicriteria ranking. At the national level, three scientometric indicators were used in combination 
with a multicriteria ranking.  

The technometric analysis is based on patents retrieved from the United States Patents and Trademark Office 
(USPTO) database over a 13 year time frame (1991-2003) to outline the evolution of the technological output in 
stem cells at the international level (G7 countries) as well as at the national level for Canada. The performance of 
the different international-level entities is presented according to four technometric indicators and a multicriteria 
ranking (3 indicators). At the national level, two technometric indicators were used. 

Currently, Canada occupies a favourable position in stem cell S&T, particularly in terms of technological output. 
However, if Canada wants to benefit from the important health applications that stem cell S&T is likely to provide, it 
must not relax efforts in R&D activities; because research is still in its infancy, is expensive, and requires long 
development timelines, patience is required. If Canada continues producing good quality research to solve issues 
that impede therapeutic applications of stem cells and keeps transferring acquired knowledge to health 
applications, stem cell S&T could become an important economic facet of the Canadian healthcare industry. This 
will ensure development of “made in Canada” cures, improving Canada’s knowledge-based economy and the 
quality of life of Canadians. This report highlights different strategies that should be prioritized for Canada to 
develop its leadership in stem cell S&T: 

 Canada should reconsider its position with respect to not allowing therapeutic cloning. Because this is an 
ethically controversial issue, the Canadian government should consider the position of ethicists, researchers 
and citizens toward taking a decision on this issue. In this regard, the research conducted by social scientists 
from the Stem Cell Network on ethical, legal, social and policy issues should be helpful. 

 Canada should work at maintaining the current level of excellence of its stem cell scientific work by 
encouraging researchers to aim for excellence, and to develop international collaboration with the best 
researchers and research centres in the field. 

 Canada should increase R&D investment to increase its scientific output. 

 Canada should also maintain its excellent position (2nd place) in terms of technological output by providing 
better support to corporations in their R&D and commercialization activities. 

 Canada should develop therapeutic guidelines to ensure that a stepwise approach will be used to treat 
patients with the most effective and cost-effective products. 

 Canada should discuss and analyze, with their provincial counterparts,  the adoption of new expensive tissue 
and cell-based products by provincial formularies, enabling Canadians to have access to them. 

 Canada should promote regulations of tissue and cell-based products with only one set of rules consolidated 
into one document and harmonize its regulations with those of other countries (e.g. the United States). 
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Key Findings  

Scientific Issues 

 Perhaps the most important problem that must be resolved before any attempt at clinical trials can be 
undertaken with embryonic stem (ES) cells relates to teratoma (cancer) formation following transplantation in 
the patient. 

 Strategies to overcome this issue have suggested that the desired ES cell lineage be differentiated and 
purified to homogeneity prior to attempting in vivo use. 

 Scientists will therefore need to gather a better understanding of the mechanisms underlying lineage 
commitment to develop efficient protocols for the regulation of ES cells differentiation in vitro. 

 The main problem with adult stem cells is their rarity. Indeed, these cells are present at very low levels in adult 
tissues, thus rendering their isolation laborious. 

 Proliferation and maintenance in vitro is also problematic, and there are hardly any cases of adult stem cell 
lines purified to homogeneity. 

 There is a clear need to better characterize adult stem cells and gain a better understanding of the processes 
governing adult stem cell self-renewal in order to develop efficient bioprocesses for their isolation, 
purification, and growth in culture. 

 Recent evidence suggests that some adult stem cells would display a broader differentiation capacity than 
previously thought. However, scientists are debating whether observed plasticity is a result of single cell 
differentiation or the result of cell fusion. No matter which of these explanations is correct, an understanding 
of the mechanism behind adult stem cell plasticity is a prerequisite to the control and exploitation of this 
amazing potential. 

 Many people recently argued that current developments on adult stem cell plasticity were making these cells 
as valuable as ES cells for cell-based therapy, and that further research on ES cells was useless, thereby 
eliminating the need to perform ethically questionable research. 

 Even if the full therapeutic potential of adult stem cells was to be realized, it is unlikely they will fulfill all 
therapeutic needs. Embryonic and adult stem cells are not alternatives, but rather complementary 
approaches. 

 The most important clinical issue is likely that of immune rejection. Three approaches have been proposed to 
overcome this issue. The safest approach consists in using the patient’s own cells, that is, autogeneic 
transplant. This may be achieved using either embryonic or adult stem cells. 

 With ES cells, this is done using cell replacement through nuclear transfer (therapeutic cloning). However, this 
method raises even more pronounced ethical concerns than the simple use of ES cells, and is presently 
forbidden in some countries including Canada. In the case of adult stem cells, this problem is not a concern. 

 The large scale production of stem cells to “scale up” with clinical needs will require further research for the 
development of new protocols to enhance by manyfold the actual growth rate of cell lines both for embryonic 
and adult stem cells. 

 Finally, a major task in clinical trials will be to control cell fate after transplantation to ensure that the 
transplanted cells grow normally and contribute substantially to the function of the host tissue. 

Scientometric Analysis 
 The number of papers per year in stem cell research grew from 3,215 in 1991 to 6,805 in 2002 at the world 

level. The growth of Canadian scientific output has also been substantial, the number of papers per year in 
stem cell research increasing from 128 in 1991 to 230 in 2002. 

 The share of world papers in stem cell research by Canada decreased from 4% in 1991 to 3.4% in 2002. 
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 With an average annual growth rate above that of the world for the 1999-2002 period (11.8% for Canada and 
10.1% for the world), Canada currently occupies a good position, ranking 3rd behind Germany in 1st place and 
Japan in 2nd place. 

 The United States largely dominate the field of stem cells, producing about 40% of the world’s scientific 
output with an amazing 22,553 papers from 1991 to 2002. 

 Canada, with an overall output of 1,917 papers, appears to be out of the race, ranking last in each of the four 
three-year periods examined, as well as over the entire 12-year period. 

 When considering population size, Canada’s performance is greatly enhanced, ranking 3rd behind the United 
States and the United Kingdom. 

 Canada and the United Kingdom with a Specialization Index (SI) of 0.92 and 0.95 are the only G7 countries 
that are not as specialized as the world average in stem cell research. 

 Clearly, Canada’s biggest strength in stem cell research lies in the quality of its scientific work. In fact, 
Canada’s papers had, on average, 23% more expected impact than the world’s papers and occupied 2nd 
place, with only 0.7% less expected impact than papers from the Untied States. 

 Overall, Canada ranked 6th within the G7 in terms of scientific output using the multicriteria ranking. 

 Within Canada, the four leading provinces in the field, Ontario, British Columbia, Quebec, and Alberta, 
produced over 100 papers between 1991 and 2002. 

 British Columbia is highly specialized in stem cell research, with a specialization index (SI of 1.96) greater 
than that of Canada as a whole (SI of 0.92). 

 Three provinces, Ontario, Quebec, and British Columbia, had an Impact Factor (IF) above the world’s IF. 
Ontario’s IF was also above Canada’s IF. 

 Using the multicriteria ranking, Ontario is the clear winner. British Columbia is 2nd, followed by Quebec in 3rd 
place, and Alberta in 4th place.  

 Using the multicriteria ranking, the Clinics and Hospitals sector ranks 1st followed, by the University sector in 
2nd place, the Government sector in 3rd, place and the Corporation sector in 4th place. 

 Using the multicriteria ranking, the top 5 institutions are: the British Columbia Cancer Agency in 1st place, 
Mount Sinai Hospital in 2nd place, the University Health Network in 3rd place, the Montreal Clinical Research 
Institute in 4th place, and the Vancouver Hospital and Health Science Center in 5th place. 

Technometric Analysis 
 The number of stem cell patents issued each year at the world level grew from 8 in 1991 to 111 in 2003. 

 The United States holds the majority of patents in stem cells with about 80% (677 inventions) of the world’s 
technological output. Japan is 2nd with 67 inventions and Canada is 3rd with 44 inventions. 

 Overall, Canada and the United States are both 1st, France is 3rd, Germany and the United Kingdom are both 
4th, Japan is 6th, and Italy is 7th with respect to technological output using the multicriteria ranking. 

 The leading provinces in terms of scientific output are also the leading provinces in terms of technological 
output. In terms of inventions Ontario is 1st, British Columbia is 2nd, Alberta is 3rd, and Quebec is 4th. In terms of 
patent ownership, Ontario and Alberta are 1st, British Columbia is 3rd and Quebec is 4th. 

 Toronto is the leading Census Metropolitan Area (CMA) in terms of production of inventions. Vancouver is 2nd, 
Montreal is 3rd, and Calgary is 4th. With respect to patent ownership, Calgary is the leading CMA. Toronto and 
Vancouver are 2nd, and Montreal is 5th. 

 The two leading assignees are corporations: NeuroSphere Holdings Ltd., owning 11 patents and StemCells 
Technologies, Inc., owning 6 patents. 
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Stem Cell Technology and the Healthcare Industry 
 Despite the regulatory ambiguities, stem cells are in different phases of pre-clinical and clinical trials for a 

number of different diseases, namely Parkinson’s disease, Huntingdon’s disease, myocardial infarction, and 
multiple sclerosis. 

 Even if the regulations vary from one country to the other, there are a few common features that are shared by 
almost all countries: most human cellular and tissue-based products are considered as biologics; there is 
minimal regulation concerning autologous use; manufacturing of these products must meet Good 
Manufacturing Practice (GMP) guidelines. 

 Most countries have adopted different regulations on the use of human stem cells in research. Despite this, a 
few common features could be identified: human reproductive cloning is usually forbidden, creation of 
embryos exclusively for research purposes is usually prohibited, derivation of ES cell lines from excess IVF (in 
vitro fertilization) embryos is usually permitted, the utilization of adult stem cells for research purposes does 
not pose any ethical problem and is generally not addressed in the different regulations. The position on 
therapeutic cloning is more divided, with about 30 countries in favour and 60 countries against. 

 Germany is the most stringent country, while the United Kingdom is the most liberal country. Canada is 
somewhere in between. 

 On March 11, 2004, the Canadian Senate adopted Bill C-6, an Act Respecting Assisted Human Reproduction 
and Related Research, in which research using ES cells is addressed. 

 According to Bill C-6, the production of human embryos or gametes for research purposes only is prohibited, 
but the use of “left over” embryos is permitted if the donor has given an informed consent and has not been 
remunerated. Due to the small amount of excess in vitro fertilization (IVF) embryos available for research in 
Canada, this position might impede the pace at which scientific issues will be worked out. 

 Another key challenge that marketers of these products will need to resolve is reimbursement. These 
products are very specialized and will also be expensive to manufacture. These factors will contribute to the 
high prices that these products will be sold for. Therefore, they may contribute to the rising cost of healthcare. 

 On the other hand, the availability of these treatments may improve the quality of life of many Canadians to an 
extent that they may reduce the number of individuals requiring institutionalization. Other patients may require 
less home care. Some patients may even return to a productive life. 

 Most of these treatments may also be “once in a lifetime” treatment rather than a continuous therapy for the 
remainder of a patient’s life, which could end being cost effective in the long run. Whether the savings will 
exceed the additional treatment expenses is not known at this time, and it will take many years to find out. 

SWOT Analysis 
 Canada’s strengths in stem cell research and technology are: (1) the presence of a Network of Centers of 

Excellence (NCE) and Canadian companies, (2) the flexibility and guidance provided by Bill C-6, (3) the good 
quality of research, (4) the good patent portfolio of Canada, and (5) Canada’s innovation strategy. 

 Canada’s weaknesses in stem cell research and technology are: (1) the regulatory process utilized, (2) 
production of embryos for research and therapeutic cloning is not authorized, and (3) the amount of research 
conducted is insufficient. 

 Future opportunities for stem cell research and technology in Canada: (1) stem cells is a very active field, (2) 
there is an important need for cellular and tissue therapy, and (3) the potential flexibility of adult stem cells. 

 Future threats to stem cell research and technology in Canada: (1) ethical and social issues, (2) cost of 
research, and (3) long development timelines and expensive treatment. 
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1 Introduction 

Stem cell research is approximately 40 years old. In 1961, Till and McCulloch, two Canadians, 

established the first quantitative method to study individual cells in adult bone marrow. This led 

them, together with Becker, to provide the first quantitative description of self-renewal of bone 

marrow cells in 1963. Because all cell types from the blood originate from the bone marrow, this 

discovery brought them to establish the concept of stem cells, that is, cells having the capacity to 

self-renew over time and to differentiate into a broad array of more specialized cell types (Till, 

McCulloch and Siminovitch, 1964). They subsequently demonstrated, for the first time, the 

differentiation potential of Haematopoietic Stem Cells (HSC) (Wu, Till, Siminovitch and 

McCulloch, 1968). Studies using HSC as a model contributed to significant advances in the 

treatment of leukemias and other malignant diseases using bone-marrow transplants, revealing the 

great therapeutic potential of stem cells (Sylvester, Michael and Longaker, 2004). The first successful 

treatment using bone-marrow transplant with humans occurred in the early 1970s (Park, Biggar and 

Good, 1975). At the time, adult stem cells were thought to have a limited plasticity (multipotent 

cells), giving rise only to cells of their specific tissue like HSC only producing blood cells. In contrast, 

embryonic stem cells (ES) were known to generate the complete set of cells constituting an organism 

(pluripotent cells), and their promise for potential therapies outperformed that of adult stem cells to 

a point that most research was targeted at mouse ES which were isolated for the first time in 1981 

(Evans and Kaufman). 

Recently, two breakthroughs in ES research have stimulated an outburst of studies in the field of 

stem cell research. The first, by Wilmut et al. (1997), demonstrated that the nucleus of an adult cell 

can be reprogrammed to produce a new organism (process of cloning), illustrating the potential of 

stem cells to regenerate any type of tissue and organ for use in regenerative medicine. The second was 

the derivation and maintenance of undifferentiated pluripotent human ES cell lines (Thompson et 

al., 1998), providing a source of human cells for therapeutic use. Moreover, these discoveries led to 

the idea of cell replacement through nuclear transfer (referred to as therapeutic cloning), whereby 

both methods are combined to produce an ES cell line derived from the patient’s own cells, thereby 

avoiding the problem of immune rejection (Lisker, 2003). While this approach was still considered 

unlikely to be achieved in 2001, “Even more intriguing was the notion of combining the two in the 

process of ‘therapeutic cloning’, whereby ES cells could be (in theory anyway) derived from patient’s 

cells” (Lovell-Badge, 2001), a Korean team announced the first derivation of a pluripotent human ES 

cell line from a cloned blastocyst in February 2004 (Hwang et al., 2004). 

Recent progress with adult stem cells suggests that they would have a broader differentiation 

capacity than previously thought, since they give rise to cell types of multiple tissues (Horwitz, 2003). 

For example, HSC were shown to differentiate into cells of the oesophagus, stomach, small and large 

bowel, bile duct, skin, and lung (Krause, 2001). However, some studies now question the plasticity of 

adult stem cells since some evidence demonstrated that the apparent plasticity of these cells would in 

fact be the outcome of fusion among different cell types (Terada, 2002; Ying, 2002; Wang, 2003). 
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Despite this controversy over the plasticity of adult stem cells, the new findings brought them to the 

forefront with ES cells as potential targets for future therapies.  

Interestingly, Canadian researchers have contributed to major discoveries in adult stem cell research 

over the last decade. For example, they have been responsible for the first isolation of Neural Stem 

Cells (NSC) (Reynolds and Weiss, 1992), the discovery that the expression of gene HOXB4 could 

enhance HSC production by 50-fold, a major step toward producing a sufficient amount of cells for 

use in diverse treatments (Sauvageau et al. 1995), the first isolation of retinal stem cells from the 

adult mammalian eye (Tropepe et al., 2000), and the first isolation of adult stem cells from the 

dermis of mammalian skin capable of undergoing differentiation into neural cells (Toma et al., 

2001). Actually, according to Nature Immunology, Canadian researchers have been involved in the best 

research activities conducted in stem cell research, with 16 of 35 classic stem cell papers published in 

the last half of the 20th century being from Canada, nine of which are from Till and McCulloch who 

set the framework in which stem cells are being studied today (Nature Immunology1). In honour of the 

tremendous contribution of Till and McCulloch to the field of stem cell research, both researchers 

were inducted into the Canadian Medical Hall of Fame in 2004.  

Stem cells now hold a great promise to cure devastating diseases such as diabetes, heart failure, 

spinal cord injuries, multiple sclerosis, Parkinson’s and Alzheimer’s diseases, and the next section 

aims at reviewing the multiple scientific and related issues that need to be addressed before such 

promise can be realized (Section 2). Section 3 discusses potential therapeutic applications of stem 

cell technology. Sections 4 and 5 present scientometric and technometric measurements of stem cell 

research with the aim to provide a quantitative evaluation of this field in Canada relative to the 

world (G7 countries) and also within Canada at the provincial, sectorial, and institutional level. 

Section 6 discusses stem cell technology within the context of the healthcare industry. Section 7 

summarizes Canada’s main strengths and weaknesses in stem cells and presents future opportunities 

and threats for stem cell research in Canada. Finally, recommendations for stem cell research in 

Canada are highlighted in Section 8.  

                                                            

1 http://www.nature.com/ni/special_focus/hsc/ (visited March 2004) 
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2 Scientific Issues 

Although stem cell research has been evolving for about 40 years, many scientific issues still impede 

practical applications of stem cell technology toward regenerative medicine, to a point that cures to 

treat devastating diseases and severe traumas are still years ahead. Sylvester, Michael and Longaker 

(2004) argued that “as with many new and exciting technologies, much remains to be tested, proved, 

and delivered to separate the hope from the hype”. 

There are two main sources of stem cells for use in stem cell research: ES cells and adult stem cells. 

Each type presents specific advantages and limitations over the other. Herein, these aspects are 

reviewed for both cell types, with an emphasis on scientific issues that remain to be addressed. 

Clinical issues of relevance to both types of cell are subsequently presented. The section concludes 

with a summary of arguments explaining why research on both types is required toward successful 

achievement of cell-based therapy. 

2.1 Embryonic Stem Cells 

Two Canadian scientists, Nagy and Rossant, made an important discovery that propulsed research 

on ES cells. They demonstrated that a single mouse ES cell could support complete fetal 

development leading to a normal, viable and fertile organism (Nagy et al., 1990; Nagy et al. 1993). 

This was the first time that pluripotency of ES stem cell, the capacity to regenerate all cell types of an 

organism, was definitely demonstrated revealing their amazing therapeutic potential. The discovery 

also shown that ES cells were likely to be safe for therapeutic use. Presently, ES cells are the only stem 

cells that can be easily isolated and proliferated in an undifferentiated state for long periods of time 

in sufficient abundance to be useful for therapeutic applications. Despite these advantages, many 

drawbacks require further investigation of ES cells, most of which are of relevance to basic 

knowledge of their biology. 

Perhaps the most important problem that must be resolved before any attempt at clinical trials can 

be undertaken with ES cells relates to teratoma (cancer) formation following transplantation in the 

patient. This is due to continued cell proliferation after transplantation, and it calls for a better 

control of cell growth in vivo after transplantation. Strategies to overcome this issue have suggested 

that the desired ES cell lineage be differentiated and purified to homogeneity prior to attempts at in 

vivo use (Sylvester, Michael and Longaker, 2004). However, an important challenge faced by scientists 

resides in differentiating ES cells in vitro. Therefore, scientists will need to improve their 

understanding of the mechanisms underlying lineage commitment to develop efficient protocols for 

the regulation of ES cells differentiation in vitro. After this is achieved, selection protocols based on 

lineage specific gene activation could be developed to purify cell populations to homogeneity 
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(Zandstra and Nagy, 2001; Sylvester, Michael and Longaker, 2004). Although this problem has been 

mainly discussed around ES cells, the risk might be present for other types of stem cells1. 

Up to now, most research using ES cells has been conducted using mouse derived ES cells. This is 

likely to impede efficient development of therapies, since it is often difficult to translate lessons 

learned from mice to humans due to the scarcity of good transplant models of severe diseases in 

mice; this is due to the important genetic variability of human relative to mouse ES cell lines, and the 

differences in their anatomy, physiology, and immune responses. This issue was partially solved in 

1998 by the team of Thompson et al. who derived and maintained the first human ES cell line, 

setting the foundation for a move toward a human-based system of inference. However, in some 

countries (e.g. the USA, Germany, Switzerland, Austria, Ireland, and Norway among others) ethical 

and political issues surrounding stem cell research led governments to limit research to existing ES 

cell lines (about 60 lines, of which only 8 to 10 are useful), while in other countries (e.g. Canada), the 

government has allowed derivation of new lines from spare IVF (in vitro fertilization) embryos, but 

not the creation of embryos for research purposes (Paul, Li and Brundin, 2002). This may seriously 

hamper the pace at which scientific issues will be worked out, as scientists will need many more lines 

(Ginis and Rao, 2003; Sylvester, Michael and Longaker, 2004). 

2.2 Adult Stem Cells 

The potential of adult stem cells for therapeutic applications has already been illustrated by the use 

of HSC to treat diverse blood disorders (leukemias, Hodgkin’s disease, non-Hodgkin’s lymphoma, 

and others). In comparison to ES cells, their use does not raise ethical concerns, as their sampling 

does not require aborting the development of an embryo. An act considered immoral by many (e.g. 

the Catholic Church) for whom the human embryo is alive, has a well-defined identity and thus the 

right to life from the fusion of gametes. Furthermore, recent evidence now suggests that some adult 

stem cells would display a broader differentiation capacity than previously thought, making them as 

valuable as ES cells for therapeutic applications (Horwitz, 2003). Among these cells are the HSC, the 

mesenchymal stem cells (MSC), and the multipotent adult progenitor cells (MAPC). The MAPC 

would display the same degree of flexibility as ES cells, giving rise to cells of the three germ layers 

(endoderm, mesoderm, and ectoderm). However, as was the case for ES cells, many setbacks were 

experienced, and this means further investigation of adult stem cells is required to establish their real 

potential, most of which are of relevance to basic knowledge of their biology. 

The main problem with adult stem cells is their rarity. Indeed, these cells are present at very low 

levels in adult tissues, thus rendering their isolation laborious. Selection protocols based on adult 

stem cell’s specific biomarkers could circumvent this issue, but these tools are still lacking. 

Proliferation and maintenance in vitro is also problematic, and there is hardly any case of adult stem 

cell lines purified to homogeneity. This might be due to the fact that adult stem cells would tend to 

                                                            

1 http://www.parliament.the-stationery-office.co.uk/pa/ld200102/ldselect/ldstem/83/8301.htm (visited on March 2004) 
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retain some of their properties only in presence of signals from naturally surrounding cells1. At any 

rate, there is a clear need to better characterize adult stem cells and to gain a better understanding of 

the processes governing adult stem cell self-renewal in order to develop efficient bioprocesses for 

their isolation, purification, and growth in culture. For HSC to be useful in a wider range of 

applications, the main challenge will be to develop new protocols for reproducible proliferation of 

cells in an undifferentiated state. For neural stem cells (NSC), the main challenge will be to increase 

their rate of proliferation in vitro, and for MSC, it will be to define the conditions proper to their 

culture in vitro (Zandstra and Nagy, 2001). 

Another important scientific issue with adult stem cells relates to their plasticity (Horwitz, 2003). An 

increasing number of studies are reporting differentiation of adult stem cells into cell types of 

multiple tissues. Currently, scientists are debating whether observed plasticity is a result of single cell 

differentiation or of cell fusion, that is, a stem cell fusing with a cell from a different tissue 

subsequently adopts the form and function of that cell. Regardless of which of these explanations is 

correct, an understanding of the mechanism behind adult stem cell plasticity is a prerequisite to the 

control and exploitation of this amazing potential. In the case of MAPC, which apparently present 

the same potential as ES cells, definite evidence of their pluripotency is still lacking. Indeed, the 

origin of these cells has yet to be firmly demonstrated to establish whether they occur naturally in 

various tissues, or are by-products of culture processes. An additional concern with respect to adult 

stem cell plasticity comes from the fact that in an adult organism, adult stem cells only give rise to 

cells of their own tissue. Indeed, if they were to differentiate into cells from diverse tissues in vivo, the 

consequences would be catastrophic. The wrong cells could develop into the wrong tissues. 

Therefore, the consequences of manipulating adult stem cells to undergo dedifferentiation and 

redifferentiation along pathways which they do not normally use must be investigated prior 

attempts at exploiting adult stem cell plasticity in therapeutic applications are to be undertaken. 

2.3 Clinical Issues 

Once the issues pertaining to embryonic and adult stem cells will be overcome, new issues of 

practical nature will be met at the clinical level. The most important of these is likely that of immune 

rejection. Three approaches have been proposed to overcome this issue. The first consists in the use 

of immuno-suppressant drugs. However, the drug must be taken over the patient’s lifetime, is not 

always effective, and leaves the patient open to infections. The second consists in finding compatible 

donors (stem cell lines) that will match the recipient’s tissue type. This approach has been used 

successfully in the treatment of leukemia using allogeneic (the cells or tissues are not derived from 

the patient) bone-marrow transplant. However, the method is unlikely to be useful for most cell-

based therapies since this would require the establishment of massive stem cell banks comprising the 

entire range of genetic variability characterizing stem cell populations (Sylvester, Michael and 

Longaker, 2004). It has been suggested that several thousand cell lines would be required just for the 

                                                            

1 http://www.parliament.the-stationery-office.co.uk/pa/ld200102/ldselect/ldstem/83/8301.htm (visited on March 2004) 
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population of the United Kingdom. The last and safest approach to avoid immune rejection 

problems consists in using the patient’s own cells, that is, autogeneic transplant. This may be 

achieved using either embryonic or adult stem cells. With ES cells, this is done using cell replacement 

through nuclear transfer (therapeutic cloning). In this process, the nucleus of an adult cell from the 

patient is injected into an unfertilized, enucleated oocyte. This artificial zygote is then allowed to 

develop to the blascocyst stage. Before 14 days of development, ES cells are removed from the 

blastocyst to derive ES cell lines aborting the development of the embryo. Because the nucleus used 

to derive these cell lines is derived from that of the patient, it is unlikely they will be incompatible. 

However, some risks persist due to the presence in the cell of an extra-nuclear genome, that is, the 

mitochondrial genome, which is still present in the recipient enucleated oocyte (Sylvester, Michael 

and Longaker, 2004). Recently, in an experiment using therapeutic cloning to engineer tissue grafts 

from adult bovine cells, Lanza et al. (2002) demonstrated that the presence of foreign mitochondrial 

proteins in the graft did not result in rejection of the transplant by the animal’s immune system and 

that the transplant was functional. According to these results, therapeutic cloning is likely to 

represent an excellent solution to immune rejection in humans. Yet, this method raises even more 

pronounced ethical concerns than the simple use of ES cells, and is presently forbidden in most 

countries, including Canada. This has been partly attributed to a misunderstanding of the method 

that many people associate with reproductive cloning, because both use the nuclear transfer 

technique. However, therapeutic cloning is farther from reproductive cloning than it is from the 

derivation of ES cell lines from IVF embryos (Knoppers, 2002; Lisker, 2003). In the case of adult stem 

cells, none of these problems are encountered. Indeed, the stem cell lines derived from the patient’s 

own adult stem cells do not contain any foreign DNA (Deoxyribonucleic Acid), both the nuclear and 

mitochondrial genome belong to the patient, and no ethical issues are raised because collection of 

these cells does not counteract the normal development of an embryo. 

The current need of animal materials for the growth of human stem cell lines represents another 

significant issue. Alternative non-animal substrates must be developed for the growth of human 

stem cell lines before they can be used in therapy in order to avoid the risk of disease transmission 

from animals to humans. 

Additionally, it is clear that the large scale production of stem cells to “scale up” with clinical needs 

will require further research. This might be achieved through development of new protocols to 

enhance by manyfold the actual growth rate of cell lines both for embryonic and adult stem cells. 

Finally, a major task in clinical trials will be to control cell fate after transplantation to ensure that 

the transplanted cells grow normally and contribute substantially to the function of the host tissue. 

2.4 Embryonic vs. Adult Stem Cells 

Many people recently argued that recent developments on adult stem cell plasticity was making 

these cells as valuable as ES cells for cell-based therapy and that further research on ES cells was 

useless, thereby eliminating the need to perform ethically questionable research. However, the vast 
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majority of the scientific community does not agree and still insists on the importance of 

performing research on both types of cells. 

This is due primarily to the fact that basic knowledge of the biology of either embryonic or adult 

stem cells is still lacking such that the extent to which their therapeutic potential will be realized is 

uncertain, and because ES cells still present important advantages over adult stem cells (Table I). For 

example, in the case of adult stem cells plasticity, most papers are still open to multiple 

interpretations and require replications in order for plasticity to be definitely demonstrated. 

Furthermore, scientists insist on the fact that ES cells provide the only realistic means of studying 

the mechanisms controlling differentiation and dedifferentiation, the two process of major 

importance for the development of technology based on both embryonic and adult stem cells. After 

all scientific issues are resolved, even if the full therapeutic potential of adult stem cells was to be 

realized, it is unlikely they will fulfill all therapeutic needs. Embryonic and adult stem cells are not 

alternatives, but rather complementary approaches1. 

Table I Advantages and disadvantages of embryonic and adult stem cells 

Embryonic stem (ES) cells Adult stem cells

Advantages -   Easy to multiply in culture -   Possibiblity of autotransplantation
-   High malleability and flexibility -   Produce blood cells on transplantation
-   Contribute to germ line
-   Possibility of autotransplantation when 
    combine with Nuclear Replacement 
    Technique (therapeutic cloning)

Limitations -   Tumor formation after transplantation -   Indefinite growth potential (for MAPCs)
-   Triggers immune rejection (not when -   Present only in minute quantities
    combine with Nuclear Replacement -   Complex to isolate and purify
    Technique) -   Plasticity or cell fusion?  

Source: Modified by Science-Metrix from Orive et al. (2003) 

 

                                                            

1 http://www.parliament.the-stationery-office.co.uk/pa/ld200102/ldselect/ldstem/83/8301.htm (visited on March 2004) 
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3 Therapeutic Applications of Stem Cell Technology 

It is generally accepted that stem cell technology is still in its infancy, and that its full therapeutic 

applications will not be in place before many more years. According to Peter Zandstra of the 

University of Toronto and member of the Stem Cell Network, therapeutic applications of stem cells 

will go through the following developmental steps (see Table II). Herein, the major therapeutic 

applications that are foreseen from the application of stem cell technology are presented with an 

emphasis on current advances with respect to each of these applications. 

Table II Estimated timeline for Stem Cells Product Development 

Time Horizon Technology

5 years -   Skin and cartilage products, already available on the market, take on increasing             
    prominence in treatments

-   Blood stem cell products establish a larger market as a significant source of blood 
    for transfusion

-   Products based on umbilical cord cells, currently in the clinical testing phase, enjoy 
    further development due to their use in gene therapy

7 years -   Therapies based on neural cells experience greater development since they are
    valuable for the treatment of neural degenerative diseases like Parkinson's Disease

50 years -   Patients have the choice of 'matching organic products', such as blood and tissue,
    without the threat of immune rejection The discovery of all small molecules and 
    signals involved in natural tissue regeneration helps regenerate entire organs
    or limbs  

Source: Strategic Health Innovations, interview with Dr. Peter Zandstra, 2001 

3.1 Tissue Engineering 

Tissue engineering refers to the use of organ-specific cells (not necessarily stem cells) for seeding a 

scaffold ex vivo in comparison to guided tissue regeneration in which a scaffold is designed to 

promote regeneration by the cells present at the site of its transplantation (Bianco and Robey, 2001). 

The idea behind tissue engineering is to produce “spare parts” to replace damaged organs as a result 

of traumas (e.g. skin burns) or diseases (e.g. osteogenesis imperfecta). Recent progress in stem cell 

biology has opened amazing possibilities in tissue engineering, revealing the potential of creating 

virtually any type of tissue. Presently, research on stem cell-based tissue engineering covers blood 

vessels, bone, cartilage, cornea, dentin, heart muscle, liver, pancreas, nervous tissue, skeletal muscle, 

and skin. Tissue engineering applications that have reached the stage of clinical trials or clinical 

observational studies include bone, cornea, nervous tissue, and skin production. 

3.2 Cell-Based Therapy 

Cell-based therapy consists in transplanting new and healthy cells (stem cells or previously 

differentiated stem cells in vitro) in a patient to replace the natural population of cells that have lost 
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their function as a result of traumas or diseases (Paul, Li and Brundin, 2002; Ginis and Rao, 2003). A 

good example of cell replacement therapy is that of bone-marrow transplants (transplants of HSC) 

in the treatment of leukemias, Hodgkin’s disease, non-Hodgkin’s lymphoma, and other blood 

disorders. The great diversity of adult stem cells (HSC, MSC, NSC, MAPC) and the flexibility of ES 

stem cells have opened promising avenues to cure a wide range of diseases, including diabetes, 

multiple sclerosis, spinal and brain injuries, Heart diseases, Parkinson’s, Huntington’s, and 

Alzheimer’s diseases. 

For diabetes, the objective is to produce insulin-secreting cells that could be transplanted in patients 

suffering from the disease. Until now, insulin-secreting cells were derived from human ES cells. 

However, the cell population was not homogeneous, and the levels of insulin-secreting cells were 

low, making them inefficient for treating diabetes. Clearly, there are still many issues to overcome 

before clinical trials can be undertaken (Paul, Li and Brundin, 2002). 

In multiple sclerosis, the myelin usually covering the axons of nerve cells is absent preventing the 

normal transmission of impulses between the brain and other parts of the body. In humans, a first 

clinical trial has been undertaken using an autotransplant of Schwann cells (myelin producing cells 

of the peripheral nervous system). This experiment revealed many problems, including controlling 

the migration of transplanted cells in the patient and the difficulty to target every demyelinated sites 

in the nervous system. More clinical trials, using naturally occurring myelin producing cells, are 

needed before the real potential of stem cell transplantation in the treatment of multiple sclerosis 

can be established (Paul, Li and Brundin, 2002). To this point, at least 8 Phase I and II clinical trials 

involving over 200 patients have been conducted (Fassas, 2003). 

Stem cells might be able to repair spinal cord injuries in the future, since transplantation of mouse 

ES cells to rat suffering from spinal cord injury have efficiently differentiated into nerve cells and 

resulted in partial recovery of motor function in the hind limbs. However, clinical trials using grafts 

from embryonic neural tissue in humans have not yet been able to produce any effect to injured 

spinal cords (Paul, Li and Brundin, 2002). 

Recent studies have revealed that human ES cells can spontaneously differentiate into cardiac 

muscle cells when grown under certain conditions, and that adult stem cells from the bone-marrow 

can differentiate into cardiac tissue. Therefore, these cells might lead to cures for heart diseases 

(Paul, Li and Brundin, 2002). 

Perhaps the most promising application of stem cells to cure devastating diseases currently lies in 

the treatment of Parkinson’s disease. Indeed, Parkinson’s disease is the only disorder that has been 

successfully treated using embryonic neural tissue in humans. Furthermore, mouse ES cells 

transplanted into rats with induced Parkinson’s disease efficiently differentiated into dopamine 

neurons (the defective cells) which resulted in remission for the rats. However, 25% of the rats 

developed teratoma structures following transplant and 16% produced additional cell types from the 

wrong tissue. Therefore, before clinical trials using ES cell transplants can be carried out, security 

issues with the transplant must be addressed. Nonetheless, stem cell technology is likely to be 

applied to the treatment of this disease in the near future (Paul, Li and Brundin, 2002). 
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3.3 Gene Therapy 

The use of the patient’s own cells (autogeneic transplant) has been proposed to overcome the 

problem of immune rejection using stem cells, irrespective of their origin. However, in the case of 

inherited diseases, this approach is useless, as the transplanted cells would bear the same genetic 

defects as the originating cells. Therefore, application of gene therapy to stem cell technology is 

aimed at genetically modifying a patient’s own cells to correct their genetic defects and allow 

autogeneic transplants. After correction, stem cells can be retransplanted in order to express the 

therapeutic transgene. Due to self-renewal of stem cells, the corrected gene can be propagated and 

the normal functions restored. The use of genetically modified HSC has been successfully used to 

treat immunodeficient patients in clinical trials. However, severe side effects have been reported in a 

few patients, calling for the need to improve current vectors used in transferring genes. HSC, being 

linked to the blood circulation, could be used as secreting pumps to deliver therapeutic products for 

diverse disorders. The main challenge with this application will be to regulate the expression of the 

transgene to appropriate levels in vivo. Current progress in gene therapy is very promising (Bueren et 

al., 2003). 

3.4 Drug Discovery 

With the complete sequence of the human genome, many new potential drug targets (gene products) 

could be identified. In order to exploit this immense resource, scientists will need high-throughput 

methods for the screening of potential targets, and the evaluation of the efficiency and safety of new 

drugs on the modulation of identified targets at the preclinical level. Such tools would allow the 

reduction of development timelines for new drugs as well as the rejection rate at the clinical level. 

Stem cell-based methods are now being used towards this goal. The main advantages of stem cells 

for target identification are that they demonstrate uniform physiological responses, are maintained 

in culture for long periods of time, and can be easily genetically modified to suppress the activity of a 

gene to evaluate the response of the cell and determine whether it is a good target for which new 

drugs should be designed. After a target is identified, arrays of normal stem cells can be used to 

simultaneously test the effect of numerous compounds on the targeted genes (McNeish, 2004). 
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4 Scientometric Analysis 

This section presents data on the global rate of growth of scientific papers written in the field of 

stem cells at the world level (Section 4.1). It subsequently benchmarks the Canadian scientific output 

against that of the G7 countries (Section 4.2) and the scientific output, at the Canadian level, of the 

10 provinces, the sectors of activity, and the 25 most active institutions (Section 4.3). Refer to the 

Annex for methods covering scientometric analysis. 

4.1 Scientific Output at the World Level 

Figure 1A shows that the number of published papers in stem cells grew steadily at the world level 

over the observed time frame, and that the field does not appear to have reached its maximum 

scientific output capacity. 

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Year

P
ap

er
s 

in
 s

te
m

 c
el

ls

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%A

%
 o

f t
ot

al
 p

ap
er

s 
in

 M
ed

lin
e

 

50

75

100

125

150

175

200

225

250

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Year

P
ap

er
s 

in
 s

te
m

 c
el

ls

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%B

%
 o

f t
ot

al
 p

ap
er

s 
in

 M
ed

lin
e

Papers % of Medline
 

Figure 1 Stem cell papers output by the world (A) and Canada (B), 1991-2002 
Source: Compiled by Science-Metrix from Medline 
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The number of papers per year in stem cell research grew from 3,215 in 1991 to 6,805 in 2002 at the 

world level. Although more chaotic, the growth of Canadian scientific output has also been 

substantial; the number of papers per year in stem cell research increasing from 128 in 1991 to 230 

in 2002 (Figure 1B). However, the Canadian scientific output, with an increase of 80% between 1991 

and 2002, did not keep the pace with the world scientific output, which experienced 114% increase 

over the same period. As a result, the share of world papers in stem cell research by Canada decreased 

from 4% in 1991 to 3.4% in 2002. In contrast to the number of papers in stem cells, the percentage of 

stem cells papers in the Medline database has grown at a somewhat slower pace, with an increase of 

50% at the world level (from 1% in 1991 to 1.6% in 2002) and 34% at the Canadian level (from 1.1% in 

1991 to 1.6% in 2002). The world average annual output in stem cell research accounts for 1.3% of 

the total scientific output in Medline. This picture is similar at the Canadian level, although a 

slightly lower percentage of the Canadian output in Medline is related to stem cell research (1.2%). 

Therefore, Canada is not specialized relative to the world in stem cell research with a specialization 

index (SI) of 0.92 for the whole period spanning from 1991 to 2002. The SI provides an assessment 

of the intensity of research of a country’s scientific output in a given research area, relative to the 

intensity of the world in the same research area; a score above one meaning that a country specializes 

in the field of interest relative to the world. 

Figure 2 shows the average annual growth of papers in stem cells, as observed from 1999 to 2002 

(average of three growth rates: 1999 to 2000; 2000 to 2001; 2001 to 2002). An analysis of the last four 

years of the 12-year period studied suggests the most recent annual growth trends.  
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Figure 2 Average annual growth of papers in stem cells for the G7 countries and 
the world, 1999-2002 

Source: Compiled by Science-Metrix from Medline 
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With an average annual growth rate above that of the world for the 1999-2002 period (11.8% for 

Canada and 10.1% for the world), Canada is currently in a good position, ranking 3rd behind 

Germany, which is in 1st place, and Japan, which is in 2nd place. The United States also present an 

average annual growth rate exceeding the world level, ranking in 4th place. The remaining countries, 

Italy, the United Kingdom, and France, all had average annual growth rates below the world level. 

4.2 Benchmarking Canada in Stem Cell Research 

In order to benchmark the Canadian scientific output against that of the G7 countries, four 

evaluation criteria were used: 

 Number of papers 

 Number of papers per capita 

 Specialization index (SI) 

 Impact factor (IF) 

The factors are subsequently combined in a multicriteria benchmarking of the G7 countries. This 

benchmarking is based on a 12-year period, which, in turn, is divided into four three-year periods to 

examine the evolution of the field in the G7 countries. 

4.2.1 Number of Papers in Stem Cells 

The United States are clearly dominating the field of stem cells, holding about 40% of the entire 

world’s scientific output with an amazing 22,553 papers over the 12-year period studied (Table III). 

In comparison, the second most productive country, Japan, published 5,815 papers in stem cells, a 

mere 26% of the United States’ output. 

Table III Number of papers by the G7 countries and the world in stem cells, 
1991-2002 

Country 1991-1993 1994-1996 1997-1999 2000-2002 1991-2002

United States 4,086 5,445 5,798 7,224 22,553
Japan 978 1,267 1,501 2,069 5,815
United Kingdom 746 942 1,057 1,278 4,023
Germany 620 871 1,056 1,444 3,991
France 735 877 934 1,041 3,587
Italy 654 600 771 916 2,941
Canada 379 465 478 595 1,917

World 10,454 13,243 14,912 18,765 57,374  
Source: Compiled by Science-Metrix from Medline. 

Canada, with an overall output of 1,917 papers (Table III), appears to be out of the race, ranking last 

in each of the four three-year periods examined, and over the whole 12-year period (Table IV). Other 

countries that kept the same rank over all periods include the United States in 1st place and Japan in 

2nd place. Germany has experienced a phenomenal growth starting in 6th place in front of Canada in 
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the 1991-1993 period, and finishing in 3rd place in front of the United Kingdom in the 2000-2002 

period, for an overall ranking of 4th. With the highest growth rate from 1999 to 2002 (16.7%, Figure 

2), Germany could soon overtake Japan’s stem cell scientific output. The United Kingdom always 

ranked 3rd, except in the last period where it was passed by Germany, finishing in 4th place. France is 

now 5th and Italy 6th, in front of Canada. In a study focussing on ES cells only, Thomson ISI1 

obtained comparable ranking for the G7 countries (1991-2001) with the United States ranking 1st, 

Germany 2nd, Japan 3rd, the United Kingdom 4th, France 5th, Canada 6th, and Italy 7th. 

Table IV Ranking of G7 countries according to their number of papers in stem 
cells, 1991-2002 

Rank 1991-1993 1994-1996 1997-1999 2000-2002 1991-2002

1 United States United States United States United States United States
2 Japan Japan Japan Japan Japan
3 United Kingdom United Kingdom United Kingdom Germany United Kingdom
4 France France Germany United Kingdom Germany
5 Italy Germany France France France
6 Germany Italy Italy Italy Italy
7 Canada Canada Canada Canada Canada  

Source: Compiled by Science-Metrix from Medline. 

4.2.2 Number of Papers Per Capita in Stem Cells 

When considering each country’s population, the supremacy of the United States in terms of 

number of papers in stem cells is not as pronounced, and Canada’s performance is greatly enhanced. 

Indeed, the United States with 6.93 papers per million inhabitants over the 12-year period still ranks 

1st, but is closely followed by the United Kingdom with 5.71 papers per million inhabitants, and 

Canada with 5.31 papers per million inhabitants (Table V). 

                                                            

1 http://www.esi-topics.com/stemcells/index.html (visited on March 2004) 
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Table V Number of papers per million inhabitants in stem cells for the G7 
countries and the world, 1991-2002 

Country 1991-1993 1994-1996 1997-1999 2000-2002 1991-2002

United States 5.30 6.81 7.00 8.44 6.93
United Kingdom 4.30 5.38 5.97 7.13 5.71
Canada 4.43 5.23 5.20 6.27 5.31
France 4.27 5.03 5.29 5.82 5.11
Italy 3.83 3.49 4.47 5.28 4.27
Germany 2.57 3.55 4.29 5.85 4.07
Japan 2.62 3.37 3.96 5.44 3.86

World 0.64 0.78 0.84 1.02 0.82  
Source: Compiled by Science-Metrix from Medline (publication data) and the U.S. Census Bureau 

(population data) 

In terms of per capita number of papers, the United States again ranked first over all periods (Table 

VI). Canada started in 2nd place in the 1991-1993 period. In the 1994-1996 period, the United 

Kingdom took the 2nd place from Canada and retained it until now while Canada slid into 3rd place. 

In the 1997-1999 period, Canada lost another position, falling to 4th place, behind France. However, 

Canada was back in third in the last period for 3rd rank overall. When considering this indicator, 

Germany did not perform as well, but still experienced a substantial growth starting last and 

finishing 4th, for an overall rank of 6 th. For the period spanning 1991 to 2002, France is 4th behind 

Canada, Italy is 6th, and Japan is 7th. 

Table VI Ranking of G7 countries according to their per-capita number of 
papers in stem cells, 1991-2002 

Rank 1991-1993 1994-1996 1997-1999 2000-2002 1991-2002

1 United States United States United States United States United States
2 Canada United Kingdom United Kingdom United Kingdom United Kingdom
3 United Kingdom Canada France Canada Canada
4 France France Canada Germany France
5 Italy Germany Italy France Italy
6 Japan Italy Germany Japan Germany
7 Germany Japan Japan Italy Japan  

Source: Compiled by Science-Metrix from Medline (publication data) and the U.S. Census Bureau 
(population data) 

4.2.3 Specialization Index (SI) 

The SI provides an assessment of the intensity of research of a country’s scientific output in a given 

research area, relative to the intensity of the world in the same research area; a score above one 

meaning that a country specializes in the field of interest relative to the world. Among G7 countries, 

Canada (SI of 0.92) and the United Kingdom (SI of 0.95) are the only countries that are not 

specialized in stem cell research (Table VII). Interestingly, both countries experienced a decrease in SI 
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together with France and Italy, the leading countries in terms of SI, from the 1991-1993 period to 

the 2000-2002 period. In contrast, Germany, Japan and the United States increased their 

specialization over the 12-year period.  

Table VII Specialization index of G7 countries and the world in stem cells, 1991-
2002 

Country 1991-1993 1994-1996 1997-1999 2000-2002 1991-2002

France 1.56 1.44 1.37 1.29 1.39
Italy 1.57 1.16 1.34 1.28 1.32
Germany 1.03 1.12 1.11 1.19 1.13
Japan 1.05 1.05 1.11 1.24 1.12
United States 1.06 1.11 1.10 1.13 1.10
United Kingdom 1.03 0.96 0.94 0.89 0.95
Canada 0.96 0.94 0.88 0.90 0.92

World 1.00 1.00 1.00 1.00 1.00  
Source: Compiled by Science-Metrix from Medline. 

According to the SI, France was 1st and Italy 2nd for the period spanning 1991 to 2002 (Table VIII). 

Here again, Germany managed to gain many places over the 12-year period. Indeed, it started in 6th 

place in the 1991-1993 period, went to 3rd place in the 1994-1996 and 1997-1999 periods, fell back to 

4th place in the 2000-2002 period, for an overall rank of 3rd. Overall, Japan ranks in 4th place behind 

Germany, but was 3rd for the last period. The United States lost two positions over the 12-year 

period, starting in 3rd place and finishing in 5th place, for an overall rank of 5th. For the entire period, 

the United Kingdom is 6th, followed by Canada in last place. However, in the final period, Canada 

gained one position over the United Kingdom.  

Table VIII Ranking of G7 countries according to their specialization index in stem 
cells, 1991-2002 

Rank 1991-1993 1994-1996 1997-1999 2000-2002 1991-2002

1 Italy France France France France
2 France Italy Italy Italy Italy
3 United States Germany Germany Japan Germany
4 Japan United States Japan Germany Japan
5 United Kingdom Japan United States United States United States
6 Germany United Kingdom United Kingdom Canada United Kingdom
7 Canada Canada Canada United Kingdom Canada  

Source: Compiled by Science-Metrix from Medline. 

4.2.4 Impact Factor (IF) 

The IF is used to evaluate the expected impact of papers from a country. This indicator provides a 

proxy for the quality of the journals in which papers are published (the higher the index value, the 
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higher the average quality of the journals in which a country publishes). Results on the IF in the field 

of stem cells are only presented for the 1997-2002 period, as data for previous years was unavailable.  

Table IX Impact factor of G7 countries and the world in stem cells, 1997-2002 

Country 1997-1999 2000-2002 1997-2002

United States 5.67 5.92 5.80
Canada 5.86 5.65 5.76
United Kingdom 4.51 5.21 4.88
France 4.15 4.61 4.40
Germany 3.95 3.83 3.88
Japan 3.86 3.60 3.71
Italy 3.44 3.80 3.63

World 4.60 4.77 4.69  
Source: Compiled by Science-Metrix from Medline. 

Canada’s greatest strength in stem cell research certainly lies in the quality of its scientific work. 

Indeed, Canada’s papers had, on average, 23% more expected impact than the world’s papers, and 

occupied 2nd place with only 0.7% less expected impact than the United States’ papers for the 1997-

2002 period. The United Kingdom is the only other country in which papers had, on average, higher 

expected impact than world papers, ranking in 3rd place (Table IX).  

Interestingly, the field of stem cells, as a whole, has a stunning IF with the world’s IF in stem cells 

(4.69) being 56% greater than the world’s IF in the total Medline database (3.02). In Canada, this 

pattern is even more pronounced with Canada’s IF in stem cells (5.76) being 89% greater than 

Canada’s IF in Medline (3.04).  

Canada was 1st in terms of IF for the 1997-1999 period and slid to 2nd place, behind the United States, 

in the last period, for an overall rank of 2nd. The ranking of the remaining countries was stable over 

the periods examined with the United Kingdom in 3rd, France in 4th, Germany in 5th, Japan in 6th, and 

Italy in 7th place (Table X). In a study focussing on ES cells only, Thomson ISI1 obtained comparable 

ranking for the G7 countries (1991-2001) in terms of excellence of research, although the indicator 

used (citations per paper) was different from the one in this study (IF). Canada ranked 1st, the United 

States 2nd, the United Kingdom 3rd, Germany 4th, Japan 5th, France 6th, and Italy 7th. 

                                                            

1 http://www.esi-topics.com/stemcells/index.html (visited on March 2004) 
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Table X Ranking of G7 countries according to their impact factor in stem cells, 
1997-2002 

Rank 1997-1999 2000-2002 1997-2002

1 Canada United States United States
2 United States Canada Canada
3 United Kingdom United Kingdom United Kingdom
4 France France France
5 Germany Germany Germany
6 Japan Italy Japan
7 Italy Japan Italy  

Source: Compiled by Science-Metrix from Medline. 

4.2.5 Multicriteria Analysis 

The multicriteria ranking provides an overall assessment of the G7 countries in stem cell research. 

The criteria considered in the multicriteria ranking included the number of papers, number of 

papers per capita, specialization index, and impact factor. The ranking was conducted for the period 

spanning 1997 to 2002 such that all indicators were covering the same period (the IF was only 

available for the 1997-2002 period). The United States was the clear leader over the 6-year period 

(Table XI). France ranked in 2nd place followed by the United Kingdom in 3rd, Germany in 4th, Japan in 

5th, Canada in 6th, and Italy in 7th place. Canada is, in fact, fairly close to Japan as can be seen when 

considering the IF over three-year periods. Indeed, Canada ranked in 5th place with Japan in the 1997-

1999 and 2000-2002 periods. The rising star is certainly Germany; the country experienced an 

amazing progress in stem cell research as observed with each indicator separately, and according to 

the multicriteria ranking. Germany now occupies the 3rd place ex-aequos with the United Kingdom 

(2000-2002 period). Additional players (e.g. Australia, Singapore, Israel, etc.) in the field of stem cells 

are active at the world level, but were not presented here, as the aim of this study is not to provide an 

exhaustive overview of all countries.  

Table XI Multicriteria ranking of G7 countries in stem cells, 1997-2002 

Rank 1997-1999 2000-2002 1997-2002

1 United States United States United States
2 France France France
3 United Kingdom United Kingdom (3) United Kingdom
4 Germany Germany (3) Germany
5 Japan (5) Japan (5) Japan
6 Canada (5) Canada (5) Canada
7 Italy Italy Italy  

Source: Compiled by Science-Metrix from Medline. 
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4.3 Benchmarking at the National Level in Canada 

Benchmarking at the Canadian level has been made at the provincial, sectorial, and institutional 

levels. The evaluation criteria used included: number of papers, specialization index, and impact 

factor.  

4.3.1 Benchmarking Provinces 

Figure 3 shows the average annual growth of papers in stem cells as observed from 1999 to 2002 

(average of three growth rates: 1999 to 2000; 2000 to 2001; 2001 to 2002). An analysis of the last four 

years of the 12-year period studied suggests the most recent annual growth trends. 
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Figure 3 Average annual growth of papers in stem cells at the provincial level, 
1999-2002 

Source: Compiled by Science-Metrix from Medline 

Growth could not be measured for Nova Scotia, Newfoundland, New Brunswick, Prince Edward 

Island, and Saskatchewan because they did not publish every year between 1999 and 2002. The very 

small number of papers published by Manitoba makes the growth rate useless for this province (an 

increase in number of publications from 1 to 3 would imply a growth rate of 200% in the case of 

Manitoba between 2000 and 2001). British Columbia, with an average annual growth rate of 13.9%, 

ranks in 1st place, followed closely by Quebec (13.4%). They are currently the only two provinces 

experiencing a growth rate above the Canadian level (11.8%). Ontario is 3rd with an average annual 

growth rate (11.3%), which is very close to the Canadian level. Alberta is last with an average annual 

growth rate of 4.0%. Although Alberta is last among leading provinces in terms of average annual 

growth rate for the 1999-2002 period, the province experienced the greatest growth in number of 

papers in stem cells (283% increase) over the 12-year period studied with 6 papers in 1991 and 23 

papers in 2002. From 1991 to 2002, the number of papers in stem cells has increased by 88% in 



Potential for Stem Cell Science and Technology in Canada 

20 

Ontario (64 to 120 papers), 68% in Quebec (22 to 37 papers), and 25% in British Columbia (32 to 40 

papers). 

There are four leading provinces, Ontario, British Columbia, Quebec, and Alberta, that produced 

more than 100 papers between 1991 and 2002 (Table XII). Ontario exerts a clear leadership with 

almost a thousand publications over the studied period. British Columbia follows in 2nd place with 

fewer than half the amount of papers by Ontario (398 papers). Quebec is 3rd with 327 publications, 

Alberta is 4th with 163 publications, Manitoba is 5th with 29 publications, Saskatchewan is 6th with 18 

publications, Nova Scotia is 7th with 16 publications, and Newfoundland is 8th with 5 publications. 

New Brunswick and Prince Edward Island did not publish any papers in stem cells over the studied 

period. 

Table XII Number of papers, specialization index, and impact factor by Canadian 
province and multicriteria ranking of leading provinces in stem cells, 
1991-2002 

Province
Paper SI Paper SI IF Multicriteria 

ranking

Ontario 966 1.14 551 1.15 6.35 1
British Columbia 398 1.96 193 1.66 5.46 2
Quebec 327 0.73 180 0.73 5.49 3
Alberta 163 0.78 116 0.98 4.38 4
Manitoba 29 0.35 13 0.30 2.68
Saskatchewan 18 0.27 5 0.15
Nova Scotia 16 0.27 12 0.34 3.28
Newfoundland 5 0.31 1 0.12
New Brunswick

Prince Edward Island
Unknown 4 0.52 4 0.65

Canada 1,917 0.92 1,073 0.89 5.76

1991-2002 1997-2002

 
Source: Compiled by Science-Metrix from Medline. 

 

British Columbia is highly specialized in stem cell research with a SI (1.96) greater than that of 

Canada as a whole (0.92) who did not exhibit specialization in this field relative to the world over the 

12-year period (Table XII). However, as was the case for Canada, its SI has decreased steadily over the 

12-year period, dropping from 2.48 in 1991 to 1.51 in 2002. Ontario is 2nd in terms of specialization 

and is the only other province specializing in stem cell research with an overall SI of 1.14. In contrast 

with British Columbia, the SI of Ontario was fairly stable from 1991 to 2002. None of the remaining 

provinces exhibited specialization and their indices of specialization were all smaller than that of 

Canada relative to the world over the 12-year period. As was the case for Ontario, Quebec’s SI was 

stable over time. Interestingly, Alberta’s SI has been growing steadily over the studied period; that is, 

increasing from 0.45 in 1991 to 0.87 in 2002. 
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In the case of the IF, results are only presented for the period spanning 1997 to 2002 as data for 

previous years were not available. Furthermore, the IF was only calculated for provinces with more 

than 5 papers over the 1997-2002 period. As was the case for Canada and the world, provincial IFs 

are strong. Ontario’s IF (6.35) is higher than that of Canada and the world, its papers having, on 

average, 14% more expected impact than Canada’s papers. Quebec and British Columbia have similar 

IF (5.49 and 5.46 respectively) above the world’s 4.69 IF. Alberta’s IF (4.38) is slightly below the 

world’s IF. Nova Scotia and Manitoba did not perform as well with IFs of 3.28 and 2.68 respectively 

(Table VII).  

The multicriteria ranking considers the number of papers, the specialization index, and the relative 

impact factor. This ranking was conducted for the period spanning 1997 to 2002 such that all 

indicators covered the same period (the IF was only available for the 1997-2002 period) and only for 

leading provinces, i.e. provinces with more than 100 papers over the 12-year period. Ontario is the 

clear winner with an amazing number of papers and IF in the field of stem cells. British Columbia is 

2nd, followed by Quebec in 3rd, and Alberta in 4th place (Table VII).  

4.3.2 Benchmarking Sectors of Activity 

During the 12-year period covered by this study, the Clinics and Hospitals sector and the University 

sector have dominated the field of stem cells with 915 and 792 papers respectively (Table XIII). The 

‘Other’ sector is the next most productive sector (274 papers), followed by the Government sector (90 

papers), and the Corporation sector (19 papers). The ‘Other’ sector is constituted of non-profit 

organizations that are administered independently of the government, universities, and 

corporations. The British Columbia Cancer Agency holds 75% (218 papers) of the ‘Other’ sector’s 

scientific output. The small contribution of corporations to stem cells is not surprising, as the field 

is still in its infancy and is mainly concerned with fundamental research.  

The ‘Other’ sector is more than 6 times as specialized as Canada with a SI of 6.64. The Clinics and 

Hospitals sector follows, being 45% more specialized in stem cells than Canada as a whole. None of 

the remaining sectors are specializing in stem cell research and they all have SI lower to that of 

Canada relative to the world. The Corporation sector is 3rd, the University sector is 4th, and the 

Government sector is 5th. 

As mentioned above, results for the IF are only presented for the period spanning 1997 to 2002 since 

data for previous years were not available. All sectors had high IFs. The Corporation sector (1st with 

an IF of 6.23), the Clinics and Hospitals sector (2nd with an IF of 6.23), the Government sector (3rd 

with an IF of 6.19), and the ‘Other’ sector (4th with an IF of 5.86) all had IFs greater than that of 

Canada and the world. Although it ranked last, the University sector (IF of 5.17) had an IF greater 

than that of the world. 

The multicriteria ranking considered the number of papers, the specialization index and the impact 

factor. This ranking was conducted for the period spanning 1997 to 2002 such that all indicators 

covered the same period (the IF was only available for the 1997-2002 period). Globally, the Clinics 

and Hospitals sector ranks 1st, followed by the ‘Other’ sector in 2nd place, the Corporation sector in 
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3rd, the Government sector in 4th, and the University sector in 5th. The leadership of the Clinics and 

Hospitals sector is not surprising as stem cell technology holds great promise for the health sector.  

Table XIII Number of papers, specialization index, impact factor, and multicriteria 
ranking by Canadian economic sector in stem cells, 1991-2002 

Economic Sector
Paper SI Paper SI IF Multicriteria 

ranking

Clinics & Hospitals 915 1.45 520 1.44 6.23 1
University 792 0.70 462 0.73 5.17 5
Other 274 6.64 145 6.05 5.86 2
Government 90 0.65 69 0.77 6.19 4
Corporation 19 0.73 13 0.79 6.34 3
Unknown 3 0.08 3 0.12

Canada 1,917 0.92 1,073 0.89 5.76

1991-2002 1997-2002

 
Source: Compiled by Science-Metrix from Medline. 

4.3.3 Benchmarking Institutions 

In the top 25 institutions, 12 are from the University sector, 10 are from the Clinics and Hospitals, 

sector, 1 is from the Government sector, and 2 are not classified, falling into the Other & Unknown 

sector. They are distributed among 5 provinces: 13 are from Ontario, 5 are from Quebec, 3 are from 

British Columbia and Alberta, and one is from Manitoba. Overall in Canada, 6 institutions 

published over 100 papers in stem cells between 1991 and 2002. The University Health Network 

leads with 234 papers, followed closely by the British Columbia Cancer Agency with 218 papers 

(Table XIV). The University of Toronto is 3rd with 159 papers, The University of British Columbia is 

4th with 133 papers, and the Hospital for Sick Children is 5th with 119 papers, and McGill University 

is 6th with 117 papers.  

Among the top 25 institutions, 19 specialize in stem cell research. The British Columbia Cancer 

Agency is 1st in terms of SI being 16 times more specialized than Canada as a whole. Other highly 

specialized institutions (more than twice as specialized as Canada) include the Vancouver Hospital 

and Health Science Centre (SI of 5.08), the Maisonneuve-Rosemont Hospital (SI of 4.88), Cancer 

Care Ontario (SI of 4.57), the Mount Sinai Hospital (SI of 3.69), the Foothills Hospital (SI of 3.51), 

the University Health Network (SI of 3.23), the Montreal Clinical Research Institute (SI of 2.56), and 

the John P. Robarts Research Institute (SI of 2.25) (Table XIV). 

Most institutions display strong IF as was the case for provinces, economic sectors, Canada, and the 

world. Among the 25 top institutions, 13 exhibited IF greater than that of Canada and the world. 

Mount Sinai Hospital is 1st (IF of 9.84) with its papers having, on average, about 70% more expected 

impact than Canada’s papers and 110% more expected impact than the world’s papers. Montreal 

Clinical Research Institute is 2nd (IF of 8.98) with its papers having, on average, 56% more expected 

impact than Canada’s papers and 91% more expected impact than the world’s papers. 
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Table XIV Number of papers, specialization index, impact factor, and multicriteria 
ranking by institutions in stem cells, 1991-2002 

Institution
Paper SI Paper SI IF Multicriteria 

ranking

University Health Network 234 3.23 122 2.87 7.69 3
British Columbia Cancer Agency 218 16.10 115 15.04 6.44 1
University of Toronto 159 1.13 88 1.13 6.53 6
University of British Columbia 133 1.17 82 1.32 5.51 10
Hospital for Sick Children 119 1.90 73 2.17 5.88 8
McGill University 117 1.34 60 1.27 3.86 13
Vancouver Hospital and Health Science Centre 97 5.08 33 3.02 2.97 5
Mount Sinai Hospital 90 3.69 46 3.14 9.84 2
McMaster University 65 1.10 37 1.11 5.93 14
Toronto Public Health 63 1.13 54 1.24 6.82 6
University of Calgary 58 0.87 46 1.23 4.87 14
University of Alberta 53 0.52 30 0.52 5.37 12
University of Western Ontario 43 0.66 33 0.90 6.45 21
Sunnybrook & Women's College Health Sciences Centre 41 1.28 30 1.46 6.17 19
University of Ottawa 33 0.98 18 1.00 4.26 8
Montreal Clinical Research Institute 29 2.56 24 4.01 8.98 4
Royal Victoria Hospital 27 1.12 12 0.90 6.35 11
Cancer Care Ontario 24 4.57 12 3.59 3.37 23
Maisonneuve-Rosemont Hospital 22 4.88 8 3.05 4.50 22
Ottawa Hospital 22 1.09 15 1.20 3.02 17
Foothills Hospital 22 3.51 15 4.92 2.22 16
University of Guelph 19 0.47 10 0.44 5.74 18
Montreal General Hospital 19 1.11 7 0.86 8.95 23
University of Manitoba 19 0.35 11 0.44 2.84 25
The John P. Robarts Research Institute 18 2.25 18 2.94 8.65 20

Canada 1,917 0.92 1,073 0.89 5.76

1991-2002 1997-2002

 
Source: Compiled by Science-Metrix from Medline. 

The Montreal General Hospital is 3rd with an IF of 8.95, close to that of the Montreal Clinical 

Research Institute. The John P. Robart Research Institute is 4th (IF of 8.65), the University Health 

Network is 5th (7.69), Toronto Public Health is 6th (IF of 6.82), the University of Toronto is 7th (IF of 

6.53), the University of Western Ontario is 8th (IF of 6.45), the British Columbia Cancer Agency is 9th 

(IF of 6.44), the Royal Victoria Hospital is 10th (IF of 6.35), the Sunnybrook & Women’s College 

Health Sciences Center is 11th (IF of 6.17), McMaster University is 12th (IF of 5.93), and the Hospital 

for Sick Children is 13th (IF of 5.88) (Table XIV). 

The multicriteria ranking considered the number of papers, the specialization index, and the impact 

factor. This ranking was conducted for the period spanning 1997 to 2002 such that all indicators 

were covering the same period (the IF was only available for the 1997-2002 period). The top 5 

institutions are: the British Columbia Cancer Agency in 1st place, Mount Sinai Hospital in 2nd place, 

the University Health Network in 3rd place, the Montreal Clinical Research Institute in 4th place, and 

the Vancouver Hospital and Health Science Center in 5th place (Table XIV).  
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5 Technometric Analysis 

This section presents data on the global rate of growth of patents in the field of stem cells at the 

world level and it subsequently benchmarks the Canadian output against that of the G7 countries 

(Section 5.1). Section 5.2 benchmarks the output, at the Canadian level, of the most active provinces, 

the most active Census Metropolitan Areas (CMAs), and the most active assignees. Refer to the 

Annex for methods covering technometric analysis. 

5.1 Inventions and Intellectual Property at the World Level 

The number of stem cell patents issued each year at the world level grew from 8 in 1991 to 121 in 

1999, the highest level achieved within the window of time covered by this study (Figure 4A). 
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Figure 4 Patents output by the world (A) and Canada (B) in stem cells, 1991-
2003 

Source: Compiled by Science-Metrix from Medline 



Potential for Stem Cell Science and Technology in Canada 

25 

Following 1999, the number of patents started decreasing until 2002. That year, 102 patents were 

delivered such that the number of patents did not fall below the highest level achieved prior to 1999 

(97 patents in 1998). In 2003, the number of patents increased again to achieve 111 patents, the 

second highest level over the 13-year period. 

As can be seen from Figure 4A, the pattern of growth of the percentage of world’s stem cell patents in 

the total USPTO database closely followed that of the number of patents in stem cells at the world 

level. Currently, stem cell patents only represent a very small proportion of total patents in the 

USPTO database. Indeed, over the 13-year period studied, the percentage of stem cell patents in the 

total USPTO database never exceeded 1%, with the highest level (0.07%) achieved in 1999. The 

observed period ended in 2003 with about 0.06% of stem cell patents in the total USPTO database. 

This low percentage of patents in stem cells is likely due to the fact that research in this field was still 

at an early stage with most scientific activity being targeted at answering fundamental questions 

relevant to the biology of stem cells. Therefore, as more basic questions in stem cells are answered, 

this percentage is likely to increase. 

Over the 13-year period investigated, Canada did not produce any patents in stem cells in 1991, 

1992, and 1994. In fact, Canada’s contribution to stem cell patents was not well established before 

1995, after which Canada always produced at least one patent annually (Figure 4B). Contrary to the 

global trend at the world level, the slowdown in the number of stem cell patents only lasts one year 

in Canada and occurred in 2001. Furthermore, the peak in number of stem cell patents did not occur 

in 1999, but rather at the end of the period with 10 patents issued in both 2002 and 2003. Figure 4B 

also shows that the pattern of growth of the number of patents in stem cells in Canada did not 

closely follow that of the world level, with the share of world’s stem cell patents by Canada being 

characterized by episodic periods of growth and decline between 1991 and 2003. Despite this, the 

increase in number of stem cell patents from 1995 to 2003 has been more significant in Canada 

(900%) than at the world level (363%), such that Canada has increased its contribution to world’s 

patents in stem cells from 4.2% in 1995 to 9% in 2003. 

In order to benchmark the Canadian technological output in stem cells against that of the G7 

countries, four evaluation criteria were used: 

 Number of inventions 

 Intellectual property (IP) 

 Specialization index (SI) 

 Average citations per patent (AC) 

The factors are subsequently combined in a multicriteria benchmarking of the G7 countries. This 

benchmarking is based on a single period spanning 1991 to 2003 because the numbers of patents in 

stem cells are not sufficient to divide the whole period into three-year segments to examine the 

evolution of the field in the G7 countries. 

The United States holds the majority of inventions in stem cells since it produced 80% (677 

inventions) of the world’s technological output (Table XV). Japan is 2nd with 67 inventions, a mere 9% 
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of the United States’ output. Canada follows in 3rd place with 44 inventions. Germany is 4th with 25 

inventions, the United Kingdom is 5th with 22 inventions, France is 6th with 17 inventions, and Italy is 

7th with 13 inventions. In terms of patent ownership, the ranking is the same with a clear domination 

of the United States, holding 674 patents. Three countries are specialized in stem cells. Among them, 

Canada is more than twice as specialized as the world average (SI of 2.24) and ranks in 1st place. The 

United States is 2nd with a SI of 1.45, and Italy is 3rd with a SI of 1.28. The United Kingdom is just as 

specialized as the world. France, Germany, and Japan are under specialized with SIs of 0.74, 0.45, and 

0.36 respectively. In France, stem cell patents received, on average, 112% more citations than world’s 

patents, making it the leading country with respect to AC. Canada and the United States are the only 

other countries in which patents received, on average, more citations than world’s patents: 29% more 

in Canada and 4% more in the United States. Germany ranked in 4th place, the United Kingdom in 5th 

place, Japan in 6th place, and Italy in 7th place. However, the United Kingdom and Japan had very 

similar ACs. 

Table XV Number of inventions, intellectual property, specialization index, 
average citations per patent and multicriteria ranking in stem cells, 
1991-2003 

Country

Invention  

aaaaaaaaa

IP SI AC 
aaaaaaaaaaaa

aaa

Multicriteria 
ranking 

aaaaaaa

United States 677 674 1.45 0.61 1
Japan 61 50 0.36 0.36 6
Canada 44 35 2.24 0.75 1
Germany 25 19 0.45 0.52 4
United Kingdom 22 18 1.00 0.36 4
France 17 15 0.74 1.24 3
Italy 13 7 1.28 0.23 7

World 837 837 1.00 0.58  
Source: Compiled by Science-Metrix from Medline. 

The multicriteria ranking is based on invention, SI, and AC. According to this ranking, Canada and 

the United States are both 1st, France is 3rd, Germany and the United Kingdom are both 4th, Japan is 

6th, and Italy is 7th with respect to technological output. With respect to scientific output, the United 

States is 1st, France is 2nd, the United Kingdom is 3rd, Germany is 4th, Japan is 5th, Canada is 6th, and 

Italy is 7th.  

Therefore, one of the most stringent countries with respect to regulation of federally funded stem 

cell research, the United States, leads both in terms of scientific and technological output, and the 

most liberal country in stem cell research, the United Kingdom, ranks 3rd in terms of scientific 

output and in 4th place in terms of technological output. Canada, which finds itself in between both 

countries in terms of flexibility regarding stem cell research, performed much better among G7 

countries with respect to technological output (1st place) than it did with scientific output (6th place). 
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The stunning performance of the United States, despite their constraining policies regarding 

funding of stem cell S&T, might be due to the transfer of research from public facilities to private 

facilities where no policies constrain stem cell research. For instance, when considering the private 

sector, the U.S. is one of the most liberal country and some researchers from the public sector have 

expressed their concerns regarding transfer of research to the private sector such as: protecting 

human subjects, threat to the quality of Food and Drug Administration (FDA) approval, threat to 

scientific openness, and increased public opposition and fear of biotechnology (Resnik, 1999). 

5.2 Inventions and Intellectual Property at the Canadian Level 

Benchmarking at the national level has been made at three levels: provinces, CMAs, and assignees. 

The evaluation criteria used were: number of inventions and intellectual property of the patents. In 

the case of institutions, only IP was considered.  

The leading provinces in terms of scientific output are also leading provinces in terms of 

technological output. These include Ontario, British Columbia, Quebec, and Alberta. As was the case 

with respect to scientific output, Ontario is still the most productive province in terms technological 

output with 16 inventions in stem cells and British Columbia is again 2nd with 15 inventions. 

Contrary to the ranking in terms of scientific output, Quebec and Alberta have exchanged their 

places with respect to technological output, Alberta being in 3rd place with 10 inventions and Quebec 

in 4th place with 7 inventions. In terms of patent ownership, Ontario and Alberta are 1st each owning 

11 patents. British Columbia is 3rd owning 8 patents, and Quebec is 4th owning 3 patents. 

Saskatchewan produced one invention and holds ownership of one patent in stem cells (Table XVI).  

Table XVI Number of inventions and intellectual property in stem cells by 
Canadian provinces, 1991-2003 

Province         Invention         IP

Ontario 16 11
British Columbia 15 8
Alberta 10 11
Quebec 7 3
Saskatchewan 1 1
Unknown 2

Canada 44 35  
Source: Compiled by Science-Metrix from Medline. 

Table XVII shows the number of inventions and IP of the most active CMAs in stem cell technology. 

With 13 stem cells inventions, Toronto is the leading CMA in terms of production of inventions. 

Vancouver is 2nd with 10 inventions, Montreal is 3rd with 6 inventions, and Calgary is 4th with 5 

inventions. With respect to patent ownership, Calgary is the leading CMA owning 11patents. 

Toronto and Vancouver are 2nd each owning 8 patents. Montreal is 5th owning only one IP.  
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Table XVII Number of inventions and intellectual property in stem cells by 
Canadian Census Metropolitan Area, 1991-2003 

Census Metropolitan Area        Invention        IP

Toronto 13 8
Vancouver 10 8
Montreal 6 1
Calgary 5 11
Saltspring 3
Oakville 2
Victoria 2
Brampton 1
Concord 1 1
London 1 1
Milton 1
Mississauga 1 2
Quebec 1 1
Saskatoon 1
Unknown 8 2

Canada 44 35  
Source: Compiled by Science-Metrix from Medline. 

Table XVIII presents IP in stem cells by assignee. There are 19 owners of stem cell patents in Canada. 

Among them, 7 are from the Corporation sector, 4 are from the University Sector, 3 are from the 

Clinics and Hospitals sector, 3 are individuals, and 2 are from the Government sector. The two 

leading assignees are corporations: NeuroSphere Holdings owning 11 patents and StemCells 

Technologies owning 6 patents. The Ontario Cancer Institute, the University of British Columbia, 

and Waratah Pharmaceuticals each hold 2 patents. The remaining assignees each hold 1 patent. 
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Table XVIII Intellectual property of Canadian assignees in stem cells, 1991-2003 

Assignee IP

NeuroSpheres Holdings Ltd. 11
StemCell Technologies Inc. 6
The Ontario Cancer Institute 2
The University of British Columbia 2
Waratah Pharmaceuticals Inc. 2
Canadian Blood Services 1
Cangene Corporation 1
Hema-Quebec 1
Hemosol Inc. 1
HSC Research and Development Limited Partnership 1
McGill University 1
Mount Sinai Hospital 1
Prescient NeuroPharma Inc. 1
The Toronto Hospital Research Institute 1
University of Saskatchewan 1
University of Western Ontario 1
Individuals 3

Canada 35  
Source: Compiled by Science-Metrix from Medline. 
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6 Stem Cell Technology and the Healthcare Industry 

Because of its early development status, the impact of stem cells on society and the healthcare 

industry has not yet been fully evaluated. While most of its potential applications are still in the 

research phase, some have moved into the pre-clinical and clinical development phase. In addition to 

this early development stage, a number of factors explain why the impact of stem cells has not been 

fully evaluated. The followings are some of the factors that the public, as well as the healthcare and 

regulatory officials, have to deal with and that will greatly affect the future use of stem cells: 

 type of stem cells: embryonic, adult, animal, hematopoetic, mesenchymal; 

 the classification in terms of source and receiver of the cells: autologous, allogenic, 
xenogenic; 

 the medium in which it will be manipulated: ex vivo, in vivo; 

 its regulatory classification: medical device, biologic product, drug; 

 the ultimate intended use: cellular therapy, gene therapy, drug discovery, drug delivery, 
diagnostic; 

 are the stem cells to be used alone or combined with a synthetic material or encapsulation 
device. 

Nevertheless, the great interest in stem cells is fully understandable when one considers the 

tremendous impact stem cells could have in the treatment of diseases which are either poorly treated 

or untreated at this time. For example, according to the Centers for Disease Control and Prevention, 

as many as 3,000 U.S. citizens die every day from diseases that, in the future, might be treated with 

cells and tissues derived from stem cells (Orive et al., 2003). Other sources state that some of the 60 

million Americans suffering from cardiovascular diseases, 5 million suffering from Alzheimer’s or 

Parkinson’s disease, 16 million from diabetes, 8 million from cancer, and 30 million from 

autoimmune diseases could benefit from cellular therapy, one of the types of therapy in which stem 

cells will be a key contributor (Mayani, 2003).  

The tremendous therapeutic and commercial benefits offered by stem cells are the incentives that are 

driving the scientific community to continue exploring and developing this promising area despite 

the scientific challenges (and occasionally setbacks), the ethical, moral, and political debate, and the 

ambiguous regulatory guidelines. The National Institute of Health in its July 2001 annual report 

stated that: “This class of human cells (ES) holds the promise of being able to repair or replace cells 

or tissues that are damaged or destroyed by many of our most devastating diseases or disabilities.”1 

Section 6.1 aims at reviewing the position of key actors involved in the ethical debate surrounding 

stem cell research. Section 6.2 reviews the laws and guidelines regulating the use of stem cells in 

research worldwide. Section 6.3 provides an overview of the regulation of tissue and cell-based 

products. Section 6.4 gives information on the pre-clinical and clinical development status of stem 

cell therapies for a variety of diseases. Issues that will be met in the production and 

                                                            

1 http://www.nih.gov/news/stemcell/scireport.htm (visited on March 2004) 
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commercialization of stem cell products are discussed in Section 6.5 and 6.6. Section 6.7 discusses 

how stem cell technology is likely to be integrated within the Canadian healthcare system. Finally, 

section 6.8 briefly presents the Stem Cell Network (NCE). 

6.1 Ethical Issues 

Even if research on stem cell technology began approximately 40 years ago, it is only recently that it 

gained a tremendous amount of interest from the scientific community, the healthcare industry, and 

the consumers. This later group has been actively involved in the ethical debate about the utilization 

of ES cells for reproductive and therapeutic cloning. Even consumers not usually interested in these 

type of debates have been made aware of the tremendous therapeutic potential of stem cell 

technology by public campaigns of highly prominent actors such as Christopher Reeve (Superman) 

and Michael J. Fox. Additionally, the high visibility offered by the debate on assisted human 

reproduction as well as the fate of unutilized embryos have also contributed to popularize this 

technology among lay people.  

The ethical issues in cellular and tissue therapy have generated heated debates among scientists and 

citizens. The results obtained by Thompson et al. in 1998, which was the first to derive and maintain 

human ES cell lines, fuelled the debate. Other events, such as the cloning of DOLLY and the progress 

made in artificial reproduction also greatly contributed to the discussions. These ethical issues could 

be discussed at great length because a lot has been said and written about the subject. Focus is thus 

targeted at reviewing the key positions that have been adopted by the different groups involved in 

the debate. 

The controversy centers on ES cells and the position adopted with regards to their use in research 

depends on the moral status attributed to the embryo. Does a human embryo have the same right as 

a human being1? The position adopted by some religions (e.g. the Catholic Church) and many 

citizens is clear; they are against any use of embryonic stem cells. According to them, the human 

embryo is alive and has a well defined identity from the fusion of gametes. Thus, as a human being, 

the embryo has the right to life and any interference to its normal development impedes this right. 

Because sampling of embryonic stem cells destroys the potential for the embryo to develop into a full 

organism, the use of these cells constitutes an immoral act (equivalent to murder), even though 

research on them could save lives in the future. They conclude that the end does not justify the 

means, and that research should instead focus on adult stem cells (stem cells derived from adult 

tissues or umbilical cords) since recent progress suggests that they could be as valuable as ES cells.  

On the other hand, scientists promote the use of ES cells. They emphasize the fact that research on 

stem cells is still in its infancy, to the point that it is not yet known how well adult and ES cells will 

perform in tissue repair and regeneration. Moreover, according to them, ES cells provide the only 

realistic means of studying the mechanisms controlling differentiation and dedifferentiation, two 

                                                            

1 http://www.stemcellnetwork.ca/engage/materials_fr.php (visited on March 2004) 
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process of major importance for the development of technology based on stem cells. Therefore, 

under such circumstances, research on ES cells should not be discarded. Furthermore, ES cells have 

some interesting advantages over adult stem cells. They have the ability to generate all cell types 

present in an adult organism (pluripotent), they are easier to isolate and grow, and they can be kept 

indefinitely in culture dishes (ES cell lines) providing unlimited access to research materials. The 

main argument against the Catholic Church’s position is that the embryo, at the stage where cells are 

sampled (before 14 developmental days), consists of a cluster of cells that has no tissues, no neurons, 

and therefore no awareness of life. Thus, if ES cells have the potential to lead to cure for severe 

diseases lacking efficient treatments, it would be unethical to disallow the opportunity for a better 

life to the millions of people suffering from such diseases. In addition, ES cells for research can be 

obtained from sources that would otherwise be wasted, i.e. existing ES cell lines that do not require 

further embryos and excess IVF embryos for which the donor has given informed consent. Scientists 

are also interested by two other sources of ES cells: embryos created by IVF for research purposes 

only and therapeutic cloning. Therapeutic cloning, just as adult stem cells, eliminates the problem of 

immune rejection1.  

The conflict between these positions might be impossible to resolve. However, the government of 

many countries, including Canada, used the distinction between use and production of ES cells in 

order to negotiate the terrain between them. The distinction is based on the ethics of complicity. 

According to this principle: 

“One who intends or causes an immoral act to occur is responsible or has complicity in a 

causative sense, and may be held responsible for the event. Conversely, one who does not 

proximately cause a wrongful event is not normally responsible for its occurrence, even if he or 

she later benefits from it.” (Robertson, 2001) 

Therefore, governments who endorse this point of view will generally allow research on ES cells, in 

spite of certain reserve as to the way of obtaining them. They usually allow the use of ES cells from 

lines that had already been derived in the past and derivation of new ES cell lines from spare IVF 

embryos that would be destroyed anyway. On the other hand, they usually prohibit the use of 

embryos created for research only and therapeutic cloning because these sources of ES cells require 

active production and destruction of embryos.  

6.2 Legal Issues 

Most countries have adopted different regulations on the use of human stem cells in research. The 

most constraining measures are in Germany and the least constraining are in the United Kingdom. 

Many countries, including Canada, are somewhere in between. Table XIX summarizes the 

regulations in the major countries. 

While regulations vary from one country to the other, a few common features could be identified. 

They are: 

 Human reproductive cloning is usually forbidden; 
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 With respect to therapeutic cloning, countries are more divided with about 30 in favour 
and about 60 against1; 

 Creation of embryos exclusively for research purposes is usually prohibited; 

 Derivation of ES cell lines from excess IVF embryos is usually permitted; 

 The utilization of adult stem cells for research purposes does not pose any ethical problem 
and is generally not addressed in the different regulations. 

Table XIX Current stem cells policies worldwide 

Country Regulations

Australia, Spain, 
Israel, Singapore

Both derivation and use of stem cells from spare embryos permitted 
aaaaaaaaaaaaaaaaaaaaaaaaaaaa

Austria Embryo research prohibited, creation only for ensuring pregnancy

Canada 
aaaaaaaaaaa

2001 Human Reproductive and Technology Bill: bans cloning but allows 
research on leftover human embryos before 14 days of development 

China 
aaaaaaaaaaaaa

Derivation and use of stem cells from embryos created for research permitted, 
de facto policy

Finland 
aaaaaaaaaaa

Legislation from November 1999 forbids creation of embryos for the purpose of 
research 

Germany 
aaaaaaaaaaaaaaa

Embryo Protection Law: it is illegal to derive cells from an embryo for research 
or diagnosis. However, the import of human ES cell lines is allowed 

Ireland, Norway Any research on in vitro embryos, stem cells, cloning is forbidden

Italy 
aaaaaaaaaaaaaaaaa
a 

No specific law. Italian health minister gave support to a report published in 
December 2000 by a group of scientific experts that supports cloning of human 
embryos for the derivation of stem cells for therapeutic purposes 

The Netherlands 
aaaa

September 2000: allows research on supernumerary human embryos but not 
the creation of embryos for research purposes 

Sweden 
aaaaaaaaaaaaaaaaa
a

Stem cells can be derived from embryos until age 14 days. Creation of 
embryos for research purposes and cloning is not permitted. Enforced from 3 
October 2001 

Switzerland aaaaaaa
Swiss national ethical committees are considering allowing the use of already-
derived ES cells 

United States 
aaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaa
aa

August 2001: research on existing ES cell lines allowed, derivation of new cell 
lines from existing embryos permitted, creation of embryos for research 
purposes prohibited. Applies only to publicly funded research, not private 
sector research  

Source Paul, Li and Brundin (2002) 

In the United States, President Bush has decided to limit the federal funding for ES cells. His 

decision allows funding on the 60 existing stem cell lines of which only 8 to 10 are useful for 

research, but would limit the amounts dedicated to research on other types of stem cells: umbilical 

cord, placental, adult, and animal (McLellan, 2001). This decision was made even if 80 Nobel Prize 
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winners wrote to President Bush supporting stem cell research (Williams, 2003), and even if it is 

strongly documented that by impeding public research it favours private research with all the 

concerns associated with private research such as: protecting human subjects, threat to the quality of 

FDA approval, threat to scientific openness, and increased public opposition and fear of 

biotechnology (Resnik, 1999).  

US researchers say that they will lose grounds to researchers in other regions of the world. Other 

experts say that US research will be transferred from public facilities to private facilities, even if some 

experts believe that this early type research will not be embraced enthusiastically by the private sector 

because of the elevated risk level. Incidentally, at least five states (New Jersey, California, Louisiana, 

Missouri, and Rhode Island) have adopted laws authorizing research on therapeutic cloning. 

Despite this constraining measure on public research, there is currently no restriction with regards 

to production of embryos for research in the private sector such that many companies are located in 

the United States. Furthermore, some institutions, like Harvard University, are planning fund raising 

to bypass the Bush administration's restrictions on ES cell research. 

In the United Kingdom, the most liberal country, the 1990 Human Fertilization and Embryology 

Act, permits, for research purposes, the derivation of stem cells from human embryos up to 14 days 

old. These stem cells can now be used for research on cell and tissue therapy for serious diseases 

(Westphal, 2002). Therapeutic cloning is also allowed. 

The Canadian position is somewhere in the middle. On March 11, 2004, the Canadian Senate 

adopted Bill C-6, an Act Respecting Assisted Human Reproduction and Related Research, in which 

research using ES cells is addressed. C-6 prohibits the following activities: 

 The creation of human clones and therapeutic cloning; 

 The creation of in vitro embryos for any purpose other than creating a human being or for 
improving assisted reproduction procedures; 

 Maintenance of an embryo outside a woman after 14 developmental days; 

 The alteration of a germ line of a human being or in vitro embryo; 

 The transplantation of non-human gametes into a human being; 

 The creation of chimeras; 

 The purchase or sale of gametes or embryos; 

 The use of human reproductive material without the requisite consent of the donor. 

A number of other activities could be carried out in accordance with the regulations and the 

obtaining of a license. Controlled activities include: 

 Altering or manipulating any human reproductive material for the purpose of creating an 
embryo; 

 Altering, manipulating, treating, or using an in vitro embryo; 

 Storing, transferring, destroying, importing, or exporting any human gamete or in vitro 
embryo; 

 Reimbursing expenditures incurred by donors or surrogate mothers. 
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The Bill does not only regulate federally funded research, but all research using in vitro embryos. 

Thus, according to Bill C-6, the production of human embryos or gametes for research purposes 

only is prohibited but the use of “left over” embryos is permitted if the donor has given an informed 

consent and has not been remunerated. According to a study by Baylis et al. (2003), 15,615 embryos 

are cryopreserved in 13 fertility clinics across Canada. Nine of these clinics offer the possibility to 

donate embryos for research to their clients. Of these, seven are currently using embryos for research 

to improve clinic practices. In total, 299 embryos have been donated for research, about 2% of all 

embryos from these 13 clinics. These results are based on 13 out of 24 fertility clinics conducting IVF 

and cryopreservation of embryos in Canada. Of these donated embryos, only a small percentage will 

effectively translate into ES cell lines useful for research, such that the small amount of available 

embryos might impede progress in ES cell research in Canada (Interview with Drew Lyall, Stem Cell 

Network, 2004).  

It would be unwise to assume that regulations adopted with Bill C-6 address all ethical issues to the 

satisfaction of everyone. Rather, it represents a good compromise; that is, a legal framework limiting 

ES cell research (for opponents) and providing guidance (for scientists). Actually, those against ES 

cell research, 20% of Canadians (Caulfield, 2003), would have preferred to see ES cell research 

completely banned while scientists would have preferred to see production of embryos for research 

and therapeutic cloning allowed (Interview with Drew Lyall, Stem Cell Network, 2004). 

6.3 Tissue and Cell-Based Products Regulatory Affairs 

Tissue and cell-based products follow normal processes already in place for medical devices, 

biologics, or drugs. The grey area resides in the classification of the product by the regulatory 

agencies. Generally speaking, regulation on human cellular and tissue-based products is highly 

fragmented in all the industrialized countries. The rapid development of new techniques that 

enhance and expand the use of human cells and tissues as therapeutic products is outpacing the 

development of regulatory guidelines. As a result, these products are regulated by many different 

regulatory guidelines resulting in confusion amongst industry and regulatory reviewers. 

Currently, regulations differ from one country to the other. Some countries, such as the United 

States, have made a better attempt to regulate this area than others. Canada and the European 

Community countries are in the process of updating their regulations. In this process, the following 

factors are considered: 

 The type of use of the product: autologous or allogenic, for normal (homologous) or non-
homologous use, used for a metabolic function or combined with a non-cell/non-tissue 
component (tissue engineering and tissue regeneration); 

 The degree of manipulation of the product: minimally manipulated or more-than-
minimally manipulated; 

 Clinical safety and effectiveness concerns; 

 Promotion and labelling. 
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Even if the regulations vary from one country to the other, there are a few common features that are 

being shared by almost all countries: 

 Most human cellular and tissue based products are considered as biologics; 

 There is minimal regulation concerning autologous use; 

 Manufacturing of these products must meet Good Manufacturing Practice (GMP) 
guidelines. 

A brief review of the regulatory environment for the United States, Canada, and the European 

Community follows. 

6.3.1 United States 

As is frequently the case in healthcare, the FDA has been the most proactive regulatory agency and 

has developed guidelines for the utilization of human cellular and tissue-based products. These 

products are currently regulated by guidelines issued by the FDA in 1997. The FDA’s objective was to 

provide a unified approach to the regulation of traditional and new products. These regulations 

focus on three specific areas:  

 Preventing unwitting use of contaminated tissues with the potential of transmitting 
infectious disease;  

 Prevent improper handling or processing that might contaminate or damage tissues;  

 Ensure that clinical safety and effectiveness is demonstrated for tissues that are highly 
processed, are used for other than their normal function, are combined with non-tissue 
components or are used for metabolic purposes. 

Using these objectives, the FDA has established a relationship between product concerns, product 

characteristics, and regulatory approaches allowing them to develop different scenarios. Those 

scenarios stipulate what are the activities that the industry has to perform and if a submission is 

required. It further defines what type of information needs to be submitted to the FDA.  

In addition to these guidelines, manufacturers must meet GMP and Good Tissue Practice (GTP) 

guidelines, as well as all other requirements for either biologic products or medical devices such as: 

establishment description, establishment registration, CMC (Chemical, Manufacturing and Control) 

information, quality control information, labelling, etc.  

The FDA has created a special group that manages this complex and rapidly evolving area. It is 

known under the name of “Office of Cellular, Tissue, and Gene Therapies”. This office covers tissue, 

cellular therapy, gene therapy, cellular plus gene therapies, and tissue engineering. 

While these guidelines are a step forward in reducing the confusion pertaining to cellular and tissue 

products, a number of grey areas remain. For example, while most products will be classified as 

biologics, some products used to “treat” diseases ex vivo may be classified as medical devices. On the 

other hand, in a recent discussion with an FDA representative, it was stated that this may not 

necessarily be the case. A product which may be initially thought to be a medical device may end up 
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being classified as a biologic, depending on the extent of manipulation of the biological material, as 

well as its intended use. 

6.3.2 Canada 

The regulatory situation in Canada is similar to the one in the US. A recent visit to the Health 

Canada web site1 shows that, until now, there has been no consistent regulatory approach to ensure 

the safety of cells, tissues, and organs used for transplantation. Regulation of these products is 

fragmented because they are covered by many different regulations. Certain products are currently 

regulated as biological drugs under the Food and Drugs Regulations, while others are regulated as 

medical devices under the Medical Devices Regulations. A third group of products is not regulated at 

all. Furthermore, the safe manipulation of tissue and cellular products are guidelines in a Directive 

and Guidance document, issued in January 2000.  

This led Health Canada to notify stakeholders, in August 2003, that it intended to develop a 

regulatory framework for the safety of cells, tissues, and organs for transplantation. The process will 

be achieved in two phases. The first phase will focus on safety and quality of cells, tissues, and organs 

intended for transplantation, and the second phase will build on the safety-based regulations 

developed in the first phase adding surveillance and adverse events reporting and a comprehensive 

compliance and enforcement strategy. The regulations will also cover manufacturing practices. The 

implementation of the first phase is targeted for spring 2004 and the second phase for spring 2005. 

These regulations will be the responsibility of the Biologics and Genetics Therapy Directorate of the 

Health Products and Food Branch of Health Canada. In a recent discussion with a Health Canada 

representative, it has been mentioned that the new guidelines are approximately one year behind 

schedule. 

The key elements of the new proposed regulatory framework will include: 

 National safety standards developed by the Canadian Standards Association (CSA); 

 Regulations enforcing the standards; 

 A notification scheme; 

 Adverse event reporting requirements; 

 A compliance and enforcement strategy. 

These new regulations, as with the FDA regulations, will not cover autologous tissue and cellular 

utilization. 

The CSA released its National Safety Standards in September 2003. These new voluntary 

management standards are intended to assist with the preparation of detailed specifications and 

standard operating procedures (SOPs), act as a benchmark, and provide minimum requirements for 

establishments, facilities, or individuals involved in the verification or practices in the donor 

                                                            

1 http://www.hc-sc.gc.ca (visited on March 2004) 



Potential for Stem Cell Science and Technology in Canada 

38 

suitability assessment, retrieval, processing, preservation, packaging, labelling, storage, quarantine, 

evaluation, recordkeeping, adverse event reporting, distribution, importation/exportation, and recall 

of human cells, tissues, and organs for transplantation and assisted reproduction (CSA Press 

Release). These standards can be purchased through the CSA. A 22 page version of these guidelines is 

available on the Health Canada web site. Health Canada states that it intends to refer to these 

guidelines whenever possible and additional required guidelines will be included in their regulations. 

The guidelines referred to by Health Canada will be of federal jurisdiction rather than provincial. 

When a specific article of the CSA guidelines is referenced by the new regulations, it will become 

mandatory. Health Canada states that it decided to use this approach because it is much easier and 

faster to modify a standard than a regulatory guideline. They felt it would be beneficial in an area 

evolving so rapidly. On the other hand, industries would prefer that all regulatory guidelines be 

available from a single source as it is the case in Europe. 

On a more clinical side, if a cellular or tissue product is classified as biological drug, it must comply 

with regulations specific to Biological (Schedule D to the Regulations). These regulations require 

that an Investigational New Drug (IND) be submitted before initiating clinical trials, which will have 

3 phases as for a drug. A New Drug Submission (NDS) also needs to be submitted for review prior to 

obtaining its Letter of Compliance. The manufacturer needs to comply with Good Clinical Practice 

(GCP) and GMP guidelines and possess its Establishment License to be allowed to market a 

biological product in Canada. On the other hand, if the product is classified as a medical device, 

regulatory requirements are much easier to meet, but also require that the manufacturer has an 

Establishment License. In both cases, the regulatory authorities expect that they will meet the CSA 

voluntary standards currently available. 

6.3.3 European Union 

In comparison to the US, Europe is at an earlier stage in terms of regulations for engineered tissue 

products, even if it published three documents relating to the future regulations of cell therapy 

products in the European Union (EU) in 2002. As of today, the regulation of cell therapy products 

remains decentralized as demonstrated by Table XX.  

Unfortunately, the documents do not clarify the way in which cell therapy products will be classified 

and evaluated. The first document implied that they would be regulated the same way as tissue 

transplants or grafts; the second one as medicinal products by the European Agency for the 

Evaluation of Medicinal Products (EMEA); and the third that cell therapy products will be regulated 

in the same way as tissue engineering products via an as yet unknown regulatory entity or authority 

(Voisin and Mudge, 2003). As a result, many EU members are developing their own set of 

regulations. Some countries, like France and Sweden, classified cell therapeutics as pharmaceuticals. 

Others, like the United Kingdom, Ireland, and Denmark, have indicated that tissue-based products 

are outside the scope of both pharmaceutical and medical device legislation and, as such, are 

“unregulated”. 
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On June 25, 2003, new directives were issued, providing guidance on the presentation and content of 

the marketing authorization application dossier, including specific content requirements for 

marketing approval of “Advanced Therapy Medicinal Products” that includes “Somatic Cell Therapy 

Medicinal Products” (Human and Xenogeneic). It is now clear that cell therapy products must 

obtain a marketing authorization from the EMEA, and that other marketing approval will be 

recognized by all EU member states. They had until the end of October to modify their legislation to 

comply with this new directive, after which obtaining marketing approval of human cell therapy will 

become harmonized throughout the EU (Voisin and Mudge, 2003). 

Table XX Regulation of Cell Therapies in Europe 

Country Classification Sponsor Responsible Agency Comments

Belgium - Allogenic - TBD - TBD Beyond scope of current 
  cells-TDB -Tissue bank - Self-regulation regulations. Cell therapy
- Autologous   by tissue bank guidelines under 
  cells-Transplant development.

Denmark TBD TBD TBD Beyond scope of current
regulations.

France Medicinal products Manufacturer AFSSaPS (French Clnical trial, establishment 
regulatory agency) license, and marketing 

application regulations 
published in Feb 2003.

Germany "Unfinished drugs" Manufacturer Regional authorities Not regulated by BfarM, but
must conform to German
Drug Law (including GMP)
and local authority
requirements.

Ireland TBD TBD TBD Beyond scope of current
regulations.

Italy TBD TBD TBD Draft guideline suggests
products will be regulated
as medicinal products

Spain Transplant Tissue bank Self-regulation Tissue banks are linked to
(custom-developed medical centers and report
system for each to national authorities.
tissue bank)

Sweden Medicinal products Manufacturer Medicinal products Cell therapies are classed 
agency as medininal products.

United Kingdom TBD TBD Likely to be joint Beyond scope of current 
MCA/MDA ag enc y regulations. Cell therapy

guidelines under 
development.  

TBD = To be determined 
Source: Voisin and Mudge (2003) 
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6.4 Pre-Clinical and Clinical Development 

Despite the regulatory ambiguities, stem cells are in different phases of pre-clinical and clinical trials 

for a number of different diseases. Stem cells have been used with some success in the treatment of 

some diseases, such as Parkinson’s disease (Lazic, 2003), Huntingdon’s disease (Liu, 2003), 

myocardial infarction (Losordo, 2004; Rutger, 2003), and multiple sclerosis (Fassas, 2003). The most 

active areas are multiple sclerosis, where at least 8 Phase I and II clinical trials involving over 200 

patients have been conducted (Fassas, 2003); Parkinson’s disease which is the prototype for 

neurodegenerative diseases (Lazic, 2003), and myocardial infarction. Another area in which a great 

deal of clinical trials has been done is the use of stem cells derived either from the bone marrow or 

from the peripheral blood for autologous or allogenic transplantation (Arai, 2003). 

One promising area is to use stem cells in drug discovery (McNish, 2004). In this case, safety and 

rejection are not an issue. ES cells could be used from initial target identification to clinical trials. 

Already, at least one major pharmaceutical company, Bristol Myers Squibb, is using stem cells in 

their discovery phase. ES cells could be used for: 

 High Throughput Screening (McNish, 2004); 

 Target identification and validation (McNish, 2004); 

 Chemical screening (McNish, 2004); 

 Secondary assays for drug screening (McNish, 2004); 

 ADME studies (McNish, 2004); 

 Identification of clinically relevant biomarkers (McNish, 2004); 

 Compound identification for human genetic variants (McNish, 2004); 

 Teratology/toxicology screening (McNish, 2004); 

 Cellular assays (Gorba, 2003); 

 Compound identification and optimisation (Gorba, 2003). 

It is expected that the use of stem cells in drug discovery will increase in popularity because of the 

important advantages that they offer, including: 

 They are genetically normal; 

 They demonstrate unique physiological response; 

 They could be maintained in culture for long periods of time; 

 They are grown at scale; 

 They have the ability to undergo homologous recombination at a relatively high 
frequency. 

These advantages are so significant that it is anticipated that they will greatly reduce in vitro testing 

and may even eventually reduce the utilization of knock in mice (McNish, 2004). 

At this time, the greatest impediment to the broader use of stem cells in clinical trials is safety. 

Unfortunately, the results obtained in animal models are not always replicated in humans (Jakel, 

2004), such that many researchers emphasize the need to conduct more safety studies before moving 

into clinical development. Recently, the FDA put on hold a gene therapy trial because of safety 
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issues. As more knowledge is acquired, this barrier should be less of a concern. Two other factors will 

also need to be addressed to allow stem cell research to gain momentum. They are the regulatory and 

ethical aspects for which government and regulatory officials are trying to provide the required 

guidelines. Unfortunately, the scientific progress of stem cell technology is so rapid that they are 

playing “catch up” (Bereskin Parr 2003). 

6.5 Production 

Currently, only a few cellular or tissue products are approved and marketed. In the next few years, 

many more will be introduced on the market and production of these types of products should 

become increasingly important. 

Because of the specific nature of these biological products, as well as the need to ensure that they will 

not be contaminated by virus or bacteria, they will probably be manufactured in specialized facilities. 

A potential scenario is that pharmaceutical and biotechnology companies sub-contract the 

manufacturing to specialized contractors that will supply multiple companies. 

In terms of regulations, American, Canadian, and European regulatory agencies have already stated 

that the products classified as biological products will need to be produced under GMP guidelines. 

Furthermore, In Canada, manufacturers may also have to voluntarily comply with the newly issued 

CSA guidelines. Eventually, these guidelines may become compulsory. In the United States, 

manufacturers will also need to meet GTP requirements. 

Generally speaking, the regulations for the production of cellular and tissue products are already in 

place and may only require minor adjustments in the future.  

It could be expected that current manufacturers of biological products will become the preferred 

supplier of cellular and tissue products. Manufacturers of blood derivatives, vaccines, and other 

biological products probably have a head start on manufacturers of other types of healthcare 

products. 

As for the products that will be classified as Medical devices, current guidelines seem to be 

satisfactory at this time, and no change is expected, other than regulatory authorities may be more 

dedicated in ensuring that quality controls are fully implemented to ensure that the products are 

safe for patients. 

One of the key challenges that manufacturers will need to resolve is the more or less customized 

production that may occur with this type of therapy. One way of solving this problem is to 

manufacture “culture kits” that could be sent to the patient’s treating unit. In addition to containing 

all the ingredients it will also contain detailed instructions for the laboratory technician to culture 

the cells or tissue. This approach could also be used in products used for tissue regeneration in 

which cells are introduced in some type of inert biomaterial. 
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6.6 Marketing 

The marketing of cellular and tissue products will be very different from the marketing of standard 

pharmaceutical products. It would require that the manufacturer’s representatives be very 

knowledgeable of the different characteristics, including performance criteria, of their products, as 

well as the disease they are used to treat. This type of specialized representative is already used for 

blood products, products used to treat skin wound, and orthopaedic products. Appligraft®  

(Novartis) provides a good example of the type of marketing that will be used for cellular and tissue 

products. Representatives will use a much more consultative type of approach, with specialists in 

cellular and gene therapy and in tissue engineering and regeneration. 

Another key challenge that marketers of these products will need to resolve is reimbursement. These 

products are very specialized and will also be expensive to manufacture. They will also be used to 

treat very debilitating diseases that will occur more frequently with the aging of the Canadian 

population. These factors will contribute to the high prices that these products will be sold for. 

Therefore, they may contribute to the rising cost of healthcare. This situation was encountered with 

Appligraft® . Even if the product received its Notice of Compliance (NOC) from Health Canada and 

that the patient benefits it offers are important and could support the price the manufacturer wants 

to sell it for, most provincial formularies have refused to reimburse it. At best, it was put on a 

restrictive list, making it available to only a few specific patients in very specific cases. 

Finally, marketing will also have to respect promotional guidelines as it already does for 

pharmaceutical prescription drugs. In terms of product distribution, issues, such as transportation 

and storage, will need to be addressed (e.g. if the products require refrigeration). In the case of tissue 

engineering and tissue regeneration, a consignment system may be required to overcome the 

problem that the treatment facilities would face if they had to purchase the different forms, shapes, 

and sizes available. 

Many more marketing challenges and opportunities will arise as the market for cellular and tissue 

product grows. Pharmaceutical and biotechnology companies that will become involved in this area 

will need to demonstrate a great deal of creativity and innovation. That time is not very far away: 

Anormed has a product in Phase III clinical trial. Incidentally, this product is not really a stem cells 

product; the company calls it a “stem cells mobilizer”. 

6.7 Canadian Healthcare System 

As was seen in the introduction of Section 6, there is a significant number of patients suffering from 

diseases that could be treated by cellular and tissue therapy. Furthermore, the aging population and 

the progress of medicine will grow significantly in the years to come, contributing to an increase in 

the number of patients seeking medical treatment for these very debilitating diseases.  

Many of the diseases for which cellular and tissue therapy products are currently in pre-clinical and 

clinical development could be treated with available therapeutic agents. This is the case with 

Parkinson’s disease, multiple sclerosis, and many cardiovascular diseases for example. Unfortunately, 
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the drugs are not effective for all patients, and in some cases they lose their effectiveness. In other 

diseases, such as stroke and spinal cord injury, no truly effective drugs exist. 

Additionally, as stated in Section 6.5, products based on cellular and tissue therapy are expensive to 

develop and produce, and their marketing will be expensive, requiring highly qualified sales 

personnel to promote these products to a small number of very specialized physicians. Finally, these 

products may require special shipping and storage conditions contributing to a higher cost 

compared to traditional drugs. 

All of these features will be instrumental to the further increase of the “pharmacological” treatment 

of neurodegenerative diseases targeted by cellular and tissue therapy. Even if one could classify 

currently available drugs for Parkinson’s disease and multiple sclerosis as expensive, it is very small 

when compared to the expected cost of these future products. Furthermore, their mode of 

administration will also be more expensive, requiring the intervention of not only a specialized 

physician, but also the intervention of other healthcare professionals. The financial burden to our 

healthcare system in the short term may prove to be prohibitive for Canadian adoption. 

On the other hand, the availability of these treatments may improve the quality of life of many 

Canadians to an extent that they may reduce the number of patients requiring institutionalization. 

Other patients may require less home care either by healthcare professionals or by family. Some 

patients may even return to a productive life. Most of these treatments may also be a “once in a 

lifetime” treatment as opposed to continuous therapy for the remainder of a patient’s life, which, in 

the long run, could become cost effective. These benefits may significantly reduce some of the 

healthcare costs associated to these diseases. Whether the cost savings will exceed the additional 

treatment expenses is not known at this time and it will take many years to find out. Clearly, 

pharmacoeconomic studies will be required. Additionally, the additional expenses will be absorbed 

in one area of the healthcare system, while the savings will benefit another one. The “silo” system 

presently used in Canada will be an impediment to the adoption of these new therapeutic agents. 

As these products become available, the pressure on the Canadian healthcare system will increase. 

Therapeutic guidelines will be needed to ensure that a stepwise approach is used to treat patients 

with the most economic and effective products. Preventing Canadians from having access to cellular 

and tissue products because of their cost will not be an acceptable strategy for people that have been 

contributing their tax dollars to a healthcare system that needs to return some of their investments. 

Currently, the relative inaccessibility of Appligraft®  is causing additional morbidity and mortality to 

Canadians and increased healthcare costs. Many of these cases could be better handled with an easier 

access to the product. In the future, pressure by Canadians for access to these more expensive 

products may become unbearable for the healthcare system. 

6.8 Stem Cell Network 

The Stem Cell Network was instigated in April 2001 by Canada’s Networks of Centres of Excellence 

(NCE) to promote collaboration between leading Canadian biological scientists (53), social scientists 
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(12), clinicians, and engineers with the mission to investigate the therapeutic potential of stem cells 

for the treatment of diseases lacking treatment and to create an internationally competitive stem cell 

industry in Canada. The ultimate goals of the Stem Cell Network are: (I) to be the catalyst for the 

development of new therapies, (II) to contribute to the training of specialists in these technologies 

and (III) to facilitate the transfer of technologies to the marketplace. To achieve these goals, the Stem 

Cell Network is funding research projects divided in four themes: (I) Ethical, Legal, Social, and Policy 

Issues, (II) The Biology of Stem Cells, (III) Stem Cell Bioengineering, (IV) Clinical Applications of 

Stem Cell Research. The priority of theme I relates to the source of stem cells, which is the main 

ethical issue in stem cell research, in order to provide scientists with an ethical framework within 

which they can conduct their studies. The priorities for themes II and III are centered on resolving 

the scientific issues reviewed in this report. Theme IV priorities are centered on the transfer of basic 

stem cell biology knowledge into the clinic. The Stem Cell Network currently funds diverse 

collaborative projects such as the Stem Cell Plasticity Project, in which 17 researchers from 8 

universities across Canada will work together to uncover the potential behind stem cell plasticity. 

Another good example is the Stem Cell Genomics Project, which involves researchers from 20 

laboratories in Canada with the aim of understanding the genetic factors that control stem cell self-

renewal and lineage commitment. These initiatives should help Canada to build a competitive 

advantage in stem cell S&T and increase its scientific output. According to the Stem Cell Network, 

stem cell therapy should be a reality for Canadians by 2015, with at least one new therapy being 

delivered in Canada and at least three other therapeutic products at different phases of clinical 

development (Stem Cell Network Annual Report, 2001-2002). 



Potential for Stem Cell Science and Technology in Canada 

45 

7 SWOT analysis 

Prior to making recommendations, it is important to assess Canada’s strengths and weaknesses in 
the field of stem cell science and technology. This evaluation is based primarily on the contents of 
this report. To fully benefit from this competitive analysis, it is important to also consider the 
opportunities and threats offered by this technology. The overall picture provided by this analysis 
will allow Canada to develop an action plan for which it has the resources in the areas where it could 
establish itself as a strong achiever. 

7.1 Strengths 
 Presence of a stem cell NCE and Canadian companies: The creation of a Stem Cell NCE, 

the Stem Cell Network, in April 2001 is an important step in allowing Canadian researchers 
to collaborate together and with industry partners in the research and development of 
cellular and tissue therapies for Canadians. The presence of at least ten companies in this 
area is also an important asset for the development and commercialization of the results of 
these and other research projects. 

 The flexibility and guidance provided by C-6: While the law recently adopted by the 
Canadian government is not ideal and does not allow the research freedom found in other 
countries, established guidelines allow researchers relative flexibility in terms of research 
activities they can perform. 

 Good quality research: Canada’s biggest strength in stem cells certainly lies in the quality 
of its scientific work. Indeed, Canadian papers had, on average, 22% more expected impact 
than the world’s papers and occupied the 2nd place with only 2% less expected impact than 
papers from the Untited States. Furthermore, within Canada, Ontario, Quebec, and British 
Columbia all had an impact factor above that of the world.  

 Good patent portfolio: Globally, Canada ranks 1st in terms of technological output when 
considering the number of patents, specialization index, and average relative citations per 
patent. Furthermore, Canada is the 3rd most important country with respect to number of 
patents produced and ownership of patents behind the United States and Japan.  

 Canada’s innovation strategy: Canada wants to become one of the top countries in the 
world in terms of innovation by investing in research, development, and commercialization 
of innovative technologies. Canada is already 2nd in the world in terms of the quality of its 
scientific work and 1st in terms of technological output in stem cells.  

7.2 Weaknesses 
 The regulatory process utilized: Of the different countries studied in this report, it is only 

in Canada that companies would need to consult two separate documents to learn the rules 
regulating stem cells. The process adopted by Health Canada to reference CSA standards is 
well intentioned, but could confuse companies and create extra work for them, something 
that they would not look forward to. Companies agree with Health Canada’s desire to 
accelerate the modification process of the guidelines but not with the method. 

 Production of embryos for research: Production of embryos for research is currently 
forbidden and the small amount of excess IVF embryos available for research in Canada is 
likely to impede progress in ES cell research. 

 Therapeutic cloning is not authorized: Therapeutic cloning is the most promising 
avenue to solve the problem of immune rejection associated with ES cells and may 
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eventually be the most effective and safe treatment for the different diseases mentioned in 
this report. Unfortunately, C-6 prohibits research in this area. This situation places 
Canadian researchers at a significant disadvantage to researchers in other countries around 
the world (e.g. the United Kingdom, the United States, Italy, etc.). 

 Insufficient amount of research: The scientometric measurements presented in Section 4 
indicate that Canada is the least productive country within the G7 in terms of scientific 
output. Indeed, Canada ranked last over the whole period spanning 1991 to 2002. This 
trend needs to be reversed if Canada wants to become a significant player in this 
technological area. 

7.3 Opportunities 
 Very active field: There is no doubt that stem cell technology is an exciting area for 

everyone involved. It offers interesting challenges to researchers, great business perspectives 
to companies, and hope to millions of Canadians suffering from diseases likely to be 
treated by cellular or tissue therapies. Stem cells will remain one of the most active fields in 
healthcare research for many years to come. 

 Important need for cellular and tissue therapy: Many of the diseases targeted by cellular 
or tissue therapy are either ineffectively treated or not treated at all by currently available 
products. The number of patients suffering from these diseases will increase with the aging 
Canadian population. The need will definitely increase and these therapies are the only 
hope for many Canadians. 

 Flexibility of adult stem cells: Researchers have recently shown that adult stem cells could 
have a greater differentiation potential than previously thought. If the initial results are 
confirmed and the full potential of adult stem cells realized, adult stem cells could end up 
being an interesting alternative to ES cells in many cases, thereby resolving part of the 
ethical issues related to the use of ES cells. However, more research on both types of cells is 
required to profit from this opportunity. 

7.4 Threats 
 Ethical and social issues: Stem cells are one of the most (if not the most) sensitive issue 

that healthcare professionals and ethicians need to deal with. Pressure groups are very 
active. C-6 is a first step, but the legislators and researchers will need to reassure individuals 
concerned about the misuse of stem cells. 

 Cost of research and long development timelines: Healthcare research is expensive and 
stem cell research is even more expensive. Development timelines are longer because of 
safety issues, which are difficult to resolve, as well as the unique characteristics associated 
with this type of therapeutic approach. 

 Expensive treatment: The cellular and tissue cost of treatment may be expensive. While it 
may significantly reduce other healthcare costs, the silo approach used by the Canadian 
healthcare system may not capture these savings. The burden on the Canadian system may 
be perceived has unbearable.  

 Numerous government approvals required: In Canada, all drugs need to receive a NOC 
before they can be used to treat Canadian patients. Additionally, they also need to be listed 
on provincial formularies in order to be reimbursed by a public or private insurance drug 
plan. Provincial governments have been using these formularies to contain the rising cost 
of drugs. Since cellular and tissue therapy products are expected to be expensive, it is likely 
that their listing on provincial formularies will be arduous (e.g. the case of Appligraft® ).  
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8 Recommendations 

Presently, the potential of stem cells to treat severe diseases in the future is very promising and the 

field is moving very rapidly, with some states in the US developing their own laws to allow more 

flexible research; namely New Jersey, California, Louisiana, Missouri, and Rhode Island. Moreover, 

Harvard University is planning, with a targeted goal of 100 million dollars, to open a center to study 

human ES cells in order to bypass the Bush administration's restrictions on ES cell research1. This 

initiative should allow researchers from Harvard, and all Harvard-affiliated institutions, to conduct 

unrestricted research on ES cells, placing them at a clear advantage over Canadian scientists to put a 

hand on major discoveries in the future, and to develop new therapies at a faster rate.  

Therefore, in order for Canada to keep a hand on stem cell S&T, the government will have to follow 

the trend in worldwide legislation, not just at the country level (states, institutions), and move fast to 

adjust its regulations to allow Canadian researchers to stay in the race. For example, there is 

currently no restriction over production of embryos for research and therapeutic cloning in the 

United Kingdom, in the private sector and in 5 US states, and in other countries. Moreover, because 

therapeutic cloning could avoid the problem of immune rejection with ES cells, the Council of 

Europe’s Convention on Human Rights and Biomedecine and UNESCO’s Universal Declaration on 

the Human Genome and Human Rights recommended the banning of only reproductive cloning 

(Robertson, 2001). Therefore, Canada should seriously reconsider its position with respect to 

therapeutic cloning.  

However, since this would involve allowing cell nuclear replacement technique and production of 

embryos for research purposes—two ethically controversial issues—the decision to allow therapeutic 

cloning should not be taken without consideration of ethicists’, scientists’ and citizens’ positions. In 

this regard, the research conducted by social scientists from the Stem Cell Network on ethical, legal, 

social and policy issues should be helpful. In addition, the government should adopt a consultative 

approach with the citizens toward making a decision on this matter. By the same token, the 

government could sponsor a campaign to provide the citizens with a solid theoretical ground on 

which to build an enlightened position on this issue. This has already been undertaken with the 

ENGAGE initiative, a new high school teaching resource on stem cell research developed through 

the Ontario Genomics Institute (OGI) by Genome Canada, and the Joint Centre for Bioethics (JCB) 

at the University of Toronto in collaboration with the Stem Cell Network (NCE)2. However, this 

program is targeted at future decision-makers; because there is a need to move right now, a strategy 

should be developed to target a larger spectrum of the population (i.e. the adult population). The 

same education program could be used. The education and consultation of Canadians with respect 

to different ethical and social issues should help maintain public confidence, thereby reducing the 

threats originating from these issues.  

                                                            

1 http://www.stemcellaction.org/SCA/Facts.aspx (visited on March 2004) 

2 http://www.stemcellnetwork.ca/engage/index.php (visited on March 2004) 
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From the scientometric and technometric analysis, it has been shown that Canada’s main strengths 

in stem cells lies in the quality of the research it conducts and in the production of inventions and 

ownership of patents, while its main weakness lies in the insufficient amount of research it conducts. 

The impact factor of Canadian publications in stem cells is high, with Canada ranking 2nd, close 

behind the United States. Therefore, Canada should work at maintaining this level of excellence by 

encouraging researchers to aim for excellence and to develop international collaboration with the 

best research centres and the best researchers in the field. Based on the low level of research Canada 

conducts in stem cells (relative to other leading countries), and because the field is still growing, 

Canada should increase investment in R&D, for example through the Stem Cell Network, in order to 

stay in the pack of leading countries and perhaps even gain a few positions; with a little effort, 

Canada could surpass Italy, which is only slightly ahead in terms of scientific output. Canada should 

also maintain its excellent position (2nd place) in terms of technological output in stem cells, as this 

niche is likely to pay back on current investments once stem cell technology will be ready for use in 

treatments of various diseases. To achieve this goal Canada should provide better support to 

corporations in their R&D and commercialization activities.  

In the long run, Canada should undoubtedly keep promoting quality over quantity for its research, 

since even an important increase of its output is not likely to place Canada in the lead in terms of 

scientific output with larger countries such as the United States, Japan, and Germany. 

The Canadian government should also develop therapeutic guidelines so that when stem cell 

technology becomes ready for use, no additional and unnecessary delays will be required for its use 

in treatments. In particular, these guidelines should promote a stepwise approach to establish the 

most effective and cost-effective treatment for the patient. 

The Canadian government should discuss and analyze, with their provincial couterparts, the 

adoption of new expensive tissue and cell-based products by provincial formularies, enabling 

Canadians to have access to them. This issue applies more generally to the Canadian healthcare 

system. 

Finally, the Canadian government should promote regulations of tissue and cell-based products 

with only one set of rules consolidated into one document and harmonize its regulations with that 

of other countries, in particular that of the United States. 
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9 Conclusion 

Stem cell technology now holds a great promise to cure devastating diseases and traumas. However, 

many issues still need to be worked out before this potential can be realized. The most important 

scientific issues are: teratoma (cancer) formation following transplantation of ES cells in the patient, 

the isolation of adult stem cells and their plasticity, the problem of immune rejection, the large scale 

production of stem cells to “scale up” with clinical needs, and the control of cell fate after 

transplantation to ensure that the transplanted cells grow normally and contribute substantially to 

the function of the host tissue. The most important ethical issue will be that relating to ES cells, 

particularly that of therapeutic cloning. Finally, within the healthcare industry, the primary issue 

will be that of product cost that could hamper adoption of these products by provincial formularies.  

Canada’s biggest strength in stem cell research lies in the quality of its scientific work. Indeed, 

Canada ranks 2nd in terms of IF, close behind the United States. Interestingly, the field of stem cells, 

as a whole, has a stunning IF. This implies that a majority of published papers appear in relatively 

influential journals, revealing a strong interest for stem cells by the scientific community. Many 

papers are published in prestigious journals such as Science and Nature, and 80 Nobel Prize winners 

wrote to President Bush in favour of stem cell research. Despite this, the number of publications at 

the Canadian and world level in stem cell research still represents only a small proportion of the total 

scientific output in Medline. This might have been the result of the ethical debate surrounding stem 

cell research, which urged countries to adopt restrictive policies; for example, to limit research on 

existing ES cell lines (the United States (federaly funded research, Germany) and ban somatic cell 

nuclear transfer technology, i.e. therapeutic cloning (the United States (federally funded research), 

Germany, Canada, The Netherlands, Switzerland, Sweden).  

Canada currently occupies a good position in stem cell S&T, particularly in terms of technological 

output. However, when looking at countries where stem cells scientific output is growing very fast 

(like Germany), Canada is definitely falling behind. Therefore, if Canada wants to benefit from the 

important health applications stem cell S&T are likely to provide, it is certainly not the time to relax 

efforts in R&D activities because research is still in its infancy, is expensive, and requires long 

development timelines. Patience is required. If Canada keeps doing excellent research to solve issues 

that impede therapeutic applications of stem cells and keeps transferring acquired knowledge to 

health applications, stem cell S&T could become an important economic facet of the Canadian 

healthcare industry. This will ensure development of “made in Canada” cures to improve Canada’s 

knowledge-based economy and the quality of life of Canadians. 
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Annex: Methods for Scientometric and Technometric Analysis 

Scientometric Analysis 

The scientometric analysis uses data from the Medline database, produced by the US National 

Library of Medicine (NLM). The database has been conditioned by Science-Metrix, with a view 

towards producing statistics on scientific publications in the biomedical and clinical medicine 

sectors. This database has one limitation: entries comprise only the affiliation of the first author of 

the papers indexed. This makes it difficult to perform studies on collaborations; although one could 

foresee developing methods to associate most authors with specific affiliations, therefore providing a 

walk-around way to computing statistics on collaboration. Nevertheless, this limitation is more than 

compensated for by the power of the keywords used in Medline, the Medical Subject Headings, or 

MeSH, which constitute a controlled vocabulary used for indexing articles in Medline. 

The construction of the dataset for the scientometric analysis is essentially based on an advance 

search method using a combination of MeSH Terms and title/abstract keywords. A MeSH Term is 

the National Library of Medicine's controlled vocabulary thesaurus, composed of a “descriptor” and 

a “qualifier” that pinpoints a specific aspect of the concept represented by the descriptor. 

The following datasets were used to produce detailed statistics on the following indicators: 

 Number of papers - Number of scientific papers written by authors located in a given 
geographical, geopolitical, or organizational entity (e.g. countries, cities, or institutions).  

 Number of papers per capita - Number of scientific papers written by authors located in a given 
geographical, geopolitical, or organizational entity (e.g. countries, cities, or institutions) per 
million inhabitants. 

 Specialization index - This is an indicator of the intensity of research of a given geographic or 
organizational entity (e.g. country) in a given research area relative to the intensity of the 
reference entity (e.g. world) in the same research area. For example, if the percentage of 
Canadian papers (the geographic entity) in the field of stem cells is greater than the percentage 
of papers in this field at the world level (the reference), then Canada is said to be specializing in 
this field. 

 Impact factor - This indicator is a proxy for the quality of the journals in which an entity 
publishes its papers. It is based on a calculation of citations received by journals. An average is 
calculated through the assignment of a journal impact factor to each paper belonging to a given 
geographic or organizational entity.  

Technometric Analysis 

Patents are widely used to compute statistics despite several well-known disadvantages associated 

with their use: 

 incompleteness: many inventions are not patented since patenting is only one way of protecting 
an invention; 

 inconsistency in quality: the importance and value of patented inventions vary considerably; 

 inconsistency across industries and fields: industries and fields vary considerably in their 
propensity to patent inventions; 
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 inconsistency across countries: inventors from different countries have a different propensity to 
patent inventions, and countries have different patent laws. 

Despite these disadvantages, inventions are widely used to compare the level of technological 

development of different geographic locations. This report uses the United States Patents and 

Trademark Office (USPTO) database. Its data are widely used to measure invention since the USPTO 

is one of the largest repositories of patented inventions in the world. Because the USA is the largest 

market in the world, the most important inventions tend to be patented there. Although the USPTO 

database presents an obvious bias toward the USA, it is a powerful tool for comparing other 

countries. 

The delineation of the field of stem cells was performed iteratively. A set of patents was selected 

using keywords in the title and abstract of patents as well as using US patent classes. Subsequently, 

all selected patents were verified individually in order to discard irrelevant patents. 

Unlike scientific publications, patents possess two fields that contain bibliographic information 

relevant to the calculation of where the patent originates: the inventor field and the assignee field. An 

inventor is necessarily a physical person whereas an assignee can be a physical person and/or an 

institution. These fields are used to compute statistics on two different indicators, namely, invention 

and intellectual property (IP). 

The inventor field contains data on the name of the inventor(s) and where he or she resides. The 

assignee field contains the name of the entity that owns the IP of the patent. When this field is 

empty, the inventor is the owner of the intellectual property and, in this case, the addresses 

contained in the inventor field are used to compute where the IP is owned. In some cases, where an 

individual is the owner of the IP, the address of this owner is used to compute the location of the IP. 

The majority of patents are owned by corporations, and their addresses, which appear in the assignee 

field, are used to compute the geographical location for IP ownership.  

The location of inventors provides a proxy for the creativity of regions, whereas the location of IP 

ownership, particularly of institutional IP, provides an indicator of the potential economic impact of 

inventions. 

Another indicator, average citations per patent, was also calculated. Citations received for each 

patent were counted for the year they were granted and for the two years that followed. For example, 

for patents granted in 1991, citations received in 1991, 1992, and 1993 were counted. 


