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As the Government of Canada’s health research investment 
agency, the Canadian Institutes of Health Research (CIHR) 
enables the creation of evidence-based knowledge and  
its transformation into improved treatments, prevention  
and diagnoses, new products and services, and a stronger, 
patient-oriented health care system. Composed of  
13 internationally recognized Institutes, CIHR supports health 
researchers and trainees across Canada. www.cihr-irsc.gc.ca
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CONTENTS

The world has witnessed tremendous progress in genetic and 
genomic research over the past decade, advances that have 
produced discoveries with great promise for patients and the 
goal of precision medicine. But important questions remain:  
As we learn more about the genetic underpinnings of human 
health and disease, will we be able to effectively capture and 
harness the transformative potential of this knowledge into 
better diagnosis and treatment? Do we have the data and the 
computing power to understand the importance of the variation 
in our genomes? And, as we delve deeper into our genetic code, 
how do we manage the ethical and legal issues that arise?

Welcome to  
the spring 2014 
issue of Show  
me the Evidence

The Canadian Institutes of Health Research (CIHR) is the Government of Canada’s 
health research investment agency. CIHR provides support for investigator-driven 
health research, but also sets strategic investment priorities to respond to key 
health and health system challenges. In identifying areas for strategic investment, 
we carefully consider where Canada can capitalize on its research strengths and 
have the greatest possible impact. CIHR has established five research priorities for 
the organization and health research across the country:

·	 Enhance patient-oriented care and improve clinical results through scientific 
and technological innovations.

·	 Support a high-quality, accessible and sustainable health care system.
·	 Reduce health inequities.
·	 Prepare for and respond to existing and emerging global threats to health.
·	 Promote health and reduce the burden of chronic disease and mental illness.

To date, CIHR has developed several signature initiatives that align with these five 
priorities. In this issue of Show me the Evidence, we are profiling CIHR’s Personalized 
Medicine signature initiative, which aims to increase the precision with which we 
diagnose and treat disease. Canada is well positioned to be a leader in this field of 
research. Our researchers are not only generating the knowledge necessary to produce 
advances in personalized medicine, they are also helping create the infrastructure 
required to collect and analyse substantial amounts of genetic and genomic data. CIHR 
is working closely with provincial and national partners, such as Genome Canada, to 
invest in these researchers’ important work.

The research projects that we are highlighting in this issue are helping us move 
towards a more individualized, precise approach to health care. These stories focus on:

·	 improved genetic profiling and risk communication for breast-cancer prediction, 
detection and treatment;

·	 a new model for engaging the public in meaningful discussions about storing 
and accessing biological data; and

·	 the data infrastructure necessary for labs, around the country and the world, to 
study genomic variation.

CIHR-funded research and researchers have delivered:

•	 a more patient-friendly tool for communicating the genetic 
risk of breast cancer;

•	 policies for biobanks in B.C., Australia and the U.S. produced 
using public deliberation methods; and

•	 a database of genomic variants that has been accessed by 
more than 1,500 laboratories in 34 countries.

INTRODUCTION 1



Show Me the Evidence

Let’s Talk About Risk: 
Personalizing  
Breast Cancer Risk 
Prediction
Improved genetic profiling and risk communication are enabling 
targeted breast-cancer prediction, detection and treatment for those  
who need it most

at a glance WHO: Dr. Jacques Simard, research centre of the Centre 
hospitalier universitaire de Québec and Laval University
ISSUE: In Canada, one out of nine women will develop breast 
cancer during her lifetime. At present, predictive genetic testing 
exists only for mutations in the BRCA1 and BRCA2 genes, which 
account for just 5% of all breast cancers.
Projects: Dr. Simard leads the CIHR Team in Familial Risks of 
Breast Cancer, which includes more than two dozen Canadian 
and international researchers. The team, which is part of the 
international Collaborative Oncological Gene-Environment 
Study (COGS), is developing a personalized risk stratification 
system to identify women who will most benefit from earlier 
screening, detection and targeted treatment of breast cancer. 
The team has also evaluated different strategies for sharing 
risk information with patients.
Research Evidence: In March 2013, COGS released the largest-ever 
genetic association study in cancer. The study, involving  
more than 100,000 women worldwide, identified 49 new genetic 
markers, or genetic “spelling mistakes,” related to breast 
cancer. In addition, the CIHR team has found that the risk 
communication format most commonly used by clinicians is the 
least preferred and understood by breast cancer patients.
Evidence in Action: The CIHR team’s risk communication research 
has contributed to making BOADICEA, the world’s primary risk 
prediction model, more patient-friendly through the 
incorporation of a risk curve graphic to its online risk 
communication package. The COGS study, meanwhile, provides  
the CIHR team with genetic information for the development  
of a new, broad-based genetic profile screening test for breast 
cancer, one that will enable improved personalized breast 
cancer screening.
SOURCES: Michailidou, Kyriaki, et al. “Large-scale genotyping 
identifies 41 new loci associated with breast cancer risk,” Nature 
Genetics 45, 4 (2013): 353–61. Dorval, Michel, et al. “A focus group 
study on breast cancer risk presentation: one format does not 
fit all,” European Journal of Human Genetics 21, 7 (2013): 719–24.
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The big white chest freezer in  
Dr. Jacques Simard’s lab at the 
research centre of the Centre 
hospitalier universitaire de 
Québec doesn’t look that different 
from a freezer you would find in 
the home. It’s what’s inside it that 
makes it unique: invisible clues 
for the more accurate prediction 
of millions of women’s long-term 
breast cancer risk. The freezer 
preserves the DNA samples of 
20,000 women from Africa, Asia, 
Australia, Europe and North 
America. What links them is that 
all of the women have mutations 
in either one or both of the 
breast-cancer susceptibility 
genes BRCA1 or BRCA2.

This wealth of material represents just one-seventh of 
the total number of samples collected as part of the 
global study that Dr. Simard is involved in with 
hundreds of colleagues. These researchers are mining 
a broad base of dozens of genetic markers to create 
significantly more accurate personalized breast 
cancer risk prediction models, work that is forging a 
new era in breast cancer screening.1

“All women have an intrinsic genetic risk of developing 
breast cancer,” says Dr. Simard, Canada Research 
Chair in Oncogenetics. “The current challenge is to 
create a breast cancer prediction model incorporating 
a detailed genetic profile coupled with other non-
genetic risk factors. This will enable health professionals 
to personalize each woman’s risk within a risk 
stratification framework.”

Researchers believe that personalized risk stratification – 
determining a patient’s risk of developing a specific 
disease – can help clinicians make better decisions 
about which patients would benefit from further 
testing or preventive treatment. In the case of breast 
cancer, it will help identify the women most likely to 
develop the disease, therefore enabling more successful, 
targeted screening, prevention measures and treatment 
earlier in women’s lives.

The CIHR Team in Familial Risks of Breast Cancer, led 
by Dr. Simard, is also improving the way that breast 
cancer risk results are shared with patients. He feels 
that this risk communication work is just as important 
as the genetic research itself. “If you have a bad genetic 
profile but you can’t translate this information in a 
useful way, then health professionals won’t really 
understand it, and women won’t understand how it 
can help improve their health,” he says.

The long reach of breast cancer

Breast cancer affects one out of nine Canadian 
women in her lifetime, and every year about 23,000 
Canadian women are diagnosed with breast cancer. 
More than 5,000 women die of this disease each year.2

In the early 1990’s, Dr. Simard’s genetic sleuthing 
contributed to the discovery of the BRCA1 (BReast 
CAncer gene one) and BRCA2 mutations and the full 
gene structure of the latter. These are the first genes 
clearly linked to a significantly higher risk of breast 
and ovarian cancer. In 1996, Myriad Genetics released 
the first publicly available test for BRCA1 and BRCA2. 
Since then, this genetic screening has enabled hundreds 
of thousands of women with a familial history of early 
onset breast cancer to be tested for the mutations.
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The big picture via international collaboration
The international Collaborative Oncological 
Gene-Environment Study (COGS) is a consortium of 
more than 160 research groups from universities, 
hospitals and government labs in more than  
40 countries. COGS’ overarching goal is to combine 
large study groups and the latest, fastest genetic 
screening technologies to usher in a new era  
in the high-precision identification of individual 
risks of breast, ovarian and prostate cancer.

These two genes represent just a beginning in the use 
of genetic information for improved breast cancer 
prediction, according to Dr. Simard. Only about one in 
four hundred women in the general population 
carries either the BRCA1 or BRCA2 genetic mutations.4 
Even among those who do, the predicted breast cancer 
risk (calculated by also factoring in family history 
and lifestyle) ranges dramatically from a modest 30% 
chance to a much more cautionary 90% chance.

Dr. Simard and his colleagues see room for 
improvement. With support from the Genomics and 
Personalized Health Genome Canada/CIHR partnership, 
they are focused on extending the genetic basis of 
breast cancer risk prediction from two genes, to a 
more detailed and accurate genetic profile based on 
BRCA1 and BRCA2, along with dozens of other genetic 
markers linked to breast cancer.

In combination with non-genetic risk factors, this 
genetic profile will create a tiered ranking of each 
woman’s risk. “In this way we can identify younger 
women, particularly those aged 35 to 49, having a 
significantly higher risk than average, and for whom 
it would be beneficial to have access to screening and 
risk reduction strategies earlier in their lives,” says  
Dr. Simard.

In March 2013, the international Collaborative 
Oncological Gene-environment Study (COGS), a large-
scale genotyping project, announced a much more 
detailed mapping of the landscape of the genetics of 
breast cancer susceptibility.5 The researchers – including 
Dr. Simard and other members of the CIHR Team in 
Familial Risks of Breast Cancer – scanned and compared 
the entire genomes of more than 100,000 women, 
half of whom were healthy and half who had had 
breast cancer. They looked for tiny genetic differences, 
called single nucleotide polymorphisms, or SNPs 
(pronounced “snips”), at 200,000 DNA locations.

Through this massive genetic association study, the 
largest-ever for any cancer, the researchers identified 
49 new SNPs, or genetic markers, associated with the 
risk of developing breast cancer, almost tripling the 
known number.

“Already this finding demonstrates the usefulness of 
this genetic marker approach,” says Dr. Simard. “If this 
genetic information is combined with other disease 
risk factors such as age, family and reproductive 
history, as well as breast density, we think we would 
be able to identify the 5% of women who have a  
one-in-three chance of developing breast cancer.”

Communicating the risk of breast cancer

From a clinical perspective, identifying the women 
who are at risk is not enough. The statistics involved 
in breast cancer risk prediction models are often 
baffling to both physicians and the women who must 
make possibly crucial decisions based on complex 
statistical probabilities.6 As a result, the interdisciplinary 
CIHR team is also focused on finding the best ways  
to share breast cancer risk information with Canadian 
women.

A recent CIHR team study revealed that the way in 
which researchers generally communicate breast 
cancer risk information to one another is the least 
accessible and most confusing for patients.7

The study asked more than 100 Canadian women in 
three cities, all of whom had received breast cancer 
risk counselling, to comment on five different forms 
of risk communication. These ranged from a numerical 
format involving columns of numbers (the mode 
preferred by researchers) to a colour-coded scale  
(risk curve) ranging from low risk on the left, to high 
risk on the right. The study participants rejected the 
numerical format preferred by researchers. “If you’re 
giving this to a person who has no medical experience ... 
this would be too freaky for them,” noted one 
participant.

“When it comes to breast cancer risk communication, 
we need to be sensitive to women’s individual 
emotional and cognitive differences,” concludes  
Dr. Michel Dorval, a researcher with Laval University’s 
Faculty of Pharmacy and the study’s lead author.  
“If we want to maximize understanding of risk 
communication we need to use a combination of 
approaches.”

This communications research has already altered  
the way results from BOADICEA, the world’s primary 
breast cancer risk prediction model, are communicated. 
Previously, BOADICEA’s website communicated a 
woman’s risk prediction results only in numerical 
format, the one least preferred by patients. BOADICEA 
now also includes a more accessible risk curve graphic 
of the same results.

“Often in our work we don’t see rapid results, but  
in this case there was a very rapid impact,” says  
Dr. Dorval, who leads the CIHR Team in Familial Risk 
of Breast Cancer’s psychosocial research component.

Back in Dr. Simard’s freezer, the DNA samples are 
playing a key role in a second large-scale breast cancer 
association study involving more than 140,000 
participants and probing 570,000 SNPs, or genetic 
markers. Says Dr. Simard: “Future findings will only 
improve on the new information we’ve already 
discovered about common genetic markers, including 
those acting as modifiers of BRCA1- and BRCA2-
associated breast cancer risk, which are currently 
being incorporated into the BOADICEA model to 
improve the accuracy of personalized risk prediction.”

for more information

Breast Cancer Statistics (French only): www.centredesmaladiesdusein.ca/ 
cancer-du-sein/genetique/les-genes-brca1-et-brca2/index.html.

US National Cancer Institute, Genetics of Breast and Ovarian Cancer: www.cancer.gov/
cancertopics/pdq/genetics/breast-and-ovarian/HealthProfessional/page2#Reference2.5.

Collaborative Oncological Gene-environment Study (COGS): www.cogseu.org.

Video with Dr. Simard: www.youtube.com/watch?v=_0509U8TWLw.

1	 Hall, P., and D. Easton. “Breast cancer screening: time to target women at 
risk,” British Journal of Cancer 108, 11 (2013): 2202–04. doi:10.1038/bjc.2013.257.

2	 Canadian Cancer Society, BRCA Gene Mutations. Available at: 
www.cancer.ca/en/cancer-information/cancer-101/what-is-a-risk-factor/
genetic-risk/brca-gene-mutations/?region=on.

3	 University of Cambridge Centre for Cancer Genetic Epidemiology, Boadicea 
model. Available at: ccge.medschl.cam.ac.uk/boadicea/model/.

4	 U.S. National Cancer Institute, High-Penetrance Breast and/or Ovarian 
Cancer Susceptibility Genes. Available at: www.cancer.gov/cancertopics/
pdq/genetics/breast-and-ovarian/HealthProfessional/page2#Reference2.5.

5	 Michailidou, Kyriaki, et al. “Large-scale genotyping identifies 41 new loci 
associated with breast cancer risk,” Nature Genetics 45, 4 (2013): 353–61.

6	 Gaudet, Mia, et al. “Identification of a BRCA2-Specific Modifier Locus at 6p24 
Related to Breast Cancer Risk,” PLoS Genetics 9, 3 (2013): e1003173.  
doi:10.1371/journal.pgen.1003173.

7	 Dorval, Michel, et al. “A focus group study on breast cancer risk 
presentation: one format does not fit all,” European Journal of Human 
Genetics 21, 7 (2013): 719–24.

Evidence in Action: Helping high-risk women get breast cancer 
screening

In 2011, Cancer Care Ontario became the first agency in Canada 
to offer a stratified risk management approach, offering 
advanced screening for Ontario women deemed at high risk.  
This includes being a BRCA1 or BRCA2 mutation carrier, or being 
assessed with a greater than 25% lifetime risk of developing 
breast cancer based on the BOADICEA risk prediction model.3
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Show Me the Evidence

Power to the People: 
Personalized 
Medicine Research 
Gets an Ethical 
Makeover
A pioneering Canadian method for public engagement in biomedical 
policy is giving citizens around the world a voice in developing 
biobank ethics policies

at a glance WHO: Dr. Michael Burgess, University of British Columbia
ISSUE: In the past decade, there has been a dramatic global 
increase in the number of new biobanks, collections of 
thousands or even hundreds of thousands of tissue samples, 
from blood to post-surgical samples. These biobanks have the 
potential to significantly increase our understanding of 
human health and disease. However, biobank research raises 
numerous individual and social ethical issues, including 
informed consent, individual privacy and community rights. 
Researchers are looking for new ways to include meaningful 
public input in developing biobank ethics policies.
Projects: In 2007 and 2009, Dr. Burgess and Dr. Kieran O’Doherty, 
along with other colleagues, pioneered the use of deliberative 
democracy forums as a new model for creating meaningful 
public input into biobank ethics policies.
Research Evidence: The two sessions, the BC Biobank Deliberation 
(2007) and the BC Biolibrary Deliberation (2009), produced the first 
proof-of-principle evidence that deliberative democracy forums 
can effectively produce biobank ethics policy recommendations.
Evidence in Action: Deliberative democracy principles and 
methods, as applied to biobank ethics policies, have become  
a key factor in guiding biobank procedures, governance and 
lawmaking at major institutions in Canada, the United States 
and Australia.
SOURCES: O’Doherty, Kieran, and Michael Burgess. “Public 
Deliberation to Develop Ethical Norms and Inform Policy for 
Biobanks: Lessons learnt and challenges remaining,” Research 
Ethics 9, 2 (2013): 55–77. O’Doherty, Kieran, et al. “Involving citizens 
in the ethics of biobank research: Informing institutional policy 
through structured public deliberation,” Social Science and 
Medicine 75, 9 (2012): 1604–11.
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Henrietta Lacks died of cervical 
cancer in 1951, but her cells live on. 
Today, the HeLa cell line (named 
for their source, Henrietta Lacks’ 
tumour) is a key tool in biomedical 
research. HeLa cells have been 
vital for developing the polio 
vaccine, cloning, gene mapping 
and in vitro fertilization.
The problem – as recounted in the best-selling book 
The Immortal Life of Henrietta Lacks – is that while her 
cells have been bought and sold by the billions, 
neither Ms. Lacks nor her family consented to the 
storage and use of a sample of her tumour cells.  
As a result, Henrietta Lacks’ cells aren’t just fuelling 
biomedical research, they’re fuelling important 
debates in bioethics.

Her story has turned public attention to the booming 
field of biobanks, the collection, storage and use of 
tissue samples, including blood and surgical samples, 
and their increasing use in biomedical research.2  
Drs. Michael Burgess and Kieran O’Doherty are 
helping ensure not only that today’s patients and 
biobank donors provide informed consent, but also 
that Canadians have a say in how biobank ethics 
policies are developed and implemented.

“It seems like [in the past] we often treated individuals 
as if the only thing that’s relevant about them is the 
possibility that they might contribute to scientific 
research rather than embedding scientific research in 
the larger context of their lives,” says Dr. Burgess, 
Chair in Biomedical Ethics at the University of British 
Columbia.

To address this imbalance, Dr. Burgess and colleagues 
have pioneered the development of a new model for 
creating meaningful public input into biobank ethics 
policies, one that’s becoming the international gold 
standard for developing biobank procedures, 
governance structures and laws.

The rise of biobanks

Over the past decade, the advent of genomics and the 
Internet has propelled biobanks to new scales in size 
and level of importance.3 Most biobanks used to hold 
hundreds or thousands of samples in hospitals or 
university labs. Today, national and collaborative 
programs are creating biobanks holding hundreds  
of thousands, and soon millions, of tissue samples. 
The population-based UK Biobank already contains 
half-a-million DNA samples. In Canada, Quebec is 
building the CARTaGENE biobank, which will collect 
samples from 37,000 individuals.

Scientists anticipate that the enormous sample sizes 
will enable them to detect subtle genetic and 
environmental differences that contribute to diseases 
from diabetes to cancer to multiple sclerosis. 
“Biobanks are one of the key innovations that are 
necessary for genomics and personalized medicine  
to move ahead,” says Dr. Burgess.

What’s a biobank?
A biobank is a collection of human tissues – including 
blood – some of which have existed for decades, 
such as autopsy materials.1 Specific biobanks collect 
samples for different reasons, the primary ones 
being medical research, criminal investigations  
(e.g. DNA profiles of convicted persons) and  
human identification (military personnel biobanks). 
Today, many new biobanks are being created  
or consolidated to facilitate population or 
community-level genetics research.

6



Evidence in Action: Including the public in bioethics discussions

The BC Biobank and Biolibrary Deliberations have fuelled a new 
way to think about research bioethics, says Dr. Kieran O’Doherty. 
“This research has helped foster a different way to think about 
and do bioethics,” he adds, noting discussion of the issue by the 
influential Hastings Center Report.4 “It’s not just the philosopher 
sitting in an office telling everyone what the ethical thing is, but 
rather having public discourse around it, and we need mechanisms 
to get public input on these things.”

However, this burst of biobank research has also 
opened a new frontier in bioethics, one in which 
traditional cornerstones, such as individual informed 
consent, are no longer enough. Presently, informed 
consent involves voluntarily giving researchers 
permission to use tissue samples with a clear 
understanding of the research involved. However, 
when a person donates tissue to a biobank, neither 
the donor nor the biobank can know, or even imagine, 
the possible future uses of the tissue.

“Informed consent is based on the assumption that  
I know the risks – such as privacy – and benefits that 
I’m agreeing to. If you can’t tell me what it is you’re 
going to do [with a sample], I can’t give consent,”  
says Dr. Burgess. “But I might be able to give informed 
consent to a detailed description of how decisions 
about my samples and data will be made, or the 
governance of the biobank.”

Collecting genomic data creates additional ethical 
complexities. Individual donors cannot provide 
consent for other family or community members who 
share their genetic traits. This is a particular concern 
to First Nations communities in Canada, in many  
of which decision making is expected to reflect the 
wider interests of the community.

To address the broad individual, social and legal 
ethical issues raised by modern biobanks, researchers 
are turning to those who pay for, and are most 
affected by, much of this research: citizens. “A lot of 
the academic literature criticized previous public 
engagement events for not giving the community a 
genuine opportunity to affect biobank policy, or even 
the discussion around the issues,” says Dr. O’Doherty, 
currently a professor of applied social psychology  
at the University of Guelph, who led the 2009 BC 
Biolibrary Deliberations.

Dr. Burgess believed they needed to look beyond  
the realm of existing bioethics practices and borrow  
a technique from political science: deliberative 
democracy. It’s an approach to facilitating improved 
community-based discussions on controversial and 
complex issues that was formalized by political 
scientists in the 1980s. Their approach mixes the 
concepts of citizen assembly and citizen jury, 
according to Dr. Burgess.

Public engagement informing policy

Starting with the BC Biobank Deliberation in 2007 and 
BC Biolibrary Deliberation in 2009, Dr. Burgess and 
colleagues have produced the first proof-of-principle 
evidence that deliberative democracy forums  
can effectively produce biobank ethics policy 
recommendations. Each deliberation involved a diverse 
group of two dozen randomly selected adult British 
Columbians. The 2007 deliberation focused on whether 
the participants supported the idea of creating a 
biobank in B.C., and if so, how it should be done.

Over the course of two weekend sessions, the 
participants first learned about biobanks from a custom 
backgrounder booklet and through presentations by 
experts and diverse stakeholders. During the sessions, 
the participants asked questions, discussed issues in 
small groups, and worked as a whole group to provide 
policy advice.

The deliberants strongly supported the idea of 
creating a biobank in B.C. To the researchers’ surprise, 
one of the deliberants’ main concerns was how to 
ensure that publicly funded biobanks are efficiently 
run to maximize the research return on taxpayers’ 
investment.

For Dr. Burgess, success was in the process. “At the end 
of the day, the research team sat down and I said  
‘I can’t believe it worked’,” he recalls about pioneering 
this model in a health research context.

The 2009 deliberation was run in conjunction with 
the BC BioLibrary, not a biobank but an overarching 
organization created to facilitate the collection and 
research use of biobank samples.

The deliberation was focused on developing specific 
policy recommendations, ones that had immediate 
impact on BC BioLibrary procedures, and have 
informed the creation of the new Office of Biobank 
Education and Research at the University of British 
Columbia.

“It altered the way they approached people initially to 
tell them about using their tissues for research,” says 
Dr. Burgess. Rather than use online or print resources 
as the point of first contact with potential donors, the 
Biolibrary Deliberation participants stressed that they 
preferred to be consulted in person by someone who 
could immediately answer questions.

Drs. Burgess and O’Doherty’s deliberative democracy 
methodology of public engagement in biobank ethics 
policy has had an international impact. In 2007,  
Dr. Barbara Koenig was starting the Mayo Clinic’s 
bioethics program at the same time as it was creating 
its own biobank, and she used what she calls  
“the Burgess Method” to invite public input into the 
biobank’s creation.5 The deliberants proposed the 
creation of a permanent community biobank advisory 
board representing diverse religious and ethnic 
perspectives, a suggestion the Mayo Clinic embraced.

“Over the course of three years, as we were setting up 
the biobank, every single bit of the biobank governance, 
and how the biobank operated, was run past the 
community advisory board [including how it was 
designed and the design of consent documents],”  
says Dr. Koenig, now a professor of medical 
anthropology and bioethics at the University of 
California, San Francisco.

Similarly, in Western Australia in 2008, an office 
within the Department of Health tasked with 
developing a position statement on biobanking used 
the design of the BC Biobank Deliberation to conduct a 
public and stakeholder consultation to inform policy.

Sixty years after Henrietta Lacks’ death, the BC 
Biobank and Biolibrary Deliberations are helping 
ensure that individuals around the world have a voice 
not only in individual biobank choices, but also in  
big-picture ethics policy. Says Dr. Burgess, “We’ve 
proven that deliberative engagement is a policy tool 
that can deliver informed, deliberative public advice.”

1	 University of British Columbia, “Biobanking in British Columbia: A 
deliberative public consultation.” Available at: flyingturtles09.files.
wordpress.com/2009/02/the_biobank_booklet.pdf.

2	 Skloot, Rebecca. Excerpt from The Immortal Life of Henrietta Lacks. Available 
at: rebeccaskloot.com/the-immortal-life/excerpt/.

3	 Park, Alice. “Ten Ideas Changing the World Right Now,” Time Magazine 
(March 12, 2009). Available at: content.time.com/time/specials/packages/
article/0,28804,1884779_1884782_1884766,00.html.

4	 Tomlinson, Tom. “Respecting Donors to Biobank Research,” Hastings Center 
Report 43, 1 (2013): 41–47.

5	 Mayo Clinic, “Mayo Clinic Biobank.” Available at: www.mayo.edu/research/
centers-programs/mayo-clinic-biobank/overview/.

for more information

Office of Biobank Education and Research, University of British Columbia: 
pathology.ubc.ca/education-resource/ober/.

BC BioLibrary: www.bcbiolibrary.ca.

Mayo Clinic, Deliberative Democracy: www.youtube.com/watch?v=soSxzu3_z18.

Video with Dr. Burgess: www.youtube.com/watch?v=28_10cP73vg.

Why deliberative democracy?
Deliberative democracy is a form of facilitated  
public conversation on a complex issue. It assumes 
that citizens can and should make important 
contributions to policy issues. Deliberative discussion 
is characterized by a diverse group of participants 
learning the technical aspects and social 
perspectives of an issue, respectfully exchanging 
views, actively listening, and providing practical 
advice. Unlike a survey or focus group, deliberative 
discussion involves providing participants with 
detailed, neutral background information and 
emphasizes “civic” instead of personal interests.
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Show Me the Evidence

Laying the 
Foundation: 
Infrastructure for 
Genomic Research 
Bringing the Goals 
of Personalized 
Medicine Closer
Database of genomic variants is facilitating research in labs 
around the world

at a glance WHO: Dr. Stephen Scherer, The Centre for Applied Genomics, 
Hospital for Sick Children
ISSUE: Researchers and clinicians are learning more and more 
about the connection between genes and human health. 
However, they need a huge amount of data and powerful 
analytical tools to draw meaningful conclusions about the 
significance of variations in the human genome – the body’s DNA 
instruction book. The creation of this infrastructure is an 
important step towards the implementation of personalized 
medicine in the health care system.
Projects: In addition to its own research, The Centre for Applied 
Genomics (TCAG) offers a database of genomic variants (DGV) to 
help clinicians diagnose diseases affecting their patients. TCAG  
is also involved in a related venture called Personal Genome 
Project Canada, which uses state-of-the-art whole genome 
sequencing to help build the critical mass of data needed for 
personalized medicine.
Research Evidence: Since its inception in 1998, TCAG has helped 
researchers map or discover at least 20 disease-causing genes.  
In 2013, using whole genome sequencing, Dr. Scherer and an 
international team identified genetic mutations likely to be 
associated with autism spectrum disorder (ASD).
Evidence in Action: The DGV has served more than 1,500 
laboratories in 34 countries, enabling researchers to compare 
their genetic variants with “normal” samples in the world’s 
largest publicly available database of control data.
SOURCES: Jiang, Yong-hui, et al. “Detection of Clinically Relevant 
Genetic Variants in Autism Spectrum Disorder by Whole-Genome 
Sequencing,” American Journal of Human Genetics 93, 2 (2013):  
249–63. TCAG website: www.tcag.ca.
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Dr. Stephen Scherer looks for 
meaning in junk – the oddball 
data that in the not so distant 
past other genetics researchers 
disregarded. Using this so-called 
“garbage can” approach, he  
and his team at The Centre for 
Applied Genomics (TCAG) in 
Toronto have located vital 
missing pieces of the genomic 
puzzle and are building an 
infrastructure for geneticists  
to help usher in a new era of 
personalized medicine.

The human genome comprises 6 billion chemical 
bases (or nucleotides) of DNA packed into two sets of 
23 chromosomes, one inherited from each parent. 
Until 2003, when the Human Genome Project finished 
sequencing a full “draft” of the genome, researchers 
contended that humans are 99.9 percent identical; 
duplications or deletions in the number of genes, 
known as copy number variations (CNVs), were just 
“noise.” For Dr. Scherer, however, these tiny structural 
variations in the genome demanded to be heard.

He began by studying the observation with a condition 
that he knew well – autism. By closely examining 
data others had ignored, he detected a pattern: 
children with autism had more duplications and 
deletions than usual. Ultimately, in addition to 
identifying variations linked to autism, Dr. Scherer 
and his team showed that CNVs are more common 
than previously thought.1 These differences account 
for normal variations – such as eye or hair colour – but 
can also predispose a person to disease.

In 1998, following graduate work with the celebrated 
Dr. Lap-Chee Tsui, whose team had identified the 
defective gene that causes cystic fibrosis, Dr. Scherer 
and his former mentor jointly set up TCAG at the 
Hospital for Sick Children (SickKids). Established in 
part with funding from the Canada Foundation for 
Innovation and Genome Canada, TCAG has helped 
build critical infrastructure to advance genetics 
research.

By 2003, TCAG had already helped map or discover 
some 20 disease-causing genes. Over the next decade, 
Dr. Scherer would harness emerging technologies to 
write new chapters in our understanding of the 
genome – what he calls the DNA instruction book – 
contained in the trillions of cells that direct all 
aspects of human development. These discoveries are 
slowly unlocking the mysteries of disease and 
providing clues for treatment.

To help researchers draw meaningful conclusions 
about the significance of genomic variations, TCAG 
offers a tool called the database of genomic variants 
(DGV). As of July 2013, the DGV’s catalogue contained 
samples from more than 14,000 “normal” individuals 
derived from 55 peer-reviewed studies. “It’s very 
helpful because it’s the largest publicly available 
database of control data,” says Dr. James Stavropoulos, 
Co-Director of the Cytogenetics Laboratory at SickKids.

Evidence in Action:  
Facilitating genomic research around the world

Since its inception in 1998, The Centre for Applied Genomics has 
provided experimental and analytical services for more than 
1,500 laboratories in 34 countries. The Centre operates on a  
cost-recovery basis, issuing more than 400 invoices per month  
for billings in excess of $9 million annually.
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“We use the DGV 20 or 30 times a day,” says Dr. Marsha Speevak, 
laboratory geneticist at Credit Valley Hospital in Mississauga, Ontario. 

“It is essential for ruling out a variant you haven’t seen before.  
It may be a rare variant, but not so rare that it hasn’t been listed and 
referenced in the DGV. Of course, data can be over- or under-reported 
so they are constantly improving the DGV to make it even more 
robust, accurate and reliable.”

accurate  
and reliable
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Uncovering the mystery of autism
As the lead of an international team from 11 countries, Dr. Scherer 
published a study in 2013 that identified several new mutations likely 
to be associated with autism spectrum disorder (ASD) – a condition 
that creates significant behavioural disabilities in about one in  
88 children in North America.2 The pilot study, supported in part by 
CIHR, sequenced the genomes of 32 Canadians with ASD and their 
parents, as well as siblings and other relations in some cases. The 
study identified mutations in four newly recognized genes, nine 
genes previously linked to autism and eight genes with an autism 
risk. With support from the Genomics and Personalized Health 
Genome Canada/CIHR partnership, TCAG is taking part in a follow-up 
study to sequence and analyze the genomes of 10,000 families 
around the world, including 1,000 in Canada.

accurate  
and reliable

for more information

Database of Genomic Variants: dgv.tcag.ca/dgv/app/home.

Martin, Roger, “A Conversation with Stephen Scherer.” Available at:  
hbr.harvardbusiness.org/2009/11/two-leading-researchers-discuss-the-value-of-
oddball-data/ar/1.

Dr. Stephen Scherer – Tao of Discovery Documentary:  
www.youtube.com/watch?v=MpYWOd_fqLA.

Continuously updated, the DGV enables scientists and 
clinicians to compare their copy number variations 
with samples from a “normal” population. If the two 
samples match, then the client’s variation is also 
likely to be normal.

Like the diagnostic lab at SickKids, North York General 
Hospital in Toronto, Ontario, tests for developmental 
delays in children. “Inevitably, there will be patients 
where you can’t say the genetic variation is 
pathogenic or neutral,” says Dr. Kathy Chun, Director, 
Cytogenetics and Molecular Genetics at North York 
General. “You need a control population (of ‘normal 
cases’) to compare results. That’s where the DGV 
comes in, not just in Canada, but worldwide. It’s 
extremely important.”

“We use the DGV 20 or 30 times a day,” says Dr. Marsha 
Speevak, laboratory geneticist at Credit Valley Hospital 
in Mississauga, Ontario. “It is essential for ruling out  
a variant you haven’t seen before. It may be a rare 
variant, but not so rare that it hasn’t been listed and 
referenced in the DGV. Of course, data can be over- or 
under-reported so they are constantly improving the 
DGV to make it even more robust, accurate and reliable.”

“The DGV started as a hobby, but now it’s known as 
the genomic database,” says Dr. Scherer. “If the 
database goes down for half an hour, clients will call 
me – even at home – to make sure I’m aware of it.”

With support from the Canadian Institutes of Health 
Research (CIHR), TCAG has also launched Personal 
Genome Project Canada, inviting individual Canadians 
to have their genomes sequenced. Not only will the 
volunteers gain useful information about their own 
health, they will also help build the critical mass of data 
needed to make personalized medicine a reality. The 
first 12 sequences are expected to be published in 2014.

Researchers need powerful tools to make sense of the 
growing amount of data available on structural 
variations in the genome. “We have always prided 
ourselves that we would be the first in Canada  
to introduce something new,” says Dr. Scherer.  
“But keeping up with technology is also the biggest 
challenge we face.”

The future of genetic screening

Before 2005, clinicians had only low-resolution tools 
to run standard tests on children with developmental 
delays. In the mid-2000s, a molecular technique 
called DNA microarray scanning emerged, enabling 
the detection of minute changes in DNA at resolutions 
100 times more powerful than earlier devices. Over 
the past decade, laboratories have turned to TCAG  
in part because of its top-notch microarray facilities.

“Companies approach us when developing new 
software and even the diagnostic microarrays 
themselves,” says Dr. Scherer. While users can plug in 
their CNV coordinates directly online, others – like  
Dr. Chun at North York – have the DGV imbedded into 
their analysis systems. She simply scrolls down her 
screen to check for duplications and deletions in CNV, 
which are colour-coded.

But microarray scanning itself is fast becoming 
replaced by exome and/or whole genome sequencing – 
the process of “reading” the “letters” in the billions of 
base pairs that make up the DNA instruction manual 
and finding any errors. From hundreds of millions of 
dollars to complete the first genome sequences in the 
mid-2000s, the cost will soon drop below $1,000. 
TCAG has already been involved in pilot studies using 
the new technology.

“Almost all disease links back in some way to genetics,” 
says Dr. Scherer. “Some, like Huntington’s or cystic 
fibrosis, are mostly genetic, while others like autism 
and cancer are linked to genes. Still others, like 
diabetes, are influenced by genetics. So if you don’t 
have a ‘genetic’ step in your assessment of a disease, 
you will be only partially informed of the cause, and 
what to do about it.”

1	 Redon, Richard. “Global variation in copy number in the human genome,” 
Nature 444, 7118 (2006): 444–54.

2	 Jiang, Yong-hui, et al. “Detection of Clinically Relevant Genetic Variants  
in Autism Spectrum Disorder by Whole-Genome Sequencing,” American 
Journal of Human Genetics 93, 2 (2013): 249–63.
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GATHERING MORE EVIDENCE

CIHR Personalized 
Medicine Signature 
Initiative
Harnessing scientific and technological innovations to improve 
patient care is a key priority for CIHR

One of the most promising areas in health research today is 
personalized medicine. If we can determine a person’s genetic risk of 
developing specific diseases, or the likelihood that a patient will 
respond to a specific treatment, we can advance beyond the current 
“one size fits all” approach to medicine and build a more predictive, 
preventive and precise health care system. The aim of the Personalized 
Medicine signature initiative is to identify areas in health care that 
could benefit most from this kind of targeted, patient-specific approach, 
support personalized medicine research in these areas, and help 
translate this knowledge into improved care.

The initiative is designed to build upon the large body of personalized medicine research findings 
generated by previous CIHR funding as well as investments by major partners such as Genome Canada. 
These investments have included programs directed at identifying the genetic roots of rare diseases and 
understanding the late effects of cancer treatment, projects to develop alternatives to radiopharmaceuticals 
for medical imaging, and research on data harmonization and bioinformatics.

In early 2012, the Personalized Medicine signature initiative was formally launched with the announcement 
of the Genomics and Personalized Health Genome Canada/CIHR partnership. This $150 million program 
supports teams across the country that are exploring how we can develop and incorporate personalized 
medicine approaches into the health care system in a beneficial, cost-effective and ethical way. The 
teams funded through this competition represent the next step in bringing the benefits of personalized 
medicine to patients.
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for more information

CIHR Personalized Medicine signature initiative: www.cihr-irsc.gc.ca/e/43627.html.

Genome Canada/CIHR Large-Scale Applied Research Project Competition:  
www.genomecanada.ca/en/portfolio/research/2012-competition.aspx.

CIHR strategic initiatives: www.cihr-irsc.gc.ca/e/12679.html.
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NEED MORE EVIDENCE?

Thank you for reading the spring 2014 issue of Show me the Evidence. We hope 
that you enjoyed learning more about the impact of Canadian health 
researchers and encourage you to visit CIHR’s website (www.cihr-irsc.gc.ca) 
and social media sites (www.cihr-irsc.gc.ca/e/42402.html) to learn about 
other CIHR-funded success stories.

In the next issue of Show me the Evidence, we will 
be looking at CIHR- and partner-funded research 
successes in the area of dementia.

FOLLOW US AND ENGAGE WITH US ON:

Facebook
Show me the Evidence, Putting Patients First and  
Health Research in Canada

YouTube 
Health Research in Canada

Evidence in the Making 
www.cihr-irsc.gc.ca/e/44921.html

Evidence Makers
www.cihr-irsc.gc.ca/e/47688.html

Feedback from the Community 
www.cihr-irsc.gc.ca/e/44922.html
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