
Challenging Multi-Disciplinary 
Sciences to Impact Cancer



What is the leading cause of 

death in Canada in 2007?



Cancer: Becoming the leading cause of 
death in North America 



25,659 new cases of cancer in 

females in Ontario, 2003
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27,461 new cases of cancer in 

males in Ontario, 2003
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Question to audience: 

Cancer risk in the 40-50 age group:

A.Women have twice the risk as men

B.Men have twice the risk than women

C.Women and men have similar risks



New cases of cancer in Ontario in 2003
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Outline

Simple matters: DNA and Genomes

Human Genome Project

Complex matters: Common Diseases

Cancer

Developing a strategy to impact cancer

Ontario Institute for Cancer Research



Commonalities between 
buildings and cells

Plan: Blueprint Genome



GENes and ChromosOMEs = GENOME
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DNA Amino Acid Symbol

TGT Cysteine C
GCT Alanine A
AAC Asparagine N
GCT Alanine A
GAC Aspartic Acid D
GCT Alanine A

Two alphabets
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Human Genome: 3 billion bases

ATGCCGATCGTACGACACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCATCGTACT
TACTGACTGCATCGTACTGACTGCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCC
CATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTA
CATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACGACACATATCG
ACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTGCA
TCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAA
CACATCCCACTTTACCCATATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATAT
CGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATAGCCGATCGTACGACACATATCGTCAT
CGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACT
GCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACCC
CACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGCATCGTACTG
ACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCC
AGCATCCATCCATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACG
ACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACG
CATCGTACTGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCT
AGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTAC
CCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGA
CTGTCTAGTCTAAACACATCCTATACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCT
ATGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACAT
CCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTGCACATATCGTCATACATAGACT
CGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAAC
ACATCCCACTTTACCCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATAT
CGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATAGCCGATCGTACGACACATATCGTCA
CGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGCCGA



Human Genome: 3 billion bases

ATGCCGATCGTACGACACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCATCGTACT
TACTGACTGCATCGTACTGACTGCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCC
CATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTA
CATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACGACACATATCG
ACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTGCA
TCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAA
CACATCCCACTTTACCCATATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATAT
CGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATAGCCGATCGTACGACACATATCGTCAT
CGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACT
GCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACCC
CACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGCATCGTACTG
ACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCC
AGCATCCATCCATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACG
ACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACG
CATCGTACTGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCT
AGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTAC
CCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGA
CTGTCTAGTCTAAACACATCCTATACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCT
ATGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACAT
CCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTGCACATATCGTCATACATAGACT
CGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAAC
ACATCCCACTTTACCCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATAT
CGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATAGCCGATCGTACGACACATATCGTCA
CGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGCCGA

• 99% « finished»

• ~30,000 genes

• <10,000 genes have a known function



Human Genome: 3 billion bases

ATGCCGATCGTACGACACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCATCGTACT
TACTGACTGCATCGTACTGACTGCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCC
CATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTA
CATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACGACACATATCG
ACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTGCA
TCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAA
CACATCCCACTTTACCCATATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATAT
CGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATAGCCGATCGTACGACACATATCGTCAT
CGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACT
GCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACCC
CACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGCATCGTACTG
ACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCC
AGCATCCATCCATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACG
ACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACG
CATCGTACTGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCT
AGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTAC
CCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGA
CTGTCTAGTCTAAACACATCCTATACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCT
ATGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACAT
CCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTGCACATATCGTCATACATAGACT
CGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAAC
ACATCCCACTTTACCCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATAT
CGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATAGCCGATCGTACGACACATATCGTCA
CGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGCCGA

Polymorphisms



Single Nucleotide Polymorphisms

SNPs

GCAATCGATCCGGTACACTAGCTA

GCAATTGATCGGGTACAGTAGCTA

1 SNP per 1250 nucleotides



Disease mutations

Mutation: A polymorphism that affects the function 

of a gene

Type I: Complete loss of function. 

Severe disease with well-defined inheritance

Type II: Incomplete loss of function: 

Risk Factor (complex genetic diseases)



Familial Inheritance

Patterns

(dominant, recessive,

X-linked)

Examples:

Cystic Fibrosis

Huntington’s Disease

« Simple » Disease mutations

AaAa aaaa

AaAa AaAa AaAaaaaaaaaa



Example of a complex disease mutation

Example: APOE4 mutation

XXXXX
XXXXXXXXXX
XXXXXXXXXX

XXXXX

XXXXX
XXXXXXXXXX
XXXXXXXXXX

XXXXX

General Population: 10%      Alzheimer’s patients: 40%

APOE4      Risk x 4
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Source: Online Mendelian Inheritance in Man and National Institutes of Health

Most of these 
discoveries were 

for rare genetic 

disorders



Gene Discoveries for Common Complex Diseases

Source: National Institutes of Health
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1995:  HNPCC mutations were identified in 

families with very high rates of colon cancer

These cause about 
90 percent of all 

inherited colon 

cancers, or about 15 
percent of colon 

cancers. 

Testing is available 
for individuals with 

family history



What are the causes of colon cancer in 
individuals without a strong family history?



What are the causes of colon cancer in 
individuals without a strong family history?

Diet &
Lifestyle

Genetics

Environment

“webs of causation”



THE ARCTIC PROJECT
Assessment of Risk of Colo-Rectal Tumors in Canada

Design:

•1200 Cases (Ontario)

•1200 Controls (Ontario)
• 1.4 billion genetic tests

Output:

•Predictors of Disease
•Disease prevention

•ARCTIC kits

Brent Zanke, Steve Gallinger, Celia

Greenwood, Michele Cotterchio, Tom Hudson



Nat Genet. 2007 Aug;39(8):989-94. Epub 2007 Jul 8. 



Ongoing Work

- Further studies of SNPs and genes on 

chromosome 8 and 9 in other populations

- Analysis of an additional 500,000 genetic 

markers in the Ontario subjects

- Integration with other international studies



“Gene Dosage” Hypothesis

Risk Variants in an individual

Asthma

Diabetes

Arthritis

Autism

Colon Cancer



“Gene Dosage” Hypothesis

Risk Variants in an individual

Asthma

Diabetes

Arthritis

Autism

Colon Cancer

“ARCTIC TEST”: Not ready until more genes 
are known and validated 



Why test genetic markers if they 

cannot be altered?



Grand Challenges in 

Cancer Research



Grand Challenges in Cancer Research

I. Cancer is a complex disease.

• Every tumour is different. Every cancer patient is 

different; 

• Transformation requires understanding specific 

changes in a patient’s tumour as well as genetic 

variants of a patient, and tailoring interventions 

based on the profile of the tumour and the 

patient.



Grand Challenges in Cancer Research

II. Cancer is diagnosed late in the disease process.

• Most tumours are identified when there are over 

100 million (and often one billion) cancer cells – at 

stages where treatment interventions are less 

effective;

• Transformation requires understanding and 

targeting interventions at early stages.



Grand Challenges in Cancer Research

III. Cancer is a disease that can affect any member of our society.

• Even if the risk of cancer varies according to environmental or 

genetic factors, everyone is at risk of developing cancer because the 

predisposing mutations often occur as naturally occurring errors

during normal growth of cells; 

• Transformation requires a cancer system that can reach every 

member of our society, irrespective of age, language, education,

cultural group, or socio-economic status;



Grand Challenges in Cancer Research

IV. Optimal cancer care requires new cancer care 

services, technologies and therapeutic interventions 

that are affordable by our health care system.

• Transformation requires an understanding of costs and 

benefits, and an approach to balancing these costs and 

benefits relative to other issues (education, 

environment, infrastructures, economy, etc.).



Launching New Cancer Programs
at the Ontario Institute for Cancer 

Research

• Setting difficult goals

• Build innovative teams, recruit 50 PIs

• Integrate with other disciplines

• Interface with the world through partnerships

• Develop effective translation into health care products 

and services

Funding from Ontario: $ 346.5 million over 5 years



Ontario Institute for Cancer Research 

OICR strategic plan

Consultation



Overview of OICR Programs

Prevention

Early 

Diagnosis

Cancer 

Targets

New 

Therapeutics

Cancer Care

Services

Health 

Promotion

Patents-to-

Products

Innovation Programs Translation Programs

Clinical 

Trials



Ontario Cancer Cohort
Project leader: John McLaughlin

Aims to identify cancer risk factors

Platform for studying the natural 

history of biomarkers

Will tracking the health of Ontario 

individuals and monitor for 

Cancer outcomes using public 

health systems

Requires strategic partnerships to 

maximize sample size



Early Diagnosis

Biomarkers

Identify serum, urine and 
fecal markers for early 
stage diagnosis

Imaging

Develop imaging 
technologies to 
identify tumours at an 
early stage
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M58286_s_at-0.90 113 P 187 P 143 P 112 P 203 P 126 P 113 P 347 P 185 P 188 P 211 P 297 P 469 P 277 P 433 P 482 P 316 P 325 P 270 P 318 P 433 P 379 P 234 P 195 P 145 P

M59911_at -0.90 117 P 202 P 91 P 86 P 202 P 145 P 117 P 50 P 79 P 70 P 161 P 178 P 353 P 258 P 338 P 463 P 279 P 348 P 406 P 395 P 312 P 289 P 309 P 73 P 98 P

L35475_at -0.88 43 A 53 A 31 A 50 A 44 A 34 A 43 A 34 P 26 A 44 A 53 A 109 P 60 P 91 P 100 P 68 A 52 M 34 A 74 M 46 A 49 A 36 A 52 M 52 M 59 P

M34539_at -0.86 551 P 443 P 374 P 496 P 461 P 460 P 551 P 488 P 547 P 481 P 525 P 797 P 683 P 550 P 681 P 765 P 528 P 884 P 661 P 591 P 654 P 550 P 637 P 413 P 1322 P

NOV TOV (serous papillary)

Ovarian Cancer Project

A-M MesMasson lab University of Montreal
P. Tonin and Hudson labs McGill Univerity

New serum-based biomarkers of ovarian cancer
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New serum-based biomarkers for Ovarian Cancer

Le Page C et al. From gene profiling to 

diagnostic markers: IL-18 and FGF-2 

complement CA125 as serum-

based markers in epithelial ovarian 

cancer. Int J Cancer. 2006

New serum-based biomarkers of ovarian cancer



One Millimetre Cancer Challenge 
(Project Leader: Martin Yaffe)

Population 
screening with

sensitive biomarkers that 
detect one mm tumours

Imaging one
mm tumours; 

Needle biopsy;
Instant pathology

Tumour destruction 
using physical or 
chemical methods

1 mm x 1 mm x 1 mm tumor contains: ~ 200,000 cells

1 cm x 1 cm x 1 cm tumor contains: ~ 200,000,000 cells



TranslationValidationInstrumentsTracers

Clinical Trials

Biomarkers
Health 

Services

Key Issues:
Transforming biomarkers into tracers

Multiplexing tracers (and new algorithms)

Optimal strategy will vary dependent on tumour site

Validation - High Risk Individuals
- Biomarker Positive Recurrences
- Ontario Cancer Cohort

Screening and clinical trials



Identification of small tumors, which usually are 
less malignant

Better staging (pre-surgery and pre-chemo)

Resolving “biomarker-positive” recurrences and 
blind biopsies

Monitoring response to therapies

One Millimetre Cancer Challenge is a metaphor for change

Translational Medicine: Moving knowledge into practice



Cancer: A Disease of the Genome



OICR: Selective Therapies

Selective Therapies

• Discovery research that 

focuses on ways to 

selectively attack 

tumours (and minimize 

morbidity to patients)

• Drugs, biologicals, 

focussed radiation

• Bring innovation to 

clinical trials



Funding for 23 adult + 5 paediatric sites

Investment of 13 million at these sites 

since 2003

112 new staff hired to date

180 new personnel anticipated by 2007

Increase in patient recruitment

– >11% of patients enrolled 

in clinical trials 2004 and 
2005

– Benchmark of 3-5%

OICR: Clinical Trials Infrastructure

SOPs, Personnel, Communication, Databases, etc.



Innovation in Clinical Trials

Patient
and

Tumour

Drug/Biological

Genomics and Biomarkers

• Selection of therapy
• Avoidance of known toxicity profiles

• Monitoring for recurrence

Imaging

• Monitoring
• Functional Screens

• Serial Biopsies

Current designs in 
clinical trials allow us 
to identify which 
regimen is superior

Innovative designs 
answer WHY.



OPTIC: Cancer Care Services

Providing Optimal Services 

to Individuals and 

Populations

• Supportive and 

Palliative Care

• Evaluation of products 

and services

• Effective policies and 

decisions 

• Ensuring equitable 

access



Commercialization of OICR discoveries  

Diagnostic and Biomarker Market

Therapeutics

Market

Medical Devices 

Market

Early Detection

Cancer Targets

Early 

Detection

Selective

Therapies



OICR Blueprint

Prevention
Ontario Cancer 

Cohort

Early 

Diagnosis

One Millimetre 

Cancer Challenge

Cancer Stem Cells

TCGA - 

International

Selective Agents

Immuno- and Bio-

therapies

Innovation 

Programs
Projects

Translation 

Programs

Innovation Platforms

Cancer 

Targets

Cancer Care Services (including Health Promotion)

Patents to Products

High Content Trials

Imaging 

and Inter-

ventions

Bio-

repositories 

and 

Pathology

Genomics 

and High 

Throughput 

Screening

Informatics 

and Bio-

computing

New 

Therapeutics



Model for OICR Programs

Multi-

Disciplinary

teams



Toward(s) effective Cancer Control
1. Primary Prevention Programs based on knowledge of modifiable 

risk factors (and vaccination where appropriate).

2. Cancer screening guidelines based on an individual’s risk (genetic 

and environmental) and inexpensive biomarkers.

3. Imaging methods to identify millimetre size tumours followed by 

image-guided biopsies of early tumours.

4. Improved diagnosis through molecular cytopathology.

5. Genome analysis of tumours.

6. Selective therapy for each patient based on the patient’s tumour 

profile.

7. Effective monitoring during therapy and survival.

8. Enhanced quality of life for cancer survivors.



Conclusions

Clinical Trials, 

Genomics and 
Imaging Expertises Health Care

Products

Services

Ontario Institute for 

Cancer Research



National Institutes of Health

Burroughs Wellcome Fund

Sponsors


