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Prostate Cancer: Some BasicsProstate Cancer: Some Basics

Risk factors: age, family history, high-fat diet, African ancestry

Currently, the extent and prognosis of prostate depends on: 
(1) a digital rectal exam (DRE) and spread of disease (TNM)
(2) the prostate specific antigen (PSA) blood test 
(3) the pathologic grade (Gleason score) 
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Prostate Cancer: Some BasicsProstate Cancer: Some Basics
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Age and race-adjusted cut-off values for PSA

Age Caucasians Blacks Asians

40-49 2.5 2.0 2.0

50-59 3.5 4.0 3.0

60-69 4.5 4.5 4.0

70-80 6.5 5.5 5.0

Source: Prostate Cancer A Guide for Patients, by Dr. Laurence Klotz
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Canadian ProstateCanadian Prostate Cancer Cancer 
StatisticsStatistics

• In 2007: 22,300 men diagnosed with prostate 
cancer and 4,300 will die from it

• On average, 439 men are diagnosed each week
• One in 6 men will be diagnosed with prostate 

cancer, mostly after the age of 60
• One in 27 will die from it 
• Test at age 40-50 depending on risk factors
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New Cases of Cancer in Men: 2007New Cases of Cancer in Men: 2007
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Deaths From Cancer in Men: 2007Deaths From Cancer in Men: 2007
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Treatment Options & Side EffectsTreatment Options & Side Effects
Indolent Disease Active Disease Aggressive Disease

Surgery = Radical Prostatectomy

“Active Surveillance”

WATCHWATCH
THE PSATHE PSA

CAREFULLYCAREFULLY

Radiotherapy or brachytherapy (seeds)

Hormone Therapy
(injections/tablets)Robots or

laprascopic

Chemotherapy

Combinations

Increasing Stage and Aggression

Princess Margaret Hospital
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Risk Groupings and Treatment:Risk Groupings and Treatment:
((Active Surveillance, Surgery, Radiotherapy, Hormone Therapy and Active Surveillance, Surgery, Radiotherapy, Hormone Therapy and 

ChemotherapyChemotherapy))
PROGNOSTIC FACTORS

• Traditional: T-stage, PSA, 
Gleason Score

• Newer: Percent Positive Biopsies, 
Ki-67, PSA DT < 10 months

• Promising: p53, BAX-BCL2, 
EGFR,MDM2, SURVIVIN, 
p16INK4a, Hypoxia, Repair

• Future: New targets and stem 
cells

RISK GROUPS

• LOW: T1/T2; PSA <10; GS 4-6 
(Brachy, HIFU, Cryo, EBRT; 
Surgery, AS)

• INTERMEDIATE: T1/T2; GS 7; PSA 
10-20 (Brachy/EBRT +/- Hormones; 
Surgery, Other)

• HIGH: PSA > 20; GS 8-10; T3-T4 
(EBRT + Hormones+/- Chemo; New 
Agents, Surgery)

Princess Margaret Hospital
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The New Era of Prostate Cancer  The New Era of Prostate Cancer  
ResearchResearch

• The 20th century approach to cancer: Seek and destroy

•The 21st century approach: target and control 

•Personalized genetic medicine

•To treat patients with fewer side effects.

•To prevent deaths in patients who are currently incurable. 
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Individual Oncology: PredictIndividual Oncology: Predict--Change TreatmentChange Treatment

Hypoxia &Hypoxia &
DNA RepairDNA Repair

MetastasesMetastases

22ndnd CancerCancer

p53/Bclp53/Bcl--22

CURATIVE THERAPYCURATIVE THERAPY
MINIMAL COMPLICATIONSMINIMAL COMPLICATIONS

Grade 3&4Grade 3&4
ToxicityToxicity

AndrogenAndrogen--RcRc
MutationsMutations

Biomarker DataBiomarker Data

Bristow-2004; Adapted after :press2.nci.nih.gov/sciencebehind/snps_cancer



b1          b2           b3          b4          b5         

Predict Sensitive and Resistant Predict Sensitive and Resistant 
PatientsPatients

Chromosomes

RNA ARRAYS

Prostate Ca Example:
Frozen biopsies from ~250 men
Oxygen measurements
DNA repair pathways
Clinical results

TISSUE ARRAYS
Bristow-Orillia-2008Bristow-Brampton-2009



The Last 10 YearsThe Last 10 Years
“Decreased mortality for men with prostate cancer”

• New technologies in biology and imaging
– Fluorescence In Situ Hybridization (FISH) and DNA/RNA/Protein CHIPs to 

diagnose mutations  (FISH and CHIPs !)
– Use of MR techniques to predict tumour spread and response pre- and post-

therapy

• New biologic targets and new drugs
– Challenge is to have individual biomarkers of response

• Better use of PSA-DT and kinetic analyses to predict local 
resistance and systemic spread

– Choose those patients who require local and systemic therapy
– Select best patients for best salvage therapies

• 10 years of improved technology:
– Hypofractionation, precision targeting, IMRT, robotics, HIFU, cryotherapy, sub-

prostate targeting, less side-effects

Princess Margaret Hospital
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PrecisionPrecision--Guided Radiotherapy to Kill Cancer Guided Radiotherapy to Kill Cancer 
Cells and Protect Normal CellsCells and Protect Normal Cells

High Dose
To CancerLow Dose

To Normal
Cells
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Daily CT Image Guidance

Cone-beam CT 
(CBCT) + soft 
tissue

Princess Margaret Hospital
University Health NetworkC. Catton



A randomized trial of a shorter fractionation schedule for 
localized  intermediate risk prostate cancer.
Sponsor: Ontario Clinical Oncology Group (OCOG)

Intermediate risk localized prostate cancer

CTV: Prostate + base of SV
78Gy/39fractions/8wks 
(on-line organ localization)

CTV: Prostate + base of SV
60Gy/20fractions/ 4wks 
(on-line organ localization)

Randomize
602 patients602 patients

Follow Q6 monthly
PSA, DRE, Toxicity

Secondary endpoints:
1. Biochemical-Clinical Failure (BCF)
2. Prostate Cancer Specific Survival
3. Toxicity
4. Quality of Life (EPIC and SCF-12)

Primary endpoint:
5-year bRFR
Non-inferiority design



PatientPatient--Unique Tissue Unique Tissue 
Anatomy And PhysiologyAnatomy And Physiology

Roach, JCO, 2007
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PMH Precision-Guided Therapy
• New PHYSICAL techniques are being developed in an attempt to 

lessen the damage to surrounding tissue 
– such as 3-dimensional conformal radiation therapy (3-D CRT)

Great ! Now add Biological Precision !!

Princess Margaret Hospital
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The Cell’s Chromosomes and DNA The Cell’s Chromosomes and DNA 
Hold Important InformationHold Important Information



DNA Breaks: A Way To KillDNA Breaks: A Way To Kill
Cancer Cells With TherapyCancer Cells With Therapy

Pisansky, 2006

Princess Margaret Hospital
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Measuring RadiotherapyMeasuring Radiotherapy--Induced DNA BreaksInduced DNA Breaks

DNA Breaks

Princess Margaret Hospital
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Aggressive Cells Develop in PoorlyAggressive Cells Develop in Poorly--Oxygenated (Hypoxic) Oxygenated (Hypoxic) 
Prostate Cancer Cells: Why ?Prostate Cancer Cells: Why ?

Cancer Hypoxia is linked to increasedCancer Hypoxia is linked to increased
metastaticmetastatic spread, chromosomalspread, chromosomal

instability and resistance to instability and resistance to 
chemochemo-- and radiotherapy. and radiotherapy. 

How/Why?How/Why?

Normal

Cancer

Princess Margaret Hospital
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DNA Breaks & ODNA Breaks & O22: A Way To Kill: A Way To Kill
Cancer Cells With TherapyCancer Cells With Therapy

DNA-dsb Oxygen Enhancement Ratio (OER) = Hypoxic cells 2-3x more resistant

Princess Margaret Hospital
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Chemotherapy: Decreased PenetrationChemotherapy: Decreased Penetration
and Nonand Non--cycling Cellscycling Cells

Doxorubicin

Minchinton and Tannock, Nat Rev Can, 2006
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Measuring Oxygenation: Measuring Oxygenation: 
EppendorfEppendorf pO2 ProbepO2 Probe

Prostate: transProstate: trans--rectal rectal EppendorfEppendorf
Electrode & biopsiesElectrode & biopsies

Princess Margaret Hospital
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Prostate Patient pOProstate Patient pO22 DataData

Milosevic, Parker, Chung, Bristow et al. Can Res; 2008
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Pimonidazole Pimonidazole Staining in Prostate CancerStaining in Prostate Cancer
Correlations only with GS; not PSA/Correlations only with GS; not PSA/vascularityvascularity/T (Carnell et al; 2006)/T (Carnell et al; 2006)
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Hypoxia (Hypoxia (EppendorfEppendorf pOpO22) Predicts For Predicts For 
Biochemical Relapse PostBiochemical Relapse Post--RadiotherapyRadiotherapy

Years from RT completion
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Log-rank p = 0.018

HP5 ≤38%, n=72

HP5 >38%, n=71

-p02 taken when placing
fiducial markers for plan 
-Dose: 75.6-79.8 Gy
-Intermediate Risk
(T1/T2; GS7, PSA 10-20)

Milosevic and colleagues; PMH-2005
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NeoadjuvantNeoadjuvant Casodex Casodex ((BicalutamideBicalutamide) Reduces ) Reduces 
Prostate HypoxiaProstate Hypoxia
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Milosevic, 2007

No relationship to:No relationship to:

•• TT--CategoryCategory
•• Gleason scoreGleason score
•• PSAPSA
•• Change in PSAChange in PSA
•• Duration ofDuration of

bicalutamidebicalutamide

May explain combination therapy success in high-risk CaP
Princess Margaret Hospital
University Health Network Bristow-Brampton-2009



Hypoxia is a negative clinical Hypoxia is a negative clinical 
prognostic factorprognostic factor

Radiotherapy
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Radical Prostatectomy
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• Prostate tumours with increased HIF1 have higher relapse 
• Potentially a local and systemic problem (cervix, HEENT, breast, sarcoma, etc.)

(adapted from Vergis et al.; Lancet Oncol, 2008)
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van der Kogel and colleagues; 2007
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Hypoxia & Prostate BiologyHypoxia & Prostate Biology

• Androgens can cause increased systemic spread 
• Hypoxia can up-regulate PSA 
• Hypoxia can associate with genetic alterations
• Hypoxia can modify treatment responses to 

chemotherapy, radiotherapy and AD (pre-clinical and 
clinical)

• Hypoxia may select for hormone-resistant disease

“Need effective measurements of hypoxia to individualize findings to 
specific patient prognosis and treatments” 

Princess Margaret Hospital
University Health Network Bristow-Brampton-2009



MicroenvironmentalMicroenvironmental Overlay For Screens and Assays to Overlay For Screens and Assays to 
Reduce “Noise/Signal” in Hits/BiomarkersReduce “Noise/Signal” in Hits/Biomarkers

E.G. siRNA/Chemical Screens & Novel Agent Testing In Vitro: Are They The Best Hits ?
(Transcription, Translation, Kinase Activity, EGFR, AR)

Tumour Section

Cellular

Int Risk CaP Example:
Frozen-paraffin cores: ~270 men

pO2 measurements
CGH-RNA-TMA

XRT Outcome data

Oxic

Hypoxic

EF5, Pimo
CAIX, HIF1

b1          b2           b3          b4          b5         



Sensitive cells
Resistant cells

Start F/U

Start

DRUGDRUG

PREDICTORPREDICTOR

F/U
DRUGDRUG

PREDICTORPREDICTOR
Princess Margaret Hospital
University Health Network



Pre-Clinical Imaging
-micro CT
-micro PET
-micro MRI
-gene imaging
-micro- cone-beam CT irradiator

LEGEND-DNA Repair 
Program 
-Tissue Arrays, SNPS
-Intracellular DNA Repair Assays
-Biopsies & Biomarkers (Hypoxia)
-Correlative Trial Biomarkers

(CFI, NIH, NCIC, CIHR, PCRFC, CPCRI, Terry Fox)Bristow-Orillia-2008Bristow-Brampton-2009



Prostate Prostate

(Chan et al.; Future Oncol, 2007)

Bristow-Orillia-2008Bristow-Brampton-2009 Princess Margaret Hospital
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CLINICAL AND EXPERIMENTAL CLINICAL AND EXPERIMENTAL 
STUDIES IN HYPOXIA RESEARCHSTUDIES IN HYPOXIA RESEARCH

• New studies and treatments against hypoxic 
prostate cancer cells
– In the next 5 years, we are going to measure hypoxic states in 

normal, pre-malignant and malignant prostate cancer to try and 
predict the risk of prostate cancer (Familial Prostate Clinic)

– We are also attempting to measure relative hypoxic cells in exisiting
tumours within individual men to predict their response to cancer 
therapy

• New treatments:
– We are developing ways to reduce the level of hypoxia within 

tumours to improve therapy response
– We can combine these with precision radiotherapy

Princess Margaret Hospital
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HOPE FOR THE FUTURE: PREVENTION HOPE FOR THE FUTURE: PREVENTION 
AND PRECISIONAND PRECISION
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Genetic instability
DNA Repair

Translation
mTOR/PERK/UPR

Metabolic Imaging & 
Novel Trials

Metastasis and MET
FAK and Stem cells

4-D Tracking
Multi-imaging



The Bristow LabThe Bristow Lab

Bristow Lab: Farid Jalali,  Alice Meng, Rong Fan (former), Shahnaz Al-
Rashid, TS Kumaravel (former), Oliver Faulhaber(Former), Helen Zhao,  
Carla Coackley, Tien Phan, Jamil Sawani, Norman Chan, Ramya
Kumareswaran, Mike Fraser, Mohsin Ali, Kaisa Luoto, Nirmal Boghal, 
Stanley Liu, Adrian Ishkanian, Danny Vesprini

Funding Partners: PMH Foundation, OICR, Prostate Cancer 
Research Foundation of Canada; NCIC-Terry Fox Foundation; CIHR, 
CPCRI; CFI, US-DOD Prostate Program; CCS Career Scientist Award

PMH-Terry Fox Hypoxia PPG Team 
(Hill, Hedley (DDP), Milosevic, Yeung, Fyles)
Radiation Medicine Program 
PMH Prostate Program

Princess Margaret Hospital
University Health Network

http://www.oicr.on.ca/
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