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OverviewOverview
•• The prostate cancer problemThe prostate cancer problem

•• Radiotherapy 101Radiotherapy 101
–– What is it and how does it work?What is it and how does it work?
–– How is it delivered?How is it delivered?

•• Understanding biology to improving Understanding biology to improving 
the success of radiotherapy and other the success of radiotherapy and other 
treatments for prostate cancer.treatments for prostate cancer.

•• A plea for your help!A plea for your help!

M. Milosevic, 2009



The Prostate Cancer ProblemThe Prostate Cancer Problem

Most common cancer in menMost common cancer in men
33rdrd leading cause of cancer death in menleading cause of cancer death in men

M. Milosevic, 2009
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What’s the “right” treatmentWhat’s the “right” treatment
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What’s the “right” treatmentWhat’s the “right” treatment
for prostate cancer?for prostate cancer?

Prostate cancer risk groups:

• Low risk
– T1-2, PSA <10, Gleason <6

• Intermediate risk

• High risk
– T3 or PSA >20 or Gleason ≥8

ObservationObservation
ProstatectomyProstatectomy
RadiotherapyRadiotherapy
-- ExternalExternal
-- BrachytherapyBrachytherapy

Hormonal therapyHormonal therapy
CombinationsCombinations

M. Milosevic, 2009
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PSA
Gleason score

Ultrasound
CT scan

Bone scan

Prostatectomy
Radiotherapy

Hormonal therapy

What’s the “right” treatmentWhat’s the “right” treatment
for prostate cancer?for prostate cancer?

Different patients but:Different patients but:
•• Same stageSame stage
•• Same PSASame PSA
•• Same GleasonSame GleasonPatient

Choice

Need for better tests to select patients Need for better tests to select patients 
for the most appropriate treatmentfor the most appropriate treatment
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What’s the “right” treatmentWhat’s the “right” treatment
for prostate cancer?for prostate cancer?

Prostatectomy Radiotherapy

Hormones Chemotherapy

New treatments that target abnormal biologyNew Biomarkers

• Hypoxia
• DNA repair
• Genetic

re-programming



What is Radiotherapy?What is Radiotherapy?

•• One of the three main treatments for cancerOne of the three main treatments for cancer
––Along with surgery and chemotherapyAlong with surgery and chemotherapy

•• 50% of patients with cancer require RT50% of patients with cancer require RT
––Breast cancerBreast cancer 83%83%
––Prostate cancer Prostate cancer 60%60%
––Lung cancerLung cancer 76%76%
––Rectal cancerRectal cancer 61%61%
––Kidney cancerKidney cancer 27%27%

Delaney, 2005Delaney, 2005
M. Milosevic, 2009



Radiotherapy and Tumor ControlRadiotherapy and Tumor Control

Cancer development

Pisansky, 2006

Radiation damages DNA causing cancer cells to die. Radiation damages DNA causing cancer cells to die. 
M. Milosevic, 2009



Radiotherapy DeliveryRadiotherapy Delivery

High Dose
To Cancer

Low Dose to Normal Cells

Treat the tumor andTreat the tumor and
avoid normal organs

Linear acceleratorLinear accelerator
avoid normal organs

Prevent side effects by precise targeting of the tumorPrevent side effects by precise targeting of the tumor
M. Milosevic, 2009



Radiotherapy DeliveryRadiotherapy Delivery
•• Fractionation = Small doses of RT each dayFractionation = Small doses of RT each day
•• Allows time for DNA repairAllows time for DNA repair
•• Cancer cells are unable to repair DNA Cancer cells are unable to repair DNA 

damage as well as normal cellsdamage as well as normal cells
•• Cancer cells die but normal cells surviveCancer cells die but normal cells survive

Prevent side effects by fractionating radiotherapy Prevent side effects by fractionating radiotherapy 

M. Milosevic, 2009



Prostate BrachytherapyProstate Brachytherapy

The ultimate in highThe ultimate in high--precision precision 
radiotherapy targeting of radiotherapy targeting of 
prostate cancerprostate cancer

M. Milosevic, 2009



Hormonal TherapyHormonal Therapy
and Radiationand Radiation

•• Many studiesMany studies

•• Improves the survival of Improves the survival of 
men treated with men treated with 
radiotherapyradiotherapy

•• Sequence, duration, Sequence, duration, 
continuous vs. intermittent?continuous vs. intermittent?

•• How does hormonal How does hormonal 
therapy work to improve therapy work to improve 
radiation effectiveness?

EORTC
Concurrent + Adjuvant AD

RT+AD

RTp<0.0001

EORTC
Concurrent + Adjuvant AD

RT+AD

RTp<0.0001

radiation effectiveness?

BollaBolla, 2002, 2002M. Milosevic, 2009



Radiotherapy in the 21Radiotherapy in the 21stst Century:Century:
Individualized TreatmentIndividualized Treatment

High precision radiotherapyHigh precision radiotherapy Understanding biologyUnderstanding biology

Synergistic strategies for improving tumor controlSynergistic strategies for improving tumor control
and reducing side effects and reducing side effects 

M. Milosevic, 2009



Blood VesselsBlood Vessels
Arteries and veins Arteries and veins 

are important for:are important for:
•• Delivery of nutrients Delivery of nutrients 

that are necessary that are necessary 
for cells and organs for cells and organs 
to surviveto survive

•• Removal of waste Removal of waste 
that would otherwise that would otherwise 
kill cells and organskill cells and organs

http://connection.lww.com/Products/porth7e/documents/Ch23/jpg/23http://connection.lww.com/Products/porth7e/documents/Ch23/jpg/23_023.jpg_023.jpg
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Tumor AngiogenesisTumor Angiogenesis
g g g g
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Adapted from Adapted from BergersBergers, 2003, 2003
M. Milosevic, 2009



Tumor AngiogenesisTumor Angiogenesis

KonerdingKonerding, 2001; Miller, 2005, 2001; Miller, 2005M. Milosevic, 2009

Tumor vesselsTumor vesselsNormal vesselsNormal vessels



Prostate Cancer AngiogenesisProstate Cancer Angiogenesis
Abnormal tumor blood Abnormal tumor blood 

vessels  cause:vessels  cause:
•• Low oxygen levelsLow oxygen levels

–– HypoxiaHypoxia
•• Genetic reGenetic re--programmingprogramming
•• Aggressive behaviorAggressive behavior

–– Rapid growthRapid growth
–– Cancer spreadCancer spread
–– Treatment resistanceTreatment resistance

Jain, 1994

New treatments to kill abnormal blood vesselsNew treatments to kill abnormal blood vessels
M. Milosevic, 2009



HypoxiaHypoxia

GeneticGenetic
ReRe--programmingprogramming

AbnormalAbnormal
AngiogenesisAngiogenesis

Impaired OxygenImpaired Oxygen
Delivery to TumorDelivery to Tumor

MetastasesMetastases

Failure ofFailure of
Cancer TreatmentCancer Treatment

AggressiveAggressive
Tumor Behavior

RecurrenceRecurrence
after RadiotherapyTumor Behavior after Radiotherapy

HormoneHormone
ResistanceResistance

RecurrenceRecurrence
after Chemotherapyafter Chemotherapy

M. Milosevic, 2009



Hypoxia in Prostate CancerHypoxia in Prostate Cancer

DCE MR

MR-Guided Biopsy

Blood Vessels Standard MRI

Hypoxia 

MRI to detect hypoxia in prostate cancerMRI to detect hypoxia in prostate cancer

Courtesy of C. Courtesy of C. MMéénardnardM. Milosevic, 2009



Hypoxia in Prostate CancerHypoxia in Prostate Cancer

Hypoxia measurements in 270 men with prostate Hypoxia measurements in 270 men with prostate 
cancer before radiotherapycancer before radiotherapy

M. Milosevic, 2009



Hypoxia in Prostate CancerHypoxia in Prostate Cancer

Hypoxia measurements in 270 men with prostate Hypoxia measurements in 270 men with prostate 
cancer before radiotherapycancer before radiotherapy

M. Milosevic, 2009



Hypoxia in Prostate CancerHypoxia in Prostate Cancer

Years from RT completionYears from RT completion
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Men with hypoxic tumors do worse:
– Recurrence in the prostate gland?
– Recurrence at other locations?

M. Milosevic, 2009



Hypoxia in Prostate CancerHypoxia in Prostate Cancer

Prostate Prostate

Chan, 2007
M. Milosevic, 2009



Block Angiogenesis to Reduce Block Angiogenesis to Reduce 
Prostate Cancer HypoxiaProstate Cancer Hypoxia
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Adapted from Adapted from BergersBergers, 2003, 2003
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Block Angiogenesis to Reduce Block Angiogenesis to Reduce 
Prostate Cancer HypoxiaProstate Cancer Hypoxia
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Hormones Block AngiogenesisHormones Block Angiogenesis
in Prostate Cancerin Prostate Cancer

Start of experimentStart of experiment 6 days later6 days later 12 days later12 days later

NoNo
HormonesHormones

HormonesHormones

Jain, 1998Jain, 1998M. Milosevic, 2009



Hormones Block AngiogenesisHormones Block Angiogenesis
in Prostate Cancerin Prostate Cancer

Intermediate RiskIntermediate Risk
cT1bcT1b--T2bT2b

PSA <10, Gleason 7PSA <10, Gleason 7--1010
PSA >10, Any GleasonPSA >10, Any Gleason

RR
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nn
dd
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ee

Conformal RTConformal RT
(79.8 Gy)(79.8 Gy)

Conformal RT +Conformal RT +
Bicalutamide 150 mgBicalutamide 150 mg

for 5 monthsfor 5 months

M. Milosevic, 2009



Hormones Reduce HypoxiaHormones Reduce Hypoxia
in Prostate Cancer in Prostate Cancer 
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New Drugs to Block AngiogenesisNew Drugs to Block Angiogenesis
in Prostate Cancerin Prostate Cancer

M. Milosevic, 2009



New Drugs to Block AngiogenesisNew Drugs to Block Angiogenesis
in Prostate Cancerin Prostate Cancer

CervixCervix
CancerCancer

Patient 1Patient 1

CervixCervix
CancerCancer

Patient 2Patient 2

Sorafenib aloneSorafenib aloneBaselineBaseline RT + SorafenibRT + Sorafenib
M. Milosevic, 2009



SummarySummary
•• New biomarkers are being discovered that will New biomarkers are being discovered that will 

allow patients to be treated more appropriately.allow patients to be treated more appropriately.

•• Hypoxia in prostate cancer is bad and may Hypoxia in prostate cancer is bad and may 
influence the success of prostatectomy, influence the success of prostatectomy, 
radiotherapy and other treatments.radiotherapy and other treatments.

•• Hormonal therapy reduces hypoxia in some Hormonal therapy reduces hypoxia in some 
patients and may improve treatment success.patients and may improve treatment success.

•• New drugs are being tested to overcome the New drugs are being tested to overcome the 
effects of hypoxia and improve treatment effects of hypoxia and improve treatment 
success.success.

M. Milosevic, 2009



What Can I Do?What Can I Do?

Think about participating in research studies to Think about participating in research studies to 
expand knowledge, help yourself and help others. expand knowledge, help yourself and help others. 

M. Milosevic, 2009
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