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ImageImage--guided adaptive RTguided adaptive RT

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

Biology and molecular targetingBiology and molecular targeting

Synergistic strategies for improving tumor controlSynergistic strategies for improving tumor control

and reducing side effects and reducing side effects 
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The Evolution of The Evolution of 

RadiotherapyRadiotherapy

for Cancerfor Cancer
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High Dose
To Cancer

Low Dose to Normal Cells

High Precision RadiotherapyHigh Precision Radiotherapy

Linear acceleratorLinear accelerator

with integrated CT imagingwith integrated CT imaging
Treat the tumor andTreat the tumor and

avoid normal organsavoid normal organs

ImageImage--guided IMRT toguided IMRT to ↑↑ tumor control and/or tumor control and/or ↓↓ toxicitytoxicity
M. Milosevic, 2010



Tumors ChangeTumors Change

•• Tumors are spatially Tumors are spatially 
heterogeneousheterogeneous

•• Tumors are unstableTumors are unstable

•• Position changesPosition changes

–– InterInter--fraction, Intrafraction, Intra--fractionfraction

•• Size and shape changesSize and shape changes

•• Biology changesBiology changes

Liver metastasisLiver metastasis

Courtesy of Laura DawsonCourtesy of Laura DawsonM. Milosevic, 2010



The Evolution of Adaptive RTThe Evolution of Adaptive RT
Clinical setupClinical setup

XrayXray simulationsimulation

CT planningCT planning

OnOn--line imagingline imaging

Isocentre translationIsocentre translation

Motion reductionMotion reduction

OnOn--line imagingline imaging

Adaptive reAdaptive re--planningplanning

AdaptingAdapting

to Changeto Change

AdaptingAdapting

to Initialto Initial

ConditionsConditions ↑↑ ComplexityComplexity

↑↑ TechnologyTechnology

DependenceDependence

↑↑ “Human” Input“Human” Input

↑↑ QAQA

↑↑ SurvivalSurvival

↓↓ ToxicityToxicity
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Adapt to Changing ConditionsAdapt to Changing Conditions

ImageImage

Initial Initial CondxCondx

Generic PTVGeneric PTV

(Class solution)(Class solution)
IMRT PlanIMRT Plan Fractionated RT deliveryFractionated RT delivery

ReRe--image for positionimage for position

Isocentre translationIsocentre translation

DailyDaily

ReRe--image for change image for change 

Track delivered doseTrack delivered dose

ReRe--plan to meet objectivesplan to meet objectives

t+t+∆∆tt
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Cervix CancerCervix Cancer

DiagnosisDiagnosis
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50 Gy

MidMid--treatmenttreatmentDiagnosisDiagnosis

Cervix CancerCervix Cancer
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IMRT forIMRT for

Cervix CancerCervix Cancer

Four-field

IMRT
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IMRT for Cervix CancerIMRT for Cervix Cancer
ChallengesChallenges

•• Tumor and LN identificationTumor and LN identification
–– Gross, microscopic, observer agreementGross, microscopic, observer agreement

•• Complex target volumesComplex target volumes

•• Tumor and normal tissue motionTumor and normal tissue motion

•• Tumor regression and deformationTumor regression and deformation

•• Clinical response to a shrinking targetClinical response to a shrinking target

•• Online daily image qualityOnline daily image quality

•• Workload (contouring, planning, quality)Workload (contouring, planning, quality)

M. Milosevic, 2010



Cervix CancerCervix Cancer
Motion, Regression, DeformationMotion, Regression, Deformation

M. Milosevic, 2010



Cervix Cancer: Change During RTCervix Cancer: Change During RT

20 images over 1 minute20 images over 1 minute

in each of 3 sagittal planesin each of 3 sagittal planes

00 55 1010 1515 2020 2525 3030 3535

Time (minutes)Time (minutes)

11 44 minutesminutes

3D volumetric scan3D volumetric scan

Sagittal cine scansSagittal cine scans

Weekly MR imaging to track tumor movementWeekly MR imaging to track tumor movement

M. Milosevic, 2010



Tumor Regression During RTTumor Regression During RT

Karen Lim, 2008Karen Lim, 2008

8 Gy 20 Gy

28 Gy 38 Gy 48 Gy

Pre-Tx
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Cervix Motion During RTCervix Motion During RT

Cervix (Week 1)Cervix (Week 1) Cervix (Week 3)Cervix (Week 3)

FundusFundus
OsOs

PromontoryPromontory

SacrumSacrum

CanalCanal

PointPoint--ofof--Interest  (POI) AnalysisInterest  (POI) Analysis

Philip Chan, 2008Philip Chan, 2008
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Uterine PTV Margins for IMRTUterine PTV Margins for IMRT

36.9 mm36.9 mm

16.4 mm16.4 mm

24.8 24.8 

mmmm

+y

+z

9.6 mm9.6 mm

4.3 mm4.3 mm

3.6 mm3.6 mm

4.0 mm4.0 mm

Inter-fraction Intra-fraction

14.8 mm14.8 mm

Philip Chan, 2008Philip Chan, 2008
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Cervix Cancer MotionCervix Cancer Motion
SummarySummary

•• Complex, spatiallyComplex, spatially--dependent motiondependent motion

•• Large interLarge inter--fraction tumor motionfraction tumor motion

•• Small intraSmall intra--fraction tumor motionfraction tumor motion

•• Tumor regression and deformationTumor regression and deformation

M. Milosevic, 2010



Cervix Cancer MotionCervix Cancer Motion
SummarySummary

•• Complex, spatiallyComplex, spatially--dependent motiondependent motion

•• Large interLarge inter--fraction tumor motionfraction tumor motion

•• Small intraSmall intra--fraction tumor motionfraction tumor motion

•• Tumor regression and deformationTumor regression and deformation

•• How do these changes during How do these changes during 

treatment influence the dose delivered treatment influence the dose delivered 

to the tumor and critical normal to the tumor and critical normal 

tissues?tissues?

M. Milosevic, 2010



Courtesy of Karen LimCourtesy of Karen Lim

Cervix Cancer MotionCervix Cancer Motion
DosimetricDosimetric Impact of Margin SizeImpact of Margin Size

•• 20 patients, weekly 20 patients, weekly MR’sMR’s

•• 3 plans (50 Gy):3 plans (50 Gy):

(a) Conventional (a) Conventional 

(b) 20 mm PTV(b) 20 mm PTV

(c) 5 mm PTV(c) 5 mm PTV

•• “Delivered” dose “Delivered” dose 

accumulation over the accumulation over the 

course of treatmentcourse of treatment

Clinical Target Volume
Definition

M. Milosevic, 2010



Deformable Soft Tissue ModelingDeformable Soft Tissue Modeling

Planning

Week 1 Week 2 Week 3

Week 4 Week 5

MORPHEUS:MORPHEUS:

Mapping of weekly Mapping of weekly 

anatomy to planning anatomy to planning 

geometrygeometry
Courtesy of Kristy Brock and James StewartCourtesy of Kristy Brock and James Stewart
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Delivered Dose AccumulationDelivered Dose Accumulation

DoseDose--Difference MapDifference Map

Week 1 Week 2 Week 3

Week 4 Week 5

ORBIT:ORBIT: Mapping of Mapping of 

delivered vs. planned delivered vs. planned 

dose to tumor and dose to tumor and 

normal organsnormal organs
Courtesy of Karen Lim and Val KellyCourtesy of Karen Lim and Val Kelly
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Courtesy of Karen Lim and James StewartCourtesy of Karen Lim and James Stewart

Cervix Cancer Motion and DoseCervix Cancer Motion and Dose

Case 1Case 1

Case 2Case 2

2 weeks

Planned Delivered

Planned Delivered

4 weeks
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Karen Lim, 2009Karen Lim, 2009

SM
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LM

Cervix Cancer MotionCervix Cancer Motion
DosimetricDosimetric Impact of Margin SizeImpact of Margin Size

95% of
prescribed dose

Tumor coverageTumor coverage
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Karen Lim, 2009Karen Lim, 2009

SM
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LM

Cervix Cancer MotionCervix Cancer Motion
DosimetricDosimetric Impact of Margin SizeImpact of Margin Size

95% of
prescribed dose

FFB
LM

SM

FFB
LM SM

FFB
LM

SM

Tumor coverageTumor coverage Normal organ sparingNormal organ sparing
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Cervix Cancer MotionCervix Cancer Motion

Extreme, complex and unpredictable motion implies the need for:Extreme, complex and unpredictable motion implies the need for:

-- Daily image guidanceDaily image guidance

-- Daily “adaptive” reDaily “adaptive” re--planningplanning
M. Milosevic, 2010



Cervix Cancer Adaptive RTCervix Cancer Adaptive RT
1) IMRT with uniform 3mm PTV margin, no replanning1) IMRT with uniform 3mm PTV margin, no replanning

2) Automatic 2) Automatic replanreplan with prewith pre--treatment optimization functiontreatment optimization function

PlanningPlanning

PlanningPlanning

DeliverDeliver

DeliverDeliver

Automatic Weekly ReplanAutomatic Weekly Replan

Criteria:Criteria:
•• D98% GTV > 50 GyD98% GTV > 50 Gy
•• D98% CTV > 49 GyD98% CTV > 49 Gy
•• D98% PTV > 47.5 GyD98% PTV > 47.5 Gy
•• OARsOARs subject to RTOG 0418 subject to RTOG 0418 

protocolprotocol

25 Fractions25 Fractions

IMRT Plan IMRT Plan 
Optimization Function Optimization Function 

IMRT Plan IMRT Plan 
Optimization Function Optimization Function 
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Cervix Cancer Adaptive RTCervix Cancer Adaptive RT

4747

4848

4949

5050

5151

4646

4545

D
o

s
e
 t

o
 9

8
%

 C
T

V
 (

G
y
)

D
o

s
e
 t

o
 9

8
%

 C
T

V
 (

G
y
)

PlannedPlanned No No ReplanReplan ReplanReplan

47.5 Gy (95%)

9/33 (27%)
< 95%

CTV

2020
R

e
la

ti
v
e
 v

o
lu

m
e
 r

e
c

e
iv

in
g

 >
4
5
 G

y
R

e
la

ti
v
e
 v

o
lu

m
e
 r

e
c

e
iv

in
g

 >
4
5
 G

y

00

100100

4040

6060

8080

PlannedPlanned No No ReplanReplan ReplanReplan

Courtesy James StewartCourtesy James Stewart

Bladder

M. Milosevic, 2010



SummarySummary
•• Tumors move, shrink and change shape.Tumors move, shrink and change shape.

•• Extreme, unpredictable anatomic changes can occur.Extreme, unpredictable anatomic changes can occur.

•• Large safety margins are required to account for interLarge safety margins are required to account for inter-- and and 
intraintra--fraction movement and avoid missing tumor.fraction movement and avoid missing tumor.

•• Smaller margins may be feasible with daily online imaging Smaller margins may be feasible with daily online imaging 
and adaptive and adaptive replanningreplanning, allowing dose escalation and/or , allowing dose escalation and/or 
normal tissue sparing.normal tissue sparing.

•• Opportunities for research and developmentOpportunities for research and development

–– Daily online image quality, automated contouring, automated reDaily online image quality, automated contouring, automated re--

planning, quality assurance, biologic adaptationplanning, quality assurance, biologic adaptation

M. Milosevic, 2010



OCAIROOCAIRO
Ontario Consortium for Adaptive Ontario Consortium for Adaptive 

Interventions in Radiation OncologyInterventions in Radiation Oncology

•• Alliance of 7 Ontario institutionsAlliance of 7 Ontario institutions

•• InterInter--disciplinarydisciplinary

•• Funding from Ontario Research FundFunding from Ontario Research Fund

•• Research Themes:Research Themes:

–– 3D/4D imaging for adaptive RT3D/4D imaging for adaptive RT

–– Adaptive RT processesAdaptive RT processes

–– Validation of imaging, deformation and dose Validation of imaging, deformation and dose 
accumulation techniquesaccumulation techniques

–– Software development for clinical translationSoftware development for clinical translation

M. Milosevic, 2010
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