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Radiotherapy in the 21st Century:
Indlwduallzed Treatment
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Image-guided adaptive RT Biolbg and molecular targéting

Synergistic strategies for improving tumor control
and reducing side effects

M. Milosevic, 2010




The Evolution of
Radiotherapy
for Cancer

e | Conformal

—— IG-IMRT

1980°s: 60 Gy

1990°’s: 70 Gy
2000's: 80 Gy
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High Precision Radiotherapy

| Linear accelerator Treat the tumor and
with integrated CT imaging avoid normal organs

Image-guided IMRT to T tumor control and/or | toxicity

M. Milosevic, 2010




Tumors Change

Tumors are spatially
heterogeneous

Tumors are unstable

Position changes
— Inter-fraction, Intra-fraction

Size and shape changes
Biology changes

Liver metastasis

M. Milosevic, 2010 Courtesy of Laura Dawson




The Evolution of Adaptive RT

Clinical setup

| Technology

Adaptin
PUng Dependence

to Initial Xray simulation
Conditions T Complexity

CT planning

T “Human” Input
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On-line imaging
Isocentre translation
Motion reduction

AN 5
Survival

Adapting
to Change

Toxicity

Y

On-line imaging
Adaptive re-planning
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Adapt to Changing Conditions

Re-image for position
Isocentre translation

Image
Initial Condx
Daily

Generic PTV

(Class solution) IMRT Plan Fractionated RT delivery

t+At

Re-image for change
Track delivered dose
Re-plan to meet objectives

M. Milosevic, 2010




Cervix Cancer




Cervix Cancer

| . =
Mid-treatment




IMRT for
Cervix Cancer

M. Milosevic, 2010




IMRT for Cervix Cancer
Challenges

Tumor and LN identification
— (Gross, microscopic, observer agreement

Complex target volumes

Tumor and normal tissue motion

Tumor regression and deformation
Clinical response to a shrinking target
Online daily image quality

Workload (contouring, planning, quality)




Cervix Cancer
Motion, Regression, Deformation

INTER- AND INTRAFRACTIONAL TUMOR AND ORGAN MOVEMENT IN PATIENTS CERVICAL CANCER REGRESSION MEASURED USING WEEKLY MAGNETIC

WITH CERVICAL CANCER UNDERGOING RADIOTHERAPY: A CINEMATIC-MRI RESONANCE IMAGING DURING FRACTIONATED RADIOTHERAPY:
POINT-OF-INTEREST STUDY RADIOBIOLOGIC MODELING AND CORRELATION WITH TUMOR HYPOXIA
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Motion and deformation of the target volumes during IMRT B A, assessment of interfractional uterine and cervical motion:
for cervical cancer: What margins do we need? Implications for radiotherapy target volume definition
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Cervix Cancer: Change During RT

Time (minutes)
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3D volumetric scan L]

B Sagittal cine scans RERRRERRRRRRRRRRRRE
20 images over 1 minute

in each of 3 sagittal planes

Weekly MR imaging to track tumor movement

M. Milosevic, 2010




Tumor Regression During RT

M. Milosevic, 2010 Karen Lim, 2008




Cervix Motion During RT

Cervix (Week 1) Point-of-Interest (POI) Analysis

Philip Chan, 2008

M. Milosevic, 2010




Uterine PTV Margins for IMRT

Inter-fraction Intra-fraction
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Cervix Cancer Motion
Summary

Complex, spatially-dependent motion
Large inter-fraction tumor motion

Small intra-fraction tumor motion
Tumor regression and deformation




Cervix Cancer Motion
Summary

Complex, spatially-dependent motion
Large inter-fraction tumor motion

Small intra-fraction tumor motion

Tumor regression and deformation

How do these changes during
treatment influence the dose delivered
to the tumor and critical normal
tissues?




Cervix Cancer Motion
Dosimetric Impact of Margin Size

» 20 patients, weekly MR's | B
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(a) Conventional
(b) 20 mm PTV
(c) 5 mm PTV

e “Delivered” dose
accumulation over the
course of treatment

Courtesy of Karen Lim

M. Milosevic, 2010




Deformable Soft Tissue Modellng

Week 1 | Week 2 © Week/3

Planning .

""

MORPHEUS:
Mapping of weekly
anatomy to planning
geometry

M. Milosevic, 2010

Courtesy of Kristy Brock and James Stewart




Delivered Dose Accumulation

Wesk 1<

Dose-Difference Map

ORBIT: Mapping of
delivered vs. planned
dose to tumor anad
normal organs

M. Milosevic, 2010

Courtesy of Karen Lim and Val Kelly




Cervix Cancer Motion and Dose

Delivered

M. Milosevic, 2010 Courtesy of Karen Lim and James Stewart
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M. Milosevic, 2010

Cervix Cancer Motion
Dosimetric Impact of Margin Size
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prescribed dose

Tumor coverage

Karen Lim, 2009
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Cervix Cancer Motion
Dosimetric Impact of Margin Size

]

HE

* @6 R oo

Fl —

FAW

| [] Nominal FFB

Accumulated FFB
£ Nominal LM

Es] Accumulated LM
[ Nominal SM
Accumulated SM

==

_|

k
e

L5

(0
a8

T
GTV

Tumor coverage

Median Dose (cGy)

[J Nominal FFB
Accumulated FFB
FZ] Nominal LM

Es] Accumulated LM
[ Nominal SM

Accumulated SM
1

1
Rectum

|
Sigmoid

I
Bladder

Normal organ sparing

Karen Lim, 2009




Cervix Cancer Motion
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Extreme, complex and unpredictable motion implies the need for:
- Daily image guidance
- Daily “adaptive” re-planning




Cervix Cancer Adaptive RT

1) IMRT with uniform 3mm P TV margin, no replanning

IMRT Plan Planning | | T Deliver
Optimization Function =
o )

Criteria:

. D98% GTV > 50 Gy

. D98% CTV > 49 Gy :

. D98% PTV > 47.5 Gy 25 Fractions

- OARs subject to RTOG 0418
protocol

2) Automatic replan with: pre-treatment optimization function

-

IMRT Plan _Planning | L\ . Belives
Optimization Function ﬁ_,)
ol

Automatic Weekly Replan I I 1 T )

M. Milosevic, 2010




Cervix Cancer Adaptive RT
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Summary

Tumors move, shrink and change shape.
Extreme, unpredictable anatomic changes can occur.

Large salety margins are required to account for inter- and
Intra-fraction movement and avoid missing tumor.

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

Opportunities for research and development

— Daily online image quality, automated contouring, automated re-
planning, quality assurance, biologic adaptation

M. Milosevic, 2010
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Ontario Consortium for Adaptive
Interventions in Radiation Oncology

» Alliance of 7 Ontario institutions
» Inter-disciplinary
» Funding from Ontario Research Fund

 Research Themes:
— 3D/4D imaging for adaptive BT
— Adaptive RT processes

— Validation of imaging, deformation and dose
accumulation technigues

— Software development for clinical translation

M. Milosevic, 2010
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