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INTRODUCTION L=

= 50% of all cancer patients are treated with radiotherapy
exclusively or In combination

*= Objective

* Maximize the dose to cancer cell N\ -
v'High probability of local tumor control ei "] Tumour orma
- Minimize exposure to normal tissue 1 \ i —
v'Low risk normal complications £
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INTRODUCTION

= RT changed significantly over the past few decades

* Improvements in engineering and computing

v'Evolving from conventional irradiation towards highly conformal
— Escalating the dose to target and minimize toxicity

* Improvements of imaging techniques
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SIMULATION 2D

uoroscopy and Kv-X ray

= Treatment field use bony landmarks

» Disadvantages
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EVOLUTION

Image guidance: past and futur
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SIMULATION 3D

* First major change in controlling the dose distribution
« Era of 3D conformal radiotherapy (1990)
« Collimator is made of multileafs, as opposed to 2D.
v'Better adapatation to the target volumen
v'Fixed beam irradiation with uniform fluence profiles
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REVIEW
IMRT: a review and preview
Thomas Bortfeld'

Published 20 June 2006 « 2006 IOP Publishing Ltd
Physics in Medicine & Biology, Volume 51, Number 13

= Achieves high dose distributions that conform to the shape of the tumor
« Subdividing each radiation beam into smaller beamlets , varying intensities. o
« Improved conformation in tumors with complex shapes. Contonmal tieepy
v’ Escalate the dose to the target volume
« Enhanced ability to spare normal tissues

* The advantages in survival have been reported a limited cancer
and primary benefits are a better toxicity profile.

IMRT

Superior for ’
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SIMULTANEOUS INTEGRATED BOOST:SIB

* IMRT that offers simultaneously treat two or more volumes
concurrently

* Provides different daily dose per volumen to PTV and GTV
simultaneously
« Benefit of a reduced overal treatment time ™ ™
* Increase the tumor control probability
* Provides better acute effects
« Manifest a greater biological effective dose (BED)




EVOLUTION
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PHYSICS CONTRIBUTION
X-RAY VOLUMETRIC IMAGING IN IMAGE-GUIDED RADIOTHERAPY
THE NEW STANDARD IN ON-TREATMENT IMAGING

IGRT

= Provided 3D verification imaging with soft tissue definition with acceptably low radiation
doses.

« Tumor and healthy organs are variable in size and position between fractions (inter) and
during fractions (intra)

= Objectives

« More precision irradiation volume

« Decreased safety margins
= New standard in verification and will facilitate new adaptive
radiotherapy techniques.
* |GRT includes time as 4D in treatment planning and
delivery




IMAGED GUIDED RADIOTHERAPY
IGRT

= Different imaging modalities are used to determine the target location in
realtime and redirect the beam to follow the target.

» “Respiratory gating” limits irradiation to the part of the respiratory cycle where the tumour is
In the path of the treatment beam, stopping and restarting irradiation in synchronism with the

respiratory cycle
= Another way to synchronise breathing with the radiation beam is to follow the movement of

the volume “tracking”
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ARCTHERAPY

= VMAT delivers radiation from a source that is continually rotating allowing
treatment to be administered from a full 360 *beam angle.
« This flexibility allows to achieve highly conformal dose distributions
« Greater efficiency with a reduction in delivery times and reduction of radiation dose

= Tomotherapy combination of a CT and a LINAC that allows for the delivery of radiation in a fan-shaped
distribution similar to CT, but with a radiation source that is continually rotating while the patient moves
through the machine.
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SBRT

The basic principle is achieving extreme geometric accuracy of radiation
dose delivery so that very small targets can be treated with high radiation

doses causing ablation.
* No more than 5 fractions, using IGRT

Origins date back to 1950
Limited of intracraneal lesion
The introduction CT and 3D and later 4D, estading to extracranial lesions
No invasive

High therapeutic index




ADAPTATIVE RT : IGART

Dosimetric readjustment according to anatomical variations
= Tumors and OAR volumetric modifications
= External contour ( weight loss or gain)
Improve therapeutic index

= Proportional number of adaptations

OAR dose reduction

Based on Deformable Image Registration (DIR)
=  Automatic re-contoured

Daily MVCT Recakula'e Detormable regsiraton 1o
doce on daly generate contours on daily
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ACTIVE BREATHING COORDINATOR : ABC

= Adyuvant RT reduces the risk of LRR and improves OS.

* Techniques minimize exposure to OAR since it is know that

radiation-related adverse effects are related to the dose and
Irradiated volumen

* mDIBH-ABC

« Device that assits patients maintain a deep breath during treatment for
breast and other tumors.
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Active Breathing Coordinator

(ABC) Device for Breast Cancer
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SURFACE GUIDED RADIATION THERAPY: SGRT

= Combination of a projector and one or several camera units to register a real-
time 3D surface of the patients.

 Allow real-time monitoring of patient movement
v'Positioning and intrafraction

* Non invasive approach and no additional exposure

* No increase time of treatment

= Provide increased patient safety throughout the course of the radiotherapy
treatment and increased accuaracy for the target volume
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Radiotherapy and Oncology

MRI-LINAC

ESTRO-ACROP recommendations on the clinical implementation of
hybrid MR-linac systems in radiation oncology

» Rather challenging approach resulted in the construction of hybrid, where
MRI and beam delivery share a common isocenter

= Deliver treatment radiation beams and monitor the target area at the same
time
« Specific advantages for soft tissue tumors
* Non-invasive procedure

* MRI-guided radiation therapy (MRIgRT)

v MRI images adquired immediately before and during tretament enable daily online planning
adaptation startegies to improve targeting accuracy while avoiding critical structures

LE. | -




6.Treatment delivery
simultaneous 3D cine MRI
image

5.Position verification
and translation







DIFFERENT RADIBIOLOGY

= Physical and radiobiology properties offer dosimetric advantages

« Slow down and increase energy deposit per unit lenght ( low LET)

v Bragg Peak
v SOBP: several beams are superimposed and cover all tumor

« Scattering angle is small , lateral penumbra is narrow (4-5mm)

 Integral reduction of dose, specially medium/low
v Reduce risk of 2° neoplasm in long survivors

= Radiobiological efficacy 10% higher than photons
- BED1.1vs1 12 A Pure Bragg Peak

= Reduce cell cycle dependence
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1Jérome Doyen et al.Proton beams in cancer treatments:Clinical outcomes and dosimetric comparisons with photon therapy.cancer Treatment Reviews,43(201) 104-112
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DIFFERENT RADIOBIOLGY...

= Protons offer.....
 Different DNA repair patways
* More efective inhibition of angiogenesis
* Different modulation of inflamation
* More effective activation of immune system



CONCLUSIONS

RT technigues have changed significantly over the past few decades due to the
Improvements in engineering and computing, which aim to improve the outcome by
escalating the dose to the target and minimizing the toxicity to normal tissue

ART make possible to modify the treatment plan in order to account for anatomical and
biological changes.

Photon are characterised by a high deposit of energy near surface with an exponential
decrease of energy release as a function of depth.

Protons have an inverted depth dose profile; that is, low incident energy deposition with a
spike at the tail-end of its dose distribution (the Bragg peak) and essentially no dose beyond
the end range

One of the major limitations of photon is that the cells of solid tumours become deficient in
oxygen. Tumour cells in a hypoxic environment may be as much as 2—3 times more resistant
to radiation damage than those in a normal oxygen environment

Protons, have an antitumour effect independent of tumour oxygen because they act via
direct energy transfer that causes double stranded DNA breaks



