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Stereotactic RT

Treatment in stereotactic conditians
-precision <1mm

Why this precision?
-high (or very high) dose, very few fraction {12 to 9 Gy in

1.5 fraction vs 2Gy/fraction !}
Very small size of treated zone {2-3cc vs 20-30cc)

Dedicated system for treatment planning and delivery to targets
Accurate targeting to reproduce planined dose
Patient immobilization techmigue to maintain this accuracy

IMRT/VMAT OR SRT

Technigue IMRTVMAT SRT

Beams ¢ arcs Beams or arcs modulated in flusnce mber of small beam sized or arcs = non coplanar =

corning freen multiple directions
I'-\.
Sy, .\
1

Conformity Bood conformity -I-I:iqh conformity
Compiex volumes or with concavity,  High lsodeses + intermediate and low
Sane Lissue sparing

Homogensity 17 Homegensows dose distri‘h% b «4._I*qq‘__tfﬁﬁngmeﬁmn distributians

target, effect - Many isocenters with overlapping
recherche - - toincrease dose decrease outside FTV or to increase mean
 dose In target

+ Combination of IMRT and GRT possible
= Heterogeneity of dose or homogeneity of dose in 5RT : clinical debate
*  Homogeneous dose distributions or not : impact on prescription {and dose reparting)
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Some dedicated stereotactic RT systerms
. ~

Gamma #nife

0.30 mm 0,93 mm
Dedicated Linac

0.31 mm 0,50 - 1.5 mm
Cyberknife 0.50 mm 085 rim

Tomotherapy SRT

Tomotherapy has shown potential as a precision stereotactic
radiosurgery delivery system

*The on-board MVCT can be usadl fior sterestactic Jocalization

*System is capable of sub-millimeter delivery accurac

used in conjunction with a precise intracranial sterentactic patient positioning system

*Tomotherapy produces conformial plans for small
targets
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Tomotherapy SRT

Delivery is non-isocentric

it could potentially provide an efficiency advantage in the case of multiple intracranial
targets large

Simulation Imaging and Treatment Planning

Simulation imaging

Patient-specific tumor-mation determination
and respiratory motion management

Treatment planning

Imaging artifacts

Dose heterogeneity
Gradient and fall-off
Beam geometry

Calculation grid size

Normal tissue dose tolerance
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Patient positioning, Immobilization
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Planning important parameters

TREATMENT

Hot spots within the target volumes
Sharp dose fall-off

Gradient of dose distribution outside the
target should be ideally isotropic

Resolution of beam shaping (leaf width)

The calculation grid resolution used in the TPS affects
the accuracy of the dose distribution calculated

Grid size of 2 mm or finer

For SRS/SRT of a single brain metastasis away from any OAR
100% of the PTV should be covered by the prescription iscdose

for lung SBRT only 95% PTV coverage
might be safely reached

for spinal SBRT only 80-85%: of the PT\ can be covered
by the prescribed isodose due 13 the constraints on the spinal cord.
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Treatment plan reporting R EP O RT

« Prescription dose,

« Prescription ICRU reference point or dose/valume, isodose

covering PTV to a particular percentage

« Number of treatment fractions

« Total treatment delivery pericd

» Target coverage,

« Plan conformity

example: Ratio of prescription isodose volume Lo PTY or a conformily index
« Dose falloff outside the target

example: Ratio of the volume of the 50% of prescription isodose curve to PTV

» Heterogeneity indexe

the ratio of highest dose received by 5% of PTV to lowest dase received by 95%of PTV
« Notable areas of high or low dose outside of the PTV and
« Dose to organs at risk

dose to 1% and 5% volume=s ard mean doses

ICRU91

Dose conformity Cl is given by the valume encompassed 5

by the isodose hyper surface with the prescriped dose pTVf,w
(prescription isodose volume, FI)

the volume of the target (PT%

the volume of the target receiving the prescribed dose or
more (PTVPIV).

[ PTV X PIV

Paddick’s CI

The dose-gradient Gl given by the volume encompassed
by the isodose hypersurface with half the prescribed dose
(P1Vsar) Gl =
the volume encompassed by the isodose hypersurface
with the prescribed dose (P IV}

Introduction to Advanced Treatments using
Tomotherapy (28-29 July 2022) 7
Page 7 of 19



PardisNoor Imaging and Cancer Center 10/1/2022

ICRU83

Conformity Index

V.is the treated volume defined as the volume included in =~ Cf = —————
the 95% isodose, Vervis the volume of PTV and Vi e is PTV95%

the Volume of PTV included in 95% isodose

Homogeneity Index HI ‘Dmd.-r
Maximum (Dmax) and Prescription {Dp) dose in PTY B D
P
Gradient Score Index
GSI=100 = {100 x [Rspq~Rgsq,—0.31)
PNOC SRT treatment results
Field width 1cm
Jaw mode fixed
Modulation Factor 1.5-2.5 13-30 Gy 35
Pitch 0.13-0.210
Dose rate 8.7 Gy/min
Number of Targets PTV Length Estimatsd Gartry Parfod {5 Actlve rotatien  Tmais) cl HI PD Fraction
1" 5-20mm %1 TI.6 1523 134 1.1 27 3
1 15mm 15.6 1ouh b 1.50 1.29 30 5
4 7-11mm 1 o5 1438 7.1 1.24 27 3
1 28mm 14 ) 192 1.2% 1.13 28 5
1 27mm LN 8T an 109 1.27 27 3
4 6-14mm 45 EE] B12.3 1.3% 1.25 27 3
7 11-36mm 4.5 &0 1493 1,25 1.27 30 5
2 6-8mm 53 LT 4547 1,58 1.15 23 3
2 5-7mm 14 5.2 L 145 1.06 23 3
1 23mm cl.4 4.3 5124 1.9 1.21 27 3
15 5-12mm .4 578 1520 1,75 1.18 3
Mean Cl:1.388 Mean
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Table I1. Dosimetric index comparison.

PTV Vol [ce] Conformity  Hemogencity Gradient Reference

(Mean) Index Index Score Index
(Mean) {Mean) (Mean)

6.2+5.7 1.36+0.17 1.04+0.02 5020 Barra er al. (16)

149+12.4 | 26=0.10 1. 18+0.00 43%14 Han er al. (20)

PTV. Planning Target Volume.

Tomotherapy vs Linac (SRT&SBRT dosimetry)

An appropriate dosimeter with a spatial resolution of
approximately 1 mm or better

relative output factor
. Detector should be less than half the FWHM of the
tissue-phantam ratio il eutiian e Wi g

Off axis ratios

Linac SBRT tests

dose-calculation algorithms

MLC leaf sequencing

MU calculation algorithimes

leaf speed

machine dose rates used for SERT
accuracy of calibration at these dose rates
Delivery precision at small MUs

patient positioning and localization
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Tomotherapy quality assurance SRT and SBRT
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Quality Assurance: End to End (Lucy)

medical physicists.

but it is also ideal for CT and MRI Q& work

The Lucy Phantom is a multipurpose phantom for clinical

Not only is Lucy a very important tool for Sterectactic Radiosurgery
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Quality Assurance: End to End (Lucy]
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Image Guided Patient Setup

Image Guided Stereotactic TomoTherapy
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How Large can Tomo Treat?

Small target Large target

PD: 24Gy/3 fr

A
Examples of added contours for treatment planming / q"‘
x ']
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Example of brain met single and multi target

Brain met
Single target

PD: 30 Gy/5 Fr

Introduction to Advanced Treatments using
Tomotherapy (28-29 July 2022) 14
Page 14 of 19



PardisNoor Imaging and Cancer Center

10/1/2022

|
ELSEVIER

v, s

Mean Dose to Normal Brain

Kssn®

W | N r— e

ST OOHTIM

Tomotherapy planning of sl brain tumors

Lucs Cosel”, Amenells Poghians®, Glean Bauman®

A who e Law By w ol onbu giadmld L1 ks Lt
by e T Do babonicps 1
warage 501

BADEPTHERAFY
L= Te ]
!

Lung SBRT

Introduction to Advanced Treatments using
Tomotherapy (28-29 July 2022)

15
Page 15 of 19



PardisNoor Imaging and Cancer Center

Fig . Comparison of fao«d nal dive distribat
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Tomo and IMAT Comparison for Lung SBRT
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Pancreatic Ca, bone met:T12
PD: 30Gy/5 fr

Dose constraint (example}
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Dose constraint (example}
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Highly conformal treatment with fast dose

gradient due to highly modulated, arc-based delivery
Designed to be a CT-guided solution to IMRT

SRT or Special Procedures.

Quality assurance is different but easy

Faster SRS especially for multiple metastases
Setup ideal

Compatible with industry-standard radiosurgery
Head rest for invasive or non-invasive immobilization
Cranial SRS or SRT and Body SRT typically as
good or better than conventional technology.
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Thank you
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