Neden Cyberknife?
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. Planlanan Hedef Volim (PTV) marjini minimize etmek,
. Hedef volime yuksek fraksiyon dozlarini vermek,
. Hedef volim disindaki saglikli dokularin dozunu

azaltmak.



SRS-Teknik gereksinim 1!

Hassas doz algoritmalari
(Monte Carlo vs.)

Targetin dogru goriintiillenmesi

=)  Intrafraksiyon hareketin tespiti/
duzeltilmesi



Optimum doz fraksiyon semalari

Targetin ve kritik organlarin konturlanmasi
Icin daha 1yi goruntulenme, fuzyon(MR,PET)




RADYOCERRAHI

e Gamma-knife
e Linak bazli RC
e Cyberknife

e TomoTherapy
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A volumetric study of CyberKnife
hypofractionated stereotactic radiotherapy as
salvage for progressive malignant brain
tumors: initial experience

Cole A. Giller*, Brian D. Berger*, Karen Fink" and Eleanor Bastian'

*Baylor Radiosurgery Center and TDepartment of Neurology, Baylor University Medical Center, Dallas,
TX, USA
‘Wellesley College, Wellesley, MA, USA




Tek fraksiyon vs hipofraksiyon
karsilastirmasi



KONVANSIYONEL FRAKSIYONASYON
HIPOFRAKSIYONASYON
STEREOTAKTIK RADYOCERRAHI (SRS)

SRS HIPOFRAKSIYONASYON ! KONVANSIYONEL
1 5 Fraksiyon sayisi 35 45
>5Gy Fraksiyon buyuklugu 1.8 - 2.0 Gy

BiYOLOJIK AMAC

Tumor kontrolu Normal doku korumasi



Fraksiyonasyonun etkisi

Fraksiyonasyon sinir dokusunu
korur (optik sinirin a/B orani
kiclktiir: <3 Gy).

Hipofiz adenomunun o/
orani bilinmiyor. Eger optik
sinirin oo/B oranindan biiyiikse
hipofiz adenomunun
tedavisinde fraksiyone
tedavilerin, RC’den daha etkili
olmasi beklenir.

Mehta MP: The physical, biologic, and clinical basis of
radiosurgery, Curr Probl Cancer 19(5).265-329, 1995.

Radyoterapi Dozu
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Kiiciik hacme bir fr'da tedavi: Normal dokuya etkisi timorde olusan

S LR ELEREVAE

Isinlanan normal doku hacmi ¢ok
kiiglik olmal

Redistribuisyon etkisinin gorilmemesi

Reoksijenasyon etkisinin ortadan
kalkmasi

Minimal toksisite ile klinik etkinlik
Repopulasyon minimal

Fraksiyonlar arasi belirsizliklerin
olmamasi

Tedavi alanindaki normal doku
hacminin en aza indirilmesi nedeniyle
yiuksek doz radyasyon verilebilmesi




Radyocerrahide Lineer Quadratik Modelin
Uygunsuzlugu

* Fraksiyone radyoterapinin biyolojik etkisini dogru hesaplayan LQM’in
hipofraksiyone tedavinin etkisini oldugundan dustk, bir fraksiyonda tedavinin
etkisini oldugundan yuksek hesapladigi deneysel calismalarda gosterildi.

* Invitro deneylere kiyasla In vivo deneylerde, muhtemelen reoksijenasyon
nedeniyle hesaplanan ile gerceklesen biyolojik etki farki daha da belirgindir.

e BED in vivo timor yanitinin 6lcilmesinde kesinlikle glivenilmez bir 6lcektir. 2-5
fr araliginda basit bir sekilde toplam doz, timoérin radyasyon yanitinin daha iyi
bir 6lclsu olabilir.

Shibamoto, Inadequacy of using the LQM in high dose per fraction RT: In vitro and in vivo study, Radiother Oncol, 2012
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Medical Physics

Comparison of advanced irradiation techniques with photons
for benign intracranial tumours

L. Cozzi®*, A. Clivio®®, G. Bauman®, S. Cora®, G. Nicolini?, R. Pellegrini?, E. Vanetti®®,
S. Yartsev®, A. Fogliata®
20ncology Institute of Southern Switzerland, Medical Physics, Bellinzona, Switzerland, ®University of Milan, Medical Physics

Specialisation School, Milan, Italy, “London Regional Cancer Program, London Health Sciences Centre, London, Ont., Canada,
43-D Line Medical Systems srl. Milan, Italy, *Ospedale di Vicenza, Medical Physics, Vicenza, Italy




Stereotactic arc (SRS/T)
— Non coplanar arc 20-40 mm konik kolimator

Dynamic intensity-modulated arc radiation therapy
(AMOA)

— 20-40 derece 3-5 arc, tek isocenter
Intensity modulation (IMRT)

— 5mm MLC

Cyberknife

— 120-150 1sIn

Helical tomotherapy (HT)
— 0,625mm 64 MLC
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Vestibular Schwannoma

Dosimetric comparison of different treatment modalities for stereotactic
radiosurgery of arteriovenous malformations and acoustic neuromas

Thierry Gevaert*™* Marc Levivier ¢, Thomas Lacornerie ¢, Dirk Verellen®°, Benedikt Engels *®,
Nick Reynaert®, Koen Tournel *®, Michael Duchateau®®, Truus Reynders *°, Tom Depuydt *”,
Christine Collen®®, Eric Lartigau9, Mark De Ridder*"

* Universitair Ziekenhuis Brussel; ® Vrije Universiteit Brussel, Belgium; “Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland; ® Centre Oscar Lambret, Lille, France




ABSTRACT

Purpose: We investigated the influence of beam modulation on treatment planning by comparing four
available stereotactic radiosurgery (SRS) modalities: Gamma-Knife-Perfexion, Novalis-Tx Dynamic-Con-
formal-Arc (DCA) and Dynamic-Multileaf-Collimation-Intensity-Modulated-radiotherapy (DMLC-IMRT),
and Cyberknife.

Material and methods: Patients with arteriovenous malformation (n=10) or acoustic neuromas (n=25)
were planned with different treatment modalities. Paddick conformity index (Cl), dose heterogeneity
(Dy), gradient index (Gl) and beam-on time were used as dosimetric indices.

Results: Gamma-Knife-Perfexion can achieve high degree of conformity (Cl=0.77 £ 0.04) with limited
low-doses (Gl = 2.59 £ 0.10) surrounding the inhomogeneous dose distribution (Dy = 0.84 £ 0.05) at the
cost of treatment time (68.1 min £ 27.5). Novalis-Tx-DCA improved this inhomogeneity (Dy=0.30%
0.03) and treatment time (16.8 min £ 2.2) at the cost of conformity (Cl =0.66 £ 0.04) and Novalis-TX-
DMLC-IMRT improved the DCA CI (Cl = 0.68 + 0.04) and inhomogeneity (Dy; =0.18 £ 0.05) at the cost of
low-doses (Gl =3.94 +0.92) and treatment time {21.7 min + 3.4) (p < 0.01). Cyberknife achieved compa-
rable conformity (Cl =0.77 £ 0.06) at the cost of low-doses (Gl =348 +0.47) surrounding the homoge-
neous (Dy=0.22 + 0.02) dose distribution and treatment time (28.4 min+ 8.1) (p < 0.01).

Conclusions: Gamma-Knife-Perfexion will comply with all SRS constraints (high conformity while mini-
mizing low-dose spread). Multiple focal entries (Gamma-Knife-Perfexion and Cyberknife) will achieve
better conformity than High-Definition-MLC of Novalis-Tx at the cost of treatment time. Non-isocentric
beams (Cyberknife) or IMRT-beams (Novalis-Tx-DMLC-IMRT) will spread more low-dose than multiple

isocenters {Gamma-Knife-Perfexion) or dynamic arcs (Novalis-Tx-DCA). Inverse planning and modulated
fluences (Novalis-Tx-DMLC-IMRT and CyberKnife) will deliver the most homogeneous treatment. Fur-
thermore, Linac-based systems (Novalis and Cyberknife) can perform image verification at the time of
treatment delivery.

© 2012 Elsevier Ireland Ltd, All rights reserved. -Radintherapy and Oncology 106 (2013) 192-197




Fig. 1. Different beam modulations: the Gamma Knife Perfexion uses 192 cobalt-60 sources arranged in a cylindrical configuration in five rings (A) with three different
collimator sizes (4-, 8-, and 16-mm). The beam size changed automatically by moving 24 sources over the selected collimator set (D) (Courtesy of Elekta). The Novalis Tx uses
a HDMLC (B) with the DCA (E) or DMLC technique (F) (Courtesy of Brainlab). The Cyberknife uses dodecagon collimator (C) with multiple focal entries (G) (Courtesy of

Accuray),
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Table 1
The dosimetric results of the Gamma Knife Perfexion, Novalis DCA and IMRT, and Cyberknife systems.
Perfexion Novalis Tx Cyberknife
Maximum dose Mean ( 33.93 ) ( 21.31 ) ( 21.39 ) ( 21.16 )
sD . 3 p ]
Mean acoustic neurinomas 24.26 15.48 14.92 15.25
sD 0.21 0.57 0.34 0.56
Mean arteriovenous malformation 38.77 24.23 24.63 24.13
sD 3.42 2.03 1.45 1.93
Paddick conformity index Mean 0.77 0.66 0.68 0.77
sD 0.04 0.04 0.04 0.06
Min 0.68 0.59 0.52 0.67
Max 0.84 0.74 0.89 0.85
Mean acoustic neuromas 0.76 0.67 (.66 0.75
sSD

Dose heterogeneity index

Gradient index

Treatment time

Mean arteriovenous malformation
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Report of AAPM TG 135: Quality assurance for robotic radiosurgery
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Cyberknife Cihazinda Kalite Kontrol

AQA Testi

CyberKnife cihazinin hedefleme
dogrulugunu olcen bir testtir.

Radyoopak metal bir kire iceren
AQA fantomuna yatay ve dikey
olarak iki adet film yerlestirilir.

Bir AP ve bir lateral i1sin iceren QA
plani yapilir.

Fantom bu plan dogrultusunda
Isinlanir.

Filmler Ozel bir yazilim
programiyla degerlendirilir.

Gunluk olarak yaptlir.



Cyberknife Cihazinda Kalite Kontrol

v AQA Testi Bulgulari

AQA SONUCLARI
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MERKEZDEN SAPMA

DEGERLERI

X yonunde;

0,10+0.18 mm
Y yonunde;

-0,31+0,21 mm
Z yonunde;

0,33+0,16 mm

olarak bulunmustur.



Cyberknife Cihazinda Kalite Kontrol

Ne cektim su
fizikcilerden
be....

E2E Testi

Geometrik dogrulugu etkileyen tim parametreleri hesaba katan bir testtir.



Cyberknife Cihazinda Kalite Kontrol

v’ E2E Testi Bulgulari

E2E SONUCLARI
1
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——E2E Sonuglari

Ortalama toplam sistem hatasi 0,44+0,19 mm.



SRS-Teknik gereksinim

Hassas doz algoritmalari
(Monte Carlo)

Targetin dogru goriintiillenmesi

Intrafraksiyon hareketin tespiti/
duzeltilmesi



e 4 lezyondan fazlasi,
target konformitesini
bozuyor.

* Normal beyin dokusu
cok fazla isinlaniyor.

* 5mm Cone-Output
Oolcumleri HATALI !!!
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7 « \
Ben de kafaya

Cikarin beni ¢akiyorum ama
benimkiler

buradannn..x. acrtmiyor.. !
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