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CyberKnife S7
(Accuray)

SRS/SBRT systéem

System linearneho urychlovaca
na robotickom ramene
Fotonove ziarenie 6 MeV, FFF
Planovaci system Precision
Nekoplanarne zvazky ziarenia

Kolimatory:
* Fixne

* |IRIS

* (MLC)




kV zobrazovaci system

rontgenky v strope

detektory v podlahe




| Tracking mody

 Staticke:

Fiducial — sledovanie implantovanych markerov
Skull

Spine Supine

* Dynamické (s respiracnym pohybom):
Fiducial
Lung (tumor):

2 View

1 View



B Program QA

Zdroje:

« J Appl Clin Med Phys 2018; 19:2:29-34 - report od kanadskej organizacie
medicinskych fyzikov

« Report No. 3 of AAPM TG 135: Quality assurance for
robotic radiosurgery; 2011

« AAPM-RSS Medical Physics Practice Guideline 9.a; 2017
. Zeské SUJB



Check frequency Test Tolerance
Daily* Head laser alignment check 1.0 mm
*days of clinical use Safety interlocks Functional

Automatic QA (AQA) test*

Total targeting <1.0 mm from baseline, not exceeding manufacturer's
specification

* the AQA test will alternate between fixed cones and Iris™, with each
system tested at least weekly

Accelerator output constancy +3%
Monthly Energy constancy +2%
Beam symmetry, relative +3% for 40 mm field, £4% for 60 mm field
Accelerator output constancy +2%
Imager alignment 1 mm or center pixels £2 pixels
Iris™ field size spot check (3 or more field sizes 210 mm) 0.5 mm
E2E localization assessment 0.9 mm static target, 1.5 mm motion tracking
(Each tracking mode used clinically)
Yearly Emergency Power Off (EPO) button, safety interlocks Functional
Accelerator output +2.0%
MU linearity (>10 MU to highest MU used clinically) 2%

Path verification

<0.5 mm maximum per node, <0.3 mm average

Imager kVp accuracy, mA station exposure linearity, isopost alignment
with center pixel

+10%, +20%, and 1 mm, respectively

Beam laser and radiation beam alignment for cone and Iris™

0.5 mm from baseline

AQA baseline

Recheck AQA baseline

Beam data verification — Relative output factors for cones and Iris™

covering the range used clinically

+2% from baseline for >1.0 cm apertures, £5% from baseline for <1.0 cm
apertures

Halvorsen, P.H., Cirino, E., Das, I.J., Garrett, et al. (2017), AAPM-RSS Medical Physics Practice Guideline 9.a. for SRS-SBRT. J Appl Clin Med Phys, 18: 10-21.https://doi.org/10.1002/acm2.12146



Denna kontrola - moznosti

* Filmy Gafchromic
* Polia detektorov s vysokym rozliSenim

CMOS technoldgia ionizacné komory diédy

iba-dosimetry.com ptwdosimetry.com sunnuclear.com



M Denna kontrola — postup odporucany vyrobcom

AQA (Auto QA)
* Kontrola analogicka s kontrolou Winston-Lutz na linaku s C-ramenom
* Cielom je overenie presnosti zacielenia oziarenim anteriornym a lateralnym zvazkom

* Priprava kocky s vlozenymi 2 filmami podla znaciek - oziarenie planom AQA TEST
(35mm kolimator)

* Nasnimanie na skeneri a vyvhodnotenie v softveri od vyrobcu

Stabilita davky linearneho urychlovaca - 60 mm kolimator

* Fixacia drziaku komory k hlavici CK (birdcage)

* Na drziak sa pripevni SEMIFLEX CHAMBER 0.125 cm3, komora s BUILD-UP nadstavcom
* UNIDOS Romeo

* Predziarenie, meranie (korekcia teplota, tlak)



A SRS MapCHECK (Sun Nuclear, Melbourne,
Florida, USA)

« 2D pole dioéd 77 mm x 77 mm

» 4 navadzacie markery (fiducials),
ktoré sluzia na lokalizaciu
systémom CyberKnife 247 m

o Softvéer SNC Patient




A AQA s polom detektorov SRS MapCHECK (TAQA)

« 2 plany:

"Ant" s polom detektorov poloZenym horizontalne na stole

"Lat" s polom detektorov otocenym do polohy 270°

« V softveri SNC Patient sa hodnotia:

posuny Vv lateralnom, predo-zadnom a superiorne-inferiornom smere
radial error - nema prekroCit 1 mm od baseline
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Patient: SRS, MAPCHECK
ID: 1111111111dgaCK
Plan: Lat_IRIS02
Saved: 24 Jul 2023, 08:37:15 AM
Rx: 1 Fx, 0.61 Gy, 80.0% of Max
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Overenie TAQA: plan s vnesenou chybou —
lateralny posun

 Plan "anterior" bol prepocitany s posunom v lateralnom smere 0 0,9 mm
« Oziarené obidva plany a vykonany vypocCet TAQA
 Ciel bol zistit, Ci sa zaznamena chyba nastavenia



Overenie TAQA: plan s vnesenou chybou —
lateralny posun

 Plan "anterior" bol prepocitany s posunom v lateralnom smere 0 0,9 mm
« Oziarené obidva plany a vykonany vypocCet TAQA
 Ciel bol zistit, i sa zaznamena chyba nastavenia

Vysledky:
* VV/ykonanych 5 merani v roznych dnoch
 Lateralny posun - kontrola nepresSla v ziadnom merani
« Radial Error — v 4 meraniach vystraha, v 1 merani kontrola presla

Garcia-Fuentes, J.D. J Appl Clin Med Phys (2023)

« porovnavali AQA s filmami a SRS MapCHECK - porovnatelné vysledky oboch
metod
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Overenie TAQA: plan s vnesenou chybou —
lateralny posun

TAQA Analysis Results
Delivery Anterior Lateral
X Offset (mm) 1.88| -0.73
Y Offset (mm) 0.50 0.33
Eccentricity 0.11 0.04
Offset (mm) Today Baseline Diff Alert
Inf-Sup 0.42 0.48) -0.06 0.40
L eft-Right 1.88 0.84 1.04 0.40
Post-Ant 0.73 0.55 0.18 0.40
Radial Error 2.06 1.11 0.95 0.75

Fail

Error Pass/Fail

0.50
0.50

0.50
1.00

Pass
Fail
Pass

Collimator: Iris - Position: Anterior, Lateral

10-apr-2024-Airis posun 01 mm.smcm
10-apr-2024-Liris.smcm




= TAQA

TAQA Analysis Results Collimator: Iris -- Position: Anterior, Lateral

Delivery Anterior Lateral

X Offset (mm) 1.00] -0.66

Y Offset (mm) 0.16|  0.41 Pass ‘-
Eccentricity 0.11 0.03 "
Offset (mm) Today Baseline Diff Error Pass/Fail

Inf-Sup 0.28 0.48|] -0.20 . : Pass

Left-Right 1.00 0.84|] 0.16 Pass
Post-Ant 0.66 0.55 0.11 Pass = 15-maj-2024-Airis.smcm

Radial Error 1.23 1.11 0.12 Pass = 15-maj-2024-L iris.smcm
—




B TAQA - trendy
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Absolutnha davka

Kalibracia SRS MapCHECK na meranie absolutnej davky v centralnom
detektore:

» vykonana na LU Harmony (Elekta)
* homogenizovany 6 MV zvazok, pole 5x5 cm, 100 MU
 Buildup doskovy fantom PMMA

* 100 MU odmerané ionizaCnou komorou (aplikované vsetky
korekcie, korekcia na material doskového fantomu oproti vode bola
vykonana meranim vo vode)

 oziarenie SRS MapCHECK v rovnakych podmienkach, do softvéeru
SNC Patient zadana davka namerana komorou



Plan s vnesenou chybou — davka

 Plan "anterior" bol prepocitany s davkou 99 MU a 101 MU
* Merania vsetkych 3 planov pocas troch po sebe iducich dni

« OCakavana hodnota — hodnota baseline odmerana po poslednej kalibracii
davky CyberKnife




Plan s vnesenou chybou — davka

 Plan "anterior" bol prepocitany s davkou 99 MU a 101 MU

* Merania vsetkych 3 planov pocas troch po sebe iducich dni

« OCakavana hodnota — hodnota baseline odmerana po poslednej kalibracii

davky CyberKnife
VyS|edky: 99 MU 100 MU 101 MU
priemer 3 merani 72,86 73,71 74,27
SD +0,20 +0,17 +0,22
ocakavana hodnota 74,00 74,00 74,00
rozdiel -1,14 -0,29 0,27
percentualny rozdiel -1,54 -0,39 0,36




Trendy - davka
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zaver

Vyhody pouzitia pola diod pri rannej kontrole CyberKnife:
* vyhneme sa neistotdm spojenym s radiochromickymi filmami

 vysledky su k dispozicii okamzite a zaroven v tom istom merani ziskame udaj
o davke

 jednoduchsSia manipulacia ako s filmami
* nie su nutné dalsSie naklady na zakupenie mnozstva filmov

Pole didd SRS MapCHECK ma nizSie priestorové rozliSenie ako filmy. Overili
sme, Zze dokaze zachytit submilimetrovu chybu zacielenia.

Potrebna opatrnost pri hodnoteni, nesledovat' len radial error ale aj posun
v jednotlivych smeroch.

Metdda TAQA (SNC Patient - SunNuclear) so zariadenim SRS MapCHECK je
vhodna na denné kontroly presnosti zacielenia a meranie davky ziarenia
CyberKnife.
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