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Klinik Protokol

Decision support tools that Automated tumour and organ Enhanced image guidance, motion
combine clinical, genomic and segmentation as well as optimal management and scheduling promise
imaging data promise to support dose prediction promise to to improve clinical efficiency and
precision oncology practices streamline the planning process patients’ outcomes and experiences

Replanning
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Treatment
decision

Treatment
planning

Imaging

Plan approval
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and QA
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Radiotherapy
delivery

Al promises to reduce radiation Al tools might help expedite
exposure of patients, enhance image the QA process and detect rare
quality, suppress artefacts and enable erroneous events, especially for
more accurate image registration highly complex treatments

Accurate prediction of response to treatment,
radiation-induced toxicities and other adverse
effects might provide real-time meaningful
clinical decision support




Patient QA ve Onemi

> Yogunluk Ayarli Radyoterapi, Volumetrik Arc Radyoterapi, ve Helikal Tomoterapi
tedavilerinde tedavi planlama parametreleri MLC pozisyonuna, doz hizina masa
hareketine ve acising, gantry ve kolimator acilarina bagldir. Bu kompleks optimizasyon
sayesinde istenilen seviyede konformal planlar elde edilir.

» MLC hareketinin karmagikligi, tedavi planlama sistemlerindeki doz hesaplama
algoritmalarina ait sinirliliklar planlanan ve verilen doz arasinda farkliliga sebep olabilir.
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Patient QA ve Onemi

> Uluslararasi Radyasyon Birimleri ve Olgiimleri Komisyonu (ICRU) raporuna gére;
hastaya verilen doz ile planlana doz arasindaki fark %5 sinirlari igerisinde olmalidir.
Bunu saglayabilmek igin tedavi suresince uygulanan tim adimlarda toplam hatanin %5 i
asmamas! gereKir.

> Teknolojinin gelismesi ile birlikte daha kompleks tedaviler uygulanmaya baglamis ve
buna bagl olarak radyasyonun giivenli bir sekilde verilmesini saglamak amaciyla gelismis
QA olgiimlerine ve analizlerine duyulan ihtiyag artmistir.

» Buna goére hastaya 6zgi kalite temini, hastaya planlanan dozun glvenli bir sekilde
verilmesini saglamak amaciyla planlama parametrelerinin 6zellikli fantomlar araciyla
alinan élglimler veya gelismis yazilim programlari ile kontrol edilmesidir.
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Fantom gereksinimleri

» QA icin kullanillan fantomlarin hastaya verilen dozu olgebilecek ve geometrik ve
dozimetrik hatalarin degerlendirimesine imkan saglayacak Ozelikte olmasi
gerekmektedir.

» Hastaya o0zgu kalite kontrol islemine baslamadan once her fantomun Uretici kriterleri
dikkate alinmalidr.
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PTW Octavius Genel Ozellikleri

> 2D Array, merkezden merkeze 10 mm uzakliktaki iyon odalarindan olusur.

> Her bir iyon odasinin boyutu 5 x 5 x 5 mm3"tiir.

» Array, motorlu silindirik polistiren fantomun igine yerlestirilir.

» Portalla eszamanli olarak dondiiriildiigi igin 1sin her zaman detektér dizisine dik olarak

carpar.
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Quality
Assurance

Uretici kriterlerine gore fantom commissioning testleri Elekta VersaHD

Cihazinda yapilmistir.

2x2cm2 den 26x26cm?2 ye kadar olacak sekilde PDD élgiimleri alinmigtir,
SSD =85cm

Kiiclik alanlar igin < 5cm?2
(Active Volume = 0.016 cm3)
Biylk alanlar igin > 5 cm?2
(Active Volume = 0.07 cm3)

EE—)

EEe——)

PTW PinPoint Ion Chamber

PTW Semiflex 3D Ion Chamber

Alan Boyutu QI
(cm2) SSD = 100 cm SSD = 85 cm
2x2 0.6173 0.6238 1.05
4x4 0.6335 0.6400 1.02
10x10 0.6683 0.6739 0.83
26x26 0.7090 0.7143 0.75

° Medikal

Fizik Dernegi
1 Physics Association

Turkish Medical Physi




26x26 cm2

- Dephn [

g

i
FE

° Medikal Fizik Dernegi

h Medical Ph; sociation




Convansiyonel tedavilerde hasta G

» En yaygin QA modeli planlanan dozun 2D veya 3D doz élgiimleriyle karsilastirilmasini igerir.

» Gama analizi veya Gamam indeks analizi olarak bilinen Gama degerlendirme yontemi bu tur
Olgiumleri karsilagtirmak igin kullanilan en yaygin yéntemdir.

> Bu teknik uzaysal alandaki minimum OKklid mesafesi olan her noktanin gama degerini
hesaplayarak, dlgilen doz dagilimini planlanan doz dagilimiyla niceliksel olarak karsilastirir.

> Bolgesel olarak doz dagilim farki hesaplanan doz dagiliminin 6lgimle uyusmadig: bélgelerdeki
Farkliliktir,
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F1c. 1. Geometric representation of dose distribution evaluation criteria for
the dose-difference and distance-to-agreement tests. (a) Two-dimensional

representation. (b) One-dimensional representation.
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FiG. 2. Geometric representation of dose distribution evaluation criteria us-
ing the combined ellipsoidal dose-difference and distance-to-agreement
tests. (a) Two-dimensional representation. (b) One-dimensional representa-
tion.




Convansiyonel tedavilerde hasta QA

> Degerlendirilen ve referans doz dagilimlari arasindaki uyum iki kabul kriteri kullanilarak hesaplanir.

% doz farki AD
mm cinsinden uyuma olan mesafe DTA

» DTA, olgiilen bir veri noktasi ile hesaplanan doz dagiliminda ayni dozu gosteren en yakin nokta
arasindaki mesafedir.

» Gama analizi, her bir noktaya atanan gama indeksi degerlerini tretir. Bunun igin <1 gama indeksi
degerleri basarili veya basarisiz oldugunu gosterir.

» Gama dagilimindaki gegis noktalarinin yiizdesine gama gegis (%6GP) orani adi verilir.

» En yaygin kullanilan gama analizi parametreleri %3 AD ve 3 mm DTA kriteridir.
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Convansiyonel tedavilerde hasta G

> Global gama degerlendirmesi ytizde farklarini her noktaya kadar global olarak
kullanan tek bir degere gore normallestirir. Bu deger planlanan maksimum
dozdur.

> Yerel gama degerlendirmesi ise her noktadaki yiizde farklarini beklenen doza
gore normallestirir.

» Bu nedenle ayni kriterlerin ve daha diisiik doz esiginin kullanildigi global gama
tarafindan hesaplanan % gama analizi gegme kriteri %GP her zaman yerel
gamaya esit olandan daha yiiksek olacaktir.
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Akciger hastasi igin QA

678873

Treatment Unit not approved for Clinical use: Testing / Density overrides used in Monaco calculation

Il

I I
3000 4000
Dose (cGy)

Max Dose: 65854 ¢
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Akciger hastasi igin QA

Octavious 4D Phantom
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Akciger hast

Planlanan Doz Dagilimi Olclilen doz Dagilimi
DoseMap; ID: 40286082314 Measurement
100% = 1.781 Gy 100% = 1.706 Gy
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Akciger hastasi i¢in QA

<none> =
Gamma 3D v

30; mm Distance- To- Agreement
- 3.0j % Dose Difference with ref. to

Qrocaldose
() Max. dose of calculated volume
() Selected dose Sel=ct | 100/ Gy (orAU)
|| Use increased tolerance of
5.0| % Dose Diff. for values below
. 0.1/Gy (orAU)
.10.0 % of max. dose of calculated volume
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Statistics
Number of Dose Points:
Evaluated Dose Points:
Passed:
Failed:
@ Result:

Gamma 3D
Arithmetic Mean:
Min: (LR=10.0 mm / TG=-10.0 mm)
Max: (LR=-100.0 mm / TG=30.0 mm)
Median:
1 Absolute Difference
Arithmetic Mean:
Min: (LR=-20.0 mm / TG=60.0 mm)
Max: (LR=-50.0 mm / TG=20.0 mm)
Median:
Settings
Passing criteria: Gamma <=
@ Green:
& Yellow:
@ Red:

729

294 (403 %)
286 (97.3 %)
8(27%

97.3 %

0.364
0.007
1.182
0.297

0.016 Gy
0.000 Gy
0.048 Gy
0.015 Gy

1.0

90.0 % to 100.0 %
750%1090.0%
00%1t0750%




Akciger hastasi i¢in QA

Compare Q
<none> v
Gamma 3D v

3.0/ mm Distance- To- Agreement
3.0_} % Dose Difference with ref_ to

O—L;cal dose
() Max. dose of calculated volume
()Selected dose Seiect| 100Gy (orAU)
|| Use increased tolerance of
5.0 % Dose Diff. for values below

0.1/ Gy (or AU)

|/ Suppress dose below
iL | % of max. dose of calculated volume
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Statistics

MNumber of Dose Points:
Evaluated Dose Points:
Fassed:
Failed:

& Result:

Gamma 30

Arithmetic Mean:

Min: (LR=10.0 mm/ TG=-10.0 mm)]
Max: (LE=130.0 mm / TG=-50.0 mm)
Median:

Absolute Difference

Arithmetic Mean:

Min: (LR=-30.0 mm / TG=60.0 mm)
Max: (LE=-50.0 mm / TG=20.0 mm)
Median:

Settings
Fassing criteria: Gamma <=
@ Green:

@ Yellow:
@ Red:

729

403 (55.3 %)
350 (86.8 %)
53(132 %)
86.8 %

0.522
0.007
3478
0373

0.015 Gy
0.000 Gy
0.048 Gy
0.014 Gy

1.0

30.0°% to 100.0 %
T5.0% to 90.0 %
0.0 % to 75.0 %




Akciger hastasi icin QA

%

- kal dagil 51 olarak lizi
: Lokal dagilima bagl olarak Gama analizi
7 Paoissed:
| B cold

30 [Jhot
: mm
- Failed: - giegl golnis

I cold m' B hot
I hot il
160:
120:
80
| 40-
02 04 06 OB 1 1.2 14 16 1.8 2 2.2 24 26 28 3 3.2 1 1
Samrma
0
-40:
-80
-120
-160-
-2005

T T (7 e LU R T [ T T=TF T=Fe =T T T I 7
-280 -240 -200 -160 -120 -80 -40 0 40 80 120 160 200 240
mm

 Medikal Fizik Dernegi

Turkish Medical Physics Association



Akciger hastasi i¢in QA

Gama analizi dagilim cetveli
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Akciger hastasi igin

GT yond LT Yoni

% of Normalization Value A: 1.781 Gy [ B: 1,706 Gy % of Normalzation Value A: 1.781 Gy / B: 1.706 Gy
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Akciger SBRT Patient QA

Beam  Description 550 (cm) Dir  Gantry Start (deg) Arc Inc  Colimator (deg)  Couch (deg) & Field
1 10vmat 85.34 CCw - 180.0 200.0 200 45,0 50 [Auto]
11vmat 85.10 Cw v 340.0 200.0 20.0 345.0 355.0 [Auto]

12vmat 85.24 CCW -~ 130.0 200.0 20,0 345.0 50 [Auto]

13vmat 94,73 CV - 340.0 2000 20,0 45,0 [Auto]

14vmat 94.52 CW . 340.0 40.0 10.0 90.0 90.0  [Auto]

15vmat v 20,0 40.0 10,0 0.0 90.0  [Auto]
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Patient QA

Machine QA

Machine QA

Machine QA

Machine QA
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Patient QA analizi

Penta Guide testi

Masanin es merkezli doniisu
ile ag1 gostergesinin kontrolii

Isocenter,
Gantry acisi kontrolu

Agi gostergesi ve

isocenter kontrolii




P—==— 93 AD ve 3mmDTA

JP——=_ Max Dose of Calculated Volume %10

P——  %GP>95
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JP——m_ Hassas detektore ihtiyac vardir
P——= %2 AD ve 2mm DTA

P—===_ Max Dose of Calculated Volume %10

P——  %GP>90




VeriQA: SciMoCa

Monte Carlo Doz Hesaplamalar::

Dogrulugu ve giivenilirligi ile bilinen koklii
S5ciMoCaTM Monte Carlo algoritmas ile
hassas doz hesab.

Tek platformda gérsellestirme,
plan degerlendirmesi ve

raporlandiriimasina olanak saglayan
modiiler bir platform.

Deformable image registration ve
dose accumulation araglarini
kullanarak kapsamli 3D gama ve
DVH andlizi ile tfedavi plani
degerlendirmesi

VERIQA RT EPID 3D ile elde edilen
gorintilerden gergcek 3 boyutlu hasta
dozunun yeniden olugturulmasini
saglayan hem tedavi 6ncesi hem de in
vivo EPID dozimetrisi icin tam otomatik
bir ¢ozim
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RT MonteCarlo 3D
Fully automated workflow from DICOM import to documentation

RT Plan Export Results Documentation
VERIQA receives DICOM RT Dose results can be directly accessed Multiple options are available
data from TPS and auto- via web browser and exported to to document the results: PDF
matically starts the QA RT View/Evaluate for further analysis report, DICOM export to
workflow. and comparison. PACS, Track-it export
0 8 oS B B
Calculation Approval
RT MonteCarlo 3D recalculates and Results are approved or rejected by an
compares dose based on settings in authorized user. Comments can be
assigned evaluation template and added at each important step in the
sends email notification. verification process, ensuring full

traceability of the results.


https://www.ptwveriqa.com/

RT MonteCarlo 3D
SciMoCa™ algorithm — accurate and effective

. 10 x 10 mm, crossplane 10 x 10 mm, depth dose Output factors
Unigue beam
modelling
process for
high-quality : Measurement

Monte Carlo

beam models

Beam models
based on;

Golden beam
measurement from

vendor © p
or © :
E

Water phantom
measurements from R ) 0 TR0 ioo 1e0 200 2k
customer crossplane position in mm depth in mm

root of field area in mm



https://www.ptwveriqa.com/

PTV Volume
Dose grid size
MC accuracy

Calculation time

Calculated on a dual
12-core Intel Xeon
Silver 4214 2.2 GHz
server with hyper-
threading

(48 logical cores)

RT MonteCarlo 3D
SciMoCa™ algorithm — speed and accuracy combined

Lung SBRT Pancreas
3D/ 7 beams VMAT / 2 arcs / 180 CP1
6 MV FFF 6 MV — SIB2
46.45 cm? 589.26 cm?3
3X3Xx3mm 3Xx3xXx3mm
1% 1%

12 sec

1Control Point

2Simultaneous Integrated Boost

Brain
VMAT /1 arc /90 CP1?
6 MV FFF

264.48 cm?3
2X2X2mm
0.5%

46 sec

H&N
VMAT / 2 arcs / 180 CP1
6 MV — SIB?

907.74 cm?®
2X2X2mm
0.5%
246 sec



https://www.ptwveriqa.com/
PTW_VERIQA_Presentation_Platform_1021.pptx#15. Agenda/Content Overview

V PTW VERIQA P+

o e @ nD® 9 =

« c @ O & 17216612/

PTWVERIQA ~ PATIENTS B WORKLIST ©  SETTINGS ®

4 DVH EVALUATION BN

CRITERIA DIAGRAM STATISTICS
——

All ROTS

— v =
— Central region
~— Central respiratory tract
: Esophagus.
Reference - ITV External
ROI Volume: 6415 % GIV AML
Dose: 69.34 Gy TV
Liver
~— Lung left
Lung right
— Lung total
— Myocardium
— PTVULre
— Spinal cord
— Spinal cord +3mm

80

60

ROl Volume in %

40

Dose in Gy

Reference dose Comparison dose
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V PTW-VERIQA - BETA - NOT FOR CLINICAL USE

3D Tools Help

4 & Jamal Hunter (001024)
4
# Ref: akz$1-2 VMAT - Comp: Monte C

ay
0 scan: Lung (€T)

W Beams
ROIs

* POIs
Dose

& akzS1-2 VMAT

X:-¥:-2

Scalar Value:
Dose Value:

3D Gamma Value:

X: -47 - Y: -381 - Z: -120
Scalar Value: -1000
Dose Value: 0.00

3D Gamma Value: 0.00

8]~ [3-[®]@ -]

) - EP0

Coronal Slice: 294 of 512

Dose Values
773

X:-Y:-2

Scalar Value:
Dose Value:

3D Gamma Value:

i X Orientation

N

Dose Values (Gy)

2 0 W a7 o %0 C % i 30 % e ] ] o 1% % 1o W 20 2%

X Divection (mm)




2019-04-22 - 2019-05-24 Linac 1 VERIQA -

Class name: Reference plan Matrix compare mode: Gamma 2D volume Dose evaluation threshold: 10.0 % Gamma index calculation: Use 2nd and 2rd pass

Distance tc agreement criteria: 3.0 mm Dose difference oriteria: 3.0 % Dose difference referral: Local dose

Volume gamma passing rate in %
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Volume gamma passin
= 2 87.8%
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# Evaluation was performed with the
88 ® incorrect density override
© Value out of range
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Volume gamma passing rate




Fantom
kullanimina

e Zamandan gerek yoktur

Kullanimina tasarruf
Ihtiyag ”
vardir saglar
SRS SBRT icin
farkl detektor
kullanimi
gerekir

Her hasta
igin

- lanabilir
R UygU
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Biz ne yapiyoruz?

11T

TBI, Cranio Spinal
Bas Boyun,

Meme CA, Vulva
Yumusak Doku, Cilt

Pediatrik Hastalar

<¢ihaz Segim>

P— Jinekolojik Tumorler
JP——==_ Beyin tiimorleri

JP—==m_ Meme CA (ABC)
JP——=m_ SRS/SBRT



QA igin kullanilan fantomlarin hastaya verilen dozu
olgebilecek, geometrik ve dozimetrik hatalarin
degerlendirilmesine imkan saglayacak 6zelikte
olmasi gerekmektedir.

{ -} Medikal Fizik Dernegi

Turkish Medical Physics Asso




.....

° Medikal

Fizik Dernegi

Turkish Medical Physics Association



	Slayt 1
	Slayt 2
	Slayt 3
	Slayt 4
	Slayt 5
	Slayt 6
	Slayt 7
	Slayt 8
	Slayt 9
	Slayt 10
	Slayt 11
	Slayt 12
	Slayt 13
	Slayt 14
	Slayt 15
	Slayt 16
	Slayt 17
	Slayt 18
	Slayt 19
	Slayt 20
	Slayt 21
	Slayt 22
	Slayt 23
	Slayt 24
	Slayt 25
	Slayt 26: Workflow Overview
	Slayt 27: Why use RT MC 3D?
	Slayt 28: Why use RT MC 3D?
	Slayt 29
	Slayt 30
	Slayt 31
	Slayt 32
	Slayt 33
	Slayt 34
	Slayt 35

