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intraoperatif Radyoterapi Doz Hesaplama Sisteminde Kullanilan Transfer Katsayilarinin Monte
Carlo Simiulasyonu ile Dogrulanmasi

 Ybntem ve Gerecler

Monte Carlo Simulasyonu
intra-Operatif Radyoterapi Cihaz Ol¢iimi

* Sonuclar

Simulasyon sonuclari
Sistem datalari ile karsilastirmalar

 Degerlendirme
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Giris ve Amag

* QGiris

. IORT (Intra-Operatif Radyoterapi) cerrahi prosediir sirasinda timor yatagina direkt
olarak elektron ya da foton isinlari kullanilarak radyasyon verilmesi islemidir.

« Tek seferde yapilan IORT tedavisinde;
e  Tumor yatagina yuksek radyasyon dozu verilirken normal dokularda korunur.

. Saglikh doku (Cilt vs) dozunun eksternal radyoterapiye gore diistik olmasi IORT yi
eksternal radyoterapiye alternatif bir teknik yapmaktadir.

16 .
| ULUSAL MEDIKAL Armoogum, K.S.; Parry, J.M.; Souliman, S.K.; et al. Functional intercomparison of intraoperative radiotherapy equipment - Photon Radiosurgery System. Radiat. Oncol.
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e |ORT uygulama alanlari * |ORT Cihazlan
* Novac7 (New Radiant Technology SpA,
* Meme Kanseri Italy)
* Vertebra Metastazlar  Mobetron (IntraOp Medical Corporation,
* Yumusak Doku Sarkomu California, USA)
* Kolorektal Kanseri * Intrabeam (Carl Zeiss Medical Company,
* Jinekolojik Kanserler Germany)
e Spinal Metastazlar
* Beyin Tumorleri q il
e Derin yerlesimli timorlerde & —-— e

e Eksternal RT’ye ek olarak

e Bas Boyun timorleri ‘Kj

* Deri kanserleri >/ Y
* Pankreas Kanseri [ S

* Gastrointestinal timorler

m— —
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Giris ve Amag

* Intrabeam - Carl Zeiss Medical Company e PR
e 50 kV/40MA X-ray lretici
* 100 mm uzunlugunda 3.2 mm ¢apli Probe I

* Cokince Gold target (0.5 mikrometre)
* XRS 6 eksende yerlestirilebilir

e Farkl aplikator tipleri

* Tek franksiyonda tedavi

e Cerrahi operasyon sirasinda kullanim
e Cilt Dozu dusuk

» Tek seferde yuksek doz

a, -@ Spherical Aplikator: 15, 20, 25, 30, 35, 40, 45, 50 mm

—— Accelerator Section

Beam Deflector

Electron Beam

{

@) riat Aplikator: 10, 20, 30, 40, 50, 60 mm

d

& ‘) Surface Aplikator: 10, 20, 30, 40 mm

Gold Target

N\ © Needle Aplikatér: 4.4 mm

16 .
| ULUSAL MEDIKAL
flzz}f . IfPNﬁBLE_J?! https://www.zeiss.com/meditec/int/products/intraoperative-radiotherapy-iort/intrabeam-system.html#iort-benefits
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APPCALH681791B_00001.cal APPCALF67001IB_00000.cal

Header: Applicator Calibration File Header: Applicator Calibration File

Date <yyyymmdd>: 20131008 Date <yyyymmdd>: 20131127

Time: 13:41 Time: 11:41

Applicator S/N: H68179 Applicator S/N: F67001

Applicator Type: Spherical Applicator Type: Spherical

Bare Probe #1 Data File: W:\cza11245.PRN fer Bare Probe #1 Data File: W:\cza11556.PRN
Bare Probe #2 Data File: W:\cza11257.PRN Bare Probe #2 Data File: W:\cza11568.PRN
XRS S/N (Bare Probe): 347 XRS S/N (Bare Probe): 347

XRS Test Voltage kV: 50.0 XRS Test Voltage kV: 50.0

XRS Test Current uA: 40 XRS Test Current uA: 40

Applicator Data File:  W:\cza11256.PRN Appl@cator D_ata File: W:cza11563.PRN
Applicator Size cm: 5.00 Applicator Size cm: 4.00

Institution: ~ Carl Zeiss Meditec AG Institution: ~ Carl Zeiss Meditec AG
Notes:none Notes:none

Coel D(0):  0.000000 Z )A Coef D(0):  0.000000

Coefbi: 0.000000 Coef b1: 0.000000

Coef u1: 0.000000 Coef u1: 0.000000

Coef a1: -0.029737

Coef u2: 0.000000

Coef a2: 0.014651

Coef u3: 0.000000

Coef a3: 37.947187

Radius (mm) Xfer Ratio = Appl D(r)/XRS D(r)
215 1.52331

Coef a1: -0.119535
Coef u2: 0.000000
Coef a2: 0.027569
Coef u3: 0.000000
Coef a3: 52.360918
Radius (mm) Xfer Ratio = Appl D(r)/XRS D(r)

26.5 1.49481 .
270 148350 ] 225 148697
27.5 1.46695 23.0 1.46741
28.0 1.46957 235 1.44749
28.5 1.45676 240 1.43929
29.0 1.43826 245 1.42379
29.5 1.43336 25.0 1.40779
30.0 1.41637 255 1.40685
30.5 1.40301 26.0 1.39304
31.0 1.40340 26.5 1.38288
31.5 1.39664 27.0 1.38388
32.0 1.39299 275 1.36425
325 1.38333 28.0 1.35304
33.0 1.37156 28.5 1.34816
33.5 1.36373 20.0 1.33754
34.0 1.35851 205 1.32843
345 1.34388 30.0 1.32124
35.0 1.34039 30.5 1.30832
355 1.33986 31.0 1.30472
A A 4 AAran a4 B 41 2NA0O
16 -
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* Amac

. Transfer Katsayisi (Tk), INTRABEAM® X-Ray Source (XRS, Carl Zeiss Surgical,
Oberkochen, Germany) sistemi icin doz hesaplamasinda kullanilan ve aplikatorlerin
doz gecirgenligini ifade eden bir parametredir.

e  Tkdegeri, Intrabeam sistemine ilgili firma tarafindan yiklenmektedir ve kullanici
tarafindan degisikligine izin verilmemektedir.

. Bu calismada, Monte Carlo (MC) simtlasyon yontemiyle elde edilen Tksonuclari
ile sistem datalarinin (SD) karsilastirilarak dogrulugunun tayini amaclanmistir.

%) ULUSAL MEDIKAL
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Gerecler ve Yontem

 Gerecler

. Intrabeam cart
. Ameliyathaneye giris cikis icin kolay bir tasarim
. Arabaya yerlestirilen dokunmatik ekranli Workstation
*  Tum dozimetrik datalara ulasim

. Monte Carlo benzetim yontemi;
. Deterministik hesaplamalarin aksine, stokastik bir ¢c6zim sunar
. Rastgele Uretilen sayilar sayesinde gercege en uygun sonugclar verebilir
. Radyasyonun dogasi ile uyusan bir yontem
. Doz hesaplamalarinda Diinya genelinde altin standart ol
edilmektedir.

* MCNP (Monte Carlo N Particle Transport Code)
e MCNP V5 Los Alamos National Laboratory tarafindan gel
e Enerji Araligi :
e Elektron:1keV-1GeV
B ULUSAL MEDIKAL * Foton: 1 keV —100 GeV
X H e e No6tron: 0.01 MeV — 20 MeV 8
. TSSSCBEB
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Gerecler ve Yontem
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Sonuclar

* Simulasyon Sonuclari
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* Simulasyon Sonuclari

%) ULUSAL MEDIKAL
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Monte Carlo Sistem Datalan Fark
Derenlik (mm) | Yancap (mm) Transfer Coefficient (5 cm) | Transfer Coefficient (5 cm)
15 265 5.08%
2.5 27.5 1. 489E+00 467%
35 Z8.5| 998E-06| 1.17E-05 1 411FE+00 1.467E+00 395%
45 295| 913E-06| 1.06E-05 1.394E+00 1. 470E+00
55 30.5| 8.33E-06| 9.60E-06 1 382E+00 1.457E+00
.5 31.5| 7.58E-06| 8.74E-06 1.384E+00 1. 438E+00 3.93%
7.5 32.5| 693E-06| 7.96E-06 1.379E+00 1.433E+00 3 96%
35 33.5| 6.36E-06| 7.23E-06 1.365E+00 1.416E+00 3.76%
95 345| 5.82E-06| 6.56E-06 1 353E+00 1 403E+00 3.68%
10.5 35.5| 5.38E-06| 6.10E-06 1.361E+00 1.403E+00 3.14%
115 36.5| 499E-06| 5.64E-06 1.357E+00 1.397E+00 295%
125 37.5| 463E-06| 5.22E-06 1.351E+00 1.393E+00 311%
135 38.5| 4 28E-06| 4.82E-06 1 350E+00 1 383E+00 243%
14.5 39.5| 3.96E-06| 4.49E-06 1.361E+00 1.372E+00
155 4C.5| 3.67E-06| 4 16E-06 1.359E+00 1.364E+00
16.5 415 1.359E+00
175 425
18.5 43.5

13
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Sonuclar

* Simulasyon Sonuclari

|Applicator radius: 4 cm] |Applicator radius: 5 cm]

1.40 A Manta Carla I 1 ‘ Manta Carla I

Transfer coefficient The measurement range of transfer coefficient for spherical
applicators in diameter of £ 3 cm is 0.57~0.88, which increas-
es with the depth increasing. The mean deviation of measured
value and system value is -2.6% ~ -2.2%, which decreases
with the increase of depth when it is close to the isocenter. The

As shown in equation (2), the transfer coefficient TF (r)** is
defined as the ratio of depth dose rate with applicators to that
without applicator as a bare probe at the same depth from the
isocenter, which is used in the calculation of the XRS depth

dose rate of different applicators. The INTRABEAM system transfer coefficient for spherical applicators in diameter > 3
only provides the transfer coefficient value for spherical and cm group is in 1.21 ~ 1.58,which decreased quickly with the
needle applicators. The average difference in transfer coeffi- depth increasing, and the mean deviation of the measured val-
cient between the measurement and system data for spherical, ue and system value is 0.8% ~ 2.4%. The trend in change of
flat and needle applicators is -2.6% ~ 2.4% (range: -8.9% ~ transfer coefficient is not obvious in different size of spherical

4.2%), 0.89% ~ 2.91% (-1.98% ~6.34%) and -3.79% (-6.17% applicator.
~ 0.75%), respectively.

Loz +—r——T—7T—T—T7—T— 77771

26 28 30 32 34 36 38 40 42 44 26 28 30 32 34 36 38 40 42 44

Radius (mm) Radius (mm)
ORTALAMA 2.38% ORTALAMA 3.01%
STANDART SAPMA 1.62% STANDART SAPMA 1.73%
16 .
ULUSAL MEDIKAL . oS . -
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Degerlendirme

* Intrabeam sisteminde doz hesabinda oldukca onemli bir yere sahip olan
transfer katsayilari, ilgili firma tarafindan sisteme girilmis olsa bile,
kullanicilar tarafindan ayri ayri 6lctilmesi ve dogrulanmasi gerekmektedir.
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