Tedavi Planlama Sistemlerinde
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Giri[:

Radyoterapide ama¢ maksimum timor kontrolii (TCP) salllarken
minimum normal doku komplikasyonu (NTCP) olullturmakiir.
Bu iki terim de hedef hacimde ve kritik organlarda sourulan
doza balllidir. Bu nedenle hastada so[lurulan dozun dalliliminin

Yiiksek dolrulukla belirlenmesi, bilinmesi ve dollrulanmasi gerekir.

Radyoterapide hastada olullacak doz dallilimi tedavi planlama
sistemlerinin hesaplama algoritmalari ile belirlenir. Algoritmalarin
dolrululu radyoterapide bir zincir olan kalite kontroliin

en Onemli halkasidir.
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ICRU. Toplam hatanin <%5

Linac Kalibrasyonu

Hasta Modellemesi-Pozisyonlamasi
Doz Hesaplamasi

Tedavi

Doz hesaplama hatasi < %2-3
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Tarihce...
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— > C(Ciltteki Renk Dellillimi- Radiodermatitis

—

Clarkson Metodu, %DD, izodoz elrisi, TAR...

Olk planlama sistemi, Planar doz dallilimi, MU hesab1

ETAR (Primary Scatter Correction)

CT ile anatomik yapilarin belirlenmesi,
Cunningham Metodu: TAR-SAR, IRREG,

Densite Diizeltmesi,
—_

3D Doz Dallilimi, Modelleme (Semi-Empirical)

The development of conformal radiation therapy

Benedick A. FraB3ez Hesaplama Algoritmalari, Kernel Hesaplamalari

Department of Radiation Oncology, University of Michigan Medical Center, Ann Arbor, Michigan 48105

Monte Carlo, Inverse Hesaplama
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So[Jurulan doz
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Figure 1. Interaction history of the four dose categories commonly referred to in dose calculations
for reatment planming—primary dose. phantom scatter dose. contaminant charged particle dose

and head scatter dose.

A Ahnesjé and M M Aspradakis
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So[urulan doz

Primer fotonlar indirekt iyonize radyasyon oldullundan doza katki minimum olur.

Primer ya da kafadan sacilan fotonlarin atom ile etkilellimi ile enerji aktarilir.

Sourulan doza maksimum katki primer foton etkile[limleri sonucu e~ lardan gelir.

Elektonlarmin takibi soJurulan dozun dollru tayini icin dnemlidir.

lan fotonl tkilell; H tt 1 k 955
Sotfg Ao oplar ctiileti] sonysy tead pratter Dose 1l tqBlam dpza FAkisH 8P
lp.-.-r = LI direc r[ X, 1 ] 'rJ” X, 1' ] T qjlru'f.rr're' ":!' -e X T]
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So[urulan doz

Su Fantomunda Olciilen Doz ile Hasta Dozu Hesaplama. Homojen-Diizgiin Konturlu Hasta

PDD

TAR ya da TMR

Lateral Doz Profili

Sc ve Sp

Gecirgenlik Faktorleri: Wedge, Blok, Tray, MLC

Output: MU/Gy
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So[urulan doz

Su Fantomunda Olciilen Doz ile Hasta Dozu Hesaplama. Hasta Konturu

Planar doz hesabi: Hasta Konturunun Belirlenmesi

Diizensiz Hasta Cildi Diizeltmesi
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So[urulan doz

Su Fantomunda Olgiilen Doz ile Hasta Dozu Hesaplama: Sacilan Doz Diizeltmesi

Clarkson Metodu

DP : Dprimary"'Dscatter

TAR(zr)- TAR,+SAR(21)

primary scatter
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Doz Hesaplama Algoritmalari.

Diuizeltme-Faktor Tabanli Algoritmalar

Model Tabanl Algoritmalar

Prensip Tabanl Algoritmalar
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Doz Hesaplama Algoritmalar:.

Diizeltme Tabanli Algoritmalar: Yar: Deneysel Metot
Standart Olciimler
Diuizeltme Faktorleri

Clarkson yontemi
RhotontSource e
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Diizeltme Tabanli Algoritmalar:

Demet Oekillendiriciler: Wedge-Blok-Tray Gecirgenlik Faktorleri

Cilt Konturu Diizeltmesi. Efektif SSD
TAR-TMR

Ozodoz Kaydirma

Heterojenite Diizeltmesi: 1D- Lineer Azalim Yakla[limi
Efektif Azalim Katsayisi
RTAR-Effectif Path Length Method(EPL)
Power Low Method (Batho)
3D- Elldeller Doku Hava Orani (ETAR

P iferanetrre acilos ITlaoxsyra (V140144
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Diizeltme Tabanh Algoritmalar:.

Cilt Konturu Diizeltmesi:
Efektif SSD.
Sabit SSD ve kare alanlarda oOlciilen %DD delerleri ters kare

faktorii ile yeni SSD icin diizeltilir.
TAR-TMR.

Farkli SSD delerleri icin TAR vigiuiss

Efektif SSD’ ye g0re daha dolr

Ozodoz Kaydirma.

[zodoz e[lrisinin manual

kaydirilmasi ya da lineer

azalim ile yapilir.
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Diuizeltme Tabanli Algoritmalar:

Heterojenite Diizeltmesi: 1D

EPL . Su elldeleri kabulu ile eldeler derinlik

2 = hd f p(Zdz" —— ::F(;’) _ e lE2)
Pw Jo

Primer doz delilliminde etkili,
Lateral sacilim hesaba katilmaz..
CPE oldullu varsayilir.

Yiiksek enerjili alanlarda hata pay1 biiytiktiir.
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Diuizeltme Tabanli Algoritmalar:

Heterojenite Diizeltmesi: 1D
Power Low Method (Batho)

a) b) c) . d) R e)
I I T ry
p#1 p,#1
air ps1 1 g pA g
2 z 2 d 93;1 d
P d, pz#Fjl 2 d p 2
[ g— » P -— . x L ] . X . x
D D, D D,=D D,

Fig. 6: Derivation for the Batho power law for a point positioned under a single hetero-
geneity layer but within non-water-equivalent material, (modified from [52]).

Dy = D,;., TAR(A; dy),

Dy = D, TAR(A; dy)?™.
Lateral sacilim hesaba katilir.
Heterojenite slab (dilim) bolgelere ayrilir.

Sudan fark oranlari belirlenir..

CPE oldullu varsayilir.

— S CF(d) = g Hwldesr—d)

Kiucuik alanlarda hata pa¥1iksgkigonsr
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Diizeltme Tabanh Algoritmalar:.

Heterojenite Diizeltmesi:3D
ETAR. CT bilgilerinden e- densitesi belirlenir.

Sacilan doz hesaba katilir.

CPE varsavyilir..
A P noktasindaki doz icin CF
/ TAR(Z',r))
/\ CF B _ d
J;f' \II\ TAR(E. rd )
# / p1=1 '\'\ -r’ —_ = - -
1 | :
Z4 | }X P3=‘1 I\.\
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Diuizeltme Tabanli Algoritmalar:

Ozet:

Sacilan doz hesaba katilmaz.

Su gibi homojen ortamlarda dollru sonuc verirken,
heterojen ortamlarda hata oran1 %10’ a kadar cikar.
CPE varlilinda dolru calillirken, dengenin bozuldullu

ortamlarda ya da yiiksek enerjilerde hata paylar: yiiksektir.
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Doz Hesaplama Algoritmalari.

So[urulan doz
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Figure 1. Interaction history of the four dose categories commonly referred to in dose calculations
for reatment planming—primary dose. phantom scatter dose. contaminant charged particle dose

and head scatter dose.

A Ahnesjé and M M Aspradakis
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Doz Hesaplama Algoritmalari.

Model Tabanl Algoritmalar

Demet modellemesi: Olciimler, Enerji akisi,

Elektron kontaminasyonu

Cihaz Modellemesi: Demet karakteristilli, Kaynak Boyutu,
MILC, FF, Wedge
Hasta Modellemesi: Heterojenite-CT Bilgisi

Hesaplama. Direk demet bilgi dlciimlerinin yaninda radyasyonun
fiziksel etkile[im siireci hesaba katilir. Primer etkileim

bolgesinde soJurulan doz (Primer foton ve sacilan

elektron/foton etkilellimleri) ortaminheterojeszelimasi ANADOLU®



Model Tabanl Algoritmalar

TERMA: Primer Enerji akis1 @ (r’) ile u/p(r’) lineer azalim katsayis

carpimti. Total radiation Energy Released per MASss

T(r') = I’Z(V')\P\(r_')

> Lineer Azalim Katsayisi

Enerji Akisi
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Model Tabanl Algoritmalar

KERMA.: Birim kiitle balina yiiklii parcaciklara aktarilan kinetik enerji.

Enerji kazanan ytiklii parcacillin bir sonraki etkilelimden balimsiz.

<TERMA
K&=[T = ®AE —— Collision KERMA. KERMA,

He
S(s)=JTLs) (1 ~ {E}) dE —— gScatter KERMA: SCERMA

KERMA, (<KERMA)

Pimer doza esas katki KERMA, ‘ den gelirken, ikincil radyasyon katkis1 yani

Compton sacilmasi, anhilasyon fotonlarinin etkilellimlerinden gelen

katki ise sacilan doz katkis1 olarak eklenir.
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Doz Hesaplama Algoritmalari.

Model Tabanli Algoritmalar

Foton demetinden dokuya aktarilan enerji

1. Fotonlarin ortam ile etkilemesi ve e- kinetik enerji kazandirmasi,

TERMA

2. Enerji kazanan e- lar aldiklar1 yok boyunca iyonizasyona ve uyarilmalara

sebep olarak enerjilerini ortama aktarirlar.

Doz

Eler yiiklii parcacik dengesi (CPE) varsa TERMA ile Doz lineer

oranfilidir.
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Model Tabanl Algoritmalar

KERNEL: Energy Deposited Kernel

Fotonun etkileJim noktasi etrafinda ikincil elektronlardan ve

fotonlardan so[Jurulan dozun depolandilli birim hacim...

Model Tabanh Algoritmalarda kernellerin analitik hesaplanmasi

(Convulation-SuperPosition) ile doz dallilimlar: olulturulur.

Model Tabanli Algoritmalarda kerneller Monte Carlo ile bulunur.

Kernel: dose spread function. scatter kernels. differential pencil beams: influence function
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Model Tabanl Algoritmalar

KERNEL: EtkileQim sonunda aktarilacak enerjiyi talliyan birim demetin

varsayilan geometrisine gore 3 guruba ayrilir.

Point kernel
(Dose Spread Array)

Planar kernel

Pencil kernel
S— (Rotated Kernel}
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Model Tabanl Algoritmalar

KERNEL:

Point kernel

1D Clarkson
(Dose Spread Array)

Pencil kernel

./

P ’ | P
Pencil beam /, j L Voxel i, j, k

1D 2D 3D
el

_~

(a) (b) (c)

Pencil Kernel: Kerneller dar (pencil)

demetin ilk etkileliminden gelen
enerji katkisini depolarlar.

lateral sacilim, demet diverjansi ve
heterojenite kaynakl enerji
dellillimlerinin olmadif, demet yolu
boyunca depolanan enerjinin eflit
oldullu kabul edilir. 2D doz
hesaplama yontemidir.

Point Kernel: Kerneller fotonun ilk

etkile[lim noktasindaki enerjisini

depolar. Ancak lineer azalim, lateral

sacilma ve heterojenite katkisini

1ocaerie
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Doz Hesaplama Algoritmalari.

Model Tabanli Algoritmalar

Pencil-Kernel Based.: Pencil Beam Convolution

Point-Kernel Based: Collapsed Cone, Convolution-Superposition

Numerical Boltzman Denklemi
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Model Tabanl Algoritmalar

Pencil-Kernel Based: Pencil Beam Convolution
« Monoenerjik demetlerden Monte Carlo ile ¢coklu

enerjili demet elde edilir.

» Kernellerin uzaysal dalliliminda invariant oldullu

kabul edilir, diverjans g0z ardi edilir.
Monte Carlo kernel Summation of

kernels
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Model Tabanl Algoritmalar

Pencil-Kernel Based.: Pencil Beam Convolution

« Lateral sacilim katkisi olmaz. Sacilan elektronlar

takip edilmez.

———————————————————————

slab phantom

(a) v od d
Ny 4 ' av ; P '
S Primary S Prima " . Primary
Calculation deposition Callr:.ulantion;fQ depos%on Gmf deposition
point volume point volume point volume
Homogeneous Scalter ovesssimatad Scatter underestimated o Errors cancel (roughly)
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Model Tabanl Algoritmalar

hesaplanir (1D-Longitudinal).

| L1 1
1 !
1 1 ) \
1 ]
‘,1 i ! \
1 ! ] 1
! J ) 3
e * p 2% A
5% SR R PNSAE &
0 avP 0 Ny Po L Po
A° S\ Primary )/‘y\Pﬁmar_y A° S Primary A S Primary
Calculation ~ deposition Calculation ~ depositiol Calculation ~ deposition Calcalation ~ deposition
(@  point volume (b)  point volume (€)  point volume (d)  point volume
Heterogeneous Scatter overestimated Scatter underestimated
slab phantom

Pencil-Kernel Based.: Pencil Beam Convolution

Hesaplanan ortamin homojen oldullu varsayilir.

Heterojenite diizeltmesi collunlukla EPL ya da lineer azalim ile

Hesaplama siiresi point kernel kullanilan algoritmalara gore
AnTlain Trann Az
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Model Tabanl Algoritmalar

Pencil-Kernel Based: Pencil Beam Convolution
Doz Hesaplamasi. Convolution , Her bir TERMA noktasindaki

doz kernellerinin toplanmasi

D(x,y,z) J&T(xf:?r)'p x—xr:?—?f*z)dxr@—’ 2D

T

D - Dose distribution
T- TERMA distribution

K - dose deposition kernel

D(1 = T(l . ]\(‘1 b )dT Dose

TERMA ® Deposition | = Absorbed Dose
Kernel

Dlry = T@) ® K(r)
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Model Tabanl Algoritmalar

Point-Kernel Based: Convolution-Superposition

Pencil kernele gore rezoliisyonu daha iyi olan point kernellerde

enerji depolandi[li varsayilir.

Demet diverjanj1 hesaba katilir.

Lateral sacilim belirlenir, sacilan elektronlarin aldiklar: yollar izlenir.

Enerji spektrumu yani ¢oklu enerjili demet etkilellimi kullanilir.
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Model Tabanl Algoritmalar

Point-Kernel Based: Convolution-Superposition

Onhomojenite diizeltmesi hem primer etkilellimde hem de

sckonder etkilellimlerde uygulanir.
Extra focal kaynaklar (Kolimatdr, Flattening filter) modellenir.

Kerneller uzaysal diizlemde dellilken oldullundan Convolution

P (RSP i IR NSRS P APPSR | [SRSPISSSPE. SSd [P GUP ISP, (IR I PR

aplanir.

E(XY.Z) =3 (Egpy gXY D) +Epps g(XY.2)+Ecgne g(X.Y,2))
2 75 77% }

Primer foton Kafa<Y:Ian e koltaminasyon
doz katkisi sacilan katkisi

Foton doz

katkis1
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Model Tabanl Algoritmalar
Point-Kernel Based: Convolution-Superposition

nele ait heterojenite

Point kernel

Dy

‘\ Terma Point Dose

T
A
\
—_—
— kernel
-
Vo \ @ —]
—
—
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Model Tabanl Algoritmalar
Point-Kernel Based: Convolution-Superposition

Coklu enerjili demet oldullundan her bir enerji akis1 ve point

kernel icin hesap yapildilinda hesaplama stiresi cok uzar.

Bu nedenle planlama sistemlerinde tekli ya da ikili ¢coklu enerji
spektrum kullanilir. (KERMA_ ve SCERMA)

N5 voxel olan bir ortamda N7 oraninda point kernellerde

depolanan enerjinin belirlenmesi gerekir.

Ancak hesaplama siiresini azaltmak icin Fast Fourier Trans (FFT)
ya da point kernellerin kartezyan koordinatlardan polar
koordinatlarda tanimlayana Collapsed Cone hesaplama yontemleri

kullanilir.
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Model Tabanl Algoritmalar

Point-Kernel Based: Collapsed Convolution

Age " + Bge 7
2

h(r,0) =

« 3D primer ve ikincil sacilan radyasyon icin heterojenite diizeltmesi

yapilir.

« Kerneller bir ¢izgi izerene yerle[ltirilien koni [eklinde varsayilir ve

enetji lineer bir hat tizerinde daraltilan bu konilerde depolandil

varsayilir.
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Model Tabanli Algoritmalar
Point-Kernel Based: Collapsed Convolution

Primary beam

\ Density scaling

Cone axis \

Terma and dese matrices, N’ voxels. \\

Continuous Dose Spread Discrete Dose Spread

Fernel Directions

« TERMA dallilimi ile bu diiz hat tizerindeki acisal kernellerin

convolution hesaplanmasi ile doz belirlenir.

« Hesaplama siiresi N°® olan voksel sayisi icin MN kadar hesaplama

yapilir. M: Cone sayisi
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Model Tabanl Algoritmalar

Point Kernel. Numerical Boltzman Denklemi
Acuros XB

» Radyasyonun fiziksel etkile[limini Lineer Boltzmann Transport
Denklemini ¢ozerek belirler. Monte Carlo’ da olasi carpilmalar: random
varsayilarak model olullturulurken, bu yontemde sonsuz sayida

parcacillin etkile(imleri simiile edilerek denklem ¢oziilmeye calillilir.
« Her iki yontemde de ayni carpillmalar kullanilir.
* Colu algoritmalada heterojenite diizeltmesi kernelde etkilellim
sonrasinda scaling ile yapilirken AXB’ de heterojenite etkilellime direk

katilir.

« Eclipse TPS’ de AAA ile ayn1 kaynak modellemesi kullanilir. Ayrica

radyasyon transport modellemesi olmak iizere iki modelleme kullanir.

«  “Dose to water” ve “dose. tangeikiFizkgbagak iki ayr1 doz hesaplanabilanyApoLU®



Model Tabanl Algoritmalar

Point Kernel. Numerical Boltzman Denklemi
Acuros XB

f dE f 6 ﬁm'g:] E) e i, £, &) Acuros XB ile HU dellerinden

hasta anatomisinin kiitle densitesi

cikarilir ve etkile[Jime katilir.

Validation of a new grid-based Boltzmann equation
solver for dose calculation in radiotherapy with
photon beams

Oleg N Vassiliev!"?, Todd A “"areingz, John McGhee?, Gregory FaillaZ,
Mohammad R Salehpour] and Firas Mourtada'

! Department of Radiation Physics, MD Anderson Cancer Center, Houston, TX 77030, USA
2 Transpire, Inc., Gig Harbor, WA 98335, USA

Dosimetric validation of Acuros® XB with Monte Carlo methods for photon
dose calculations

K. Bush,” 1. M. Gagne, S. Zavgorodni, W. Ansbacher, and W. Beckham

Department of Medical Physics, British Columbia Cancer Agency—Vancouver Island Center, Victoria,
British Columbia VBR 6V3, Canada
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Ozet.

Algoritmalar

_ Caliyma Prensibi Algoritma Ozellikleri

Monte Carlo
Acuros XB

Convolution/Superpositi
on,
Collapsed Cone

Pencil Beam Convolution

Clarkson (TAR/SAR)

1D heterojenite
Diizeltmesi

MUC, Boltzman
denklemi ¢oziimii,
Ayrintili-acik
etkilesim simiilasyonu

Daha az ayrintil
etkilesim takibi,
lateral sacihm katkasa,
lateral ve long. yonde
heterojenite scaling,
Ayrmtili Beam ve
Source modeling,
Long, yonde
heterojenite scaling,

Kismen modelleme

kismen Olciim verileri,

Lateral saciim
modellemesi yok,
Kismu source
modelleme

Yar Pencil Beam
Algoritmas:

RavTracing, homojen
ortamda monoenerijik

demetin etkilegim,

Yiiksek dogruluk,

Olasilik sayis1 belirsizligi, Uzun hesaplama
stiresi, klinik kullamim az,

Giiriiltii dagthm

Yiiksek dogruluk,

Kiiciik sistematik hatalar, sik klinik kullanmm,
IMRT icin gerekli

Heterojen ortamlarda doz dogrulugu diisiik,
Hizh

Diizeltme ve dl¢iim tablolan, diizeltme
faktorleri

Hasta doz dagih icin uygundegil, MU kontrolii
icin kullamlabilir.

—_

L Model
Tabanl

>Dl’izel’[me
Tabanlh
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Klinik Uygulamalarda Algoritma Farklililinin Etkisi
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Comparison of dose calculation algorithms for
treatment planning in external photon beam therapy
for clinical situations

Tommy Knoos', Elinore Wieslander', Luca Cozzi’, Carsten Brink>,
Antonella Fogliata®, Dirk Albers?, Hikan Nystrém® and Seren Lassen’

* 5 TPS. OnCentra Master Plan (OMP), Pinnacle, Eclipse I, Eclipse 1I,
PrecisePlan(PPLAN), CMS-XiO

* 9 Algoritma. OMP/PB-OMP/CC, Eclipse I/Batho,
Eclipse I/ETAR, PPLAN/PB, Xio/Conyv, XiO/Super

« Prostat-4Alan box teknilli, Meme-tanjansiyel alanlar, Ba-Boyun-
Kar[ilikl1 paralel lateral alanlar, Akciller-5 alan farkli a0irlikla
alanlar. 3DCRT
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Algoritmalar:

Oncentra MasterPlan-Helax TMS:

Pinnacle.

Pencil Beam Conv/Superposition (OMP/PB)

2D Pencil Beam Conv- EPL Heterojenite Diizeltmesi
Collapsed Cone Conv (OMP/CC)
Point Kernel, TERMA: KERMA ve SCERMA,

Collapsed Cone Conv (Pinnacle/CC)

Point Kernel, TERMA: KERMA ve SCERMA, 106 cc

Eclipse I.

Eclipse II.

Precise Plan

Single Pencil Beam (ModBatho)
Batho heterojenite Diizeltmesi, Lateral Densite Delillimi

Single Pencil Beam (Eclipse/ETAR) =)
ETAR heterojenite diizeltmesi,

Anisotropic Analytical Algorithm (AAA)
Pencil Beam Conv. (Hibrid), EPL+Lateral Densite Dellillimi,

Pencil Beam Conv., (PPLAN)

EPL Heterojenite Diizeltmesi, Primary ve Scatter Diizeltmesi

enctl am-Conv: \AiU/Iculiv)
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Algoritmalar.

Type a. Heterojenite diizeltmesi EPL,
Elektronlarin lateral elektron sacilimi modellemesi yok,

Eclipse/ModBatho, Eclipse/ETAR, OMP/PB, PPLAN ve
X100/ Conv.

Type b: Lateral elektron sacilimi modellenir, Heterojenite
diizeltmesi hem primer elektronlar hem de sacilan fotonlar icin
scaling (O’Connor) ile yapilir.

Pinnacle/CC, Eclipse/AAA, OMP/C and XiO/Super

Gold Standart. Monte Carlo
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Sonuclar:

Prostat.

Table 2. Prostate: data for the PTV for all treatment planning systems and the MC benchmark. The parameters shown are the mean dose to the PTV (PTVpean) and the minimum dose
to 95% and 5% of the PTV (PTV Dys and PTV Ds). The variation of the dose in the PTV is expressed as PTV Ds — Dys. The average value for the dose in PTV calculated by the type a

models is by definition 100%.

Eclipse/ Eclipse/ Average Average
Mod Eclipse/ Mod Eclipse/ OMP/ Xi0/  wvalues for Eclipse/ OPM/ Pinnacle/ XiO/ waluesfor OMP/ OMP/
Batho 1 ETAR1 Batho2 ETAR2 PB PPLAN Conv npea AAA2 CC cc Super rtype b PB-VL CC-VL MC-VL
6 MV
PTVmemn 99.5 99.8 99.9 99.7 101.9 98.4 100.7 100 100.6 100.5 100.0 101.1  100.5 100.6 99.1 100.0
PTV Dys 97.2 98.2 98.2 917.2 100.3 96.2 993 98.1 99.3 99.3 98.2 993 99.0 98.6 97.6 97.6
PTV Ds 101.4 101.4 101.4 101.4 103.4 1003 1024 101.7 102.4 1024 1014 1024 102.1 101.8  100.7 101.8
PTV D5 — Dgs 4.2 31 3.1 4.2 3.1 4.2 31 3.6 3.1 3.1 3.1 31 3.1 3.1 3.1 42
15/18 MV
PTVmaan 100.9 100.7 99.7 99.5 100.6 98.8 99.7 100 99.8 98.8 99.4 99.8 994 101.0 99.4 1000
PTV Dos 99.5 99.5 97.6 97.6 99.5 96.6 98.5 984 98.5 97.6 98.5 98.5 983 99.3 974 974
PTV D5 102.4 102.4 101.4 101.4 101.4 1005 101.4 101.6 101.4 99.5 1005 101.4  100.7 102.3 1003 101.3
PTV Ds — Dos 29 29 3.8 3.8 1.9 38 2.9 3.2 29 1.9 1.9 29 24 29 2.9 3.9

Algoritmalar arasinda anlamli farklilik yok. Protez oldullunda dikkat!
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Sonuclar:

Ba[l-Boyun.

Table 3. Head and neck: data for the PTV for all treatment planning systems and the MC benchmark. The parameters shown are the mean dose to the PTV (PTVpean) and the minimum
dose to 95% and 5% of the PTV (PTV Dgs and PTV Ds). The variation of the dose in the PTV 1s expressed as PTV Ds — Dgs. The average value for the dose in PTV calculated by the
type a models is by defimition 100%.

Eclipse/ Eclipse/ Average Average
Mod Eclipse/ Mod Eclipse/ OMP/ Xi10/  wvalues for Eclipse/ OPM/ Pinnacle/ Xi0Q/ valuesfor OMP/ OMP/
Batho 1 ETAR1 Batho2 ETAR2 PB PPLAN Conv typea AAA2 CC cC Super type b PB-VL CC-VL MC-VL
6 MV
PTVmemn 101.5 99.7 101.1 98.9 100.0 98.4 100.5 100 99.6 98.6 96.5 101.1 99.0 103.3  101.8 100.0
PTV Dgys 73.2 70.1 724 69.3 72.4 68.6 70.1 709 67.8 67.8 65.5 70.1  67.8 75.4 70.5 71.3
PTV Ds 110.4 109.6 109.6 108.9 109.6  109.6 111.2 1098 111.2 108.9 108.9 111.9 110.2 1136 1136 1112
PTVDs —Dys 372 395 37.2 39.5 372 411 41 . 434 41.1 434 41.8 424 38.3 432 39.9
15/18 MV
PTVmemn 98.7 98.5 101.5 100.5 100.1 99.0 101.6 100 100.6 98.7 97.8 1021 998 103.2 1016  100.0
PTV Dys 81.2 79.6 81.2 79.6 82.0 80.4 804 B0.6 78.0 78.0 764 79.6  T78.0 82.4 79.8 80.7
PTV D5 106.0 107.6 108.4 109.2 107.6  106.8 110.0 - 109.2 106.0  106.8 110.0 108.0 1126 1117 110.0
PTV Ds —Dos 248 280 272 29.6 25.6 264 29.‘ 213 ) 31.2 28.0 304 04 300 30.2 319 293

Back Scatter modellemesi yapilmadillindan yiiksek enerjilerde type a

algoritmalarinda fark yiiksek !

Hava bo[lullunun oldullu bolgelerde doz farkliliklarz..
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Sonuclar:

Meme: g — _ e
XiO/Conv S Eclipse/AAA

Pinnacle/CC

OMPPPB  L=RC X\ XiO/Super

Meme ile akciller kesillme bolgesinde type b algoritmalarinda doz diliifii..
type a:92.6 type b: 83.1
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Sonuclar:
XiO/Conv ™ i Eclipse/AAA

OMP/PB

PTV ortalama dozu %2-4 arasinda daha dii[liik,
%50 akciller hacmini aldillh doz %5daha ytiksek,

Diifliik doz alan akciller hacmi %10 daha fazla..
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Sonuclar:
Akciller:

Table 5. Lung: data for the PTV, the adjacent (sin) and the contralateral (dx) lung for all treatment planning systems and the MC benchmark. The adjacent lung volume does not include
the PTV. The parameters shown are the mean dose to the PTV (PTVpegp) and the minimum dose to 95% and 5% of the PTV (PTV Dgs and PTV Ds). The vanation of the dose in the
PTV is expressed as PTV s — Dys. For the organs at risk, i.e. the lungs, the minimum dose to 1%, 5% and 50% (Pulm sin/dx £y, Pulm sin/dx D5 and Pulm sin/dx Dsp) of the structures

is shown. The average value for the dose in PTV calculated by the rype a models is by definition 100%.

Eclipse,/ Eclipse/ Average Average

Mod Eclipse; Mod Eclipsey OMP/ Xi0/ wvalues for Eclipsey OPM/ Pinnacle; XiO; values for OMP;  OMP/

Bathe 1 ETAR1 Batho2 ETARZ PB PPLAN Conv typea AAAZ2 CC cC Super e b PB-VL. CC-VL MC-VL

6 MV
PTVmean 100.1 008 99.9 98.9 03 970 103.9 100 97.8 967 965 99.0 975 1016 98.2 100.0
PTV Das 93.2 923 93.2 1.5 932 89.7 95.8 927 915 906  B9T 932 913 94.7 919 9318
PTV Dy 105.5 106.4 103.5 105.5 1064 102.8 1116 1062 102.8 1020 102.0 lod6 1028 1083 1037 105.5
PTV Ds —Dgs 123 14.0 12.3 14.0 13.1 13.1 158 135 11.4 114 123 14 116 13.6 118 118
Pulm dx Dy 74 T4 74 74 83 6.6 83 1.6 T4 T4 74 74 74 17 17 7.7
Pulm dx D5 311 30.2 3Ll 302 31.1 203 317 309 302 293 293 302 298 03 285 204
Pulm dx Dy 44.2 44.2 442 433 442 416 451 438 41.6 416 407 433 418 439 412 42.1
Pulm sin Dsp 122 123 15.7 15.7 10.8 144 185 142 20.1 194 17.8 215 19.7 13.6 19.5 17.2
Pulm sin D5 103.0 104.4 102.0 102.6 1051 100.4 108.6 103.7 96.2 246 952 99.1 963 107.5 96.8 102.0
Pulm sin D) 106.7 108.7 105.9 106.8 1084 1042 1144 10749 100.0 983 98.9 1027 100.0 1119 1012 105.9
15/18 MV

PTVmean 909 101.5 99.9 100.4 002 %6 1024 100 97.1 045 95.7 978 963 103.7 98.7 100.0
PTV Dags 96.2 96.2 95.4 95.4 245 920 97.1 952 92.8 894 903 937 915 083 93.0 94.7
PTV Dy 103.0 106.4 103.8 105.5 1038 1004 108.1 1044 100.4 979 996 1013 998 1082 1028 103.7
PTV Ds — Digs 6.8 10.2 85 10.2 93 835 1.0 9.2 7.6 BS5 9.3 1.6 83 9.9 9.9 9.0
Pulm dx Dsy 7.2 8.1 7.2 8.1 8.1 8.1 81 7.8 7.2 12 72 g1 74 427 39.1 40.0
Pulm dx Ds 202 301 30.1 30.1 30l 29.2 3.8 301 29.2 275 275 292 284 3.0 174 283
Pulm dx Dy 403 42.0 42.0 42.0 41.1 41.1 428 416 403 386 386 403 394 427 39.1 40.0
Pulm sin Dsp 14.0 14.4 15.8 16.1 13.7 17.8 184 157 203 216 18.9 217 206 153 223 21.6
Pulm sin D5 99.7 103.3 100.0 102.1 101.9 972 1049 1013 93.9 896 Q02 038 919 106.8 938 97.2
Pulm sin Dy 102.2 106.5 103.0 105.4 1044 996 109.1 1043 97.3 034 7 08.1 959 1101 98.3 101.4

Akciller olgularinda type a algoritmalar: yetersiz bulunurken,

type b algoritmalarinda Collapsed Cone algoritmalart MC’ ya daha yakin

sonuclar bulundu.
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Dinledilliniz i¢in sizlere, Paylallimlarindan dolay1

Anders AhnesJo ve Aylle Koca’ ya tellekkiirler..
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