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Uvod O,

* Vyzkum ozarovani prostaty elektrony s
velmi vysokymi energiemi (VHEE, 100-250
MeV) byl proveden na zacatku let 2000T. My
jsme

A. zmerili davkove rozlozeni VHEE svazku a
porovnali je se simulacemi Monte Carlo.

B. vyvinuli planovaci system pro VHEE
svazky a pouzili na ctyri pacienty.

C. studovali odezvu rakovinovych bunek na
vysoky davkovy prikon.

TDesRosiers et al. PMB 7, 2000, Yeboah et al. PMB 8, 2002,Yeboah et al. PMB 13, 2002
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Porovnani Monte Carlo

 Alpha version of &
TOPAS (Geant4 based) 50 — 150 MeV electrons
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Bazalova et al, AAPM 2012
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Homogenni fantom
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Plicni nador ve fantomu %@Q
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Pacienti

rovhomerne rozlozenych 360 svazku bez optimizace

6 MV photons 100 MeV electrons
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|) Vyvinuti optimizace pro RT s VHEE.

RaySearch =

2) Vyhodnotit vyhody rychleho
poklesu davky v tkani pro lecbu
pediatrickych pacientu.

3) Vyhodnotit plany pro pacienty s 0 10 0 0

. depth (cm)
nadory krku a hlavy, panve a plic. Bazalova et al, ICCR 2013



Studovane parametry systému

Energie Pocet svazku (uhlu)
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Postup optimizace VHEE RT Q O,

MATLAB
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\'

“‘n\

RayStation

J

J

:Start MC Transport Parameter:

Global ECUT= 0.811
Global PCUT= 0.005
Global SMAX= 5

Boundary crossing algorithm= PRESTA-I
Skin depth for BCA= 0
Electron-step algorithm= PRESTA-II
Spin effects= On

Brems angular sampling= Simple
Brems cross sections= BE

Bound Compton scattering= On
Compton cross sections= default
Pair angular sampling= Simple

Pair cross sections= BH
Photoelectron angular sampling= On
Rayleigh scattering= On

Atomic relaxations= On

Electron impact ionization= On
Photon cross sections= xcom

Photon cross-sections output= OLf

:Stop HC Transport Parameter:
AR

e
:Start MC Transport Parameter:

Global ECUT= 0.811

Global PCUT= 0.005

Global SMAX= 5

ESTEPE= 0.25

XIMAX= 0.5

Boundary crossing algorithm= PRESTA-I
Skin depth for BCA= 0
Electron-step algorithm= PRESTA-IT
Spin effects= On

Brems angular sampling= Simple
Brems cross sections= BH

Bound Compton scattering= On
Compton cross sections= default
Pair angular sampling= Simple
Pair cross sections= BE
Photoelectron angular sampling= On
Rayleigh scattering= On

Atomic relaxations= On

Electron impact ionization= On
Photon cross sections= xcom
Photon cross-sections output= Off

:Stop MC Transport Parameter:
Py vy T
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brain target (4.3cm?
get | ) * Pet parametru VHEE systemu bylo studovano

* energie svazku
* pocet svazku (uhlu)
* polomer ‘tunelw’
* rozestup uzkych svazku
* velikost uzkych svazku

* VHEE plany s ruznymi parametry byly porovnany
* VHEE plan porovnan s klinickym VMAT planem




Energie svazku
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Pocet svazku (uhlu)

"""36 beams
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Polomer ‘tunelu’
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Porovnani s VMAT

100 . l
¥ — PTV
body
brain
¥ brainstem
80 .'E _ i chiasm
¥ | | globe_|
globe_r

temp_lobe_r
cochlea_|
cochlea_r

volume (%)
o))
o

. _VMAT

“ns

O " H | e T '.""--n N PO LT s aaman oY
0 500 1000 1500 2000 2500 3000 3500
dose (cQGy)

4000 4500

VHEE ozarovaci doba (10 tisic svazku): I s pro 3620 cGy



Studie s dospelymi pacient O

Panev Hlava a krk

967cm?3 PTV 531ecm? total PTV volume
Doge, = 5000 cGy 4 prescription levels Dy, 52-70 Gy
2-arc |5 MVVMAT 4-arc 6 MVVMAT
Beam energy (MeV) 50 80 100 120 150
Beamlet size/spacing (mm) 3/3 o/5 717

Number of beams 16 25 36
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25 100 MeV svazku s 5 mm rozestupy
~1.6e12 elektronu pro davku 5,000 cGy

Celkem uzkych svazku: 31,300
Doba ozarovani: ~3.1 s

6000
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VHEE a IMRT - plice

100 MeV

PTV objem: 88 cm?3 Pacient vazi 100 kg
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Monte Carlo simulace pro pocitani davky
dorucene svazky elektronu s vysokymi
energiemi byly overeny na SLAC NLCTA.

8 cm? nador na plicich by mohl byt ozaren
100 MeV elektrony davkou 10 Gy za 1.3 s.

Optimizace VHEE planu v RayStation
dosahla lepsich davkovych rozlozeni nez

VMAT.

Predbezne in vitro naznacuiji, ze rakovinove
bunky umiraji rychleji, jsou-li ozareny
vysokymi davkovymi prikony.






