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ABSTRACT

The aim of radiotherapy is to deliver high radiation dose to the tumor with low radiation
dose to healthy tissues. Conventional radiotherapy has limitation because photons have exit dose to
healthy tissues behind the tumor. In contrast, protons have Bragg peaks that give high radiation dose to
the tumor but low exit dose or dose tail. Therefore, proton therapy is a promising candidate for the
treatment of deep-seated tumors and tumors locating close to organs at risk. Moreover, the physical
characteristic of protons is suitable for treating cancer in pediatric patients, especially primary brain tumor
such as high-grade glioma (HGG) that has aggressive and high recurrent rates in pediatric patients. In this
work, a computational approach was developed for calculating proton dose distribution from the pencil
beam scanning method for treating primary brain tumor (HGG) in a pediatric patient using the Monte
Carlo technique and the patient’s anatomical data. Particle and Heavy Ion Transport Code System
(PHITS) was used for calculating the proton dose distribution in the pediatric patient with a primary brain
tumor. The CT-DICOM files were converted to the PHITS input file using the DICOM2PHITS program
and the accuracy was tested against known values of electron densities in the Tissue Characterization
Phantom Gammex™ 467. A MATLAB-based proton therapy treatment planning program was used to
create the beam delivery control file for the patient-specific Monte Carlo simulation. The treatment
planning program required the patient’s anatomical data, the depth dose distributions of monoenergetic
(pencil beam) protons, the proton range-energy relationship, the stopping power ratios to water for protons
in different materials and the scattering characteristics of protons in different materials. Most of these
data were calculated using analytical formulas and their accuracy was tested against literature data or
Monte Carlo simulations of monoenergetic protons carried out in this work, before the delivery control
file was used by the Monte Carlo simulation. The Monte Carlo simulation gave a proton dose distribution
output, which was compared with the proton dose distribution obtained from the MATLAB-based proton
beam optimization program. The point dose verification technique was used for the comparison with a
criterion of having dose difference in pixel-to-pixel of GTV of not exceeding 3% for at least 95% of the
result. From this study, the DICOM2PHITS program was found to be suitable for converting CT-DICOM
files to Monte Carlo inputs. The analytical functions used for calculating the proton beam data were found
to be sufficiently accurate. The proton dose distribution comparison were not operate because some
parameter was inaccurate from analytical function. This work was a pilot project for the development of
a computational platform for dosimetric investigation of proton therapy using Monte Carlo simulation
and patient CT data. The approach as carried out in this work could be interesting for researchers aiming
to preliminarily investigate proton dose distribution in patients but do not have access to proton therapy
machines and related equipment.

KEY WORDS: PROTON THERAPY / MONTE CARLO SIMULATION / PHITS

90 pages




Fac. of Grad. Studies, Mahidol Univ. Thesis/ v

= = o A J a J Y Y a a 4
miﬂnymﬁﬂizmammﬂﬁmmimiﬂimauuumwmﬂmaﬂﬂaummmﬂm@ﬂaaimimmumaummﬂa
DOSIMETRIC INVESTIGATION OF PROTON THERAPY ON CT-BASED PATIENT DATA USING
MONTE CARLO SIMULATION

SUNM ¥09a15 5637826 RAMP/M

ara 4 .
.. (Wanamsunnd)

9
@

A a a J < a = a A
ﬂmxﬂiiﬂﬂ?i'ﬂﬂ?ﬂHTJWﬂWHWH‘ﬁ S WIVNEY ANYYANINT, ﬂi.ﬂ., IYITU LAYNFITIU, 5.9.

UNAAYD
s v o o Y 2 { o ¥ 3
yalszasAvessi@snmaensInls s @ luduthmneniedouuzsa duinige Tuvagi@eanuiun

F ' '
doaiifSuasd llduiielsndlassenliiosiiga ualudepiunslesdinaeudaiamisorildaiioame 1iesnn

o 3 v 9

o o o o A A A < i e
Fed TlnoudatifSnmssdvioon (exit dose) lilduiioweNogaunasdounzi5e luneasanuaueyniallsaouniuusng

£

o v
v @

- Y v Ay < A A v A d v A o =3
#in (Bragg peak) mnsaliffunaisdgegandonusdwazlilfnasimaaasaluszaniidwin aaiueymalilsaouds
A ° Y o 3 A o ' Yo Y Ao o . o o Yy 3 Ay
mingaunaziunlglumsinumuzsinnedleglnaduedeazildAny (organ at risk) tazmmnzaudmiududnido
Yo o A < Aa | X < = = S o v a a o
lasumsn1esed wu uzGeauosniinnuguussedinnludihean Tumsanyitiszihmsassdiomaiiaueuaniilalag
9 . Y o o
14 11)5un T Particle and Heavy Ion Transport Code System (PHITS) 1114 lunmsdninmsnsznedivesSuasidlisaounuy
o a 4 Y1 <3 <3 ° Y F) 4
muwenasdnouiuaeiveddiieuziaauedludn Tusunsy pDicoM2PHITS gnibhun g lunisulasdoyanimendsd
A s s ST Y g 9 o a ¢ Yoo Y Y v
aouiigesin Iid picom uuiludeyatlowdnlFlunuusiassweudniila fiveldnadeuniugnaesveslilsunsu
' ' adg 1o ! o v il
DICOM2PHITS Taon/5euifius1niumuiniuyeddianasouyoduiiaes Gammex — 467 nAwuiala nuainnumuimiu
a g Py P ° v A P a a o Yoo q Y a I
aianasouiszyluwenasdoya TunmsdaesmansznefSnassallsaoudramaiiaveudniila giveldnisines
Py Y ° A o o ) 4 Ao
dmsumsniedreyma llsaeunduramainlusunsunaumunmssSnmdeoyna llsaowien1sdny13ds (MATLAB-
v ¥
based proton therapy treatment planning program) Tun1sfnu1iigive laa319sdoyaquantidvesdriounialsasuiiugiu
a L4 ' I~ o @ [
(proton pencil beam) AoAUMINNAAMAnT taznaaeuaNugnaoineulNilugudeyadmiuTlsunsunamumsin
o U @ a o o [ o U a o ] [
aanan Tsunsunauwumsinueg ideyamsitimesdmSumsaiodieynia imu Aaniasma dwmus wasau nag
v o X a ¥ o a v o 9 a s
ANUTNYBIEIOYNIAN TN DanarzmuIunsnsyeliuasidldsaeouluthuneuazedoaz Indifes msilnes
0w o R Y ° v a a < Ay a o
dmsumamedioymagnliiudoyansdulumsiiaosdromatiaveudniila meadvgluvumsnszaelfiumsa
¥
@ @ a o a [4 @
Tilsaou Taggiuvumsnsznelsunassdllsaeunnnideunatia (uuiaeaweuanila uag T1sunsuaurumssnyI)
o = Y v . ) ' = o 1 P '
vrgminfSeufeununuuganimaeganin (pixel-to-pixel) Tnoanuuananvealsmusidlunaazganinozdoli
' 9 @ o ] 1 a < a
wnn¥esaz 3 dmsuganmiuaulidfesniidesas o5 vesuSnmveIRoUNZIT AT (gross tumour volume, GTV) Tag
a o o an 1 o A ¥ A v a a Aq ¥
manfSeuieumsnszaedivestiumsed liawsaduiunmsd diesnndeyaialsznisiinnwdanaiannaumsnly
9
1 MATLAB-based treatment planning program @1%5unan1snaaey 1151un3u DICOM2PHITS tagg1udoyallsaouiud
o w g = A < = g = o 1 Ay s a o
anunzaudmsulsunsdneil egelsnamumsanuiidlunsdnsnihseuiieaaunaaresunsadinmansd vy

dauladnudweyninlisaeulumesd@snm

P
90 ¥




