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Tom Tat: Ngay nay, phuong phap mé phong Monte Carlo dugc ng dung rong réi
trong nhiéu linh vyc khac nhau nhu trong vat ly, y té... Cong cu md phong Monte
Carlo GEANT4/GATE di dugc phét trién dé phuc vu bai toan xay dung, chan doan
hinh anh y hoc hat nhén, xa tri va sinh hoc buac xa. Trong bao cdo nay, ching téi sé
trinh bay két qua méd phong mét phan dau may gia toc tuyén tinh xa tri TrueBeam STx
su dung cong cu md phong GEANT4/GATE. Cac dic trung vat ly caa chum photon 6
MV bao gém liéu sau phan trim trong nudc, liéu su cach tam thu duoc tir két qua mo
phong duoc so sanh va kiém chung voi két qua do dac trén may TrueBeam STX tai
Bénh vién 108.

Tuw khoa: Md phong Monte Carlo, GEANT4/GATE, Xa tri, TrueBeam STx, PDD,
Profile.
I. Giéi thiéu
Nhimng nim gan day, cdng nghé may gia téc da duoc dua vao sir dung rong réi trong

nghién ctiu khoa hoc ciing nhu cac nhu céc linh vuc trién khai - ang dung, trong d6 ¢ linh
vuc y té. Phuong phép xa tri ngoai sir dung may gia toc tuyén tinh dan tro thanh céng cu hiru
hiéu va pho bién trong viéc diéu tri ung thu véi cac hé thdng xa tri sir dung may gia toc tuyén
tinh (LINAC) duoc st dung phé bién tai hau hét cac bénh vién, co so y té. May gia téc véi sy
da dang vé loai birc xa va cac muc niang luong, dai liéu chiéu, truong chiéu, goc quay ciing
nhu kha nang ¢am bao liéu chiéu chinh xéc... cting véi sy hd trg caa cac phan mém tinh toan
1ap ké hoach diéu tri giup dam bao duoc liéu chiéu phu hop, 6n dinh, giam thoi gian chiéu va
cho phép diéu tri cac loai khdi u vai kich thude, tinh chat va vi tri khac nhau trong co thé.

Theo cac thong ké so b, s6 lugng may gia toc xa tri trong y té ¢ Viét Nam hién nay 1a
khoang 56 may va sé luong nay con co thé ting thém trong nhitng nam téi. Tir nam 2017,
may gia téc xa tri TrueBeam STx déd duoc dua vao st dung trong diéu tri 1am sang tai Bénh
vién Trung wong Quan ddi 108. Pay la mot trong nhitng may gia tc xa tri thudc thé hé moi
nhét hién nay duoc san suat boi cong ty VARIAN. Véi vu diém ndi bat vé suat liéu 1én dén
1400 MU/phiit d6i véi mirc nang luong 6 MV FEF va 2400 MU/phut d6i v6i mirc nang luong
10 MV FFF, TrueBeam STx cho phép dat duoc két qua diéu tri té hon mic di thoi giam thoi
gian diéu tri. Bén canh dé, may TrueBeam STx con c6 thé sir dung véi cac ky thuat xa tri dic
biét nhu diéu bién lieu (IMRT), xa tri diéu bién liéu thé tich cung tron (VMAT), xa trji dudi
huéng dan caa hinh anh (IGRT). Déi véi chum photon may c6 ché dé loc phang (FF) ¢ 6, 8,
10, 15 MV va ché do khdng loc phing (FFF) 6 6 MV, 10 MV.

Nhim nang cao hiéu qua xa tri dong thoi han ché anh hudng cua bic xa dén cac mo
lanh va tinh toan che chin an toan birc xa, mot sd cong trinh nghién ctru vé may gia tdc trong
xa tri da dugc thuc hién nhu: Tinh todn mo6 phong va do thyc nghiém nham khao sat phan bd
sut lidu electron, photon, su ton tai ctia neutron ddi voi may gia tdc tuyén tinh 1am co so dé
khuyén céo can thiét vé mat an toan burc xa cho nhén vién van hanh, benh nhéan va cng ching
quanh khu vyc xa tri. Phan 16n cac nghién ctu trudc day chu yéu sir dung chuong trinh
MCNP dé tinh toan mé phong vao muc dich tdi wu hoa cong tac xa tri giam ton thuong dén
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m6 lanh xung quanh va dua ra khuyén céo vé an toan birc xa nham dao bao liéu hap thy birc
xa doi voi cac doi tuong bl danh huong.

Trong bao céo ndy, ching tdi trinh bay cac két qua cua qué trinh sir dung goi cong cu
GEANT4/GATE trong md phong chim tia photon véi ning lwong 6 MV & dau ra cia may
TrueBeam STx qua d6 xac dinh céc dai lwong nhu liéu siu phan trim trong nudc, liéu sau
cach tm. Day la cac dai lugng dic trung cua chim photon trén may gia toc xa tri thé hién
cac tinh chat vat ly ciia chum tia va ciing 1a co s& dir liéu duoc sir dung 1ap ké hoach xa trj cho
bénh nhén.

Il. Chuwong trinh GEANT4/GATE va ciu hinh md phéng, do dac.
1. Chuong trinh GEANT4/GATE

Céc chuong trinh thudng dwoc st dung trong linh vuc tinh todn mé phong van chuyén va
tuong tac ciia buc Xa voi vat chat nhw MCNP [2], FLUKA [3], GEANT4 [4]. Trong do,
FLUKA (FLUKktuierende KAskade) 1a chuong trinh it ph bién. MCNP (Monte Carlo N-
Particle) 1a chuong trinh ma nguoi dung
chi dua vao c:%c thong s6 ,h‘lnh h9c, loai a)
hat tuong tac d¢ thu duoc so li¢u dau ra da
dugc chuong trinh dinh nghia trudc.

Trong khi d6, GEANT4 (GEometry ANd Pf \
Tracking) la mét code mo phong cho phép /
ngudi ding can thiép truc tiép vao 16i cua N,
chuong trinh dé tly bién theo bai toan can
nghién cttu. Code nay yéu ciu ngudi diing AN
phai hiéu biét rd vé cac qua trinh van . L=
chuyén tuong tac cta hat dé c6 thé dua ', |
vao cac moé hinh vat ly dung. Trong céc ' ‘
du an 16n ung dung GEANT4 trong y hoc ’
hat nhén thi GATE (GEANT4
Application for Tomographic Emission)
& mét trong nhirng du &n thanh cong va
c6 lugng nguoi st dung lon [6]. GATE
dugc thiét ké rieng dé md phong xa tri va
c6 thé str dung dé tinh toan liéu trong céc
thi nghiém xa tri voi wu diém dic biét 1a
hd tro ngudi ding chay chwong trinh mo
phong véi mot hé théng siéu may tinh c6
khoang vai nghin CPU [7].

2. Cau hinh mé phéng may gia téc xa tri

TrueBeam STx

Hinh 1. (8)-so d6 cdu tao phan collimator da
la phia duwoi cua khong gian pha (phase
space) cua mdy TrueBeam [8]; (b)-phantom
nieée ding dé do va mé phong
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hinh chi tiét, cac thong tin vé& phan gia téc dién tir, bia, cap budng ion héa, tim loc ... cua
TrueBeam STx duoc cung cip thong qua tép tin khong gian pha (phase space). Tép tin nay
duoc coi nhu mot ngudn thir cip ding cho céc nghién ciru vé TrueBeam va chira cac thong tin
vé chim hat dugc phét ra: vi tri, ning - théng luong theo khdng gian 3 chiéu phia trén phan
chuén truc da 14 (Muti Leaf Collimator - MLC). Hinh 1-a thé hién so d6 c4u tao cua dau may
TrueBeam trong tai liéu chuyén giao cing may. Phase space cho photon 6 MV duoc tai tir
trang web cua IAEA [9], d6i véi cac loai ning lwong khac thi phai lién hé truc tiép véi hang.
Céc thong tin dau vao cho bai toan mé phong, do dac bao gdm: chum photon 6MV kich thuéc
10 x 10 cm?, phantom ddng nhit “Blue Phantom 2” cua IBA Dosimetry, Germany (hinh 1-b)
[10] véi kich thudc ving do va do phan giai diém do lan luot 12 480mm x 480mm x 480mm
va 0.1 mm duoc st dung 1a méi truong do dac. Budng ion héa CC13 va dau dd RAZOR cua
IBA Dosimetry duoc sir dung dé ghi nhan s liéu va do liéu lwong. Thé tich nhay, béan kinh do
cia CC13 va RAZOR tuong Gng 14 0.13 cm® 6 mm va 0.01 cm®, 1 mm. B& mat nu6c cua
phantom duoc dit cach ngudn 1 khoang 100 cm (tinh lidu theo phuwong phap SSD = 100cm).
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Hinh 2. Két qua hién thi hinh hoc trong chwong trinh mé phéng véi 5000 s kién.

Dya vao cau hinh do duoc md ta nhu trén, ciu hinh may trong tai liéu chuyén giao va tép tin
phase space tir nha san xuét, ching t6i da xay dung hinh hoc cua dau may gia téc. Goi vat ly
“emstandard_opt3” dugc st dung dé md phong cho cac qua trinh twong tac ciia photon Véi
khong khi, cac collimator da 14 va phantom. Thé tich mdi diém do (VoxelSize) la 1x1x1
mm?. Hinh 2 1a két qua hién thi caa hinh hoc mé phong véi 5000 photon dwoc phat ra: quy
dao cac photon va hat san pham khong mang dién 1a cac duong mau xanh 14, cac hat co dién
tich nhu electron mau d6; phantom nuéc mau xanh nude bién, collimator c6 mau hong, vang
va xam.

3. Két qua md phéng, so sanh véi thuc nghiém

Céc thong tin vé ciu hinh do dac va md phong da duoc trinh bay trong phan 2. Phan tiép
theo, két qua thu duoc tir qua trinh do dac, md phong s& duoc trinh bay bay va thao luan. Bén
canh do, cac dit liéu dugc so sanh véi bo s6 liéu chuan cua Varian chuyén giao cing voi may
TrueBeam STx ¢ Bénh vién 108. Hinh 3 trinh bay két qua liéu hap thu twong dbi theo % & cac
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d6 sau khac nhau déi v6i chum photon 6 MV & trudng chiéu 10 x 10 cm? trong d6 két qua do
dac va sd liéu tir Varian twong dbi tring khép. V& céc két qua thu duoc tir md phong: & do sau
tir 0 dén 10 cm, két qua md phong cho thiy sy phi hop tdt véi sb liéu do dac va sb liéu caa
Varian: sai s6 twong di gitra md phong va thuc nghiém trong khoang d6 sau nay nho hon 10
%. O do sau tir 10 cm dén 30 cm, sai sb twong ddi giira hai sé liéu bat dau ting tir 10 % dén
32%. Nguyén nhan chinh cuaa sy chénh Iéch nay c6 thé duoc ly giai 1a do théng ké trong md
phong khong du: ho han ché vé tai nguyén may tinh ciing nhu thoi gian, md phong dugc chay
véi 10° photon duoc phat ra. Khi cang di sau vao phantom sb lugng photon cang giam do bi
hap thu nén din dén sé dém théng ké tai cac diém do ¢ sau bi thiéu hut.
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Hinh 3. (a) - két qua so sanh liéu sdu phan tram — PDD( %) va (b) — sai s6 tirong doi
gitta mo phong va thuc nghiém o cdc do sau khdc nhau



Sai s6 ndy c6 dang ham mii — twong tw nhu quy lut vé su suy giam cta bic xa trong vat chat
(hinh 3 — b). Két qua so sanh liéu hip thu twong ddi theo % cua cac diém c6 khoang cach khac
nhau di vai truc trung tdm & do sau 1.5 cm va 30 cm duoc hién thi & cac hinh 4, 5. So sénh
két qua hién thi trén cac hinh nay c6 thé thay khi d6 sau cang tang thi sy chénh léch giita mod
phong va thuc nghiém & ving ngoai truong chiéu cang 16n. Bén canh do, ta thiy su thing
giang cua liéu hip thy twong ddi cua md phong trong 2 hinh nay ciing ting dan ¢ d6 sau 1,5
cm va 30 cm.

120 r - .
[ ® SO liéu tir Varian

e===M06 Phdong

100 f

(%)

am
(0]
o
T

éu sau cach ta
(@))
(e»]
T

o
o
]

Lie
)
o
]

0‘- (N T T TR T TR N SR SR T S
-15 -10 -5 0 5 10 15

Khoang cach dén truc (cm)
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Hinh 5. Phén bé liéu sdu cach tim (% ) — Profile ciia chiim photon 6 MV truong chiéu
10 x 10 cm? ¢ d6 siu 30 cm

Két qua so sanh liéu hap thu twong ddi theo tryc trung tam ¢ do sau 1.5 cm duoc trinh
bay trong hinh 4 véi mic do chénh léch lidu twong ddi giita hai mé phong va thuc nghiém la
kha nho. Hinh 5 thé hién két qua liéu hap thu twong dbi theo tryc trung tam & do sau 30 cm,
khu vuc gan ving bién caa truong chiéu, duong cong mé phong co khuynh hudng déc hon
duong thyc nghiém. Tir hinh 4 va hinh 5, chiing ta thiy khu vic bén cang gan tryc trung tam
muc do trén léch lidu tuong ddi gitra hai md phong va thuc nghiém nho hon nhiéu khu virc
nam gan bén ngoai trudng chiéu va sy chénh léch ting khi do siu ting. Mot nguyén nhan
khéc c6 thé gay ra su chénh léch gitta md phong va thuc nghiém la do dai do cua liéu ké. Déi
Vi do dac thi viing khong gian do cta dau do ¢ dang hinh cau, con trong mé phong, chiing
t6i tao cac khéi lap phuong (voxel) dé tinh liéu. Ngoai ra sy nhiém ban electron trong cham
photon ciia may gia toc (hinh 2) ciing 1a mét trong nhiing nguyén nhan gay ra sy sai khac.

I11. Kétluan

Trong béo céo nay, cac két qua tinh toan md phong st dung cong cu GEANT4/GATE va
s0 séanh véi s6 liéu do dac chim photon 6 MV véi trudng chiéu 10x10 cm? cia may gia toc xa
tri TrueBeam STx tai Bénh vién Trung wong Quan doi 108 da dugc trinh bay. Bén canh do,
mot s6 nguyén nhan din dén sy sai léch gitta md phong va thuc nghiém ciing da duoc dé cap,
diéu nay gilp viéc dinh hudng tinh toan md phong trong cac nghién ciu tiép theo va trong lap
ké hoach diéu tri. Cac két qua trong bao céo 1a co sé dé nhém tiép tuc thuc hién cac nghién
ctru tiép theo trén may TrueBeam STX ¢ ning luong khac nhau va cac phantom c¢6 moi trudng
khong dong nhit.

Nhom tac gia xin chan thanh cam on cac can b cua Khoa Xa tri- Xa phau - Bénh vién
Trung wong Quén ddi 108 di tao diéu kién va phdi hop thuc hién cac nghién ciu. Bao cao
duoc su hd tro cua dé tai cip co s ma sb CS/19/04-02.
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SIMULATION AND MEASUREMENT SOME PHYSICAL CHARACTERISTICS
OF 6 MV PHOTON BEAM CHARACTERISTICS BY LINEAR ACCELERATOR
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Abstract: Today, Monte Carlo simulation is widely used for many applications in
various fields such as physics, medical. Monte Carlo GEANT4/GATE software has been
developed for the simulation in imaging diagnostic, nuclear medicine, radiotherapy, and
radiation biology. In this report, we will present details about simulation results of the head of
TrueBeam STx have been performed using Monte Carlo GEANT4/GATE. Physical
characteristics of 6 MV photon beam including percentage depth dose (PDD), central axis
depth dose from simulation will be extracted and compared with measurement values in a
water phantom by using a TrueBeam STx medical linear accelerator at the 108 Military
Central Hospital.

Keyword: Monte Carlo simulation, GEANT4/GATE, radiotherapy ,TrueBeam STx, PDD,
Profile



