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TOM TAT

Muc tiéu: Muc dich cta nghién ctru nay la st dung phuong phdp mé phéng Monte Carlo (MC) dé danh
gia anh huéng céc héc khi trong phantom va bénh nhan ung thw dau cé diéu tri bang ky thuét JO - IMRT.

DP6i twong, phwong phap: Chuong trinh EGSnrc - MC duoc st dung dé tinh todn murc gidm liéu tai
vuing tiép giép gitra khéng khi va mé trong phantom plastic (30x30%30 cm?®) c6 chira héc khi (15x4x4 cm?)
VvGi cac truong chidu khéc nhau (1x1, 2x2, 3x3, 4x4, 5x5 cm?). Céc gié tri hé sé nhiéu loan liéu - DPF va
phén trém suy gidm liéu - PDR duoc st dung dé dénh gié truong hop phantom. Véi ké hoach JO-IMRT cho
bénh nhan ung thw ddu cé biéu dé luong liéu thé tich (DVH), Iét cét (isodose), va chi sé gamma véi tiéu chi
3% /3 mm duoc st dung dé so sanh két qua gitka MC va TPS.

Két qua: PDF véi cac kich thudc truong 1x1, 2x2, 3x3, 4x4 va 5x5 cm? twong (ing la 62,04%; 52,34%;
40,71%; 26,72% va 19,85%. Két qué ciing cho thay liéu hap thu trung binh trong PTV ctia bénh nhan tinh
bang MC (65,58 Gy) thdp hon liéu tinh toan tir TPS (71,41 Gy).

Két luan: Tur nghién ctru nay, ching téi két luén réng viéc giam liéu & ving tiép gidp moé/khéng khi tac
déng dang ké dén do chinh xac cda phép tinh liéu JO-IMRT & bénh nhan ung thw dau ¢é (H & N).

Ttr khod: Héc khi, JO - IMRT, Monte Carlo, Ung thuw dau cé

ABSTRACT

MONTE CARLO EVALUATION OF AIR CAVITY AND SMALL FIELD EFFECTS IN JO

- IMRT DOSE DISTRIBUTIONS ON PATIENTS WITH HEAD AND NECK CANCER
Luong Thi Oanh’, Duong Thanh Tai?3*, Truong Thi Hong Loan*®

Purposes: The goal of this study was to use Monte Carlo (MC) simulation to examine the dosimetric
effects of the air cavity on JO-IMRT dose distribution at air-tissues interfaces in head-and-neck (H&N) patients.
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Methods: The EGSnrc - MC code system was used to calculate the dose reductions in air-tissue interface
region for single field irradiations with 1x1, 2x2, 3%3, 4x4, and 5x5 cm? in solid acrylic phantoms (30%x30%20
cm?®) and seven fields in a JO-IMRT plan. With phantom, the PDD values in both with and without an air
cavity (15%4%4 cm?®) which is 2.5 cm away from the anterior surface of phantom were used to evaluate. With
the JO-IMRT plan, the dose-volume histograms (DVH), slice by slice isodose, and the gamma index using
global methods implemented in PTW-VeriSoft with 3%/3 mm criteria were used to evaluate.

Results: The study results indicate that the dose reductions in the air-tissue interface region of the
phantom are strongly dependent on field size. The average percentage dose reductions at 1 mm from the
air-water interface for the field size 1x1, 2x2, 3x3, 4x4, and 5x5 cm? are 62.04%, 52.34%, 40.71%, 26.72%,
and 19.85%, respectively. Additionally, the mean MC dose in the PTV (65.58 Gy) of patients were lower

than the TPS predicted dose (71.41 Gy).

Conclusions: From this study, we conclude that the dose reduction in near air-tissue interfaces is a
significant effect on JO-IMRT dose distribution in head-and-neck (H&N) patients.
Keywords: Air cavity, JO-IMRT, Monte Carlo simulation, Head-and-neck cancer.

I. GIOI THIEU

IMRT la ki thuat sir dung céc trudng chiéu diéu
bién (trudng chiéu nho) dé t6i wu phan b lidu theo
hinh dang khéi u khéng déu. Viéc sir dung truong
chiéu nho c6 anh hudng rat dang ké t6i hiéu qua
diéu tri cia IMRT va dang 1a vin d& dwoc quan tim
clia cac nha Vat 1y Y khoa trong nudc va trén thé
gidi. Nam 2017, co quan Nang lugng Nguyén tir
Quédc té (IAEA) dic biét quan tdm dén véan dé su
dung trudong chiéu nhé trong xa tri photon va da
dua ra 1 bo quy tic gianh riéng cho viéc do lidu
lwong cia cac trudng chiéu nho st dung trong xa tri
ngoai [1]. Mot moi truong thich hop dé thyuc hién
khao sat su thay déi lidu luong cua cc trudng chiéu
nho 1a trong cac ving c6 mat do khong dong nhit
(phantom chira hdc khi). Khi sir dung k¥ thuat xa
tri IMRT trong xa tri ung thu dau cb sir dung nhiéu
truong chiéu nho can luu ¥ t6i phan b lidu dén cac
khi u tiép giap voi hoc khi ddn dén sy mat can bang
dién tr xung quanh vung tiép giap mo - khong khi.
Theo nghién ctru cua nhom tac gia Allen Li nam
2001 dua ra danh gia vé sy thay ddi lidu luong héc
khong khi trong cac chum tia X [2]. Nam 2007, tac
gia Bart De va cac cong su cho thiy anh huong cia
cac hoc khong khi trong PTV dbi véi téi wu hoa
IMRT duya trén mé phong MC [3]. Gan day nhat
nhém téc gia Navin di phat hién ving liéu sau hoc
khi bj anh huéng boi trudng chiéu nhé bang viée so
sanh v6i cac lieu ké va mo phong MC [4]. Do do,
muc ti€u ctia nghién ctru nay 1a danh gia anh hudng
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ctia hdc khi va cac trudng chiéu nho trong phan bd
lidu ctia ké hoach JO-IMRT bang phuong phap MC.

II. POI TUQONG VA PHUONG PHAP
NGHIEN CUU

Dé thuc hién dugc muc tiéu dé ra trong phﬁn gidi
thiéu, dau tién chung toi khao sat sy thay ddi liéu bé
mit trén phantom khong dong nhét c6 chira hoc khi
duoc chiéu bai cac truong chiéu nho. Sau d6 thuc
hién cac so sanh dénh gia trén thay doi lidu trén ké
hoach JO - IMRT bang chwong trinh EGSnrc - MC.

2.1. K& hoach JO-IMRT trén Prowess
Panther

Chung ti thyc hién tdi wu tinh liéu bang ki thuat
IMRT véi thuat toan Covolution Cone Convolution
(CCC) trén Prowess - TPS dang st dung tai bénh
vién Pa khoa Ddng Nai.

Céc ké hoach duogc thuc hién trén phantom va
trén bénh nhan ung thu diu cb.

- Phantom ddng nhat v&i vat liéu tuong dwong mo
(D=1,19 g/ cm?, HU = 0) ¢6 kich thudc 30x30%20
cm® duoc chia thanh 3x71x57 voxels. Phantom
khéng ddng nhét co kich thudc trong dwong trong
truong hop dong nhat, chira hoc khi (D=1 g/ cm’,
HU =-1000) d6 day 4 cm duogc dat cach bé mit cua
phantom 3 cm. Géc chiéu hop vdéi truc thang dimg
goc 0° vai mirc nang luong 6 MV phat ra tir may
gia toc Primus M5497 (Hang Siemens, Dtc) voi cac
truong chiéu 1x1, 2x2, 3x3, 4x4 va 5x5 cm?.
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- Ké hoach JO-IMRT bénh nhan ung thu dau c6
gdém 7 trudng chiéu duoc chon 1a 72°, 100°, 155°,
210°, 2529, 265°, 300° mdi trudng chiéu dugc chia
thanh 7 truong chiéu nho.

Céac thong sb vat ly tu ké hoach da dugce t6i wu
bao gdom thong s6 vé tim truong chiéu, kich thudc
truong chiéu,... dugc st dung dé thuc hién mo
phong MC trén chuong trinh EGSnrc bao gom 2
phan mém BEAMnrc dé md phong ddu may gia tbc
va DOSXYZnre dé thyc hién tinh lidu 3D.

2.2. Phuwong phiap mé phong Monte Carlo

Trong nghién ctru trudc ching téi da@ mo phong
méy gia toc tuyén tinh Primus simens M5497 dang
st dung tai Bénh vién v&i mtc nang lugng 6 MV
phul hop tot v6i thyc nghiém [5]. Nghién ctru nay
chung t6i thyc hién mo phong cac truong chiéu
1x1, 2x2, 3x3, 4x4 va 5x5 cm? va cac trudng chiéu
nho cua trudng hop bénh nhan ung thu dau c¢b bang
chuong trinh BEAMnre.

Chuong trinh DOSXYZnrc/EGSnrc Monte
Carlo duogc stir dung dé tinh toan liéu trén phantom,
bénh nhén, ghi nhan mrc giam liéu trong viing giao
dién khong khi dbi v6i cac moi truong. Ching t6i
thyuc hién tuong tu cho tuong hop phantom va bénh
nhan véi chi tiét vé dir liéu chiéu dugc chuyén doi
tir thong tin dir li€u trén TPS cho cac truong hop
phantom va bénh nhan qua tuong quan toa d¢ giira
TPS va MC [6].

2.3. Phwong phap danh gia két qua

Trong nghién ctru nay céc gié tri hé s6 nhidu loan

1.3 1

PDF

0.7

0.3

lidu - DPF va phan trim suy giam liéu - PDR dugc
sir dung dé danh gia cho trudng hop phantom. Hé
s6 nhiéu loan lidu duoc sir dung trong cong b cia
nhom tac gia Li nam 2000 [2]. PDR 1a phan trim
suy giam liéu dugc sir dung trong céng bd ctia nhoém
tac gia Navin va cong su [3].

PDF = PDD.
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la phan tram lieu tai d§ sau z trong
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phantom khong dong nhét, PDD,  la phan trim liu
tai do sdu z (twong Gng) trong phantom ddng nhat.

Pé danh gia két qua trén bénh nhan phan b
lidu tinh bang thuat toan CCC trén Prowess Panther
TPS duogc so sanh v6i cac gia tri lidu dugc tinh tir
phan mém EGSnrc - mé phong MC bang biéu d6
luong lidu thé tich (DVH), 1at cat (isodose), va chi
s6 gamma 3D véi tiéu chi 3% /3 mm.

III. KET QUA VA BAN LUAN

3.1. Phantom

Céc két qua so sanh lidu tinh tir Prowess Panther
- TPS va mé phong MC trén phantom duoc biéu
dién & hinh 1 - két qua nhiéu loan liéu véi cac
truong chiéu khac nhau va bang 1 biéu thi két qua
phan tram liéu giam tai 1 mm va 1 cm sau hdc khi
cho thdy véi truong chiéu thay doi.

-1 -0.5 (1]

0.5

Khoing céich tir bé mat tiép gisp kKhdong khi va md (cm)

Hinh 1: DPF véi cdc trirong chiéu khdac nhau.
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Theo hinh 1 ta thay liéu bi nhiéu loan 16n nhét véi truong hop trudng chiéu 1x1 cm? va sy nhiéu loan
giam véi truong chiéu ting dan. Két qua ciia chung t6i ciing phi hop voi cong bd clia nhom tac gia Li va
cong su nam 2000. Dé chi tiét hon vé su thay doi lidu chiing ta s& xem két hé s6 PDR va PDE vé phan tram
lidu giam va tang lidu gitra mdi truong dong nhat va khong dong nhét xét trén PDD.

Bdng 1: Phan tram liéu giam ¢ 1 mm va 1 cm sau hdc khi véi truong chiéu thay doi

Truwong chiéu Phén trim lidu giam tai Phan trim lidu giam tai
(cm x cm) 1 mm (%) 1 cm (%)
1x1 46,79 -11,04
2x2 40,41 -9,79
3x3 26,79 -12,75
4x4 14,55 -11,35
5x5 6,07 -12,48

Két qua phan trim lidu giam tai 1 mm sau hoc khi cho thay véi truong chiéu thay doi phan trim lidu giam
tuong d6i 16n gitta PDD chira hdc khi va PDD khong chira hdc khi ¢ truong chiéu cang nho (1x1 cm?) thi liu
& day suy giam cang 16n cu thé su sai khac 1én t&i 46,79% truong chiéu cang ting thi PDR cang giam 6 trudng
chiéu 5x5 cm? phan trim liéu giam chi con 6,07%. Két qua PDR sau hdc khi 1 cm cho thiy céac gia tri PDR &
day bi am c6 nghia 1a liéu tinh & vi tri sau hoc khi 1cm trong phantom khong dong nhat 16n hon trong truong
hop phantom dong nhat. Tuy nhién sy suy giam nay thi khong déng ké giita cac trudng chiéu.

3.2. Bénh nhéan ung thr dau c6

Cac két qua so sanh lidu tinh bang Prowess Panther TPS véi cac gia tri liéu duoc tinh md phong MC trén
bénh nhéan duoc thé hién trong hinh 2 - Lat cit CT ctia bénh nhan, hinh 3 - so sanh thong qua biéu dd luong
liéu thé tich (DVH), va chi s gamma 3D véi tiéu chi 3% /3 mm trong hinh 4.

Hinh 2: Lat cat CT ciia bénh nhdn a) TPS, b) MC

Tap Chi Y Hoc LAm Sang - S6 66/2020 53



Ddnh gid anh huong ciia hoc khi va truong chiéu nho téi phin bé liéu...

Két qua so sanh vé lat cit CT (hinh 2) cho thiy phan b tinh tir TPS va MC 1a twong dbi phu hop tuy
nhién tai ving héc khi (hdc miii) thi ta thay MC thé hién su thay ddi rd hon trén TPS.
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Hinh 3: Biéu do liéu lwong thé tich ciia MC va TPS
DVH giita MC va TPS cho cung 1 ké hoach JO-IMRT trong hinh 3 cho thay liéu lugng t6i PTV ctia MC
nho hon TPS va liéu téi tuyén mang tai va tity sdng cia MC cao hon TPS. Két qua cho thiy tac dong khi sir
dung JO-IMRT cho truong hop diéu tri tai cac truong hop ung thu dau c6 ¢ chira hdc khi thi liéu 6 PTV
va cac co quan lan can cling bi anh huong.
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Hinh 4: Biéu do danh gia Gamma 2D va 3D
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Két qua phan tich chi s6 Gamma 2D va 3D giita
tinh toan liéu tir TPS va mo phong MC trén phan
mém thuong mai VERISOFT 7.0. Két qua Gamma
2D cho thiy chi s6 Gamma dat 1a 3022 pixel / 3060
pixel dugc danh gia tuong tng 1a 98,8%. Vung mau
do (hinh 4a) tng voi Gamma khong dat n6 cling
twong tmg 1 phan hdc khi tung tng trong so sanh
lat cat CT. Hinh 4b 13 két qua danh gia Gamma 3D
giita TPS va MC két qua cho thay su phu hop ¢ hai

chuong trinh tinh lidu va mé phong 1a 98,6%.

IV. KET LUAN

Tir cac két qua so sanh liéu luong trén phantom
va bénh nhan ung thu dau co, chung toi két luan
rang viéc giam lidu ¢ vung tiép giap mo - khong
khi tic dong dén d6 chinh xac ciia phép tinh lidu
JO-IMRT. Do d6, can kiém tra ké hoach JO-IMRT
trudc khi tién hanh diéu tri cho bénh nhan.
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