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Muc dich cia nghién ciu nay la danh gia tinh chinh xac liéu clia ké hoach diéu tri thich tng ba chiéu
(Three Dimensional Conformal Radiation Therapy, 3D-CRT) trén phan mém lap ké hoach diéu tri
Prowess Panther (TPS) bang phuong phap mé phong Monte Carlo (MC) cho bénh nhéan ung thu
vom hong. Trong nghién ctiu nay ching t6i dé s&r dung chuong trinh mé phéng EGSnrc vdi hai
phan mém chinh la BEAMnrc va DOSXYZnrc. Dau tién, phan mém BEAMnrc st dung dé mé phong
chum photon néang lugng 6 MV phét ra t&r may gia téc tuyén tinh Siemens Primus tai Bénh vién
Da khoa Bong Nai. Sau d6, phan mém DOSXYZnrc dugc st dung dé tinh phan bé liéu trén hinh
anh CT clia bénh nhan véi cac thong s6 gidng nhu trong phan mém lap ké hoach diéu tri Prowess
Panther (My). Cudi cuing, phan bé liéu tinh dugc tir mo phong va phan mém Prowess Panther duoc
so sanh vainhau dua trén 14t cdt CT, chi s6 Gamma va biéu do liéu luang thé tich DVH (dose-volume
histogram). Két qua cé su phu hop tét gitta phan bé liéu tinh todn t mé phong MC vai ké hoach
diéu tri 3D-CRT trén phan mém lap ké hoach Prowess Panther. Chi s6 phu hgp Gamma toan cau
vdi tiéu chi 3%/3 mm la 92,8%. Liéu hap thu tai thé tich bia lap ké hoach (Planning Target Volume
- PTV) gita MC va TPS sai léch rat nhé 0,97%, liéu tai tuyén mang tai va tly séng ctia TPS I6n hon
so vai MC. Két qua thu nhan dugc cho thay phan bé liéu clia ké hoach 3D-CRT tinh dugc tir phan
mém Prowess Panther cho bénh nhan ung thu vom phu hgp tét véi phan bé liéu tinh tir MC.

Tu khoa: M6 phong Monte Carlo, EGSnrc, 3D-CRT

GIGI THIEU

Ung thu vom hong la bénh Iy ac tinh thudng gép nhat
trong s6 cdc ung thu & viing dau mit ¢6. Theo théng
ké nim 2018 ciia GLOBOCAN (Global Cancer) ! Viét
Nam la nudc diing thi 3/47 nudc ctia khu viic Chau A
¢6 s6 bénh nhan ung thu vom hong nhiéu nhat, bénh
gdp rit phd bién & Trung Qudc (46,9%), Indonesia
(13,9%), Viét Nam (4,8%),... (Hinh 1) .

Tai Viét Nam, viéc di€u tri ung thu & cdc trung tim
va Bénh vién thong thudng st dung ky thuat thich
tng ba chiéu (3D-CRT). Ky thuét nay cho phép cdp
liéu cao hon dén khéi u va gidm liéu t6i thiéu dam
bao trong giéi han ma cic cd quan lanh xung quanh
¢6 thé chiu dung dugc. Tuy nhién, cudng do trong
moi trudng chiéu cta ky thuét nay dong nhit nhu
nhau nén céc co quan lanh ciing nhan mét liéu hap
thu tuong duong khéi u?. Do d6, tit ci cdc ké hoach
3D-CRT cén phai dugc kiém tra chat lugng trude khi
tién hanh xa tri cho bénh nhén d€ dam bao ring bénh
nhan sé nhan dugc dung liéu bac si da chi dinh ciing
nhu tranh anh hudng dén stic khoe ctia bénh nhéan sau
khi diéu tri. C6 nhiéu phuong phép ciing nhu cac tiéu

chuéin d€ thyc hién kiém tra viéc dap ting liéu cta cac
ky thuét xa tri. Theo céc tiéu chu&n quéc té cia AAPM
(American Association of Physicists in Medicine)?,
TIAEA (International Atomic Energy Agency)>, ICRU
(International Commission on Radiation Units and
Measurements) thi tat ca cac ké hoach déu phai dugc
kiém tra chat lugng ky ludng trudce khi tién hanh xa
tri cho bénh nhan. Tuy nhién, nhiing tiéu chun nay
la chung chung va khéng chi tiét cho cdc vin dé cu thé.
Vé co ban, ¢6 3 phuong phap dugc st dung dé kiém
tra chét lugng (QA, Quality Assurance) cho mot ké
hoach xa trj gém*:

Phuong phdp QA dua trén do dac thuc nghiém?®
(measurement-based method) bao gdm: QA liéu diém
stt dung cac dau do buodng ion hoéa hodc liéu ké nhiét
phat quang (TLD, Thermoluminescence Dosimetry)
dé do liéu tai mot s6 diém riéng biét; QA liéu phan bo
theo khong gian hai chiéu (QA-2D, Two Demension)
stt dung phim do liéu, mang dau do nhu MatrixX,
Mapcheck; QA liéu phdn bo theo khong gian ba chiéu
(QA-3D, Three Demension) nhu diing Octavius, Ar-
cCheck va QA liéu phan bo theo khong gian bon chiéu
(QA-4D, Four Demension) sti dung gel. Phuong phép

Trich dan bai bao nay: Oanh LT, Tai D T, Tudn H D, Loan T T H. BPanh gia ké hoach 3D-CRT trén hé théng
1ap ké hoach diéu tri Prowess Panther bang phuong phap mé phéng Monte Carlo cho bénh nhan
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Hinh 1: Théng ké ung thu vom hong tai cac nuéc trong khu vuc Chau A’ .

QA duya trén thyc nghiém c6 thé kiém tra d¢ chinh
xac cta ké hoach diéu tri va hé thong phat tia. Tuy
nhién, phuong phép nay khong thé xdc dinh dugc liéu
bénh nhan nhan dugc bing bao nhiéu, dic biét d6i
v6i viung diéu tri c6 ciu truc md khong dong nhat,
noi ma liéu khac biét dang ké so v6i méi truong dong
nhat. Ngoai ra, con c¢é nhiing sai s6 trong qud trinh
dinh vi bénh nhén (patient setup error), chuyén dong
va bién dang ctia co quan (organ motion and defor-
mation) ma phuong phap nay khong tién doan dugc.
Hon nfia, phuong phép nay mat nhiéu thoi gian thuc
hién, chi phi mua sdm thiét bi cao la mot trong thach
thiic khi thiic hién QA *.

Phuiong phdp QA dua trén tinh todn (calculation-based
method)*: Phuong phép nay tinh todn dya trén hinh
anh chup cit 16p vi tinh (CT, Computer Tomography)
ctia bénh nhan va cac dii liéu tii méy gia t6c dé€ ki€ém
tra thuat todn tinh liéu, s6 MU phat ra tit may gia tdc,
su hiéu chinh moi truong khong dong nhat trong TPS.
Phuong phdp nay dugc thuc hién nhd vao cac phin
mém nhu: DIAMOND™ (PTW, Freiburg, Ger-
many), RadCalc’ (LifeLine Software, Inc, Austin, TX,
USA), MUCheck (Oncology Data Systems, Inc),... Ky
thuét nay cé thé dugc thuc hién bt ci lic nao bing
cach st dung mdy tinh, khong mét nhiéu thoi gian va
khé ning ty dong cao. Tuy nhién, phuong phap nay
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van c6 han ché1a khong phét hién dugc 16i truyén dia
liéu tit TPS sang mdy gia t6c, 16i thiét 14p va chuyén
dong clia co quan,...

Phuiong phdp QA dva trén mo phong Monte Carlo (sim-
ulation based method)®*%” : La mot phuong phap
toan dién d€ kiém tra chit lugng ké hoach diéu tri vi
n6 c6 thé mo phong cac thyc nghiém trén bénh nhan
va ddu may diéu tri dua trén cac nguyén ly co ban.
Phuong phép nay c6 thé thuc hién nhiéu nhiém vu ma
khong thélam dugc bang thuc nghiém thi du nhu xac
dinh liéu hdp thu ¢ bénh nhan va c6 thé cung cip thém
nhiéu thong tin mot cach chinh xdc. Phuong phép nay
dugc stt dung dé€ kiém tra 16i truyén di liéu tit TPS
sang may gia tdc bang viéc két hop gitia liéu do dac va
liéu phat ra tit mdy gia t6c hodc d€ kiém tra lai phan
b6 liéu dugce tinh béi phdn mém lap ké hoach. Pay
1a mot cht dé thu hiat duge sy quan tdm cta cdc nha
nghién ctiu trén thé gidi. Nam 2009 tac gia D. Schoe-
nenberg va cdng su stt dung mo6 phong MC d€ dinh
gid chat lugng ké hoach IMRT (Intensity Modulated
Radiation Therapy) %, Nam 2011 tic gia T. Goetzfried
va cong sy dé xuit moé phong MC dé thay thé phép
do thuc nghiém st dung film trong danh gid ké hoach
IMRT®. Nhém tac gia G. Asuni (2013) st dung MC
détinh phan b6 liéu cho ké hoach VMAT (Volumetric
Arc Therapy) va DIMRT (Dynamic Intensity Modu-

lated Radiation Therapy) '°. Nim 2018 nhém tac gia
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O. Ryota va cdc cong sy cling cong bd két qua st dung
mo phong MC dé€ danh gid ké hoach diéu tri VMAT
sti dung b6 chudn truc 160 1a 11 Gan day nhit, Tai va
cdng su (2018) da tinh phan b6 liéu cho ky thuét diéu
bién cuong do chi st dung cac ngam chuyén dong
doc lap va danh gia viéc ap dung ky thuit JO-IMRT
(Jaws Only Intensity Modulated Radiation Therapy)
bing MC'2. Nhu vay c6 thé thdy ring, trong cic cong
b6 trude day thi viéc tinh phan bé liéu phuong phép
MC chi dugc cht trong cho cac ky thuét hién dai nhu
IMRT, DIMRT, VMAT,... ma chua chu trong t6i ky
thuat 3D-CRT.

Do d6, muc dich cia nghién ctiu nay la s dung
phuong phép mo phong MC dé€ danh gid tinh chinh
xac liéu cua ké hoach 3D-CRT trén phan mém lap ké
hoach diéu tri Prowess Panther tai Bénh vién Da khoa
Dong Nai cho bénh nhan ung thu vom hong.

PHUONG PHAP

Hinh 2 trinh bay so d6 cac budc thuc hién viéc ddnh
gid ké hoach 3D-CRT trén hé thong 1ap ké hoach diéu
tri Prowess Panther bing phuong phip mé phong
MC.

Piu tién, chung t6i thuc hién tinh todn trén phén
mém Prowess Panther va m6 phong bang phin mém
DOSXYZnrc cho céc trudng hgp don gian trén phan-
tom ddu mét ¢d (nha cung cip Prowess, My) dugc lam
bang vét liéu acrylic ¢6 ty trong 1,1 g/cm? d& kiém tra
tinh chinh xdc ctia mé hinh moé phong trudc khi tién
hanh cho trudng hop thuc té.

Sau do, phan bé liéu cta ké hoach diéu tri 3D-CRT
cho mot bénh nhan ung thu vom dugc tinh toan lai
bang phuong phap mo6 phong MC d€ danh gia do
chinh xac cua phan mém l4p ké hoach Prowess Pan-
ther.

Ké hoach xa tri 3D-CRT

Kéhoach 3D-CRT cho phantom d4u ¢8 va bénh nhin
ung thu vom hong dugc thuc hién trén hé thong phan
mém 14p ké hoach xa tri Prowess Panther phién ban
5.4 (nha cung cép Prowess, My).

Kéhoach 3D-CRT sti dung 2 trudng chiéu photon d6i
song: 0%, 900 véi mic ning lugng 6 MV phit ra tii may
gia t6c Primus M5497 (Hang Siemens, Dtic). Toa do
tam ctia trudng chiéu tring véi tAm ctia phantom déi
v6i trudng hop phantom, trung véi tdm ctia khdéi u
trong truong hop bénh nhan. Khoang cach tii nguén
t6i tam trudng chiéu bang 100 cm; kich thudce trudng
chiéu 10 x10 cm?. Cac théng s6 nay dugc khai bao lai
cho qué trinh mé phong MC.

Tuong quan toa do giita TPS va Monte Carlo
Viéc chuyén d8i hé truc toa do tit phan mém lap ké
hoach sang m6 phong MC la mét bai todn phic tap
va dugc thuc hién béi nhiéu nhém nghién ctiu khac
nhau 13-15,

Trong nghién cliu nay, chung t6i st dung moi lién hé
gitia toa d¢ (Hinh 4) TPS va MC ctia tac gid L. Zhan
va cong sy, dugc dién ta nhu sau '°:

Sé co:

XMC = XTPS
Ymc = - Z21ps
ZMC =YTPS

Céc thong s6 cin khai bdo trong moé phong MC gém:
0, ¢, I, va dugc tinh todn nhu sau:

o Goc 0 la géc hgp boi truc +Z va truc trung tim
ctia chum tia, pham vi 6 [09, 180°].

6 = cos~!(—=Z) = cos ™! (—sinbrsinbg) (1)

o Goc phuong vi @ dugc xac dinh dua trén quy
tac ban tay phai, gifia truc +X va phép chiéu ctia
truc trung tdm chum tia trén mit phing XY; c6
gi¢i han [0, 360°].

-Y —cos 6,
p=tan ! — ) =tan! [ — 5 2
-X cos O sin O
o Gbc @ md ta phép quay chum tia vé truc trung
tam cta nd, chiéu quay ngugc chiéu kim dong
ho.

3n _1 { —sinBr cos O 3)
cos Or

Trong d6: cac gid trictia 6¢ , Or , O la dii liéu goc tu
TPS.

6¢: Géc collimator.

Or: Goc quay ctia ban bénh nhan.

0 Goc quay ctia ddu may gia toc (goc gantry) véi O
= 0" ddu méy gia t6c huéng thing ding.

Mo phdng Monte Carlo

Chuong trinh EGSnrc (Electron Gamma Shower) ap
dung phuong phap MC d€ m6 phong cic qua trinh
van chuyén cta cdc hat electron, photon,... trong méi
trudng vat chat véi hinh hoc tuy y. EGSnrc véi hai
phin mém 1a BEAMnrc d€ m6 phong ddu may gia tdc,
DOSXYZnrc d€ thyc hién tinh phén b6 liéu.
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Monte Carlo
DOSXYZnrc

diu cb

Bénh nhin
Ung the Vom

Hinh 2: So dé cac budc thuc hién.

Hinh 3: Anh chup CT ctia phantom dau cé va bénh nhan ung thu vom hong.

a) b)

Hinh 4: Hé truc toa do trong TPS (a) va MC (b).
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Mé phéng mdy gia téc bdng phdn mém
BEAMnrc

Ph4n mém BEAMnrc dugc sti dung d€ mé phong cho
may gia t6¢c phat photon ning lugng 6 MV ctia Bénh
vién. Tét ca cdc thanh phan vét liéu, kich thudc cua
ctia 58 thodt, bia, dng chuén truc, bo loc phing, budng
ion hoa, guong va ngam dugc mo phong bing phan
mém BEAMnrc theo cac thong s6 dugc cung cép ti
nha san xudt, nhu trong cong trinh cong bd trude
d6'7. Két qua md phong BEAMnrc 2D va 3D dugc
trinh bay trong Hinh 5:

Thoéng s6 mo6 phong gébm ECUT (electron cutoff en-
ergy) = 0,70 MeV cho electron va PCUT (photon cut-
off energy) = 0,01 MeV cho photon. Nguén s6 19
trong thu vién cia phan mém BEAMnrc '®dugc st
dung trong mé phong BEAMnrc nang lugng trung
binh la 6,04 MeV va bé rong moét niia (full width at
half maximum, FWHM) 14 1,2 mm 7. S6 lich st hat
chay cho BEAMnrc: N = 2x 10° hat.

Tinh phdn bé liéu bdng phdn mém
DOSXYZnrc

DOSXYZnrc dugc dung dé tinh liéu hép thu 3D, né
mo ta vin chuyén ctia photon va electron trong cac
0 voxel v6i kich thudce theo ba hudng va mat do cac
0 khdc nhau trong phantom hodc trén hinh anh CT.
Hinh anh CT ctia phantom du ¢§ va bénh nhén ung
thu vom (Hinh 3) dugc chup cét 16p tit mdy CT-
Scaner (Somatom spirit, Siemens) v6i thé tich 1 6
voxel 1a 3 cm x 3 cm x 3 cm. K€ hoach dugc thuc hién
trén DOSXYZnrc véi cac tuong quan toa do gitia MC
va DICOM (Digital Imaging and Communications in
Medicine) da néu 6 muc Tuong quan toa dd giiia
TPS va Monte Carlo. Chung t6i st dung nguén s6
8 trong thu vién ctia DOSXYZnrc '°véi cic thong s6
ECUT = 0,70 MeV, PCUT = 0,01 MeV va s6 lich st
hat chay cho DOSXYZnrc: N = 2x 10° hat. Két qua
tinh liéu cia DOSXYZnrc chinh 14 co s& d€ danh gid
tinh chinh xdc liéu cta ké hoach 3D-CRT tu TPS.

Phuong phdp ddnh gid

Dé so sdnh két qua mo phong MC va tinh liéu ctia ké
hoach 3D-CRT tit TPS chung t6i dua trén phan bé liéu
trén tiing lat cat CT, biéu d6 liéu lugng thé tich DVH
trén CERR (Computational Environment for Radio-
logical Research)?va sti dung chi s6 Gamma bing
chuong trinh Verisoft (PTW).

KET QUA - THAO LUAN

Panh gia va so sanh trén phantom dau c6
Két qua so sanh tryc quan bing lat cit trén phantom
ddu cd gitia TPS va EGS tai mit cat thi 59/117 di qua
tam ddu do dugc trinh bay trong Hinh 6.

Hinh 6 cho thdy su phu hgp tét gitia m6 phong MC
va phan mém lap ké hoach Prowess Panther TPS. Két
qua danh gid chi s6 Gamma 3D tiéu chi 3%/3 mm
(Hinh 7) cho th4y: Chi s6 phut hgp Gamma toan ciu
v6i tiéu chi 3%/3 mm 13 92,8%. Tu két qua danh gid
chi s6 Gamma v6i trudng hgp phantom dau ¢ mot
lan ntia xac dinh dugc sy phtt hop vé két qua gitia
chuong trinh mé phong EGSnrc v6i phan mém lap
ké hoach Prowess Panther dang sti dung tai Bénh vién
Pa Khoa Déng Nai. Viéc nay ciing chiing té mtic do
ap dung ctia m6 phong EGSnrc cho két qua chinh xac

cao.

Panh gia va so sanh trén bénh nhan ung thu
vom hong

Mot trudng hop diéu tri bing ké hoach 3D-CRT cho
bénh nhan ung thu vom hong dugc chon dé tinh toan
va mo6 phong MC dugc tinh toan lai. Phan bé liéu trén
14t cit CT trén bénh nhéin ung thu vom hong va biéu
d6 khoi lugng liéu la cac cong cu d€ danh gid gia tri
ctia ké hoach diéu tri.

So sanh phén bé liéu trén 14t cit CT (Hinh 8) cho thay
duong dong li€u 95-100% bao pht hét khéi u va co su
tuong dong vé duong dong liéu & ké hoach xa tri 3D-
CRT tit TPS va m6 phong MC. Tuy nhién, viéc dainh
gid truc quan nhu thé 1a chua du va chua chinh xac
vi thé chung t6i st dung biéu d6 DVH trong danh gid
tiép theo.

Biéu d6 DVH chta dyng rat nhiéu thong tin cta ké
hoach xa tri. Thong qua DVH c¢6 thé biét dugc liéu
dén khoi u va co quan la bao nhiéu. Hinh 9 1a biéu d6
liéu lugng - thé tich ciia m¢t bénh nhan ma chung toi
da khao sat. N6 cho thdyliéu dén PTV 1a tuong duong
nhau & hai ké hoach TPS va EGS, 95% thé tich PTV
da nhan dugc 95% liéu chi dinh va khdng cé vi tri nao
trong khdi u vugt qua 110% liéu chi dinh. Liéu dén
thén nao va ty séng déu & trong gidi han liéu lugng
cho phép. D6i véi tuyén mang tai, k& hoach ti TPS
nhén liéu 16n hon tit EGS.Bang 1 cho thdy chi tiét hon
vé€ cac so sanh nay.

Liéu hdp thu tai PTV gitia MC va ké hoach 3D-CRT tut
TPS sai khac nhé 0,97%, liéu tai tuyén mang tai va tay
song ctia TPS 16n hon so v6i MC. Sai khac cta liéu
dén tay song gitta TPS va EGS 1a 0,47%. Trong khi
do, sai khdc cua li€u dén tay séng gitia TPS va EGS la
11,53%. Diéu nay c6 thé giai thich la thuét toan trong
phan mém Prowess Panther chua mo6 ta chinh xac su
tan xa cta electron tif xuong nhu la phuong phap mo
phong Monte Carlo.
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Cira tlloat
Collimator so' cip

Io c pha ng
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Hinh 5: Mé phéng dau may gia téc véi BEAMnrc 2D (trai) va 3D (phai).

Hinh 6: So sanh lat cat CT trén phantom dau cd: TPS (trai), MC (phai).

Bang 1: K&t qua liéu hap thu giirta TPS va mé phéng MC tai PTV va
co quan lanh

TPS (Gy) Monte Carlo (Gy) Sai khac (%)

PTV 40,61 40,22 0,97
Tuyén mang tai 39,66 35,56 11,53
Tay séng 43,10 42,90 0,47
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Hinh 7: So sanh chi s6 phit hgp Gamma toan cau véi tiéu chi 3%/3 mm.

Hinh 8: So sanh phan bé liéu trén lat cit CT trén bénh nhan ung thu vom: TPS (trai), MC (phai).

KET LUAN

V6i muc tiéu danh gid tinh chinh xacliéu cia ké hoach
diéu tri thich Ging ba chiéu (3D-CRT) trén phdn mém
lap k& hoach diéu tri Prowess Panther (TPS) béng
phuong phap mé phong Monte Carlo, ching t6i da
xac dinh dugc sy tuong quan toa do gitia TPS va EGS
va dp dung d€ thuc hién moé phéng trén EGS. Tim
hiéu va 4p dung phdn mém PTW-Verisoft trong viéc
so sanh chi s6 gamma gitia hai phan b liéu trén hai
phin mém lap k& hoach, tii d6 tinh todn phéan bé liéu
trén hinh anh CT cho cac trudng hop tii phantom ddu

¢6 va hinh anh CT cho mét bénh nhén ung thu vom
bang phan mém DOSXYZnrc. Két qua thu dugc st
dung lam co s& d€ danh gid tinh chinh xdc liéu cta
phan mém l4p ké hoach Prowess Panther. Cac két qua
phan b6 liéu ctia TPS va EGS ¢6 su phu hgp cao. Déi
v6i sy phan bé liéu trén hinh anh CT ctia bénh nhan
6 su sai khac nho, su sai khac nay c6 nhiéu nguyén
nhén, cha yéu la nhiing nguyén nhén chtt quan do sai
sot trong qua trinh mo6 phong. Nhung nhin chung,
phan b6 liéu ctia ké hoach 3D-CRT tinh dugc tii phdn
mém Prowess Panther cho bénh nhan ung thu vom
hong phti hgp t6t v6i phéan bé liéu tinh tit MC.
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Hinh 9: Biéu d6 DVH so sanh liéu dén khéi u va co quan lanh cia bénh nhan ung thu vom hong.

DANH MUC TU VIET TAT

3D-CRT: K& hoach diéu trj thich ting ba chiéu (Three

Dimensional Conformal Radiation Therapy)

TPS: Hé théng 1ap ké hoach diéu tri (Treatment Plan-

ning System)
MC: Mb phong Monte Carlo

DVH: Biéu d6 liéu lugng thé tich (Dose-volume his-

togram)

PTV: Liéu hép thu tai thé tich bia 1ap ké hoach (Plan-

ning Target Volume)

GLOBOCAN: T§ chtic ung thu toan cau (Global Can-

cer)

AAPM: Hié hoi vat Iy Y khoa Hoa Ky (American As-

sociation of Physicists in Medicine)

IAEA: Co quan Nang lugng nguyén ti qudc té (Inter-

national Atomic Energy Agency)

ICRU: Uy ban Quéc t€ vé& don vi va do ludng biic xa
(International Commission on Radiation Units and

Measurements)
QA: Kiém tra chit lugng (Quality Assurance)

TLD: Liéu ké nhiét phat quang (Thermoluminescence

Dosimetry)

QA-2D: Kiém tra li€u phin bg theo khong gian hai

chiéu (Two Demension)

QA-3D: Kiém tra liéu phin b6 theo khong gian ba

chiéu (Three Demension)

QA-4D: Kiém tra liéu phan bg theo khong gian bén

chiéu (Four Demension)

CT: Chup cat 16p vi tinh (Computer Tomography)
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IMRT: Diéu bién cuong do liéu (Intensity Modulated
Radiation Therapy)

VMAT: Xa tri diéu bién thé tich (Volumetric Modu-
lated Arc Therapy)

DIMRT: Dynamic Intensity Modulated Radiation
Therapy

JO-IMRT: Diéu bién cudng do st dung cic ngam
chuyén dong doc lap (Jaws Only Intensity Modulated
Radiation Therapy)

EGSnrc: Electron Gamma Shower

FWHM: Bé rong mot ntia (Full width at half maxi-
mum)

ECUT: Nang lugng ngudng electron (Electron cutoff
energy)

PCUT: Ning lugng ngudng photon (Photon cutoff
energy)

DICOM: Hinh anh ky thuit s6 va thong tin trong
y hoc (Digital Imaging and Communications in
Medicine)

CERR: Computational Environment for Radiological
Research

XUNG POT LOI iCH

Céc tac gid tuyén b6 ring khong c6 bat ky xung dot
lgi ich nao trong cong bo bai béo.

PONG GOP CUA TAC GIA

Duong Thanh Tai: 1én y tudng va dé cuong nghién
ctiu, thyc hién mé phong, xt ly s6 liéu, soan ban thao,
lién hé.
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Luong Thi Oanh: thuyc hién mé phong, xti Iy s6 liéu,

hinh anh, soan ban thao.

Hoang Diic Tuan: xt ly s6 liéu, hinh anh.
Truong Thi Hong Loan: soan ban thao va hoan thién
ban thao.

TAILIEU THAM KHAO

1.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal
A. Global cancer statistics 2018: GLOBOCAN estimates of in-
cidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin. 2018;68(6):394-424. PMID: 30207593.
Available from: 10.3322/caac.21492.

. Fraass B, Doppke K, Hunt M, Kutcher G, Starkschall G, Stern

R, et al. American Association of Physicists in Medicine Ra-
diation Therapy Committee Task Group 53: quality assur-
ance for clinical radiotherapy treatment planning. Med Phys.
1998;25(10):1773-829. PMID: 9800687. Available from: 10.
1118/1.598373.

. Agency IAE. Commissioning and quality assurance of com-

puterized planning systems for radiation treatment of cancer;
2004.

. Seco J, Verhaegen F. Monte Carlo Techniques in Radiation

Therapy. CRC press; 2013. p. 145-152.

. Tai DT, Son ND, Loan TT, Anson HP. Quality assurance of

the jaws only-intensity modulated radiation therapy plans for
head-and-neck cancer. Phys Med. 2017;38:148-52. PMID:
28571708. Available from: 10.1016/j.ejmp.2017.05.059.

. Tang F, Sham J, Ma CM, Li JS. Monte Carlo-based QA for IMRT

of head and neck cancers. J Phys Conf Ser. 2007;74:021021.
Available from: 10.1088/1742-6596/74/1/021021.

. Wieslander E. Verification of dose calculation algorithms in

treatment planning systems for external radiation therapy: a
Monte Carlo approach. Sweden; 2006.

. Schoenenberg D, Rickhey M, Dobler B, Goetzfried T, Bogner L.

Verification of head &mp; neck IMRT-plans by Monte Carlo
simulation. IFMBE Proc. 2009;25(1):608-11. Available from:
10.1007/978-3-642-03474-9_171.

. Goetzfried T, Rickhey M, Treutwein M, Koelbl O, Bogner L.

Monte Carlo simulations to replace film dosimetry in IMRT ver-
ification. Z Med Phys. 2011;21(1):19-25. PMID: 20888202.

. Thebaut J, Zavgorodni S.

Available from: 10.1016/j.zemedi.2010.05.002.

. Asuni G, Beek TV, Venkataraman S, Popescu I, McCurdy BM. A

Monte Carlo tool for evaluating VMAT and DIMRT treatment
deliveries including planar detectors. Physics in Medicine &
Biology. 2013;Available from: 10.1088/0031-9155/58/11/3535.

. Onizuka R, Araki F, Ohno T. Monte Carlo dose verification

of VMAT treatment plans using Elekta Agility 160-leaf MLC.
Phys Med. 2018;51:22-31. PMID: 30278982. Available from:
10.1016/j.¢jmp.2018.06.003.

. Tai DT, Oanh LT, Son ND, Loan TT, Chow JC. Dosimetric and

Monte Carlo verification of jaws-only IMRT plans calculated by
the Collapsed Cone Convolution algorithm for head and neck
cancers. Rep Pract Oncol Radiother. 2019;24(1):105-14. PMID:
30532658. Available from: 10.1016/j.rpor.2018.11.004.
Coordinate transformations for
BEAM/EGSnrc Monte Carlo dose calculations of non-coplanar
fields received from a DICOM-compliant treatment planning
system. Phys Med Biol. 2006;51(23):441-9. PMID: 17110762.
Available from: 10.1088/0031-9155/51/23/N06.

. Schmitz RM, Telfer O, Townson RW, Zavgorodni S. General-

ized coordinate transformations for Monte Carlo (DOSXYZnrc
and VMC++) verifications of DICOM compatible radiotherapy
treatment plans. Med Phys. 2014;e+::1-14.

. Bose S, Shukla H, Maltz J. Beam-centric algorithm for pretreat-

ment patient position correction in external beam radiation
therapy. Med Phys. 2010;37(5):2004-16. PMID: 20527534,
Available from: 10.1118/1.3327457.

. Zhan L, Jiang R, Osei EK. Beam coordinate transformations

from DICOM to DOSXYZnrc. Phys Med Biol. 2012;57(24):513-
23. PMID: 23175216. Available from: 10.1088/0031-9155/57/

24/N513.

. Tai DT, Son ND, Loan TTH, Tuan HD. A method for determina-

tion of parameters of the initial electron beam hitting the tar-
getin linac. Journal of Physics: Conference Series. 2017;Avail-
able from: 10.1088/1742-6596/851/1/012032.

. Rogers DWO, Walters B, Kawrakow I. BEAMnrc Users Manual;

2005.

. Walters B, Kawrakow |, Rogers DW. DOSXYZnrc User’s Manual.

PIRS; 2004.

. Deasy JO, Blanco Al, Clark VH. CERR: a computational environ-

ment for radiotherapy research. Med Phys. 2003;30(5):979-85.
PMID: 12773007. Available from: 10.1118/1.1568978.

98


https://www.ncbi.nlm.nih.gov/pubmed/30207593
10.3322/caac.21492
https://www.ncbi.nlm.nih.gov/pubmed/9800687
10.1118/1.598373
10.1118/1.598373
https://www.ncbi.nlm.nih.gov/pubmed/28571708
10.1016/j.ejmp.2017.05.059
10.1088/1742-6596/74/1/021021
10.1007/978-3-642-03474-9_171
https://www.ncbi.nlm.nih.gov/pubmed/20888202
10.1016/j.zemedi.2010.05.002
10.1088/0031-9155/58/11/3535
https://www.ncbi.nlm.nih.gov/pubmed/30278982
10.1016/j.ejmp.2018.06.003
https://www.ncbi.nlm.nih.gov/pubmed/30532658
10.1016/j.rpor.2018.11.004
https://www.ncbi.nlm.nih.gov/pubmed/17110762
10.1088/0031-9155/51/23/N06
https://www.ncbi.nlm.nih.gov/pubmed/20527534
10.1118/1.3327457
https://www.ncbi.nlm.nih.gov/pubmed/23175216
10.1088/0031-9155/57/24/N513
10.1088/0031-9155/57/24/N513
10.1088/1742-6596/851/1/012032
https://www.ncbi.nlm.nih.gov/pubmed/12773007
10.1118/1.1568978

Science & Technology Development Journal - Natural Sciences, 3(2):90-99

Verifying the accuracy of 3D-CRT dose distributions calculated by
the Prowess Panther treatment planning system (TPS) with Monte

Research Article

Carlo (MC) simulation for head-and-neck (H&N) patients

Luong Thi Oanh'2, Duong Thanh Tai>3"", Hoang Duc Tuan'2, Truong Thi Hong Loan?

'Faculty of Medicine, Nguyen Tat Thanh
University, Ho Chi Minh, Vietnam

2Faculty of Physics & Engineering
Physics, University of Science,
VNU-HCM, Vietnam

*Department of Radiation Oncology,
Dong Nai General Hospital, Bien Hoa,
Vietnam

Correspondence

Duong Thanh Tai, Faculty of Physics &
Engineering Physics, University of
Science, VNU-HCM, Vietnam

Department of Radiation Oncology,
Dong Nai General Hospital, Bien Hoa,
Vietnam

Email: thanhtai_phys@yahoo.com

History

e Received: 05-12-2018
o Accepted: 26-02-2019
e Published: 26-06-2019

DOI :
https://doi.org/10.32508/stdjns.v3i2.518

'.) Check for updates

Copyright

© VNU-HCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

A

——
VNU-HCM Press

ABSTRACT

The purpose of this study is to verify and compare the three Dimensional Conformal Radiation
Therapy (3D-CRT) dose distributions calculated by the Prowess Panther treatment planning system
(TPS) with Monte Carlo (MC) simulation for head-and-neck (H&N) patients. In this study, we used the
EGSnrc Monte Carlo code which includes BEAMnrc and DOSXYZnrc programs. Firstly, the clinical
6 MV photon beams form Siemens Primus linear accelerator at Dong Nai General Hospital were
simulated using the BEAMnrc. Secondly, the absorbed dose to patients treated by 3D-CRT was
computed using the DOSXYZnrc. Finally, the simulated dose distributions were then compared
with the ones calculated by the Fast Photon Effective algorithm on the TPS, using the relative dose
error comparison and the gamma index using global methods implemented in PTW-VeriSoft with
3%/3 mm. There is a good agreement between the MC and TPS dose. The average gamma passing
rates were 92.8% based on the 3%/3 mm. The average dose in the PTV agreed well between the
TPS with 0.97% error. MC predict dose was higher than the mean dose to the parotid glands and
spinal cord compared to TPS. We have implemented the EGSnrc-based Monte Carlo simulation to
verify the 3D-CRT plans generated by Prowess Panther TPS. Our results showed that the TPS agreed
with the one of MC.

Key words: Monte Carlo simulation, EGSnrc, 3D-CRT
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