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SUMMARY

Up to now, beside two conventional methods are using electron beam and photon beam, radiotherapy using
high energy proton beam has been attracted more and more scientists and hospitals. In this work, we using CERR
program to make a treatment planning. The simulation results show that the treatment plan is better compared with
by photon beam. The risk organs surrounding the tumour received negligible low dose. So the side effect decreases

significantly. We also make a comparison the treatment planning by proton beam with by photon beam.
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I. GIOI THIEU

Chum photon bd nang lwvong trong vat chét theo
dang ham mii nén nang lvong hap thu dat cwe dai chi
vai cm dwéi da. Chum photon cé d6 dam xuyén cao
nén sau khi di qua khéi u sé tiép tuc di xuyén qua khdi
co thé. Do d6, du vai ki thuat phan bd lidu tét nhat thi
cac co’ quan nam trén dwong di cla chum tia van chiu
liéu cao va nhiéu co' quan xung quanh bi nhan liéu la
didu khong thé tranh khoi [4][13]. Vay dé tao ra phan
bd liéu tét nhat thi quang chay cGa chum tia phai chi
c& kich thwdc cla co thé va b liéu cao nhat & mot vj
tri xac dinh [3][6]. D6 chinh 1a d&c diém twong tac voi
véat chat clia cac chum hat ndng mang dién nhw proton,
cacbon. Tuy nhién, do han ché vé gia ca va kich thuwéc
may xa tri I&n cho nén dén nay ki thuat xa tri proton chi
mai phat trién manh & cac nwoéc tién tién. Viéc giam
dang ké hiéu (rng phu va kha nang gay ung thw thir cap
[2][41[111[12] khi xa tri bdng chum proton d& va dang
thuc day cho cac nghién ctru vé cai thién ki thuat gia téc
chum tia, dé giam gia thanh va kich thwéc may gia téc,
gilip cho phwong phap xa tri nay cé thé dén dwoc nhidu
bénh nhan trén thé gioi [1][7]. Trong cong trinh nay,
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bwéc diu ching téi gidi thiéu cac ké hoach xa tri bang
chum proton. Dé thay ré nhitng wu diém ctia né so voi
ké hoach xa tri béng chum photon, chung t6i so sanh
ké hoach xa tri bang hai phwong phap nay véi nhau. Hé
thdng lap ké hoach xa tri CERR dworc viét bang ngén
ngi lap trinh Matlab dwoc sir dung dé lap ké hoach xa
tri cho phantom CT ctia khéi u & tuyén tién liét.

Il. CONG CU VA PHUONG PHAP NGHIEN CUrU
1. Hé théng lap ké hoach xa tri CERR
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CERR[8] duwoc viét bang ngén ngl lap trinh
Matlab, dwoc phat trién bdi mot nhém cac nha khoa
hoc clia Dai hoc Washington & St. Louis v&i muc dich
nghién clru vé xa tri va trao d6i cac két qua nghién ctru
gitra cac hé thdng lap ké hoach xa tri v&i nhau.

2. Thuat toan tinh liéu cta chwong trinh CERR

C6 3 thuat toan dé tinh phan bd liéu cho chum
proton: Ray Tracing [9][15], Pencil Beams - thuat toan

C(x"y'z)

chum tia bt chi [14][16] va thuat toan Monte Carlo [13]
[14]. Thuat toan chum tia but chi |& thuat toan tinh gan
dung sw phan bd liéu cho két qua co do tin cay cao
hon Ray Tracing va théi gian tinh toan hop li, ngan hon
Monte Carlo [10]. Liéu phan bd tai mot voxel do mot
chum tia dwoc tinh bang tbng tat ca cac phan b liéu do
tAt c& cac chum tia but chi ctia chum tia d6 déng goép
tai voxel do.

+(y-y)

(x'= X)z

D(x,y,z) = [[ax'dy'y, (x',3")

3. Thuat toan téi wu héa ké hoach ciia CERR

Dwa vao lidu chi dinh clia bac si va lidu cuwc dai
lén cac co quan lanh dé& xay dwng ham muc tiéu cho ké
hoach xa tri. Ham muc tiéu cé thé dwa vao muc tiéu liéu
lwong, muc tiéu liéu - thé tich hodc muc tiéu liéu déng
nhat twong dwong. CERR t6i wu ké& hoach dwa trén
muc tiéu vé lidu lwong.

N, N,

N n
OF:Z a)nT Z (DiT —ar +2 meAR Z ( JOAR DmOAR )2
n=1 i=1

m=1

V&i N: sb thé tich thanh phan ctia khéi u; N : tong
sb voxel clia thanh phan khéi u the n; D_: liéu chi dinh
cia thanh phan khéi u the n; D, liéu thuc té bd tai
voxel thtv i ctia thanh phan khéi u thtr n; M: sb co quan
quan trong can bao vé; N_: tdng s voxel clia co quan
quan trong thr m; D_, : liéu thuc té bo tai voxel th |

JOAR"

clia co quan quan trong thtr m; D - lidu t6i da bd tai

mOAR”
co quan trong thir m; w_. hé s6 quan trong cta thanh
phan khéi u th n; w hé sb quan trong ctia co quan

quan trong th&r m.

mOAR:

Ké& hoach téi wu nhat khi ham muc tiéu dat gia tri
nhd nhat. D& gidi bai toan tdi wu nay, cé hai phwong
phap téng quat 1a tim téi wu cé dinh hwéng (phwong
phap Newton véi x4p xi chéo ma tran Hessian...) va
tim t6i wu khong cé dinh hwéng (thuat toan gene...).
Phuwong phap Newton v&i xap xi chéo ma tran Hessian
dwoc str dung trong CERRI5].

2”[ tat '>y'>Z):|2

exp| —

2[o,, (x\y.2)T]

Dir liéu cua bénh nhén

Trong cdng trinh nay, ching téi 1ap k& hoach xa
tri didu bién cwdng d6 chum proton (IMPT-Inetensity
Modulated Proton Therapy) cho khéi u & tuyén tién
liét. Phantom CT c6 tbng cong 55 lat cat, khdi u ndm
trong 47 lat cét & gitra. Kich thuwéc clia mbi voxel clia
phantom CT la 0.977x0.977x0.2(cm?).

Il. KET QUA VA THAO LUAN

1. Phan bé liéu bang ki thuat IMPT va so sanh véi
két qua bang ki thuat IMRT

Trén hinh 2 thé hién huwéng chiéu ctia chum tia dbi
v&i khéi u, cac théng sé clia chum tia, cAu tric cia khoi
u va céc thdng sbé cho thuat toan tbi wu.

Két qua phan bé liéu trén 3 huéng: S-1 (hwéng trén
dwéi theo lat cat ngang), L-R (hwéng tr trai qua phai),
A-P (hwédng trwée sau) & cac hinh 3, hinh 4, hinh 5.

Liéu yéu cau phai dat trong ké hoach cho mét 1an
xa la 1.05Gy. Cac hinh 3, 4 va 5 cho thay ca hai ké
hoach déu dat yéu ciu nay. K& hoach IMPT cé phan
b6 liéu cao bao khit PTV tét hon so vai ké hoach IMRT.
Thé tich co quan lanh nhan liéu dbi véi IMRT gan nhw
I& toan bo lat cat; tht ca cac co quan xung quanh: mé,
bang quang, ruét thdng, xwong dui, dwong vat déu
nhan liéu. Trong ké hoach IMPT, cac co quan xung
quanh nhan lidu rat it hodc bang 0. Chinh vi vay, xa tri
bang chum proton sé han ché dang ké cac hiéu tng
phu va ung thw thir cap.
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Hinh 2. C4c théng sb ctia chum proton va céc théng sb cia thuét toan tbi vu cho chum
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Hinh 3. Phén bé liéu Ién mét lat cat ngang bang ki thuat IMPT(bén tréi) va bang ki thuat IMRT(bén phai)
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Cor: 256/512

Hinh 4. Phén bé liéu trén mot méat phang doc theo co thé tir tréi qua phai (huéng L-R) tir phurong phép IMPT
(bén trai) va phuong phap IMRT (bén phai)

Hinh 5. Phén bé liéu trén mot mét phang doc theo co thé tir trdc ra sau (huéng S-1) tir phuwong phap IMPT
(bén trai) va phwrong phap IMRT (bén phai).

2. Panh gia ké hoach bang DVH - gian do liéu theo
thé tich

Hinh 6a) thé hién gia tri liéu theo thé tich ctia PTV
dbéi véi 2 ké hoach IMPT va IMRT. Ca hai k& hoach
déu dat yéu cau trén 95% thé tich cta PTV nhan gia
tri lidu t 95% dén 107% liéu chi dinh cta bac si. Tuy
nhién, ddi v&i ké hoach IMPT cac co quan lanh: ruét,
bang quang, dwong vat, xwong dui trai, xwong dui phai

va da, phan nhan lidu cao c6 thé tich nhé hon so voi
k& hoach IMRT (hinh 6b), c), d), €), f), g) bén dudi).
Puong cong phan bé liéu cta IMPT theo thé tich gidm
nhanh khi liéu tang.

Hinh 6a), b), ), d), e), f), g) so sanh phan bb liéu
Ién PTV, rudt, bang quang, dwong vat, xwong dui trai,
xwong dui phai, da cta ké hoach IMPT (nét lién) va
IMRT (nét dut).
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IV. KET LUAN

Trong cong trinh nay, ching toi da lap dwoc ké
hoach xa tri proton cho khéi u & tuyén tién liét. Két qua
cho thay ké& hoach IMPT t&i wu hon so vé&i ké hoach
IMRT. Khi xa tri bang IMPT, bénh nhan sé& nhan liéu
lén cac co quan lanh xung quanh it hon nhiéu so voi
IMRT. Tuy nhién, IMPT doi hdi phai cé d6 chinh xac cao
nén yéu cau dat ra cho ki thuat 1ap ké& hoach xa tri va ki
thuat phan bé liéu cta thiét bi ciing phai c6 d6 chinh xac
cao. Trong cong trinh tiép theo, chung t6i sé khao sat
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TOM TAT

Cho dén nay, ngoai phurong phép truyén théng la dung chum electron va chum tia photon dé xa tri thi viéc

str dung chum proton mang néng luong cao da va dang thu hut nhiéu bénh vién va céc nha khoa hoc dau tw va
phét trién. Trong bai bao nay, ching téi trinh bay st dung hé théng xa tri CERR (Computational Environment for
Radiotherapy Research) dé Iap ké hoach diéu tri khéi u tuyén tién liét. Két qua cho thay viéc xa tri bdng chum proton
mang lai nhitng ké hoach xa tri tbi wu; tap trung liéu t6i da vao u va han ché dén cuc tiéu liéu vao céc co quan lanh
xung quanh; gidm dang ké hiéu (rng phu x3y ra sau qua trinh xa tri. Ngoai ra, chiing téi cling so sanh viéc l&p ké
hoach xa tri bang chum proton véi bdng chum photon dé khang dinh lai két qua trén.

Twr khéa: bénh ung thu, ké hoach xa tri, xa tri bdng chum proton.
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