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TOM TAT

Xa tri diéu bién cuong do (Intensity-
Modulated Radiation Therapy, IMRT) la mét ky
thudt tién tién trong xa tri, bat dau phé bién tir
1994 [1, 2]. Ky thudt nay thuong dwoc dp dung
véi mdy gia toc c6 trang bi ong chudn triee da ld
(Multileaf collimator, MLC). Tuy nhién, khéng
phdi trung tdm xa tri ndo ciing cé mdy gia toc véi
hé MLC. Muc tiéu cua bai bao nay la danh gia ky
thudt IMRT cho ung thw vom véi hé mdy gia toc
khong co MLC tgi Bénh vién Pa khoa Déng Nai.
Ky thudt nay duoc goi la Jaws Only-IMRT (JO-
IMRT), dwoc thuc hién dua trén hé théng phdn
mém lap ké hoach xa tri Prowess Panther 4.6
(nha cung cdp Prowess, My) [3]. Trong nghién
ciru nay, chung toi chon 25 bénh nhdn ung thw
vom. Moi mét bénh nhdan déu dwoc lip hai ké
hoach: 3D-CRT va JO-IMRT. Sau dé, phin bo

liéu trén timg ldt cdt, biéu do liéu lwong thé tich

(Dose-volume histogram, DVH), chi sé twong
quan lieu (Conformity index, COIN), chi sé dong
nhdt (Homogeneity index, HI) ciia hai ké hoach
nay duwoe sir dung dé so sanh, danh gid va tim ra
ké hoach t8i wu nhét. Céc ké hoach nay can dwoc
kiém tra dp chinh xdc vé lieu lwong (OA) trude
khi diéu tri. Phwong tién sir dung la buong ion
héa FC65-P ciia hang IBA dé do liéu diém va ma
trdn cdc dau do Mapcheck?2 ciia hing Sunnuclear
va Octavius 4D ciia hang PTW dé do liéu phin
bé. Sai sé lieu diém giita tinh todn va thyc
nghiém la 2,2+1,4 %. Doi voi liéu phdn bé thi chi
s6 Gamma trung binh > 95 %. Chi s6 COIN la
0,87 £ 0,05 va HI la 0,096 + 0,002. Sai so giita
liéu tinh todn va thie nghiém ¢ trong giéi han
cho phép (<5 %). Két qua cho thdy rdang phdn bo
liéu trong ké hoach xa tri JO-IMRT la t6t hon so
véi 3D-CRT. Cdc ké hoach JO-IMRT dii chinh
xdc vé liéu lwong va co thé tién hanh xq tri.

Tir khéa: may gia toc dién tir tuyén tinh, ong chudn truc da ld, xa tri diéu bién cuong do

MO PAU
Bai toan chinh cua xa tri & 1am sao cung cép
lieu hip thu dong déu va du cao trong khoi u, dé

c6 thé tiéu diét no, trong khi d6 phai duy tri liéu
hap thu di nho cho cac co quan lanh lan cén, dé
giam thiéu ton thuong cho ching. Sy ra doi cua
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ky thuat xa tri diéu bién cuong do (Intensity-
Modulated Radiation Therapy, IMRT) da goép
phan cai thién két qua cua bai toan trén va dang
duoc tng dung rong réi tai cac qubc gia tién tién.
Nguyén tic cua ky thuat IMRT Ia chiéu khi u
bang nhiéu chim tia nho (goi la cac segment hay
beamlet) c6 cuong do khac nhau [4-6]. Ky thuat
nay gilp tao nén mot phan bé lieu hap thu pha
hop tt hon cho nhitng khdi u ¢ hinh dang phurc
tap. P& tao ra cac chum tia nho cho ky thuat
IMRT, nguéi ta theong dung mét bo phan che
chan biic xa bd sung cho may gia téc. P6 1a céc
tam chuan tryc nhiéu 14 (Multileaf collimator,
MLC). Cac MLC hién dai bao gdm hang tram 14
chan chuyén dong doc 1ap va linh hoat, c6 thé
dugc lap trinh dé tao ra nhitng cham buc xa c6
kich thuéc nho theo yéu cau. Tuy nhién, vai cac
nudc dang phat trién, trong d6 co Viét Nam, viéc
ap dung k¥ thuat IMRT véi MLC 1a khong dé
dang. Cac kho khin bao gém vén dau tu, viéc
nam viing mot ky thuat diéu tri phuc tap, va viéc
bao dam chat luong cho thiét bi. Cac MLC
thuong bi hu hong va can duoc bao dudng dic
biét dé van hanh tron tru. Hon nita, MLC khéng
phai 1a thiét bi tién quyét cho viéc thuc hién ké
hoach IMRT. Hiéu qua caa IMRT chu yéu la nho
sir dung cac trudng chiéu diéu bién cuong do va
sir dung c4c thuat toén téi wu trén may tinh; MLC
chi don thuan 1a mét cong cu gop phan cho cap
lidu diéu bién cudng do tré nén hiéu qua hon.
Xuit phat tir thuc té do, tir nam 2002 da c6 nhitng
cdng trinh nghién ctru kha nang thuc hién IMRT
bing cac ngam c6 sin trén may gia toc (Jaw-
Only, viét tat 12 JO) [7-14]. Tur nam 2006, k¥
thuat JO-IMRT duoc tich hop trong phan mém
lap ké hoach xa tri Prowess panther, Prowess Inc,
My va da dugc ap dung trong 1am sang tai My,
An P9, Trung Qudc, Iran. O Viét Nam, ky thuat
nay da duoc &p dung dau tién tai Bénh vién K,
Bénh vién Bach Mai va Bénh vién Pong Nai tir
nam 2009. Muc dich ctia nghién ciru nay 1a danh
gi4 kha nang ap dung k¥ thuat xa tri IMRT bang
phan mém Prowess Panther cho bénh nhan ung

thu vom tai Bénh vién DPa khoa Pong Nai véi
may gia toc khdng c6 6ng chuan tryc da 14.
PHUONG PHAP
Bénh nhan

C6 25 bénh nhan ung thu vom dugc lya chon
trong nghién ctru ndy. Vom hong nam canh nhiéu
c4u trlic giai phau quan trong khac nhur: than nio,
giao thoa thi giac, than kinh thj giac, tay sbng,
tuyén nuéc bot. Do vay, viéc giam lidu chiéu xa
dén muc thap nhat ¢am bao trong gisi han binh
thuong ma co quan d6 co thé chiu dung duoc co
¥ nghia hét stirc quan trong, dam bao chit lugng
sbéng tét hon cho ngudi bénh [1]. Ky thuat xa tri
IMRT gdp phan giai quyét duoc vain dé nay.
Lap ké hoach xa tri

MJi mot bénh nhan déu duoc lap ddng thoi
hai ké hoach JO-IMRT va ké hoach 3D-CRT dé
so sanh. Ké hoach JO-IMRT sir dung 7 truong
chiéu & cac goc: 0, 50, 100, 150, 200, 250 va 300
d6; mdi truong chiéu gdm c6 7 phan doan truong
chiéu (segment); muc niang luong 6 MV. Ké
hoach 3D-CRT sir dung 2 trudng chiéu déi song:
0 va 90 do. Liéu chi dinh cho ca hai ké hoach Ia
66 Gy (PTV) va liéu t6i cac co quan lanh nim &
gidi han cho phép theo RTOG-0225 [15]. So dd
quy trinh Xa tri cho bénh nhan ung thu dugc trinh
bay trong Hinh 1.

[ Bénh nhin ]
I

Lap ké hoach xa tri
3D-CRT va JO-IMRT )

Panh gia ké hoach sKhone
DWVH, COIN, HI. MU,

Kiém tra ké hoach
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Hinh 1. So db quy trinh xa trj cho bénh nhan ung thu
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Phwong phap danh gia ké hoach

Tét ca céc ké hoach xa tri phai dwoc danh gia
mot cach can than dwa vao phan bé liéu trén tirng
lat cat, biéu d6 liéu luong thé tich (Dose-volume
histogram, DVH). Céc ké hoach nay phai dat
duoc cac muc tidu cua ké hoach xa tri: khéi u
phai nhan du liéu ma bac si da chi dinh trudc,
khong duge vuot qua 110 % lidu chi dinh, cac
mb lanh va co quan trong yéu khong duoc nhan
vuot qua mic giéi han liéu da quy dinh

Thong thuong viéc danh gia mot ké hoach
chi duya trén sy phan b liéu cua cac duong dong
liéu trén tirng l4t cit CT (phai bao sat khdi u) va
trén biéu dd liéu luong theo thé tich DVH (liéu
t6i khdi u dung liéu chi dinh va cac co quan lanh
nam trong giGi han cho phép chip nhan dugc)
[16]. Tuy nghién, viéc danh gia ké hoach xa tri
nhu vay la chua du béi vi DVH khdng chira
thong tin khong gian, khong xem xét dén giai
phau bénh nhan, khong cho thay duoc sy tuong
quan gitra khdi u va mé lanh [17]. Do d¢, chi sb
tuong quan liéu COIN (conformity index) (dé xéac
dinh xem liéu chi dinh c6 phu hét thé tich PTV
khong) va chi sb dong nhat HI (homogeneity
index), (dé danh gia d6 dong nhit lidu trong thé
tich PTV), duoc bd sung trong nghién ctu cua
ching toi.

Chi s6 COIN dugc dé xuat boi Baltas va cac
ddng nghiép cua 6ng vao nam 1998. Gia tri cua
COIN tir 0 dén 1, truong hop 1y tuong COIN
bang 1. Chi sb nay dugc tinh bang cong thirc sau
day [18]:

PTVref X PTVref
PTV Ve

COIN =

)

PTVie la thé tich caa PTV dugc bao quanh
boi duong dong lidu da chi dinh trudc. Vi 1a thé
tich mé dwoc bao quanh boi duong ddng liéu da
chi dinh truéec.

Chi s6 dong nhat lidu trong bia HI dwoc tinh
boi cbng thirc sau [16, 17]:

HIZM (2)
Dp .

V/6i Doy, Dogs, tuong ang 12 lidu t6i 2 %, 98
% thé tich caa PTV. Dp Ia lidu chi dinh téi PTV.
Céc chi s6 nay dugc tinh toan bang cong thirc (1),
(2) va sau d6 dwoc V& dudi hang biéu dd hop
bang phan mém Origin 8.0.

Phwong tién kiém tra chét lwgng ciia ké hoach
xa tri

Do chinh xé4c vé lidu lwong cua céc ké hoach
xa tri can duoc tinh toan, kiém tra trudc khi diéu
tri. Phuwong tién sur dung 1a budng ion héa FC65-
P cua hang IBA d do liéu diém va ma tran cac
dau do Mapcheck?2 cua héng Sunnuclear va
Octavius 4D cua hang PTW dé do liéu phan bé.
Phép do véi budng ion héa FC-65P

Str dung phantom chuyén dung cho truong
hop ung thu dau c6. Phantom nay lam bang
PMMA, c6 cac hdc dé dat dau do. Dau do su
dung trong nghién ctu nay la budng ion hoa
FC65-P cua hang IBA c6 chiéu dai 23,1 mm va
ban kinh 3,1 mm (Hinh 2A).

Tu ké hoach JO-IMRT cua bénh nhan, su
dung chirc ning tao ké hoach QA cho JO-IMRT
plan cua Prowess Panther (Hinh 2B). Lap 7 ké
hoach QA IMRT Vi 7 vj tri, tim trudng chiéu
khac nhau; ké hoach 1: Tam truong chiéu trang
V6i tam chi da danh dau trén phantom truéc khi
chup anh cit 16p phantom. Vi tri tdm cua cac ké
hoach con lai tai vi tri bit ky nam trong ving liéu
cao va trong thé tich khdi u. Cac vi tri nay s& 1 vi
tri xac dinh liéu luong dé so sanh véi liéu luong
dugc tinh toén trong ké hoach. Cac ké hoach QA
nay dugc truyén sang may gia téc dé tién hanh
phat tia. Sau d6, sir dung budng ion héa dé ghi
nhan lidu thu dugc tir thuc té. Sai khac giira liéu
tinh toan trén phan mém va liéu do dugc tinh
bing cong thirc sau:

Liéu do —Liéu tinh toan

AD (%) = x100  (3)

Liéu do

Trang 81



Science & Technology Development, Vol 20, No.T4-2017

(A) (B)
Hinh 2. Phantom khi chup CT (A) va trén phin mén
Prowess panther (B)

Céc phép do v6i MapCHECK?2 va Octvavius
4D MapCHECK?2 Ia mét thiét bi QA cho IMRT,
do phan bd liéu 2 chiéu bang viéc str dung 1527
dau do ban dan, co6 tiét dién 0,64 mm?2 va thé tich
0,019 mm?® [19, 20]. Octvavius 4D ciing 13 mot
thiét bi @& QA cho IMRT nhung thiét bi nay do
dugc phan b liéu 3 chiéu bang viéc sur dung céc
thuat toan tai tao trong khong gian. Thiét bi nay
gom 1045 dau do loai budng ion hda, co thé tich
0,06 cm® (4,4 mm x 4,4 mm x 3 mm), duoc bé tri
xung quanh trén bé mat cua hinh tru c6 duong
kinh 46,5 cm, chiéu dai 30 cm [21].

KET QUA VA THAO LUAN

So sanh hai ky thuit xa tri 3D-CRT va JO-
IMRT

Liéu lwong phan bb tai thé tich xa va co quan
lanh giita hai ké hoach JO-IMRT va 3D-CRT

Hinh 4. Thiét bi MapCHECK2 va Octavius 4D

Hinh 3 1a quy trinh thuc hién kiém tra ké
hoach IMRT véi MapCHECK 2 va Octavius 4D.
Dau tién, céc thiét bi MapCHECK2, Octavius 4D
s& duoc chup anh CT (Hinh 4). Nhiing hinh anh
nay duoc chuyén vao phan mém Prowess panther
dé tao ké hoach QA. Sau do, tién hanh phat tia va
sir dung phan mém SNC Patient (MapCHECK2),
Verisoft 7.0 (Octavius 4D) di kém thiét bi nay dé
ghi nhan liu do dugc va tinh chi s6 Gamma.

Hé théng |3p ké hoach xa tri

Khéng chdp nhén

Ké hoach xa tr|

Tinh todn

Liéu tinh toan trén phan mém

So véi

Ligu do thyc nghiém

+M{T

Phantom

Do thye nghiém

|Bi§u r| véhi ké hoach da ché’p nhénl

Chép nhén
Hinh 3. Quy trinh thuc hién kiém tra ké hoach IMRT

&

dugc so sanh dwa vao hinh cit ngang (Hinh 5) va
biéu d6 liéu lwong thé tich DVH (Hinh 6).

Hinh 5 cho thdy trong ké hoach IMRT thi cac
duong dang liéu (mau do) bao sat khdi u (mau
vang) hon 1a ké hoach 3D-CRT, diéu nay lam
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giam lidu hap thu téi cac co quan lanh. Trong khi
d6 vai ké hoach 3D-CRT thi dudng dong liéu bao
Ca cac co quan lanh nhu tiy séng, tuyén mang
tai. Day 1a nguyén nhan dan dén lidu hap thu toi
tay séng va tuyén mang tai cao hon so véi ké
hoach JO-IMRT. Su sai khac nay dac biét cé y
nghia véi tuyén mang tai (Hinh 6). Néu bénh
nhan xa tri bang k¥ thuat 3D-CRT thi lidu xa tai
tuyén nay c6 thé Ién toi 60-70 Gy, gay ra ton
thwong khong hoi phuc va biéu hién 1a kho

miéng, mat cam giac ngon miéng, in udng kho
lam anh huong rat I6n dén chit lugng cudc séng
ctia nguoi bénh [1]. Trong khi thyc hién bang ky
thuat IMRT thi tuyén nay chi con phai nhan liéu
biic xa ¢ dudi ngudng chiu dung binh thuong
(trung binh tir 30-40 Gy) [1]. Liéu tbi da toi tay
séng déu nho hon 45 Gy dbi véi 2 ky thuat nay
nhung phan tram thé tich nhan liéu 45 Gy trong
ké hoach JO-IMRT tét hon so véi ky thuat 3D-
CRT.

Hinh 5. So sanh phan b lidu giita ky thuat xa tri IMRT (phai) va 3D-CRT (trai)
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Hinh 6. Lidu hap thy tai tay séng (A) va tuyén mang tai (B)
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Bang 1 cho thay tong liéu téi PTV cua hai ké
hoach JO-IMRT va 3D-CRT la twong dwong (95
% thé tich nhan 100 % liéu chi dinh), tuy c6 su
chénh léch nhung khong dang ké (0,02 %). Riéng
V6i co quan lanh thi co sy giam lidu dang ké ddi
v6i tuyén mang tai.

Bang 1. So sanh liéu hap thy giita 3D-CRT va

JO-IMRT
. % o0 Liéu hip thu (cGy)
Vung thé tich 3D-CRT IMRT
PTV 6932 6807
Tuy song 4485 4348
Tuyén mang tai (P) 6531 3373
Tuyén mang tai (T) 6131 3138
0.120 4
0.115 4
0.110 A
0.108
HI 5.120 4 T
0.085 4 *
0.080
0.088
0.080 T T T 1
JO-IMRT 30-CRT

Hinh 7. Biéu d so sanh chi s6 HI gitra 2 k& hoach JO-
IMRT va 3D-CRT

| —

coin °5

T T
JO-IMRT 3D-CRT

Hinh 8. Biéu d6 so sanh chi s6 COIN gitta 2 k& hoach
JO-IMRT va 3D-CRT

Gié tri COIN trung binh (4 do léch chuan)
cho cac ké hoach 3D-CRT va JO-IMRT tuong

&ng 13 0,48 + 0,07 va 0,87 + 0,05 va véi chi s6
ddng nhat (HI) trung binh lan luot 1a 0,109 va
0,096. Nhu da thay trong cac Hinh 7 va 8 thi ké
hoach JO-IMRT da dat do phu hop tét hon dang
ké, cung véi d6 léch chuan nho hon so véi ké
hoach 3D-CRT.

200

800 o §

7o
200
My
500 -
200

200 4

T T
JO-IMRT 2D-CRT

Hinh 9. MU trung binh ciia ké hoach JO-IMRT va 3D-
CRT

Nhu thé hién trong hinh 9, sé MU trung binh
can thiét cho ké hoach JO-IMRT (753) la khoang
gap hai 1an s6 MU cua ké hoach 3D-CRT (378).
Bio dam chit lwgng cho viée diéu tri theo ky
thuat JO-IMRT

Nhu di duoc trinh bay trong phan phwong
tién kiém tra chit luong ké hoach, muc dich cua
phép do nhim kiém tra do chinh xé4c cua liéu
duoc tinh toan khi theo ké hoach. Bang 2 1a két
qua do va sai sb gitra liéu tinh toan va liéu do sir
dung budng ion héa. Bang nay cho thdy cac diém
do ¢6 sai s6 nam trong gisi han cho phép (<5 %)
[22].

Béing 2. Sai s6 giira liéu tinh toan va liéu do sit
dung budng ion héa

Bitm do Liéu tinh Liéu do Sai s6

i (cGy) (cGy) (%0)
Piém 1 860,8 849,0 -1,4
Diém 2 853,0 851,9 -0,1
Piém 3 880,0 913,8 38
DPiém 4 848,3 840,3 -0,9
Piém 5 953,2 940,6 -1,3
DPiém 6 9429 984,9 4.4
Piém 7 1060,0 1024,0 34

Trung Binh 22+14
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Viéc sir dung diém dé danh gia ké hoach diéu
tri 1a chua du vi nd c6 thé gay ra cac sai s6 & cac
ving lidu thap va khu vuc co do bién thién liéu
cao. Do d6, chi s6 gamma la mot phuwong phap
khac dugc dung dé danh gia ké hoach, chi s6 nay
dang duoc st dung phd bién hién nay [22]. Ma
tran cac dau dd Mapcheck2 cua hing Sunnuclear

va Octavius 4D ciia hing PTW duoc str dung dé
danh gia ké hoach trong nghién cau nay. Hinh 10
1a 6 thi biéu din két qua chi s6 Gamma index.
Chi s6 gamma index trung binh > 95 % véi yéu
cau sai biét vé lidu 1a 3 % va do léch vé khoang
cach a3 mm.

123 4567 8 910111213141516171819202122232425

100 100
98 98
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=

=

E 94 | 94

=5

5

= 92 92

=

T 90 | 4 90
28 L M apCHECK 2 = Octavius 40 1 &8
36 86

123 4567 8 9101112131415161718192021222324325
S0 ké hoach JO-IMRT

Hinh 10. Biéu d6 chi s6 Gamma index

KET LUAN

Viéc so sanh hai ké hoach xa tri JO-IMRT va
3D-CRT cho bénh nhan ung thu vom cho thay ké
hoach JO-IMRT di tao ra sy phan bé liéu pha
hop hon véi cac thé tich bia va giam liéu cho cac
co quan lanh tot hon so véi ké hoach 3D-CRT.
Céc chi s6 twong quan (COIN) va dong nhat (HI)

trong ké hoach JO-IMRT ciing t6t hon so véi ké
hoach 3D-CRT. Két qua cua viéc kiém tra trudc
khi xa tri bang budng ion hda, bing ma tran cac
dau do ciing khang dinh ring véi ky thuat JO-
IMRT c6 thé an toan khi diéu tri cho bénh nhan
Vi cac sai sb lidu diém déu nho hon 5 %, va cac
chi s6 gamma déu 16n hon 90 % [22].
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Dong Nai General Hospital

Duong Thanh Tai

Department of Radiation Oncology, Dong Nai General Hospital

University of Science, VNU-HCM
e Nguyen Dong Son

Chi Anh Technology Co.,Ltd., Ho Chi Minh
e Truong Thi Hong Loan
e Nguyen Thi Hong Trang

University of Science, VNU-HCM
ABSTRACT

The goal of radiation therapy is twofold:
maximize the possibility of destroy malignant
cells while minimizing the damage to healthy
tissue. The introduction of intensity modulated
radiation therapy (IMRT) technique has brought
improvements in this goal. Multi-leaf collimator
(MLC) is a useful tool for IMRT. However, the
use of MLC is not necessarily mandatory. The
Panther Treatment Planning System version 4.6,
Prowess Inc., enables the implementation of this
technique for accelerator without MLC (the so-
called Jaws-Only IMRT technique). This study
aims to evaluate the results of application of
Jaws-only IMRT technique for nasopharyngeal
carcinoma patients at Dong Nai general hospital.
Twenty five patients were randomly selected for
this study. For each patient, two plans were
generated: 3D-CRT (Three-Dimensional

Radiation Treatment) and JO-IMRT. The dose
distributions, dose-volume histograms (DVH),
conformity indexes (COIN), homogeneity indexes
(HI) were used to compare between these two
plans and find out the best plan. Pretreatment
verifications were performed for all patients'
plans using ion chamber (Farmer Type Chamber
FC65-P, IBA), detector array (MapCHECK2,
Sun Nuclear Corporation and Octavius 4D 1500,
PTW). The average deviation between
measurement and calculation for point dose was
2.3+1.1 %, within limit dose constraint. For
detector array measurements, the gamma index
with 3 % dose difference and 3 mm was higher
than 95 %. The results showed that the JO-IMRT
technique had generated better dose distribution
in the target volume and reduced dose to healthy
tissues compared to 3D-CRT.

Keyword: Linear accelerator (LINAC), Intensity modulated radiation therapy (IMRT), Multi-leaf

collimator (MLC), Jaw Only (JO)
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