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SO SANH VIEC LAP KE HOACH PIEU TRI XA PHAU BUGU DI CAN
NAO SRS GIUA KY THUAT VMAT VA KY THUAT DCAT
TAI BENH VIEN UNG BUGU TP. HCM

Nguyén Ngoc Hoai", Ngé Trung Nghia?
TOM TAT:

Muc tiéu: So sanh va danh gia tinh pht hop cua lidu vao mé dich, ciing nhu mie do dap tng liéu
trén mo dich va mo lanh giira hai ké hoach xa phiu nio SRS (Stereotactic Radiosurgery) sir dung k¥
thuat xa tri diéu bién thé tich hinh vong cung VMAT (Volumetric Modulated Arc Therapy) va ky thuat
xa tri cung tron phi hgp dong DCAT (Dynamic Conformal Arc Therapy). Qua d6, d& xuat phuong
phap diéu tri t6i wu cho bénh nhan.

Poi twgng va phuwong phap: Dir liéu va két qua 1ap ké hoach diéu tri xa phau bang k¥ thudt VMAT
cua 31 bénh nhan ung thu di can nao don b da duoc diéu tri tai Bénh vién Ung budu TP. HCM véi licu
xa 27Gy/3 phan lidu. Cac ké hoach nay duoc su dung lai dé lap ké hoach b?mg ky thuat DCAT. Tién
hanh so sanh va danh gia do tdi wu gitra hai loai ké hoach. Tt d6, rat ra wu diém va han ché cua tung
k¥ thuat trong diéu tri xa phau cho ung thu di cin nio.

Két qua: K& hoach xa phiu bang k¥ thuat VMAT tao phan bd liéu phi hop v6i mé dich hon so voi
ké hoach xa phau bang k§y thuat DCAT. Ddng thoi, ké hoach VMAT ciing hiéu qua hon trong viéc bao
vé mo lanh va giam liéu nhanh khi ra ngoai thé tich diéu tri (PTV). S6 MU (Monitor Unit - Don vi may)
ctia ké hoach VMAT 16n gép d6i so vi ké hoach DCAT.

Két luan: Ké hoach xa phau bfmg ky thuat VMAT phu hop véi cac thé tich diéu tri 16n c6 hinh dang
khong dong déu va co co quan quy gén PTV. Tuy nhién, xa phau bang k¥ thuat DCAT c6 loi thé véi cac

thé tich diéu tri nhé dén rat nho va ¢6 hinh dang tuong dbi tron déu va co co quan quy xa PTV. Thoi
gian diéu trj ciia ké hoach VMAT gap doi so v6i ké hoach DCAT.

Tir khéa: Xa phiu lap thé, DCAT, VMAT.
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COMPARISON OF STEREOTACTIC RADIOSURGERY
TREATMENT PLANNING FOR BRAIN METASTASES USING
VMAT AND DCAT TECHNIQUES AT HO CHI MINH CITY
ONCOLOGY HOSPITAL
ABSTRACT:

Target: To compare and evaluate the conformity of dose delivery to the target tissue, as well as
the dose response in the target tissue and healthy tissue, between two stereotactic radiosurgery (SRS)
treatment plans utilizing volumetric modulated arc therapy (VMAT) and dynamic conformal arc
therapy (DCAT). Furthermore, to propose the optimal treatment method for patients.

Objects, methods: Data and treatment planning results from VM AT-based stereotactic radiosurgery
in 31 patients with the single brain metastasis, which were treated at Ho Chi Minh City Oncology Hospital
with a dose of 27Gy/3 fractions, were utilized. These plans were re-used to create corresponding plans
using the DCAT technique. A comparative analysis was conducted to evaluate the optimization of both
types of plans. The strengths and limitations of each technique in the treatment of brain metastases
were then identified.

Results: The VMAT-based radiosurgery plan achieved better dose conformity to the target tissues
compared to the DCAT-based plan. Additionally, VMAT was more effective in sparing healthy tissues
and in achieving a rapid dose fall-off outside the planning target volume (PTV). The Monitor Unit
(MU) count for the VMAT plan was double that of the DCAT plan.

Conclusion: VMAT-based radiosurgery is more suitable for larger treatment volumes with
irregular shapes and when critical organs are close to the PTV. However, DCAT-based radiosurgery
has advantages in treating small to very small volumes with relatively round shapes and when critical
organs are distant from the PTV. The treatment time for the VMAT plan is twice as long as that for the
DCAT plan.

Keywords: Stereotactic Radiosurgery, DCAT, VMAT.

1. DAT VAN DE

Trong birc tranh vé strc khoe toan cau hién nay,
bénh ung thu dang 1a ganh nang cua the gibi, voi
hang triéu ca mac mdi va tr vong moi nam. bac
biét, ung thu di cin ndo 1a mot bién ching nguy
hiém, c6 kha ning giy ton thuong nghiém trong
dén chirc nang than kinh. Diéu tri ung thu di can
ndo doi hoi phai tiéu diét triét dé khdi u, dong thoi
bao vé€ cac cau truc ndo quan trong. Xa phau lap
thé da tro thanh phuong phap diéu tri dugc wu tién
nho kha nang tap trung liéu xa cao vao khdi u nho,
giam thiéu ton thwong mo lanh xung quanh. Trong
sO cac ki thuat xa tri, ky thuat xa tri diéu bién liéu
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theo thé tich cung tron VMAT va ky thuat xa tri
cung tron phu hgp dong DCAT ndi bat véi kha
nang t6i wu hoa phan bb lidu xa. KV thuat VMAT
diéu chinh chinh xé4c liéu xa thong qua viéc diéu
bién cac 14 MLC vao bén trong khéi u, trong khi
ky thuat DCAT tap trung duy tri hinh dang khéi u
trong sudt qua trinh diéu tri. Vi thé, muc dich cua
nghién ciru nay 1a so sanh va danh gia ké hoach xa
phau ndo gitra ky thuat VMAT va ky thuat DCAT,
nham cung cap cho nguoi 1ap ké hoach va bac S
xa tri trong viéc Iya chon phuong phap diéu tri tbi
uu cho bénh nhan voi ting vi tri, kich thude va
hinh dang khéi u trong khu vuc ndi so.
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2. POl TUONG VA PHUONG PHAP
NGHIEN CcUU

Nhom nghién ciru tién hanh théng ké trén 31
bénh nhan ung thu di cdn ndo don 06 tai Bénh vién

Ung buéu TP. HCM d3 dugc xa phau trén mdy
xa tri gia toc TrueBeam bang k¥ thuat VMAT voi
liéu xa 27Gy/3 phan liéu va dugc chia thanh 3
nhom. Dit liéu théng ké bénh nhan duoc thé hién
trong Bang 1.

Bang 1: Théng ké di¥ liéu cta 31 ca bénh nhan duoc chon nguyén ciru

DPic diém PTV<2cm® | 2cm*<PTV<10cm® | PTV>10cm?®
Kich thwée PTV (cm) 0,78 0,87 -1,33 1,37 - 1,81
Khoang cach tir PTV dén than ndo (cm) 5,55 1,88 - 6,55 0,79 - 6,54
Sb ca méc 1 14 16

2.1. Lap ké hoach

Tt ca 31 ca bénh nhan trén déu duoc lap
ké hoach trén phan mém Eclipse 13.6 cta hing
Varian. Moi ca bénh s& duoc 1ap hai ké hoach
khac nhau:

- Ké hoach xa phau str dung k¥ thuat DCAT.
- Ké hoach xa phiu str dung k¥ thuat VMAT.

Tét ca cac ké hoach nay déu dong nhit vé
thong s6 cung xa, dd phan giai ludi tinh toan va
thudt toan tinh lidu. Sau do, so sanh timg cip ké
hoach v6i nhau béng cach thuc hién théng ké va
danh gia mtrc d6 dap tGng liéu vao thé tich budu
va co quan quy. Cung xa dugc thiét ké theo cac
thong s6 duoc néu trong Bang 2 va minh hoa
trong Hinh 1.

Bang 2: Thiét ké cung xa

Th tw cung xa | Géc quay canh tay quay | Chiéu quay canh tay quay | Géc quay ban diéu tri
1 181°-179° cw 0°
2 179° - 181° CCw 0°
3 181°-Q° Cw 270°
4 0°-181° Cww 315°
5 0°-179° cw 45°

Hinh 1: Hinh dang cung xa

2.2. Thu thap sé liéu
~ Nhom nguyén ctru da tién hanh thu thap nhimng
s0 li¢u vé:
- Liéu lugng vao budu: Liéu nhan dugc trén
2% va 98% thé¢ tich (D2 va D98) lidu trung binh

trén toan bo thé tich (Dmean) va liéu cuc dai budu
nhén dugc (Dmax) [1], [2].

- Liéu luo‘ng Vao cac co quan quy: Bao gom
cic co quan ndo lanh (the tich ndo sau khi trur di
thé tich PTV) va than ndo. Cic co quan con lai
nhu than kinh thi giac, giao thoa thi giac, thuy
tinh thé... déu nam xa PTV nén heu vao hau nhu
khong dang ké [3]. Giéi han lidu cho ndo lanh
duoc trinh bay trong Bang 3.
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Bang 3: Gidi han liéu cho néo lanh

Sé ligu danh gia

Liéu d6 vao thé tich

Phan liéu 3 phan liéu
Tiéu chuan (Gy) Chép nhan (cc)
D7cc < 23,1
Nao lanh D20,9cc < 21 V12Gy < 11
V12Gy < 10%

- Céc chi sc‘), déanh gié’ké’ hoach: CI (chi s6 phu
hop), HI (chi s6 dong nhat) va GI (chi s6 suy giam
lidu) [4], [5].

- S6 MU ciia mdi ké hoach.
Cong thirc tinh va y nghia cua cac chi sb trén
duoc trinh bay trong Bang 4 dudi day:

Béng 4: Chi s6 danh gia liéu vao thé tich dich

Chisé M6 ta Cach tinh Tiéu chuan | Chap nhan
D2% |Liéu vao 2% thé tich dich DVH 107 - 130% liéu chi dinh
D98% |Liéu vao 98% thé tich dich DVH > 95% liéu chi dinh
Dmean g'liﬁ trung binh vao thé tich DVH > 100% lidu chi dinh
Mdc do phu hop cda vang|  Thé tich nhan 100% liéu chi dinh 0.9- 1 hosc
Cl Ilgu 100% so vo&i thé tich Thé tich PTV 1-1,2 12-2
dich
ciso M do phi hop clia viing Thé tich nhan 50% liéu chi dinh - Cang thép
lidu 50% so v&i thé tich dich Thé tich PTV ’ cang tot
D6 ddng nhat v& phan b Lieu cyre dai
HI NI R <1,25 <2
lieu trén thé tich dich Lieu toi thiéu
o Mirc do suy giam lidu khi ra Thé tich nhan 50% liéu chi dinh - <3
khai thé tich dich Thé tich nhan 100% liéu chi dinh -

2.3. Xtr ly sé liéu

Nhom nghién ctru s& so sanh muc do thay doi
giita ké hoach xa phau sir dung k¥ thuat DCAT va
ké hoach xa phau sir dung ky thuat VMAT bang
cach st dung phép kiém dinh T-test mau bét cip
v6i muc ¥ nghia dugc an dinh 1a 5%. Sau d6 sé
tién hanh tinh toan gia tri p va rat ra két luan tir
cac két qua phan tich.

Gia thuyét dt ra l1a:
H,: Khong c6 su khac biét thong sb vé budu
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va co quan lanh gitra k¥ thuat DCAT va k¥ thuat
VMAT véi mtrc y nghia 5% (Gia tri p > 0,05).
H,: Ky thuat VMAT giup cac thong s6 vé budu

va co quan lanh tét hon so véi ky thuat DCAT
(Gia tri p <0,05).

3. KET QUA NGHIEN cUU

Lidu vao PTV: Li¢u vao 2% va 98% thé tich
PTV, li€u trung binh vao PTV va céc chi s6 ¢ ké
hoach xa phau cua hai ky thué:[ DCAT va ky thuat
VMAT theo cac nhom duogc thé hién trong Bang 5.
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Bang 5: Téng hop liéu vao PTV cia céc nhém

S PTV<2cm? 2cm*sPTV=10cm? PTV > 10 cm?®

DCAT | VMAT DCAT VMAT Giatrip DCAT VMAT Giatrip
D2 (%) 115,64 | 120,28 | 120,63+1,02 | 126,16+0,88 | 0,005 |123,24+1,06| 126,18+0,79 | 0,029
D98 (%) | 105,14 /102,88 | 106,23+0,50 | 105,30+0,49 | 0,259 |106,59+0,36 | 105,90+0,31 0,133
D..on (%) | 11,1 | 110,9 | 115,150,77 | 115,22+0,80 | 0,957 | 116,74+0,77 | 116,01+0,81 0,469
Cl 1,40 1,42 1,41+0,02 1,25+0,02 | <0,001 1,44+0,02 1,23+0,01 <0,001
CI50 5,22 6,51 3,78+£0,10 3,5410,16 0,026 3,57+0,08 3,2310,06 <0,001
HI 1,16 1,23 1,21+£0,01 1,29+0,01 0,001 1,24+0,01 1,28+0,01 0,003
Gl 3,72 | 4,60 2,68+0,05 2,84+0,11 0,1 2,49+0,04 2,62+0,04 0,001

Tur Bang 5, ta thiy d6i v6i nhém 1 (PTV <
2 cm®) cac tiéu chi lidu vao PTV cua ké hoach
DCAT déu gan gia tri 1y tuong hon so voi ké
hoach VMAT. O nhém 2 (2 cm?® < PTV < 10 cm®)
va nhém 3 (PTV > 10 ecm®) cac tiéu chi déu dat
chuin theo yéu cau. Dbi véi tiéu chi D2% thi &
ca nhom 2 va 3 cac ké hoach xa phau str dung ky
thuat VMAT déu 16n hon so vai ké hoach xa phiu

Bang 6: Téng hop liéu vao

st dung k¥ thuat DCAT va c6 y nghia thong ké.
Ngoai ra, cac chi s6 danh gia vé lidu vao PTV thu
dugc tir ké hoach VMAT cho gia tri gan vé6i gia
tri 1y twong hon so v&i ké hoach va co ¥ nghia
thong ke.

Liéu vao ndo lanh (thé tich ndo con lai sau khi
da trir thé tich PTV) ctia cic nhoém dugc trinh bay
¢ Bang 6.
néo lanh cua cac nhom

Tidu chi PTV<2cm? 2cm®sPTV=<10cm? PTV>10 cm?
ieu chni

DCAT [VMAT| DCAT | VMAT |Giatrip| DCAT | VMAT |Giatrip
D72%°1(g§)< 9,20 | 10,81 | 21,49+1,21 | 20,45:0,95 0,014 |23,67+0,7822,15£0,67 | <0,001
Dzoffé(yGy)< 4,44 | 537 12,80£1,07 12,00£0,91 0,005 |14,53:0,76 13,51%0,67 < 0,001
V12Gy<10% | 0,30 | 0,38 | 1,940,228 | 1,740,24 | 0,01 | 2,36:0,24 | 2,07+0,20 | <0,001

Béang 6 cho ta thay ké hoach xa phau st dung
ky thuat DCAT ¢ nhom 1 cho liéu vao ndo lanh
thip hon so v&i ké hoach xa phiu sir dung k¥
thuat DCAT. Nguoc lai, nhom 2 va 3 cac tiéu chi

Bang 7: Téng hop liéu vao

lidu vao ndo lanh cua ky thuat VMAT théap hon so
v6i k¥ thuat DCAT va cé y nghia thong ké.

Dbi voi than ndo, Bang 7 cho két qua nhu sau:

thén ndo cta cac nhom

Tiéu chuan| PTV<2cm?® 2cmi*<PTV <10 cm? PTV > 10 cm?
(Dmax) | DCAT |VMAT| DCAT VMAT Giatrip DCAT VMAT |Giatrip
<17Gy 0,51 | 0,47 | 4174128 | 3,84+1,03 | 0411 | 2,87+0,78 | 2,52+0,61 | 0,198

Liéu vao than ndo cua ké hoach VMAT giam
nhung khong dang ké va khong c6 y nghia thong
ké so voi ké hoach DCAT.

S6 MU ma may phat tia gilia ké hoach xa~ph5u
su dung ky thuat DCAT va ké hoach xa phau st
dung k¥ thuat VMAT dugc trinh bay trong Bang 8.
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Bang 8: So sénh s6 MU cta céc nhém
PTV<2cm? 2cmi<PTV=<10cm? PTV >10 cm?
DCAT | VMAT DCAT VMAT Giatrip DCAT VMAT Giatrip
1631 |2714,3 | 1536,94+31,88 | 3048,69+99,44 | <0,001 | 1460,85+16,33 | 2943,341+53,08 | <0,001

T Bang 8, ta thdy gid tri trung binh chi s6
MU ctia ké hoach VMAT 16n hon 2 1an so véi ké
hoach DCAT va c6 y nghia thong ké. Do thoi gian
phat tia ty 1& tuyén tinh voi chi s6 MU nén thoi
gian phat tia cta ké hoach VMAT ciing 16n gép
ddi so véi ké hoach DCAT.

4. BAN LUAN

Ddi voi cac ké hoach VMAT khong dat chuan
déu 1a do liéu vao 2% PTV vuot qua ngudng trén
ctia tiéu chi (> 130% liéu chi dinh). Tuy nhién, tat
ca cac ké hoach VMAT khong dat tiéu chi D2%
déu dam bao kiém soat duoc lidu vao PTV va vige
bao vé co quan lanh. Ngoai ra, ving liéu nong déu
nam trong 16i GTV diéu nay gitp ting hiéu qua

(A) Ké hoach DCAT

lam tic nghén va pha v& mach mau gay ra cho
khdi u.

Céc ké hoach VMAT cho théy chi sb CI, CI50
va GI ti uu hon so véi DCAT, ching t6 VMAT
kiém soat va phan b liéu t6t hon trong nhiéu
truong hop. Tuy nhién, d6i véi thé tich diéu tri
nho (< 1 cm?®) thi k¥ thuat DCAT lai cho cac chi
s6 CI, CI50, HI va GI déu c6 gia tri gin gia tri
ly tuong hon so véi ké hoach VMAT nhu dugc
trinh bay trong Bang 5. Diéu nay phu hop voi
nghién ctru ciia Jan Hofmaier va cac cong su nam
2019 [6]. Hinh 2 so sanh mtic d§ bao phu cua
ving liéu 100% trén PTV ciia ké hoach DCAT
(A) va ké hoach VMAT (B).

(B) Ké hoach VMAT

Hinh 2: Liéu 100% liéu chi dinh bao phi PTV cta ké hoach DCAT (A) va ké hoach VMAT (B)

Chi s6 MU & ké hoach xa phiu sir dung k¥
thuat VMAT cho gia tri 16n gép 2 1an so véi ké
hoach xa phau st dung k¥ thuat DCAT. Piéu nay
cho théy khi sir k¥ thuat DCAT thi thoi gian phat
tia giam dang ké so véi k¥ thuat VMAT. Piéu nay
phu hop v6i nghién ctru cua Jan Hofmaier va cac
cong sy nam 2019 [6] va nguyén ctru cua [sabelle
Chambrelant va cac cong sy nam 2024 [7].
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Khi cic co quan quy nam gan ké PTV, k¥ thuat
VMAT bao vé chiing hiéu qua hon. Diéu nay giup
s6 ké hoach VMAT dat chuan cao hon so voi ké
hoach DCAT. Diéu niy cho thdy thé tich nhan
50% liéu chi dinh cta ké hoach VMAT it hon so
v6i ké hoach DCAT, dan dén lidu vao co quan quy
giam di.
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Nghién ctru cua Isabelle Chambrelant va cac
cong su nam 2024 da so sanh gitra hai ky thuat
VMAT va DCAT trong diéu tri di can ndo don
6 trén 97 bénh nhan [7]. Két qua cho thiy ké
hoach VMAT cho chi s6 GI va CI gan gia tri ly
tuong (GI = 3 va 1 < CI < 1,2) hon so véi ké
hoach DCAT (3,314+0,57 so voi 2,48+0,20 va
0,88+0,05 so voi 0,77+0,05). Tuong tu, vao nam
2021 tac gia Gérkem TURKKAN va cic cong su
cling nghién ctu trén 21 bénh nhan ung thu di
can nao duogc lap ké hoach xa ph?lu su dung k¥
thuat VMAT va k¥ thuat DCAT [8]. Két qua la
khi sir dung k¥ thuat VMAT thi chi sé CI nam
trong khoang gia tri Iy tudng (1.21+0.23 so voi
1.78+0.79) diéu néy cho thay phén bd liéu cta k¥
thuat VMAT “6m” sat budu hon. Vé gia tri GI,
gla tri cling glam (5.86+2.57 so voi 8.01+4.89)
gitip giam liéu vao ndo lanh. Két qua chi s6 GI
va CI cua nhom tac gia dat duoc lan luot 1a 2,78
+0,08 so voi 2,61+0,05 va 1,25+0,01 so voi
1,42+0,02.

Nhu vay, nghién ctru ctia nhém tac gia vé van
deé nay hoan toan phu hgp vé1 nhiing nghién ctru
qudc té nhitng nim gan day.

5. KET LUAN

Trong céc ké hoach xa phau, ky thuat VMAT
cho thay su phan b6 liéu toi wu hon so voi k¥ thuat
DCAT. Ké hoach VMAT phui hop véi cac thé tich
diéu trj 16n, c6 hinh dang khong dong déu va khi
¢6 cac co quan quy gan PTV. Nguoc lai, ké hoach
DCAT c6 loi thé trong viéc diéu tri cac thé tich
nho dén rit nho, c6 hinh dang twong ddi tron déu,
va khi co quan quy ndam xa PTV. Tuy nhién, cﬁn
luu y réng viéc lva chon ké hoach khong chi dua
vao chi s6 MU ma con phai dap tng day du cac
tiéu chi khac nhu liéu vao budu, cic co quan lanh
(OARs), CI, HI, GI... Néu céc tiéu chi nay cta ca
hai ké hoach déu duoc thda man thi ké hoach nao
c6 MU it hon s& duogc can nhic lya chon.

TAI LIEU THAM KHAO

[1].

. Redmond et.al.

. M.Gérard et.al.

. Souhami,

Orit Kaidar-Person et.al. (2018).
Hypofractionated and Stereotactic Radiation
Therapy - A Practical Guide, Springer
International Publishing AG.

(2021). Tumor control
probability of radiosurgery and fractionated
stereotactic radiosurgery metastases,
International for Journal brain of Radiation
Oncology* Biology* Physics, 110(1), 53-67.

(2017). Contraintes de
dose en radiothérapie conformationnelle
fractionnée et en radiothérapie stéréotaxique
dans les hippocampes, le tronc cérébral
et I’encéphale: limites et perspectives,
Cancer Radiotherapie: Journal de la Societe
Francaise de Radiotherapie Oncologique,
21(6-7):636-647.

. Edward Shaw et.al. (2000). Single dose

radiosurgical  treatment of  recurrent
previously irradiated primary brain tumors
and brain metastases: final report of RTOG
protocol 90-05, International Journal of
Radiation Oncology* Biology* Physics,
47(2), 291-298.

etal. (2004). Randomized
comparison of stereotactic radiosurgery
followed by conventional radiotherapy with
carmustine to conventional radiotherapy
with  carmustine for patients  with
glioblastoma multiforme: report of Radiation
Therapy Oncology Group 93-05 protocol,
International Journal of Radiation Oncology*
Biology* Physics, 60(3), 853-860.

. J. Hofmaier et.al. (2019). Single isocenter

stereotactic radiosurgery for patients with
multiple brain metastases:  dosimetric
comparison of VMAT and a dedicated DCAT
planning tool, Radiation Oncology, 14, 103.

21



L3/ 7ap ehi

UNGTHU HOC_S6 77.2024

TONG QUAN

[7].

22

Viét Nam

Chambrelant et.al. (2024). Comparative
study of dynamic conformal arc therapy and
volumetric modulated arc therapy for treating
single brain metastases: A retrospective
analysis of dosimetric and clinical outcomes,
Physics and Imaging in Radiation Oncology,
30: 100591.

[8]. G. Tirkkan

et.al. (2022). Dosimetric
Comparison  of  Volumetric-Modulated
Arc Therapy and Dynamic Conformal Arc
Therapy in Threefraction Single-isocenter
Stereotactic Radiosurgery for Multiple Brain
Metastases, Turkish Journal of Oncology,
37(1), 67-73



