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1. Giéi thi¢u:

Hién tai, bénh vién Ung Budu Thanh phé HO Chi Minh da dua vao hoat dong hai may xa tri
TrueBeam 14 dong may mdi, hién dai dugc san xut boi Varian Medical Systems (Palo Alto, CA,
M¥). May gia toc tuyén tinh TrueBeam dép tng day du cac yéu cau cho cac ky thuat xa tri tién
tién nhu xa tri diéu bién lidu (Intensity modulated radiotherapy-IMRT), xa tri duéi sy hudng dan
hinh anh (Image guided radiotherapy-IGRT), xa tri vong cung (Volumetric Modulated Arc
Therapy-VMAT), k¥ thuat xa trj 1ap thé dinh vi than (Stereotactic body radiotherapy-SBRT), xa
phiu (Stereotactic radiosurgery-SRS). Dé dam bao cho viéc dua thiét bi méi vao diéu tri cho
bénh nhén, viéc tim hiéu k§ cac van dé k¥ thuat va xay dung cac quy trinh chuan can duge dat
1én hang dau.

B4o c4o nay trinh bay két qua tim hiéu, khao sit dic tinh chum tia khong loc phang
(Flattening filter free-FFF) cila may TrueBeam tai Bénh vién Ung Budu Tp.HCM. Pong thoi
khao sat tinh phu hop va lgi ich cua chum tia FFF ddi voéi céac ky thuat 3D, IMRT, VMAT, SRS.

2. Phuwong phap:

So sanh chum tia loc phang (Flattening filter-FF) véi chum tia khong loc phang (FFF) vé dic
tinh chum tia dé 1am rd sy khac nhau ctia hai chum tia. Dit liéu phan tich dugc 14y tir két qua thu
thap dit liéu chum tia cho hé thdng 1ap ké hoach diéu tri.

Lap hai ké hoach diéu tri cho cac ca 1am sang sir dung 2 chum tia FF va FFF d6i véi timg k¥
thuat 3D, IMRT, VMAT, SRS véi cac thong s6 nhu nhau trong vi¢c tdi uu hoa lidu luong. Sau
khi d4nh gia phan bd liéu trén khdi u va trén co quan lanh, nhan xét wu khuyét diém cta chum tia

FFF va FF trong tung k¥ thuat. Tir d6, dinh hudng k¥ thuat sir dung chum tia FFF.



3. Kétluan

Chum tia FFF ¢ phd ning luong mém hon, do d6 cho liéu bé mit cao hon chum tia FF. Bén
canh d6 cuong do chum tia FFF tap trung nhiéu & tam, giam dan vé bién truong chiéuy, liéu bén
ngoai truong chiéu giam do tan xa dau may giam. Sut lidu ting cao 1a mot wu thé cia chum tia
FFF trong vi¢c gidm thoi gian phat tia xa tri cho bénh nhan.

Chum tia FFF khong phu hop véi k¥ thuat 3D sir dung cac trudng chiéu co ban. Déi véi ki
thuat IMRT, VMAT, chum tia FFF cho két qua phan b liéu khong qua nhiéu khac biét so véi
chum tia FF. Ddi véi ky thuat SRS st dung cones (b0 phan dinh dang chum tia hinh nén), chum
tia FEF thé hién vu thé vé thoi gian phat birc xa nho c6 suit lidu cao.

Tir Khéa: Truebeam, Chiim tia khéng loc phang (FFF), xa phau SRS
I. Dic tinh chum tia khong loc phing FFF:

1. Suit lidu

Trén may TrueBeam, v4i cung mét cudong do chum electron dap vao bia, viéc loai bd bo
phan lam phang chum tia d4 nang sudt liéu ctia chum tia 1én dang ké.

Bang 1. Suit lieu may gia toc TrueBeam tai Bénh vién Ung bwéu TP. Ho6 Chi Minh tng voi
cac chum tia 6FF, 6FFF, 10FF, 10FFF

Chum tia Suat liéu twong tmg (MU/phiit)
6MV WFF 100 200 300 400 500 600
6MV FFF 400 600 800 1000 1200 1400
10MV WFF 100 200 300 400 500 600
10MV FFF 400 800 1200 1600 2000 2400

2. Pho ning hrong
Dé loai bo electron nhidém ban, mot tim dong 0,8 mm duoc thay thé cho b phan lam phang
chim tia (1am bang wolfram) trong ché do FFF. Su tan xa va sy suy giam cuong do va ning
lwong chum tia giam di. Do d6 phd ning luong thay ddi. Nang luong cuc dai cao hon, dic biét
cac tia ning luong thip c6 cuong d6 cao hon dang ké so v6i chum tia FF. Do d6 ning luong

trung binh ciia chim tia thdp hon.
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Hinh 1. Nang lweng trung binh chum
tia 6FF tir tam ra bién truwong chiéu
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Hinh 2. Nang lugng trung binh chum
tia 6FFF tir tim ra bién truong chiéu

3. Phan trim liéu theo d9 sdu (PDD-Percentage Depth Dose)

Do chum tia FFF ¢6 phé ning luong
mém hon chum tia FF nén liéu bé mat
cao hon. Po sau dat liéu cuc dai néng
hon khoang 1 mm. Liéu suy giam
nhanh hon theo dd siu sau diém liéu

cuc dai (dmax).

4. Profile
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Hinh 3. PPD cuia chum tia 6FF va 6FFF, truong

chiéu 10x10 ¢cm

Dic trung cla profile chum tia FFF 1a lidu cao ¢ tdm truong chiéu va thip dan vé hai bién va

hinh dang it phu thudc vao do sau. Bi voi trudng chiéu nho, hinh dang profile cia chum tia FF

va FFF gan gidng nhau.
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Hinh 4 . Profile ciia chum tia 6FF va 6FFF,

truomg chié¢u 10x10 cm
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Hinh 6. Profile cua chum tia 6FF va

6FFF, truong chiéu 2x2 cm

Hinh 7. Profile cia chum tia 6FF va

6FFF, cone Smm
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6. He so truyén qua bd chuin truc da 0.7 44 6FFF
| 14 (Multileaf Collimators-MLC) 0.6 0 1‘ 0 2‘9 3‘ 0 4‘ 0
H¢ s6 truyén qua MLC cta chum tia FFF Kich thudc truwong chiéu vudng (cm)

thép hon chum tia FF. RO ri it hon do phé nang Hinh 8. Hé s6 dau ra chum tia 6FF va

lwong mém hon. 6FFF

Bang 2. Hé s6 truyén qua MLC va DLG (Dosimetric Leaf Gap) ciia may TrueBeam tai
Bénh vién Ung bwéu TP. Ho Chi Minh

6FF 6FFF
He¢ s6 truyén qua MLC 1.27% 1,07%
DLG 0,36 mm 0,26 mm

II. Vai tro, y nghia ciia cac chum tia FFF ddi v6i cic ky thuit xa tri 3D, IMRT,
VMAT, SRS

1. K§¥ thuat xa tri 3D

Khao sat cac truong hop trén mét bénh phu khoa, dau ¢ va vi. Céc truong hop déu cho két
qua tuong tuy nhau. Duéi ddy, bao céo chi dua ra truong hop bénh phu khoa dé danh gia chi tiét.

Chum tia 6FFF cho mdt phan b liéu khong dong nhat. Liéu chi tap trung nhiéu ¢ tAm trudng
chiéu. Véi cac truong 3D thong thuong, khong thé tao phan bd lidu phi hop vai thé tich xa tri
16n. Do d6 phai ding k§ thuat field in field véi rat nhiéu truong chiéu nhoé b tic lidu cho ving

xa tam truong chicu.




Hinh 9. Phiin b6 liéu chim tia 6FF sir Hinh 10. Phan b6 liéu chum tia 6FFF
dung 4 trudmg chiéu 3D sir dung k§ thut field in field

Két qua cho thay chum tia FFF ap dung cho k¥ thuét 3D phurc tap va ton nhicu thoi gian
hon dé 1ap ké hoach va phat tia diéu tri mic du suit lidu cao. Trong khi 6 mirc d6 kiém soat
budu va bao vé co quan lanh khong c6 nhiéu khac biét v6i chim tia FF.

Vi ky thuat mot tdm cho bénh nhan v, viée sit dung chum tia FFF hau nhu khong thé.
Do d6, khong nén stir dung chum tia FFF trong xa tri k¥ thuat 3D.

2. Ky thuat IMRT va VMAT

Du6i day chi dan ra mot truong hop bénh dau c6 sir dung k¥ thuat IMRT véi lidu 54Gy va
mot trudng hop bénh phdi st dung k¥ thuat VMAT vdi lidu 60 Gy.

Nhin chung cac ké hoach cua hai chum tia cho két qua khac nhau khong déng ké vé phan b
lidu. Trong qué trinh khao sat, nhom tac gia nhan thay khong c6 su khac biét rd rang trong viéc
sir dung chum tia FF va FFF cho cac k¥ thuat IMRT, VMAT. Cac truong hop khdi u nim ngay
tam truong chiéu va co quan quy ¢ gan bién truong chiéu, chum tia FFF cho két qua bao vé co
quan lanh tot hon (lidu mit & ca dau cd, lidu tuy sdng & ca phoi). Nguoc lai, & ca dau cb, tuy
séng nam ngay tm xa, ké hoach FFF cho muc liéu cao hon. Do d6 viéc lya chon chim tia trong
ting trudng hop can phit hop. Nhin chung, cac ké hoach véi chim tia FFF cho liéu 5Gy trén mo
lanh (thé tich co thé trir di thé tich PTV) thap hon chum tia FF. Hon nita, viéc suit lidu duoc
nang cao giup thoi gian phat tia xa tri ctia chum tia FFF it hon.
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Hinh 11. So sanh DVH cua 2 ké hoachD IMRT trong truwong hop bénh dau cb
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Hinh 13. So sanh DVH ciia 2 ké hoach VMAT trong truwong hgp bénh phdi

Bang 3. So sanh két qua cac ké hoach IMRT cho bénh dau c6 va cac ké hoach VMAT cho
bénh phoi

6FF 6FFF | 6FF 6FFF
IMRT | IMRT | VMAT | VMAT
PTV HI 0,081 | 0,084 | 0,082 0,089
CI 0,831 |0,821 |0,839 0,852
Tuy séng Dmax (Gy) 33,2 32,2 30,4 273
Phoi phai (trir CTV) V20Gy (%) 47,8 45,0
Dmean (Gy) 20,8 20,3
Phoi trai Dmean (Gy) 5,0 4,9
Tim V30Gy (%) 12,9 12,8
Dmean (Gy) 16,3 16,1
Than nao 41,4 41,8




Mat trai Dmean (Gy) 6.,5 5,7

Mit phai Dmean (Gy) 5.4 4.4

Thuy tinh thé trai Dmax (Gy) 6,0 5,0

Thuy tinh thé phai Dmax (Gy) 4,9 3,9

Mo lanh (Thé tich co thé | V5Gy (%) 424 1406 |263 25,7
-PTV) V30Gy (%) 11,1 11,2 [3,8 3,9

(O Bang 3, Dmax, Dmean 13 liéu 16n nhét va trung binh ma co quan nhan duoc; V5Gy (%),
V20Gy (%),V30Gy (%) la thé tich co quan nhan lidu 5Gy, 20Gy, 30Gy; chi s6 dong nhét
(homogeneity index HI) = (D2% - D98%)/D50%; chi s6 phu hop méd dich (conformity
index_CI) = (V95%p1v)2/(V95%psopy X Very) (11,12). D2%, D50%, D98% la lidu nhan duogc
vao 2%, 50%, 98% thé tich PTV; V95%pry thé tich PTV dugc phu boi duong lidu 95%,
V95%gopy thé tich dudng liéu 95%, Vpry thé tich PTV.)

3. K§¥ thuat SRS sir dung cones

Ky thuat SRS thuong dugc chi dinh véi phan lidu 1én. Do d6
s6 MU 16n, thoi gian phat tia dai. Dac bi¢t voi k¥ thudt sir dung
cones, suit lidu khong doi trong qué trinh phat tia nén thoi gian
phat tia phu thudc truc tiép vao sut liéu. Vi vay chum tia FFF
v6i suit lidu cao s& phu hop hon d6i véi k thuét nay.

Trong b4o cao nay, nhom tac gia tao hai ké hoach SRS

sir dung cones don gian cho mot thé tich nho gia dinh 1a khéi u
& ndo trén CT bénh nhan véi d6 day lat cat Imm. Céc thong sd
ctia hai ké hoach 13 nhu nhau. Str dung k¥ thuat 1 tdm va 5 vong
cung (1 isocenter, 5 arcs), phan liéu 18Gy/1 lan, gia tri toi wu

liéu 80%... Nhin chung, sy khac nhau vé phan bd lidu trén hai

ke hoach khong dang ké. Ké hoach v6i chim tia FFF cho két  Hinh 14. Trudmg chiéu ké hoach sir
qua lidu tap trung vao mo dich cao hon va lidu co quan lanh dyung 1 tim 5 vong cung.

lan can thap hon.



Hinh 15. Phan b6 li¢u trén ké hoach  Hinh 19. Phan b6 lidu trén ké hoach
SRS sir dung cones v6i chum tia 6FF SRS sir dung cones véi chum tia 6FFF
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Hinh 16. So sanh DVH ciia 2 ké hoach SRS sir dung chum tia 6FF va 6FFF
III. KET LUAN

Chum tia FFF cac phd ning luong mém hon, do d6 cho liéu bé mat cao hon chum tia FF.
Bén canh d6 cuong d6 chum tia FFF tap trung nhiéu ¢ tim, giam dan vé bién trudng chiéu, lidu
bén ngoai trudng chiéu giam do tan xa dau may giam. Suit liéu ting cao 1a mot wu thé ciia chiim
tia FFF trong viéc giam thoi gian phat tia xa tri cho bénh nhan. Po liéu cho chum tia FFF ciing
¢6 mot vai hiéu chinh so v&i chum tia FF.

Chum tia FFF khong phu hop véi k¥ thuat 3D sir dung cac trudng chiéu co ban. Déi vé6i ki
thuat IMRT, VMAT chum tia FFF cho két qua phan b liéu khéng qué nhiéu khac biét so voi
chum tia FF. B6i voi k¥ thuat SRS str dung cones, chum tia FFF thé hién wu thé vé thoi gian phat
tia xa tri nho co suit liéu cao.

Can c6 thém nhiéu khéo sat tiép theo mé rong mau va khdo sat trén cac ca bénh xa tri dudi sy
hudng dan cta hinh anh, xa tri theo nhip thd, SBRT, SRS st dung MLC va cones va cac két qua

nghién ciru 1dm sang dé danh gia toan dién hon vé mic tmg dung ciia chum tia FFF trong xa tri.
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Abstract:
Introduction

Currently, The HCM OH has installed two Truebeam Therapy Machines which are being
used clinically. Truebeam Machines are the most advanced linear accelerator produced by
Varian Medical Systems on the market so far (Palo Alto, CA, US) and are able to deliver
advanced radiotherapy treatment namely Intensity modulated radiotherapy (IMRT), Image
guided radiotherapy (IGRT), Volumetric Modulated Arc Therapy (VMAT), Stereotactic
radiosurgery (SRS). To ensure safe use of these machines for clinical treatment, the issue of
investigating dosimetric and mechanical characteristics of the machines as well as establishing
different standardized protocols need to be prioritized.

This report presents the results obtained when investigating the characteristics of the
Flattening Filter Free beam in the Truebeam machines in HCM OH. The report also studies the
advantage as well as justifying the appropriate situations where FFF beam will be of clinical
benefit to treatment techniques such as 3D CRT, IMRT, VMAT and SRS.

Methodology:

Making comparison between FF and FFF in terms of their characteristics to determine the
differences between the two.

Planning for clinical cases using FF and FFF beam respectively for each individual
techniques (3D, IMRT, VMAT, and SRS). To limit the number of variables, all the parameters in

the plans are kept the same while the planners evaluate the dose distributions and DVH of each
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plan. The advantage and disadvantage of FF and FFF beams are determined and

recommendations for suitable clinical cases using FFF are made.

Result:

The spectrum of FFF beam is on the lower end and as a result, surface dose is greater than
that of FF beam. The intensity of FFF beam is also focused at the center of the beam, falling off
towards the edge of the field and the dose outside of the field drops off due to the drop in
scattering. One of the advantages of FFF beam is its very high dose rate and as a result, treatment
time can be significantly reduced.

FFF beam is not suitable to be used in 3D CRT. For IMRT and VMAT, FFF beam produces
similar dose distribution to that of FF beam. For SRS with cones, FFF beam exhibits significant
benefits in terms of treatment time thanks to its high dose rate.

Key word: Truebeam, , flattening-filter-free, SRS
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