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SO SANH THUAT TOAN AAA VA AXB GIUA MO PHONG PRIMO MONTE CARLO VA HE
THONG LAP KE HOACH PIEU TRI ECLIPSE TRONG TINH TOAN CAC THONG SO LIEU
LUONG TRONG XA TRI UNG THU PHOI

PAT VAN BE

Ung thu phoi 14 mot trong nhitng nguyén nhan giy tif vong hang dau trén thé gidi. Ung thu phoi
khong t&€ bao nhd (NSLC) chiém ty 1€ cao trong s6 cac ca ung thu phdi, va k¥ thuat xa tri bing tia X
diéu bién cuong do (VMAT) két hop véi xa tri dinh vi co thé (SBRT) dang duoc st dung rong rai
trong diéu tri NSLC giai doan dAu.

Cac lopl ung thu phiil Ehing b8 bao nkd

Ung thu phi
khong té bao
nhé chiém
dén 85%
truang hop

Do chinh xdc clia ké hoach diéu tri xa tri 1a yéu t6 quan trong quyét dinh hiéu qua diéu tri va giam
thi€u tdc dung phu cho bénh nhan. Cac hé thong 1ap k& hoach diéu tri (TPS) nhu Eclipse st dung céc
thuét toan d€ tinh toan liéu Ivong, nhung d6 chinh x4c clia cic thuit todn ndy co thé bi anh hudng
b&i cac yéu t6 nhv mdi trudng khong dong nhat cta phoi.

Ma PRIMO Monte Carlo, duwa trén phvong phap Monte Carlo c6 d0 chinh xac cao, duoc gi¢i thic¢u
nhv mot cdng cu tiém ning d€ nang cao dd chinh x4c va hiéu qua cua k& hoach diéu tri xa tri ung
thu phoi. PRIMO cho phép md phong chinh xdc mdy gia toc tuyén tinh va tinh todn phin bo liéu
trong md phoi, hd tro viéc xdc minh ddc 14p céc tinh todn cua TPS, tdi wu héa viéc Iva chon thuit
toan va ky thuat xa tri.

pOI TUONG VA PHUONG PHAP NGHIEN CUU

Nghién cttu st dung ma PRIMO phién ban 0.3.64.1814, v&i md hinh vat Iy PENELOPE, dé md
phong mdy gia toc tuyén tinh TrueBeam STx v&i chum tia FFF 6MV. D0 chinh x4c ciia md phong
duoc kiém tra biang cach so sanh phan phdi liéu mo6 phong véi dit lidu do duoec.
Doi tvong nghién ciu bao géom:
e M6 hinh mdy gia toc: FakeBeam linac trong ma PRIMO, dugc diéu chinh dé tvong tng v&i
TrueBeam STx Linac v&i chum tia FFF 6MV.
e D¢ liéu bénh nhan: D¢ liéu diéu tri xa tri ctia 30 bénh nhan ung thu phdi duoc diéu tri bing
VMAT tai Khoa Xa tri, Bénh vién Trung wong Quin d6i 108. Cic tép DICOM-RT, bao gom
thong tin vé viing quan tam, giai phau, liéu bic xa va ké hoach diéu tri, duoc st dung.

Phuong phap nghién citu duoc chia thanh hai giai doan chinh:
Giai doan 1: Xac nhan mo6 phong Linac
e M6 phong chim tia: S0 dung md hinh FakeBeam trong PRIMO d¢€ md phong chum tia FFF
6MV v§&i cac thong s6 duoc xdc dinh trude (ning lwong, kich thude diém hdi tu, khoang cach
nguon-bé mit).

Hinh 1. M6i trudng PRIMO vé&i céc gid tri t6i wu minh hoa ba giai doan (S1, S2 va S3) clia mo
phong trong ma PRIMO

e Mo phong phan bd liéu: PRIMO dugc st dung dé tinh todn phan bd liéu trong phantom nudc va
so sanh v@&i dit li€u do dugc. Qua trinh md phong dugc thuc hién theo ba phan doan (S1, S2,
S3):

Phan doan S2: Mo
phong bo chuan truc

Phan doan SS Tmh

B nht et s W vvvvvvvvvvvv

Phan doan S1: Mo

phong phan trén cua da la (MLC) va cac _trong phantom, sir
Linac chirc nang tien chum dung ket qua tur S1 va
tia. S2

Giai doan 2: So sanh PRIMO v¢&i Eclipse TPS
e Tai dit liéu bénh nhan: D liéu k& hoach diéu tri ciia 30 bénh nhan ung thu phoi tit Eclipse TPS
dwgc tai 1én PRIMO.
e Mo phong ké hoach diéu tri: PRIMO duoc st dung d&€ mod phong lai ké hoach diéu tri VMAT,
bao gdm ba cung khdong dong phang.

® Phan tich cdc thong so liéu: Céac thong s6 liéu chinh ctia khoi u (PTV) va céc co quan nguy co
(OAR) duoc phan tich va so sanh, bao gom:

Phan tich Gamma: Panh gia sw khac biét ve lieu vavi TV 1é phan trim dong thuan (PA) ciia biéu do liéu
tri giita hai phan bo licu. Nghién citu sir dung cac tiéu llm’ng-the tich (DVH): Danh gia mirc do twong dong
chi 1%/1mm, 2%/2mm, va 3%/3mm. giira cac bieu do DVH.

x2 D2
Y= |praz T pp2

e So s4dnh phan bd liéu: Phan b6 licu do PRIMO mo phdong dugc so sanh v&i dit liéu TPS cua
Eclipse bing céch st dung:

A
PA =1 1-—
00 [ max(Al,Az)]

Nghién ctfu dugc thuc hién trén hé thong mdy tinh Dell Precision 351 v&i CPU Intel Core i7-
10875H va RAM 32GB.
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Hinh 2. So s4anh két qua md phong PDD va cau hinh liéu clia TrueBeam Chum tia photon STX st?
dungPRIMO v&i Eclipse TPS trén mat nuéc ao.
Bang 1. C4c tham s6 md phong dugc xac thuc cho chim photon FakeBeam 6MV FFF thu dugc bing
cach st dung ma PRIMO.

Nang lrong danh Nang lwgng ban Nang lrong Piém tiéu cu Do phan ky
nghia (MV) dau (MeV) FWHM (MeV) FWHM (cm) chum tia (dQ)
6FFF 5.8 0,058 0,15 0,2

Bang 2. Chi s0 so sdnh phan bé liéu trén khoi u phoi theo ké hoach SBRT giita thuit todan AAA va
AXB mb phong bing PRIMO

i AAA m6 phong bang PRIMO AXB mé phong bang PRIMO
(Mean £+ SD) (Mean £ SD)
CI - Paddick 0,764 + 0,072 0,792 + 0,075
HI Wu - 2000 0,618 + 0,120 0,607 + 0,124
HI Wu

—o—HI AAA simulation using PRIMO HI AXB simulation using PRIMO
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Hinh 3. So sénh chi s6 dong nhat cia cac ké hoach SBRT phoi gitta thuit toan AAA va AXB mo
phong bing PRIMO

CI PADDICK

—o—C1 AAA simulation using PRIMO o—C] AXB simulation using PRIMO
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Hinh 4. So sanh chi s6 nhat quan cua cac ké hoach SBRT phoi gitta thuat toan AAA va AXB
mo phong bang PRIMO

Bang 3. So sdnh gi4 tri trung binh va sai sd cla ty 18 GPR va PA trén PRIMO sau khi md
phong cic ké hoach 1ap b&i hai thuét todn AAA va AXB

Cc chi s AAA mo6 phong bang AXB mo phong bang
PRIMO (Mean + SD) PRIMO (Mean + SD)
2%/ 2mm 96,86 + 2,340 97,459 £ 5,012
GPR%
3%/ 3mm 99,725 + 0,307 99,795 £ 0,291
PA % 97,908 + 0,843 98,061 + 0,775
GPR 2%/2MM

® GPR AAA simulation using PRIMO GPR AXB simulation using PRIMO
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Hinh 5. So sdnh ty 1& thong qua Gamma 2%/2mm va 3%/3mm cua céic k& hoach SBRT phoi
gitta thuat toan AAA va AXB mo phong bing PRIMO

GPR 3%/3mm

® GPR AAA simulation using PRIMO GPR AXB simulation using PRIMO
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Hinh 6. So sanh ty 1& thong qua Gamma 3%/3mm cua céc k& hoach SBRT phoi gitta thuit toan
PA (%)
®m PA % AAA simulation using PRIMO PA % AXB simulation using PRIMO

AAA va AXB mbd phong bing PRIMO
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Hinh 7. So sanh ty 1& phin trim dong thuin cua cac ké hoach SBRT phoi gitta thuat todn mo
phong AAA va AXB md phong bing PRIMO

Bang 4. So sanh su phan bo liéu t&i cdc co quan c¢6 nguy co mic cac ké hoach SBRT & phoi
gitta thuat toan AAA va AXB trén Eclipse TPS va PRIMO

Céc co quan nguy cip Eclipse TPS M5 phong bang PRIMO
AAA (Mean) AXB (Mean) AAA (Mean) AXB (Mean)

Dmax (Gy) 67,13 67,46 71,78 72,73
PTV Dmin (Gy) 41,40 40.08 32,51 33,59
Dmean (Gy) 53,26 53,74 51,41 51,55
TUY SONG  Dmax (Gy) 9.12 9.10 10,52 10,58
ESOPHUS Dmax (Gy) 9.23 9,56 10.20 10.24
TRAI TIM Dmax (Gy) 13.51 13.32 15,47 15,64

KET LUAN

Nghién ctu ndy dinh gi4 hai thuit toan AAA va AXB, AXB cho két qua tot hon trén ca hai
cong cu tinh toan Eclipse TPS va PRIMO. Tuy nhién, su khic biét khong quéd nhiéu va ca hai
thuat todn déu dap (ing tot cic ti€u chi quy dinh. Thuat todn AXB cho két qua tot hon, vi phoi
]2 mo6i tredng khong dong nhat, phoi chita khong khi trong qué trinh hd hap. Do d6, khi tinh
todn bang thuit todn AXB trong moi trudng khong dong nhat nhu phoi, két qua sé tot hon, licu
tinh todn gin v&i tiéu chi danh gid hon so v&i ké hoach tinh todn bing thuit toan AAA. Nén
trong qua trinh Iya chon thuit todn 14p k& hoach, ta can can nhic xem vi tri khdi u & khu vuc
nao d€ Iva chon thuit toan tdi wu nhat. C6 su thong nhit gitta cac thong so lieu trong PTV va
OAR thu duogc bing ma PRIMO va Eclipse TPS ddi v&i cac bénh nhan dugc diéu tri bing
SBRT phéi.

Dua trén két qua cua nghién cttu nay, né cho thdy PRIMO c6 giao dién d6 hoa tot dé mo phong
mdy gia toc TrueBeam STx v&i mic ning luong 6MV FFF. PRIMO ciing 12 mdt cong cu phu
hop d€ md phong cac loai mdy gia toc khic duwgc st dung trong y hoc dé diéu tri va nghién
cttu. Dong thoi, diy ciing 12 mot cong cu ddng tin cidy d€ xdc minh cdc ké hoach diéu tri cho
bénh nhan, vi PRIMO duva trén cac ma Monte Carlo ¢6 dd chinh x4c cao.
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