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Hi€u chinh ty trong anh CT trong tinh liéu xa tri VMAT
mot s0 ung thuw dau - co st dung thuat toan AAA va
Acuros XB trén phan mém lap ké hoach Eclipse

Density correction of CT images in dose calculation of volumetric
modulated arc therapy for some head and neck cancer using AAA and
acuros XB algorithm on Eclipse treatment planning software

Tran ~Ba'l Bach, Nguyén Pinh Long, Poan Trung Hiép, Bénh vién DKQT Vinmec timcy
Nguyen Manh Ha, Duwong Van Nghia

Tom tat

Muc tiéu: Phan tich anh hudng cla viéc hiéu chinh ti trong anh CT tai cac vung nhiéu anh gay bai
tan xa & rang trong tinh liéu xa tri diéu bién thé tich cung tron (VMAT) mét s6 ung thu dau - ¢6 st dung
thuat toan phan tich bat dang huéng (AAA) va Acuros XB (AXB) trén phan mém lap ké hoach xa tri (TPS)
Eclipse v13.0. DBéi tugng va phuong phdp: 12 chubi anh CT cung véi 12 ké hoach da dugc phé duyét va
diéu tri cla 12 bénh nhan ung thu dau - ¢ ¢ cac vung nhiéu anh do tan xa gay ra bai rang c6 mat do
vat chat cao. Cac ké hoach dugc lap trén phan mém lap ké hoach xa tri Eclipse v13.0 s& dung thuat toan
AAA va AXB. Phuang phép: Nhan ban moi chudi CT mé phéng ban dau ra lam 2 chubi CT nghién ciu:
CT_AAA (khong hiéu chinh ty trong) va CT_AXB (c6 hiéu chinh ty trong). Nhan ban méi ké hoach ban
dau ra lam 6 ké hoach: AAA_ReCal, AAA_ReOpt, AAA_AXB, AXB_ReCal, AXB_ReOpt va AXB_AAA. T6i uu
héa lai ké hoach va/hoac tinh lai liéu ké hoach s dung thuat todan AAA, AXB tuong (ng. Tién hanh so
sanh va danh gia phan bé liéu tai cac vung: Khoang khi, xuang, mé cling nhu cac vung bi tan xa dé phan
tich anh hudng cua viéc hiéu chinh ty trong trong tinh liéu bang thuat toan AAA va AXB. Két qua: Trong
vung khoang khi va viing xuong, liéu tinh toan st dung thuat toan AXB thap han hon dang ké so vdi liéu
tinh toan st dung thuat toan AAA lan lugt la 13,38% va 5,31% (p<0,0001). Déi véi thuat toan AAA, viéc
hiéu chinh ty trong khong anh huéng nhiéu dén liéu tinh toén, trén chudi anh CT_AXB liéu tinh toan cao
han trén chudi anh CT_AAA chi khodng 1,47% (p<0,0001). D&i véi thuat toan AXB, viéc hiéu chinh ty
trong cé anh hudng tuong déi dén liéu tinh toan, tai cac viing hiéu chinh ty trong liéu tinh toan s dung
thuat toan AXB cao hon liéu tinh toan sir dung thuat toan AAA khoang 3,71% (p<0,0001). Kiém tra chat
lugng (QA) céc ké hoach AXB bang phuong phap Gamma Index véi thong sé AD/Ad = 3%/3mm cho ty &
dat cao hon cac ké hoach AAA khodng 1,01% (p<0,0001). Thoi gian téi uu hoéa va tinh liéu ké hoach
VMAT st dung thuat toan AXB nhanh han 2,05 1an so véi sit dung thuat toan AAA (p<0,0001). Két ludn:
Trong lap ké hoach xa tri VMAT mét s6 ung thu dau - ¢, viéc hiéu chinh ty trong anh CT tai mot s6 viung
bi tan xa gay bai rang c6 mat dé vat chat cao va st dung thuat toan AXB la can thiét gitp nang cao d6
chinh xac va giam thgi gian trong tinh todn liéu xa tri cho bénh nhan.

Turkhéa: Hiéu chinh ty trong, nhiéu anh CT do tan xa gay bai rang, xa tri diéu bién thé tich cung tron,
thuat toan tinh liéu AAA, thuat toan tinh liéu Acuros XB.
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Nguoi phan hoéi: Tran Ba Bdch, Email: bachtran25101984@gmail.com - Bénh vién PKQT Vinmec time City
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Summary

Objective: To analyze the effect of density correction in some dental artifact areas of CT image in the
dose calculation of volumetric modulated arce therapy (VMAT) for head and neck cancers using the AAA
(analysis anisotropy algorithm) and AXB (Acuros XB) algorithms on the treatment planning system (TPS)
Eclipse v13.0. Subject and method: The 12 series of CT images along with 12 approved plans of 12 head
and neck cancer patients had some dental artifact areas. Plans are made on Eclipse v13.0 treatment
planning system using AAA and Acuros XB algorithms. Method: Copied each of the original simulated CT
series into 2 study CT series: CT_AAA (without density correction) and CT_AXB (with density correction).
Copied each original treated plans into 6 study plans: AAA_ReCal, AAA_ReOpt, AAA_AXB, AXB_ReCal,
AXB_ReOpt, and AXB_AAA. Re-optimize plan and/or recalculate of these plans dose using the
corresponding AAA, AXB algorithms. Compare and evaluate the dose distribution in several regions: air
cavity, bone, tissue as well as density correction region to analyze the role of the density correction and
the AXB algorithm in dose calculation. Result: In the air cavity region and bone region, the calculated
dose using the AXB algorithm was significantly lower than the calculated dose using the AAA algorithm
by 13.38% and 5.31% respectively (p<0.0001). For the AAA algorithm, the density correction did not
affect the calculated dose much, on CT_AXB image series the calculated dose was higher than on the
CT_AAA image series only about 1.47% (p<0.0001). For the AXB algorithm, the density correction had a
relative influence on the dose calculation, in density correction region the calculated dose using the AXB
algorithm was higher than the calculated dose using the AAA algorithm about 3.71% (p<0.0001). Quality
assurance (QA) of AXB plans by Gamma Index method with parameter AD/Ad = 3%/3mm gave a higher
pass rate than AAA plans by 1.01% (p<0.0001). The planning time (optimization and dose calculation) of
VMAT plans using AXB algorithm was 2.05 times faster than using AAA algorithm (p<0.0001). Conclusion:
In planning VMAT for some head and neck cancers, correction of CT images density in some dental
artifact areas and the use of AXB algorithm is necessary to increase accuracy and reduce time in dose
calculation for patients.

Keywords: Density correction, dental artifact, volumetric modulated acr therapy (VMAT), analysis
anisotropy algorithm (AAA), Acuros XB (AXB).
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1.Pat van dé

Xa tri diéu bién thé tich cung tron (VMAT:
Volumetric Modulated Arc Therapy) dang ngay cang
tré nén phd bién va dan thay thé cho ky thuat xa tri
diéu bién liéu (IMRT: Intensity Modulated Radiation
Therapy). Trong xa tri ung thu vung dau - cé, ky
thuat VMAT phé bién nhét la ting liéu tich hop (SIB:
Simultaneous Integrated Boost) [1].

Thuat toan Phan tich bat ddng huéng (AAA:
Anisotropic Analytical Algorithm) tU lau da dugc sur
dung réng rai trong tinh liéu trén hé théng lap ké
hoach diéu tri (TPS: Treatment Planning System)
Eclipse (Varian Medical Systems, Palo Alto, CA).
Trong nghién ctu cta minh, Van Esch va cdng su

(CS) da béo cao rang AAA cai thién d6 chinh xac tinh
liéu so vai thuat toan chum tia but chi don 1é (SPB:
Single Pencil Beam) va c6 thé dat dugc do chinh xac
trong pham vi 5% khi so sanh vdi liéu do dac trong
phantom vung nguc [2]. Tuy nhién, trong vung gidp
danh gilra mé va khi, thuat toan AAA cho két qua
tinh liéu cao hon dang ké so vai liéu do dac [3].
Ngoai ra, mét thuat todn mdi Acuros External
Beam hay con goi la Acuros XB (AXB), nho viéc gidi
quyét triét dé bai toan phuong trinh van chuyén
Boltzmann tuyén tinh (LBTE: Linear Boltzmann
Transport Equation) da dugc ap dung vao tinh liéu
lam sang [4]. LBTE la phuang trinh hang dau mo ta
su phan bé clia cac hat buc xa tuong tac véi vat chat.
AXB rdi rac hda cac bién khong gian, goc va nang
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lugng ctia LBTE dudi dang ludi, tinh toan su thay doi
thong nang cula electron va photon tén xa trong vat
chat. Han va CS cling nhu Bush va CS da chi ra rang
thuat toan AXB c6 thé dat d6 chinh xac tiém can so
vGi thuat toan Monte Carlo (MC) - tiéu chudn vang
trong tinh toan liéu véGi dé chinh xac cao st dung
trong xa tri trén cac phantom thuc nghiém bao gbm
ca phantom nudc dong nhat va phantom vat chat
khéng déng nhat [5, 6].

Uu diém chu yéu ctia thuat toan AXB la dd chinh
xac. Ngoai ra, do thdi gian tinh toan chi phu thudc yéu
vao s6 lugng chum tia, AXB cling la thuat toan rat hiéu
qua cho VMAT. So véi thuat toan AAA - mét thuat
todn tich chap (Convolution/Superposition) st dung
cung phuong phdp mé hinh héa chum tia nhu AXB,
cho thdai gian tinh toan nhanh, da dugc st dung rong
rai trudc day thi thuat toan AXB cling cho thdi gian
tinh toan rat an tuong [7].

Thuc té€ ung thu ving dau - ¢6 ¢é nhiéu cau tric
phuc tap bao gém ca cac khoang khi lan cac sun,
xuong. G nhiéu bénh nhan, anh chup CT mé phong
bi nhiéu gay bdi tan xa ¢ rang c6 mat do vat chat
cao lam cho mét s6 viing mé xung quanh tré thanh
khi, mét s6 trd thanh xuong. Piéu nay cé thé gay
anh hudng dén d6 chinh xac tinh liéu. Do d¢, lua
chon tinh liéu bang thuat toan AXB hay AAA nén
dugc can nhac cling véi viéc hiéu chinh ty trong cho
cac vung bi tdn xa nay.

Nghién ctu dugc thuc hién véi muc dich phan
tich anh hudng clia viéc hiéu chinh ty trong anh CT

Chuoi CT me
phong ban dau

4

P

Chudi CT nghién
ciru

tai mot s6 vung tan xa dén tinh toan liéu trong xa tri
VMAT mét s6 ung thu dau - cd sir dung thuat toan
AXB va AAA.

2. Déi tugng va phuong phap
2.1.Bénh nhan, vé cdc thé tich va ké liéu

Nghién cttu bao gém 12 bénh nhan ung thu
vling dau - c¢6 da dugc diéu tri bang ky thuat xa tri
diéu bién thé tich cung tron ting liéu tich hap (SIB-
VMAT) v6i 2 - 4 cung (Arcs) tir 1/2015 dén 1/2022. O
12 chubi anh CT m6 phdng cla cac bénh nhan nay
déu xuat hién cac vung tan xa gay bdi rang c6 mat
dd qua cao. Cac chudi anh CT dugc chup tu may CT
mo phong 16 lat cat GE Optima 580 (GE Healthcare,
Waukesha, WI), dé day lat cat 2,5 mm. S& dung mat
na 5 diém Civco (Civco, Orange City, IA) c6 dinh
bénh nhan.

Cac thé tich bia (PTV: Planning Target Volume),
cac ca quan nguy co (OAR: Organ At Risk) dugc vé
(contour) bai Bac si dudi su hd trg clia Ky su va dat
tén theo chudn danh phap: PTV_70Gy, PTV_63Gy,
PTV_56Gy, BrainStem (than ndo), SpinalCord (tay
song), Bone_Mandible (xuong ham), Cavity_ Oral
(khoang miéng), Parotid_L (tuyén nudc bot mang tai
bén trai), Parotid_R (tuyén nudc bot mang tai bén
phai), Lens_L (thudy tinh thé bén tréi), Lens_R (thay
tinh thé bén phai),... [8].

Ky thuat SIB-VMAT dugc chon: 70Gy vao
PTV_70Gy, 63Gy vao PTV_63Gy, 56Gy vao PTV_56Gy
trong 35 phan liéu.

Hinh 1. So d6 nhan ban cac chudi CT nghién ciu ti chubi anh CT mé phong ban dau.

Tu chudi anh CT moé phdng ban dau (CT_Plan), nhan ban ra cac chubi CT nghién cltu (c6 bao gom tat ca
cac thé tich/cau tric da vé ban dau): Chudi anh khong hiéu chinh ty trong (CT_AAA) va chudi anh cé hiéu

chinh ty trong (CT_AXB).
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Hinh 2. Cac chuéi anh CT nghién cdru: CT_AAA va CT_AXB.

Quy trinh hiéu chinh ty trong (CT_AXB):

SU dung tinh ndang tim cac vung cé mat d6 vat
chat rat cao dé tao thé tich zHighDensity. Kiém tra
néu trong vung zHighDensity c6 vat liéu kim loai, su
dung clia s6 xuong dé tao va vé thé tich zFixMetal
sau d6 gan chi s6 CT = 1976HU (Hounsfield Units).
Tao thé tich zFixBone = zHighDensity — zFixMetal va
gan chi s6 CT bang chi s6 CT clia xuong. Xem xét cac
vung tan xa xung quanh zHighDensity xem vung nao
thuc su [a mo thi vé thé tich zFixWater va géan chi s6
CT = OHU (chi s6 CT cta mé tuong duong nudc),
vliing nao thuc su la khi thi vé thé tich zFiXAir va gan
chi s6 CT bang chi s6 CT cta khi.

2.2. Lép ké hoach va tinh liéu

K& hoach diéu tri da dugc lap trén TPS Eclipse
v13.0 (Varian Medical Systems, Inc.) thda man cac
tiéu chi chdp nhan ké hoach theo JCOG (Japan
Clinical Oncology Group) 1015 [9], thuc hién kiém

K& hogeh diéu ri

&

Chudi CT nghién
cuu

CT_AAA

! ]

K¢ hoach nghiin
o

AAA_ReCal AAA ReOpt

ANB_AAA

tra chat lugng (QA: Quality Assurance) dat va da
dugc bac si phé duyét diéu tri cho bénh nhan.

Tu ké cac hoach diéu tri (Treatment_Plan) nay,
nhan ban ra cac ké hoach nghién ctu: ké hoach 01
(AAA_Recal: St dung chubi CT_AAA, tinh liéu lai
bang thuat toan AAA); ké hoach 02 (AAA_ReOpt: sur
dung chudi CT_AAA, t6i uu héa va tinh liéu lai bang
thuat toan AAA, gilt nguyén cac thong s6 t6i uu hda
nhu cGa ké hoach diéu tri); k& hoach 03 (AXB_AAA:
st dung chudi CT_AAA, tinh liéu lai bang thuat toan
AXB); ké hoach 04 (AXB_ReCal: s dung chudi
CT_AXB, tinh liéu lai bang thuat toan AXB); ké hoach
05 (AXB_ReOpt: st dung chudi CT_AXB, t6i uu hoa
va tinh liéu lai bang thuat toan AXB, gilt nguyén cac
théng s6 t6i uu hdéa nhu clia ké hoach diéu tri); ké
hoach 06 (AAA_AXB: sit dung chubi CT_AXB va tinh
liéu lai bang thuat toan AAA).

Hinh 3. So d6 nhan ban cac ké hoach nghién ctu tur ké hoach diéu tri.

2.3. Cdc théng sé liéu - thé tich

Céc thong s6 liéu - thé tich dugc trich xuat ra tur
biéu d6 DVH (Dose Volume Histogram) clia cac ké
hoach. Dé&i véi thé tich diéu tri PTV (Planning Target

Volume), D,,: Gia tri liéu (diém) I6n nhat, D,,,: Gia tri
liéu (diém) nhd nhat. Dy,: Liéu vao 2% thé tich PTV va
cling dugc xem nhu liéu cuc dai cla thé tich PTV, Dyg:
Liéu vao 98% thé tich PTV va cling dugc xem nhu liéu
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cuc tiu clia thé tich PTV, Dy, liéu vao 50% thé tich
PTV va cling dugc xem nhu liéu trung vi clia thé tich
PTV. DGi v6i cac co quan nguy cd OARs (Organ At
Risk), Do Va D Li€u cuc dai va lao vao thé tich 1cc
cla OARs, D,,n: Liéu trung binh vao OARs [10].

Chi s6 liéu dong dang (CI: Conformity Index)
theo RTOG (Radiation Therapy Oncology Group): Cl
= V/TV, trong d6 V;;: thé tich dudng dong liéu tham
chiéu (Volume of Refference Isodose - thudng la thé
tich dudng déng liéu 95%), TV: Thé tich bia (Target
Volume) [11].

Chi s6 liéu dong nhat (HI: Homogeneity Index):
HI = (Dsy, - Dggos)/Disgo, [10].

2.4. Phan tich dir liéu

Tinh nang danh gia ké hoach (Plan Evaluation)
dugc st dung dé danh gia sai khac liéu gita 2 ké
hoach truc tiép trén phan mém Eclipse v13.0.

Phan mém MapCheck v5.02.00.02 (Sun Nuclear
Corp, Melbourne, FL) dugc st dung dé danh gia cac
phan bé liéu tinh toan trong nghién cliu bang
phuong phap Gamma Index (Gl) tur dir liéu liéu da

dugc trich xuat duéi dang DICOM (Digital Imaging
and Communications in Medicine).

Phan mém noi bo RTplanEVA [12] dugc sir dung
dé danh gia cac théng sé liéu k& hoach vai cac tiéu
chudn chap nhan ké hoach mét cach tu déng tu dir
liéu DVH da dugc trich xuat ra.

Phan mém x{ ly s6 liéu va thong ké SPSS v22.0
(IBM Corp, Armonk, NY) dugc st dung dé so sanh
cac théng so liéu vao PTV va cac co quan nguy co
cling nhu thai gian may thuc hién t6i uu héa va tinh
liéu gitta ké hoach AAA va AXB.

3.Két qua

T4t ca cac ké hoach nghién cliu déu dat cac tiéu
chi chdp nhan ké hoach theo JCOG 1015. DPanh gia
phan bé liéu clia cac cap ké hoach AXB va AAA tuang
Ung bang phuong phap Gl v6i thong s6 AD/Ad =
3%/3mm, tat ca déu cho ty |é dat (PR: Pass Rate) cao >
99,0%. Kiém tra chat lugng (QA: Quality Assurance)
cac ké hoach nghién ctu st dung Portal Dosimetry
bang phuong phap Gl véi théng s6 AD/Ad =
3%/3mm, tat ca déu cho ty I& dat PR > 95,0%.

3.1. Phdn bé liéu tinh todn tai cdc viing cé ty trong khi, xuong va mé

Bang 1. Trung binh chénh léch I6n nhat giira liéu tinh toan bang thuat toan AXB
v@i liéu tinh toan bang thuat toan AAA trong viing cé ty trong khi (viing khoang khi),
vung c6 ty trong xuong (viing xuong) va ving c6 ty trong mo (ving mo)

Chénh léch trung binh Chénh léch trung binh
Ving [Khoang tin cay] (Gy) [Khoang tin cay] (%) p
AXB - AAA 100%(AXB - AAA)/AAA
Ty trong khi -9,15 (-10,24, -8,06) -13,38 (-14,62, -12,14) <0,0001
Ty trong xuong -3,59 (-4,19,-2,98) -5,31(-5,88,-4,73) <0,0001
Ty trong mé -0,23 (-2,05, 1,59) -1,47 (-3,67, 2,69) 0,784

! T =
i \ e
aooag—— 1 [= ! |

Dose [oGy]

(e}

Hinh 4. Phan bd liéu tinh toan trong ving khoang khi s dung thuat toan AAA (a),
AXB (b) va biéu d6 so sanh liéu tai dudng tham chiéu (c).
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Distance [cm)

)

Hinh 5. Phan b6 liéu tinh toan trong viing xuang st dung thuat toan AAA (a),
AXB (b) va biéu d6 so sanh liéu tai dudng tham chiéu (c).

Distance [cm]
(3]
Hinh 6. Phan b6 liéu tinh toan trong ving mé st dung thuat toan AAA (a),
AXB (b) va biéu d6 so sanh liéu tai dudng tham chiéu (c).
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Hinh 7. Danh gia phan bé liéu tinh toan trong viing khoang khi gilra thuat toan AXB
va thuat toan AAA bang phuong phép Gl trén phan mém MapCheck.
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Hinh 8. Danh gia phan bé liéu tinh toan trong viing xuong gilfa thuat toan AXB
va thuat toan AAA bang phuang phép Gl trén phan mém MapCheck.
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Hinh 9. Danh gia liéu tinh toan trong ving mé gitta thuat toan AXB
va thuat toan AAA bang phuang phép Gl trén phan mém MapCheck.

Trong vung khoang khi, chénh léch I16n nhat gilra liéu tinh toan s dung thuat toan AXB so vdi liéu tinh
toan s dung thuat toan AAA trung binh la -13,38% véi khoang tin cdy 95% (-14,62%, -12,14%) (p<0,0001).
Trong vung xuong, chénh léch I6n nhét gilta liéu tinh toan s dung thuat todn AXB véi liéu tinh todn s
dung thuat todn AAA trung binh la -5,31% v&i khoang tin cay 95% (-5,88%, -4,73%) (p<0,0001). Trong ving
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mo, chénh léch gila liéu tinh toan st dung thuat toan AXB vdi liéu tinh toan st dung thuat toan AAA la
khong cao va khéng cé y nghia théng ké (p>0,05).

3.2. Hiéu chinh ty trong va liéu tinh todn sir dung thuét todn AAA

Bang 2. Trung binh chénh léch I6n nhat giira liéu tinh toan trén chuéi anh CT_AXB
v@i liéu tinh toan trén chudi anh CT_AAA (déi véi thuat toan AAA)

Chénh léch trung binh Chénh léch trung binh
Vung [Khoang tin cay] (Gy) [Khodng tin cay] (%) p
AXB - AAA 100%(AXB - AAA)/AAA

Hiéu chinh ty trong 0,37 (0,28, 0,48) 1,47 (1,10, 1,84) <0,0001

W

10
Distance [cm]
(b 1)

Hinh 10. Phan bd liéu tinh toan st dung thuat toan AAA trén chudi CT_AAA (a), trén chudi CT_AXB (b)
va biéu d6 so sanh tai dudng tham chiéu qua vung hiéu chinh ty trong (c).

> A & B @ B & A w

Hinh 11. Danh gia phan bé liéu tinh toan trén chudi anh CT_AXB vdi liéu tinh toan trén chubi anh CT_AAA
bang phuong phéap Gl trén phan mém MapCheck (d6i vai thuat toan AAA).
Chénh léch I6n nhat gila liéu tinh toan st dung thuat todn AAA trén chudi anh CT c6 hiéu chinh ty
trong vdéi liéu tinh toan s dung thuat toan AAA trén chudi anh CT khong hiéu chinh ty trong trung binh la
1,47% v&i khodng tin cay 95% (1,10%, 1,84%) (p<0,0001).
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3.3. Hiéu chinh ty trong va liéu tinh todn sir dung thuét todn AXB

Bang 3. Trung binh chénh léch 16n nhat giiia liéu tinh toan st dung thuat toan AXB so v@i liéu tinh
toan s dung thuat toan AAA (trong vung hiéu chinh ty trong)

Chénh léch trung binh Chénh léch trung binh
Vung [Khodng tin cay] (Gy) [Khodng tin cay] (%) p
AXB - AAA 100*(AXB - AAA)/AAA
Hiéu chinh ty trong 2,13 1,46, 2,80] 3,71 (2,94, 4,48] < 0,0001

{ch
Hinh 12. Phan bé liéu tinh toan trong vung hiéu chinh ty trong stir dung thuat toan AAA (a), AXB (b)
va biéu d6 so sanh liéu tai dudng tham chiéu ().
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Hinh 13. Danh gid phan bé liéu tinh todn trong vung hiéu chinh ty trong gilra thuat toan AXB
va thuat toan AAA bang phuong phép Gl trén phan mém MapCheck

Trong vung hiéu chinh ty trong, chénh Iéch |6n nhat gitra liéu tinh toan st dung thuat toan AXB véi liéu
tinh toan st dung thuat todn AAA trung binh la 3,71% vé&i khoadng tin cay 95% (2,94%, 4,48%) (p<0,0001).
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3.4. Liéu vao thé'tich diéu tri va co quan nguy co

Bang 4. Liéu trung binh vao PTV_70Gy va OARs ctia ké hoach AAA va AXB

. L. . Chénh léch trung binh
R . Trung binh + D6 léch chuan (Gy) . R
Thé tich Liéu [Khoang tin cay] (Gy) P
AAA AXB AXB - AAA
D1nax 7713+£1,12 7740 +£1,77 0,57 (-0,33,1,47) 0,191
Duin 60,88 = 3,34 59,69 + 3,33 -1,18 (-2,28,-0,08) 0,037
Dy, 74,70 £ 0,80 7491 £ 1,37 0,21 (-0,44, 086) 0,495
PTV_70Gy
Dosgo 68,94 + 0,54 68,75+ 0,59 -0,19(-3,11,-0,07) 0,006
Dosos 69,98 + 0,24 69,94 + 0,31 -0,04 (-0,17,0,09) 0,525
Dsos 72,53 +£0,58 72,70 £0,82 0,17 (-0,15, 0,49) 0,270
Dinax 71,28 +£3,32 70,02 +£ 3,34 -1,26 (-2,00,-0,52) 0,003
Bone_Mandible
D 64,82 + 6,33 63,46 + 5,48 -1,37 (-2,39,-0,34) 0,014
BrainStem Dinax 48,07 + 2,99 47,58 + 3,09 -0,49 (-0,74,-0,24) 0,001
Calvity_Oral Dinean 37,06 2,52 37,25+ 2,60 0,19 (-0,02,0,41) 0,075
Parotid_L Drean 27,54 £ 6,96 274717 -0,14 (-0,31,0,03) 0,100
Parotid_R Dimean 25,24+ 0,68 25,00+0,76 -0,23 (-0,33,-0,14) < 0,0001
SpinalCord Dmax 40,40+ 1,28 40,19+ 1,38 -0,20(-0,52,0,12) 0,188

Chénh léch liéu trung binh ctia D,,;, va Dgg,, vao PTV_70Gy gilta ké hoach AXB va ké hoach AAA lan lugt
la -1,18Gy véi khodng tin cdy 95% (-2,28Gy, -0,08Gy) va -0,19Gy v&i khodng tin cdy 95% (-3,11Gy, -0,07Gy)
(p<0,05). Trong khi chénh léch liéu trung binh ctia D,,,,, Dy, Dose, Va Dsgy, cla PTV_70Gy giira k& hoach AXB la
khong co y nghia théng ké (p>0,05).

Chénh léch liéu trung binh ctia D,,,, va D, vao Bone_Mandible gilta ké hoach AXB va ké hoach AAA lan
luot [a -1,26Gy véi khodng tin cay 95% [-2,00Gy, -0,52Gy] va -1,37Gy véi khodng tin cdy 95% (-2,39Gy, -
0,34Gy) (p<0,05). Chénh léch liéu trung binh cta D,,,, vao BrainStem va D,,.., vao Parotid_R gi(ta ké hoach
AXB va ké hoach AAA lan lugt la -0,49Gy vGi khoang tin cdy 95% (-0,74 Gy, -0,24Gy) va -0,23 Gy véi khoang
tin cdy 95% (-0,33Gy, -0,14Gy) (p<0,05). Trong khi chénh léch liéu trung binh cla D,,.., vao Cavity_Oral, D,,,
vao Parotid_L va D,,,, vao SpinalCord la khong c6 y nghia théng ké (p>0,05).

Bang 5. Chi s6 liéu déng dang Cl va déng déu HI tinh cho PTV_70Gy

cta ké hoach AAA va AXB
. Chénh léch trung binh
o s . Trung binh + D6 léch chuan . ) gA
Thé tich Chisé (Khoang tin cdy) P
AAA AXB AXB-AAA
c 1,090 £ 0,050 1,073 £0,035 -0,017 (-0,046,0,013) 0,243
PTV_70Gy
HI 0,079+0,016 0,084 £ 0,025 0,01 (-0,004,0,014) 0,236

Chénh léch trung binh cta chi s6 ClI va HI gitta ké hoach AXB va ké hoach AAA la tuong d6i thap, tuy
nhién diéu nay khéng c6 y nghia théng ké (p>0,05).
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3.5. Kiém tra chdt luong ké hoach

Toan bo 12 ké hoach tinh liéu s&r dung thuat toan AAA va 12 ké hoach tinh liéu si dung thuat toan AXB
déu dugc thuc hién QA sir dung Portal Dosimetry va phuong phap Gl véi thong sé AD/Ad = 3%/3mm dé tinh

ty |é dat PR (%) cho tiing ké hoach.

Bang 6. Ty lé dat PR trong kiém tra chat luong cac ké hoach AAA va AXB bang phuong phap Gl

. Chénh léch t binh
; Trung binh £ D6 léch chuan (%) en ) ec . ruI\g n
Chiso T [Khoang tin cay] (%) P
AAA AXB AXB - AAA
Ty lé dat PR 97,54+ 0,89 98,55 +0,58 1,01[0,34, 1,69] 0,007

Chénh léch trung binh ctia chi s6 PR gitta ké hoach AXB va ké hoach AAA 1a 1,01% vd&i khoang tin cay

95% (0,34%, 1,69%) (p=0,007).

3.6. Thai gian téi uu héa va tinh liéu ké hoach

3 mady tinh TPS véi cling cau hinh dugc st dung dé t6i uu hoa va tinh liéu cac ké hoach IMRT/VMAT: Chip
Intel Xeon E5-2620 gém 6 16i, 12 ludng vai xung nhip t6i da 2,5GHz, bé nhé RAM 32GB. Khi tinh liéu bang
thuat toan AAA, hé thong sé thuc hién tinh toan song song. Ngoai may tinh dam nhiém chinh viéc tinh liéu,
2 may tinh con lai m6i may déu dugc chia sé mét phan nhiém vu tinh toan.

Bang 7. Thai gian trung binh cho méi lan téi uu héa va tinh liéu ké hoach AAA va AXB

, Trung binh * D léch chuan (phut) Ty Ié’trun? b‘l?h
Chi so T (Khoang tin cay) p
AAA AXB AAA/AXB
Tinh liéu don thuan 17,37 +£7,59 8,23+2,02 1,66 (1,43, 1,90) < 0,0001
Téi uu héa va tinh liéu 62,02+ 19,78 36,58 £4,56 2,05 (1,68,2,42) < 0,0001

Thai gian cho mai lan téi uu héa va tinh liéu ké
hoach AAA lau hon dang ké so véi thai gian cho méi
lan t6i uu hoa va tinh liéu ké hoach AXB, trung binh
la 2,05 lan véi khodng tin cdy 95% (1,68, 2,42) lan
(p<0,0001). Thai gian tinh liéu don thuan (khong
bao gém viéc t6i uu hda) cho ké hoach AAA 1au hon
so vdi thoi gian tinh liéu don thuan cho ké hoach
AXB trung binh la 1,66 lan véi khoang tin cay 95%
(1,43, 1,90) lan (p<0,0001).

4. Ban luan

Trong vung khoang khi, liéu tinh toan st dung
thuat toan AXB thdp hon dang ké (trung binh
khoang 13,38%) so vdi liéu tinh toan si dung thuat
toan AAA. Dac biét la tai cac vi tri vung khoang khi
ti€p giap hodc giao véi cac thé tich diéu tri. K&t qua
nay cling hoan toan phu hop véi cac két qua danh
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gia thong s liéu - thé tich gitra AXB va AAA. Vi du
nhu: D6i véi PTV_70Gy, liéu D,,, va Dy, trén ké
hoach AXB thap haon dang ké so véi liéu D, va Dggy,
trén ké hoach AAA. B&i vi cac diém nhan liéu D,
thudng nam trong vuing khoang khi, ngi ma liéu tinh
toan st dung thuat toan AXB thap hon dang ké so véi
liéu tinh toan s sung thuat toan AAA. Dan téi khi cac
ké hoach AXB va AAA clng dugc chuan héa giéng
nhau (100% liéu bao phi 95% thé tich PTV_70Gy) va
PTV_70Gy lai c6 chia hodc giao véi cac vung khoang
khi thi c6 thé D, ciia ké hoach AXB sé cao han so Vdi
D,n.x CUia ké hoach AAA. Tuong tu, trong vling xuang,
liéu tinh toan s dung thuat toan AXB thap hon dang
ké (trung binh khodng 5,31%) so vdi liéu tinh toan sur
dung thuat toan AAA. Nhat la tai cac vi tri ving xuong
ti€p gidp hodc giao vdi cac thé tich diéu tri. K&t qua
nay phan anh dang thuc t¢, liéu D,,, va D, vao xuong
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ham (Bone_Mandible) trén ké hoach AXB thap hon
dang ké so vdi liéu D,,, va D,. vao xuang ham ké
hoach AAA.

D6i vai thuat toan AAA, chénh léch gilia liéu
tinh toan trén chudi anh CT 6 hiéu chinh ty trong
va liéu tinh toan trén chubi anh CT khong hiéu chinh
ty trong la tuong d6i thap, chénh léch trung binh
cao nhat chi vao khodng 1,47% (trong vung hiéu
chinh ty trong). Ngoai vung hiéu chinh ty trong thi
liéu tinh toan trén chudi anh CT ¢ hiéu chinh va
khéng hiéu chinh gan nhu la trung khit nhau. Két
qua nay cho thdy, néu sir dung thuat toan AAA,
ching ta c6 thé khong can phai hiéu chinh ty trong
anh CT cho cac vung tan xa. Déi véi viéc st dung
chudi anh CT cé hiéu chinh ty trong, chénh léch gilta
liéu tinh toan s dung thuat toan AXB vdi liéu tinh
toan s dung thuat toan AAA & muc vua phai, chénh
léch trung binh cao nhat vao khoang 3,71% (trong
vung hiéu chinh ty trong). Nghién ctu ctia Kitagawa
va cOng su cling chi ra rang viéc hiéu chinh ty trong
cho cac vlung tan xa chi tao ra mot dnh huéng nhé
dén dén liéu tinh todn st dung thuat toan AXB. Tuy
nhién viéc nay sé c6 y nghia khi vuing hiéu chinh ty
trong c6 kich thudc 16n, ti€p gidp hodc giao vai cac
thé tich diéu tri va nhat 1a ving giao nay la vung
khoang khi hoac xuong [13].

Kiém tra chat lugng cac ké hoach AXB cho ty I&
dat cao han trung binh khoang 1,01% so véi cac ké
hoach AAA. Két qua nay ciing hoan toan tuong
dong vai két qua ctia moét s6 nghién clu khac nhu:
Hirata va cs. da xac dinh rang AXB cho két qua trong
pham vi 2,6% so véi do dac tai vung cé mat do cao
trong khi d6i véi AAA va PBC con sé nay la trén 4,5%
va 4,0% tuong Ung [14]. Bassi va cong su da tién
hanh do liéu bang film Chromic EBT trong phantom
khéng dong nhat, két qua la AXB c6 sai s6 dudi 3,0%
trong khi AAA sai s6 c6 thé l1én dén 11,0% [15]. Cac
két qua nay cho thay thuat toan AXB giup nang cao
d6 chinh xac tinh liéu hon so vai thuat toan AAA.

Thai gian t6i uu héa va tinh liéu ké hoach VMAT
st dung thuat toan AXB nhanh hon gap 2,05 lan so véi
viéc st dung thuat toan AAA. Trong nghién ciiu cla
Kroon va cong su khi so sanh thaoi gian t6i uu hoa va
tinh li€u VMAT xa phau ung thu phéi st dung thuat

toan AAA va AXB ciing cho két qua tuong tu, AXB
nhanh hon géap déi so vai AAA [16]. Nhu vay r6 rang,
thuat toan AXB gilp gidm dang ké thdi gian thdi gian
lap ké hoach (t6i uu hoa va tinh liéu) VMAT néi chung
va VMAT mét s6 ung thu dau - ¢6 ndi riéng.

5. Két ludn

Trong lap ké hoach xa tri VMAT mét s6 ung thu
dau - ¢6, viéc hiéu chinh ty trong anh CT tai mét s6
vlung bi tan xa gay bdi rang cé mat do vat chat cao va
st dung thuat toan AXB la can thiét gitp nang cao d6
chinh xac va gidm thdgi gian trong viéc t6i uu héa, tinh
toan liéu va lap ké hoach xa tri cho bénh nhan.
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