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ABSTRACT In order to discuss the accuracy of iterative cone-beam computed tomography (iCBCT) image used
for pelvic tumor dose calculation, thirty cases were selected from a hospital that use a Halcyon accelerator for
radiotherapy. The volumetric modulated arc therapy (VMAT) plan was redesigned using Eclipse 15.6 planning
system, and the setup iCBCT image acquired for the first time was registered with the planning CT image (pCT).
The VMAT plan (pCT plan) of each case was transplanted to the iCBCT image, and the dose was calculated again
based on the CT-relative electron density curve calibrated using the iCBCT image to generate a new treatment plan
(iCBCT plan). The dosimetric parameters of the two plans were analyzed using SPSS 26.0 software to perform ¢-

tests. The results of D,, D, D, ., conformity index (CI), and homogeneity index (HI) in the planning target volume

982 mean®

dosimetry parameters of the iCBCT plan were similar to those of the pCT plan. The average differences were 0.71%,
0.53%, 0.97%, 0.25%, and 0.95%, respectively, with no statistical significance (»>0.05). Among the organs at risk,

the average difference of D, ., D,, V,,, V5, and V,, between the left and right femoral head, rectum, and bladder was

mean?

small, with no statistical significance (p>0.05). The parameter with the largest average difference (1.71%) was D, _,,
of the bladder. Compared with that of the pCT plan, the gamma pass rate of the iCBCT plan was 1%/1 mm standard
(88.1+1.1)% and 2%/2 mm standard (97.8+1.2)%. Compared with the measured values, the mean difference between
the isocenter dose of the two plans was 0.98% and 0.81%, respectively, with no statistical significance (p>0.05). The

results show that in most pelvic cases, the results of the iCBCT images used for radiotherapy planning dose

calculation are accurate and reliable, and the accuracy meets the requirements of clinical application.

KEYWORDS Iterative cone-beam CT (iCBCT), Dose calculation, Pelvic tumor, Volumetric modulated arc therapy

(VMAT)
CLC R8I15,TL72

HEFZH CT (Cone-beam CT, CBCT) K& A
5 B (E SR IR il ) 45 W R o 23 L 1%
FERIE 7T, M40 CBCT B B i e i e 8, 3 A
= EUE I CTEEEE A HER, BT 07 TR 71
2 HE 5 BIE R CT M AR — 28R, Al
Il R SR B0 2020 4E 8 ., "1 [E % — & Halcyon
2.0 ik ey (B Znw, KED L, HEMM
kV 2 CBCT il i 3 (15 A £ M Skt — b i s
CBCT 4 )i & . 14X CBCT (Iterative cone
beam CT, iCBCT) 5% M CBCT & AH Lt &I {55t
IR T A TR 1% Y 30 15 725 e 98 o
%1, 3T i+% CT (Planning CT, pCT) #1iCBCT
B OE B Wk A B IE O 3 (Volumetric
modulated arc therapy, VMAT) BT it%l, @id%E
MEL DA FEERRET (Dose volume
histogram, DVH) } Gamma @it % 55 25 L
otk (BB BIZR, A iCBCT EHEH T
7 B IR TBOT v Rl B AR BT SRR AT VAL, SRR
B T iCBCT W & 1) B & B 8 76 97 8 R
(Adaptive radiotherapy, ART) ' Z5 5 f 17 5 $24it
EAC/TB RS

1 H#ERERE

1.1 IGERER

6 B 1L 4R R 2 B 2021 4E 3 H 2022 43 H
TR FEAT HOT 1 230 1 g 9 491 30 451, b B34 14
1, P16, FALFERSID (45~63) X, JH
s & Z R BeAe B S L b i, P R %%
FBHEFE . 30615 513517 CBCT $14,
BB VEAT T Y EE . B NFRE
(1) 93 ] 396 B 06k 5 o L1 2 s Mg s () T IRA
Jr R CBCT; (3) B3R CT E& HISEIX A1 fE
MEAETREGE T, HRbrdE: (D 2570
(51, IR 97 T8 Bl 25 em (9% 61 ;. (2) CBCT
EURAE ™ E &R (3) CBCTRIME A,

1.2 (4B[EHF

AW FASE FH 849 :  Varian Eclipse TH&I &
45 v H H 7 ) Registration FC 7 5044, 8R4 A 13
915.6; Gamma il i 2 73 BT 844 PTW verisoft 7.1;
Halcyon 2.0 i &% (3£ [, Varian A 7)) ; CIRS
Model 062 54k (SE[E, CIRS/AT); MT-VW [#H &
JKFIPTW 0.6 cc 45T M & % (FE[E, PTW AR
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1.3 CT-HExTH FEEMZHIEL
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K H CIRS Model 062 144 (5 pCT EE 5 & 144 AH
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TR B S 3 55 o N T ARAIE 2 8 R BT A o il 2k
RIS, B BRI T B 10 om JE 1 [ R K 2
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(125kV.80 mA .13 ms) . i & {E FE & [ iCBCT K%
P SRR A o 5 FE A AR ¥ CT B (AU 0.7 emx0.7
em FEJE X8 N 1 ~F 2 CT A , I-4i A Eclipse 15.6
TR R Go 37 CT E-AH XS B 725 B b o 2K

1.4  pCTitXIFICBCT BB &

X 30 11 s 993 51 BT BT E VMAT 11l CREIX A
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100% i1 %I #E [X (Planning target volume, PTV) . 1%
AL PTV () H b s 8000 S s v, FeAx 206 )
A EARRAEWE s, F & E R
Acuros XB 535, THE M8 0.25. 28T pCT B 1)
TR 52 RUE » % iCBCT BM& (B IRIBIT I SR AR
5 pCT K 14 #F 17 BC #E (38 i Bclipse H 7 1
Registration NI V4 e #E 5044 , I8 pCT 1 R # 18 2l
iCBCT K& I, {3 F iCBCT B4 1) CT {H-FH % H1
5 R 2 EOR AT R R S, AR CBCT R
Bt 355 R B SR

K1 faRkSERFIRERRE

Tabel 1 Dose volume limits of organ at risk (OAR)

fa A E FE AR R
Organ at risk Dose volume limits
JEE bt Bladder V., <50%

E % Rectum V., <40%, V,,<50%

% 3k Femoral head
/N Small intestine
5P & Ovary

524 Testis

V,<5%,D_ <52 Gy
V,<10%,D,_ <30 Gy
D, <12 Gy

D,.<4 Gy

1.5  pCTitX|5iCBCT BIELE:

PRI 28 B 3 S5 ) B AT 2% DVH 5
DAb S )8 (5 PTW 0.6¢c 8 T8 HEL B 2 s A L

B Gamma it #, Ff 18 1 DVH 3R UG X 1 i
Je A8 B AR SE0ET LB U RS S5
45 PTV ) Dy« D, D, .., % i& I 1§ 1 (Conformity
index , CD) F134) 2] #£ #5 %t (Homogeneity index, HD .
Horp, CLAIHI ) 1H 5 A XS AR & SCR AT
& KA B G A Rl Sk B ARSI, 8 4t
DD Vo Vi F Vo A8 PTW verisoft #1453 47 771
T2 ) Gamma ik, FEEE I FRAE Y 1%/1 mm.
2%/2 mm(IF B BIE 10%) .

L6 StFERE

Sof H s 5 SR AT IE S AR WIE , £F & IE S0 A
(R BEAT (K656 20 BT 5 p<0.05 TR 22 A it %75 X,
5 F s G i 4444 IBMLSPSS 26.0.

2 R

21 CT{E-HEXHBEFZEE/Z%

5 pCT B4 AL ,iCBCT %) CIRS Model 062
PAR S B F CT(H 22 R38N , 2 44 7E£11 HU LA
W o F T AT 0 CT 1 — XS L7255 B il 26
1F7m o BB L R] 0, PR R R i S5 e, 5
FEAR T 7K I X 38 pCT B I b o€ LB 15 T iCBCT,
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10001
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>
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Fig.1 Calibrated CT value-relative electron density curves
22 PIVAREFENFEFSH

5 pCT i+ &I AH L, iCBCT it %I ) 77 & 2% 2 5
WL, PTV ¥ D,W Dy F1 D, 45 R385z , 22 -~ P58
I3 AN :0.71%.0.53% F110.97%, 2 F T4t it 2 XL
(t1H 435 °N-1.599.1.346 F111.918, p>0.05) ; CI F1 HI
T B2 R IR BN, 2 YA 53 0 8 £ 0.25% Al
0.95%, 7= 57 L 4t i 2% 2 L (A 43 7 N -2.065 Fi
1.837,p>0.05) , VEAH (15 [X ) &2 - H 45 R WK 2.
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BT ge it 10 e s B v e A i Sk BB AR e
PR RIS Dy Dsn Vg Vi BV (111 3B 22 57 )
BUN, TG 5 L (p>0.05) , tH e K 1.752 (i
T Vo) s B2/ 0.035 (A B 3k 1M D, 5 76 A B

3K 2 S A B K R 1.57% 1 1.13%, 3398
V455, B I 22 = P E KN 1.63% (V)
B I 1 22 S P 3B B KON 1.71% (D) » fE 38 B
FEHSHERIEKS.

R2 EXFEBRFSHER
Table 2 Results of target dosimetric parameters (X+s)
Z ¥ Parameter D,/ cGy D,/ cGy D,../cGy CI HI
pCT 6 255+84 5 895+57 6116+74 0.877+0.034 0.059+0.016
CBCT 6287+71 5 875+53 6 074+95 0.8600.035 0.068+0.017
t -1.599 1.346 1.918 -2.065 1.837
p >0.05 >0.05 >0.05 >0.05 >0.05
X3 BRBENBESHER
Table 3 Results of OARs dosimetric parameters (xts)
2 ¥ Parameter D,../cGy D,/ cGy V! % V! % V! %
7r W 3k pCT 2222+166 3 1774285 74.66+6.26 18.76+7.22 1.65+0.82
Left femoral head CBCT 22244169 31634285 73.96+6.34 19.04+7.35 1.63+0.81
t -0.053 0.195 0.428 -0.151 0.095
P >0.05 >0.05 >0.05 >0.05 >0.05
HIBCE Sk pCT 2 1254246 3 005+468 75.28+8.99 15.25+8.50 1.94+0.92
Right femoral head CBCT 21224247 29974467 74.69+8.94 15.16+8.49 1.95+0.93
t 0.035 0.069 0.253 0.042 -0.073
p >0.05 >0.05 >0.05 >0.05 >0.05
H pCT 27254428 4 305+543 59.19+11.33 38.60£10.97 21.02+10.06
Rectum CBCT 2 7624428 4 458+558 60.09+11.66 39.23+11.16 21.14+10.29
t -0.339 -0.368 -0.301 -0.223 -0.042
P >0.05 >0.05 >0.05 >0.05 >0.05
JE% I pCT 3772+167 4 589+573 97.23+2.31 73.81+5.88 45.01+7.54
Bladder CBCT 3 834£173 4 619£570 96.16+2.47 75.09+5.94 45.72+7.69
t -1.422 -0.209 1.752 -0.840 -0.367
p >0.05 >0.05 >0.05 >0.05 >0.05
23 FXIE5%HFDVH (1 5 JB5 I 1) it 482 ) 2 MR AEG 7 2 X ICBCT o 4l 1)

PRI GCBCT M1 pCT &1l i 45 71 & 4> A
FIDVH BT 5.3 22 5 . B 2 o 145199 451 i 25
& 43 A1 A DVH B . i 2 () A (o) Al 5, J6 1
iCBCT M4 45 577 & 40 A 11 28 5 pCT My, AL
4200 cGy F14 800 cGy )45 7 & th & E E G 14 T
Ji & ANTA ; B 2 () B DVH B R 41, iCBCT B4
(1265 pCT [AH L , 22 5 B K IR X 3508 PTV 1) D,
B G 22 57 N 2.9%) s PTV i 2838 B AR 57 | (X
(Dy~Dy)iCBCT v X I B AK T pCT [, ) &= X
(D~D,) IEGF AR IR s 77 A5 B S L 1 1l 4R 3R 300
K 2 BUIX 38 iCBCT v R ) 77 &2 il 22 B KT pCT

i 1 pCT 1, Fili 35 77 5 X 08, 7oy b o ol ) o 2838
WES, L EES

24  GammaBidEFMaFIE

30 491 % 5 99 49 iCBCT it &Il i) Gamma 3 i %
(5 pCT i RIAM L) A 1%/1 mm 5 #E (88.1£1.1)%,
2%/2 mm ARAE(97.8+1.2)% . 5 by f 7 B S2iE Ry
(212.3+4.8) ¢Gy, W Fl i1 %Il GCBCT A1 pCT 11X 1
{E 535 8 (213.144.4) ¢Gy F1(212.0£5.3) cGy, 55K
WUAE A b 22 57~ 3545 23 531 24 0.98% (0.46%~1.88% )
F10.81% (0.45%~1.84%) , Z B LG it 2 & X
(p>0.05) , t & 73 71 9-0.445 F1-0.614.
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Fig.2 Example of isodose curves distribution and DVH plot results: (a) isodose distribution for pCT planning; (b) isodose
distribution for iCBCT planning; (c) comparison of DVH diagrams of the two plans (color online)
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AHE T E 1 H T Acuros XB H %1 & V)
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CEH B A7 i 278 T 50, 2% 5 & T K s
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Fig.3 Comparison of differences in CT values between iCBCT and pCT images: (a) pCT images; (b) iCBCT images;
(c) profiles on the orange line in (a) and (b), display window [1 000, 200] (color online)
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