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Abstract

Objective: To explore the influence of 6 MV X-ray and 10 MV X-ray on the VMAT plan of rectal can-
cer in flattening filter-free (FFF) mode, and to provide a reference for the selection of radiation
quality for rectal cancer radiotherapy. Methods: Twenty patients with rectal cancer after surgery
were selected for retrospective analysis, and the VMAT plan of FFF-6 MV and the VMAT plan of
FFF-10 MV were designed on the Eclipse 13.6 planning system. The dose volume histograms of the
two plans, the conformity index (CI) of the target area, the homogeneous index (HI) and the dosi-
metry parameters of the bladder, left and right femoral heads, small intestine, and normal tissues
(B-P), and the dose verification passed Rate, Monitor unit count, treatment time difference were
compared. Results: The D; and Dpean differences between 6 MV X-ray and 10 MV X-ray plans were
statistically significant (P < 0.05). There was no statistical difference between Dog and target vo-
lume coverage (P > 0.05). CI and HI in the 6 MV plan group were better than those in the 10 MV
plan group (P < 0.05). In terms of organs at risk, there was no significant difference in bladder
Dmean (P > 0.05), the result of V5o of 6 MV was less than 10 MV plan (P < 0.05), small intestine Dyax,
left and right femoral head Dnean and V4o were not statistically different (P > 0.05), normal tissue
V, and V5 were 10 MV Lower than the 6 MV plan (P < 0.05). The passing rate of dose verification,
the number of monitor unit, and the treatment time were all in the 6 MV plan less than the 10 MV
plan (P < 0.05). Conclusion: Both plans could meet the clinical requirements, considering that
most of the organs at risk have no significant difference, and the conformity index (CI) and un-
iformity index (HI) of the target area at 6 M X energy in FFF mode are better than 10 MV X-ray, and
the number of monitor units is less, it is recommended to use 6 MV X energy to develop a rectal
cancer VMAT plan in FFF mode.
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1. 5|8

T A L LB R 2 — 1], TR B R RO R m RS 2 4, IR R E R b
THEaH . BURGIT HARVE N B e i) — R E AT 75, H AT ORIz HR A IR 2] [3] [4].
PRI RE T 38 0T (Volumetric Modulated Arc Therapy, VMAT) AR AR 3807 IMRT)H A ) ZE 451,
REMELENL AL R (M F2 v tH o, DRI VMAT BORTEREXGE T BE R A1, fa A B 2 &, WLas %, R
J7 I 1A 2 0 T B A A (6] BEE THSRBOT BRI R E, JEH%E (Flattening Filter Free, FFF)IE R 5L 4t 1135
#(Flattening Filter, FF)UAHEL, FFF BN 2RSS 0 iy . N 80 I s B, Rlitkin
SRR NI FE A S [7] [8] [9] 6T 5 F L ZR ik 25 1) FFF A5 10 77 & 22 R R 72 O A i3RaE 8] [9],
FHOCHE ST A EL T FF 0 FREdE, FFF U RRERE “b” [8] [9]. FFF BT Efe & 5IAEE X
2R RO P R R T S R s D WA SRS . BRIk, ARFRCAEAE VMAT R8BI, 41 FFF
BT 6 MV 5 10 MV 1 X 2571182245 5.
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2. MRS
2.1. IEPRFER

BE LI B AT 72 ASBE SR ARG T ) 20 BB ARG 3, 54L& 10§, Gk 45~78 & (P AL4EE 63
Yo 20 BIEFH AR WATBOT I AAE . IR IEH LB EIES . KPS P 397E 70 73 LA b, WABUTES
iE o I HIR R BE SR Syt fib. DINTIHERRARIE: 1) IAFRE. © AeBRIRKFHETR, @ A
HOREE A S RN E ke @ RKIA AR . 2) HEBRIniE. ARG RIE.

2.2. CT #EHIENL

A FHFAIB I ) & P B AT AR RO SR [ e i3, AR I PR SR BH[10], R AR EMSE 7 200 IR 2021
PRI TAREML, B8 FEOR R AL () 55 5 PR FORS B B R, — SR B ARG 10 VR, RN &7 & P
AR, WA RS —BUMEMZ, 7€ GE Light Speed 64 HFZiE CT F4tl & AL T 1585, CT 22
JE 5 mm, FFVEEME 3 MR TS B T4, 3745 CT #2145, @it & N L% Varian Eclipse
1 I ST 22 =R SR U She R e D W& = AR e & =11 =S R CAN 7N 90 AN ] = S
2.3. HRI&T

T Eclipse v13.6 11X R4t fil Varian True Beam NI &S, X &N B3 6w AL BOT &I, PRI
38 FH FFF B30 N REEN 6 MV X 2R A1 10 MV X 28 40 VMAT 111350 % H 9 A~ 4= 9IS £+ 181°~179°,
T EF 179°~181°) IS, HEELASAE 5°, WA HE3 K/ 2.5 mm, FJE A 1400 MU/min, 60 % MLC.
AT RN 50.4 Gy/28 Fo N TAET VP vk, PIALTHRIFEX 2 55 % 15— 3] 50.4 G 5 95% (>95%) )
X AR, X FE R ARME T 110%59 4077 7 AT 1%,

2.4. THRITEGE

HE 45 77 & — A FH B 7 B (Dose-Volume Histogram, DVH)RIFEX A G M 88 B A =¥ S5, &%
ICRUS3 S fi[11]. ¥EXPFIREESE: EXE BRI EERMEEAER SR Z ), Div D
SPEIFNE Dineans 3511 Do Dog 7353 60 FEIRE X AR TR 2% 98% ISR/l & 353t fa e U (1):

HI = (Dz =Dy )/Dso (M
Horp Dgo AL I FE X ARFR 50% 0 /N, HIAEFREEIT 0, FWIHEIX 2 S s .
&Y B e e U (2):
¢1 :(VT,ref/ VT)X(VT’W_,/ Vref) 2
Hrry, | AT R S L XARAR, v NBEIX AR, V. NAETT IR R 1S AR, CT Elin
T 1, GHEXPRE TR . & a8 T R ESEONEM Dacns Vsos 74 3k Dieans Daos "N
Dinax» IEHHZ(Body 182 PTV) Von Vso BEAL, VAL TR FIHLES Bk 2 (Monitor Unit, MU).

K F SunNuclear 24 & ] Map Check I, LA 3%/3 mm HiRZbREXS FrG iR T 4572 5600E, ot

H gamma T H

2.5. G EAE

JIT A $ud R Al SPSS 22.0 B HEAT ST AR ER, Bl DA B + ARifEZEROR, AR U0 M0 i N IE & 70 A1,
KB t K90 AT, P <0.05 NZERA G Lo
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3. &R
3.1. BXFIEZSHELE

% 1 oy FFF AU 6 MV 5 10 MV A RIFEX R EFSHILRER. R 1 BH, MM

FEUX Dy Al Dyean 23 GE 12275 L(P < 0.05)0 Dog AL X 7 35 R G527 (P > 0.05). 6 MV
TR 1 fn HI LT 10 MV HFRIZHP < 0.05). 142 6 MV 5 10 MV &5 1 DVH EIXTEL, A EF ] B

Ay

FH, 6 MV 5T 10 MV, IEH 4

N

6 MV iR T 10 MV iHRI45 R .

Table 1. Comparison of dosimetric parameters of target volume (X s )

=1 BXAIEFSHEEE (X £s)

PN

He B

1

PTV
e Dy/cGy Dyg/cGy Drear/ Gy CI HI X 7 /%
6 MV 5193.27 £57.31 4977.76 + 68.11 5222.56 £20.22 0.818 £0.028 0.091 £0.016 95.01 £0.21
10 MV 5260.83 £61.27 4950.89 +£119.92 5250.80 +18.79 0.813 £0.027 0.097 £0.029 95.00 £0.22
P 0.002 0.089 0.008 0.034 0.003 0.896
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Figure 1. DVH comparison between 6 MV plan and 10 MV plan
1. 6 MV it%)5 10 MV i+%] DVH %ftt

32 BREENRESHRLR
32 AMAHRIE KA B E A

g5 W RIS Dipean LG22 ZE (P > 0.05) Vo &5 58 6 MV

/N 10 MV TFRIZLP < 0.05)s 2245 B Sk Dinean T Vo $TC 23 72 7:(P > 0.05)0 /NI Doy JC 235 22

5P >0.05). IEFHL V. VsEEH RN 10 MV HRIZE T 6 MV iHRIZL(P < 0.05).
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Table 2. Dosimetric parameters of organs at risk (x £ s )
2 BRFETEFEH (F1s5)

OAR

ZH 5 JEE e e ek sk N IEH A
Dinean/Gy Vio/% Dinean/Gy Viol/% Dineand Gy Viol% Dunax/Gy Val% Vl%

6MV  4154+191 22.62+4.14 22.62+4.14 082+ 143 2248+2.14 062+ 144 5352.62+44.14 61.62+531 51.79+9.17

10MV  4126+193 2445+532 21.88+3.77 0.79+1.71 21.71+3.12 0.58+1.61 534833+50.14 5631+545 49.31+8.05

P

0.126 0.010 2.122 0.460 2.090 0.363 0.229 0.009 0.008

3.3. FIRMIEBES R, YRkE. JAFTREER

13 PR AWATHRIF RIS F . PLEEBEL IR TR L, AR AR 10 MV 5T
6 MV (P <0.05), HLESBEECRIIAIT IS (A1 45 4R8N 6 MV 1HRIZ/NF 10 MV THRIZH(P < 0.05).
Table 3. Comparison of pass rate of dose verification, number of machine hops, and treatment time comparison of target do-

simetry parameters

3. FISWIERE R, MR, JATHELREXFEF SR

44 o Y S %% HLELBEAUMU Y IR /S
6 MV 98.27 £ 0.81 617.7 £38.1 705+52
10 MV 98.57 £ 0.65 637.9+449 71.8+5.9
P 0.012 0.009 0.008
4. THe

H a5 O FFF BGEI7 B T AT HEROHRIE[12] [13], KRZEET 6 MV X &G I, 6
MV g5 10 MV BEE N X ZReiE ANF, FFF AT 10 MV (W REEEEMAEKH LR IR 1) profile
AT S HEER L FFF-6MV 5B 58], iX 18 FFF £~ 6 MV e &I X 285 10 MV BEE 1 X 46318
B R KR, XS T FEE B 10 MV 5 6 MV X B8 I6 97 Jiloss S X R & M 28 B I 4 3 741
ESH B R Y . AFTITEE T FFF R T 10 MV 5 6 MV 6T EIGERIFI R4 2R . TRERE
B, FFF#:0F 10 MV 5 6 MV BFTE SR N TH-RIFHE X S H0 2 IRIRER R RS % 25, #5
R IERASRZE, FIRRAEED AR T 8 % 5 AR E 5

HEER, B WANET FRE AR DCIRIEA R 2 [14] [15] [16], FFF 88 A 378 T3 0 i 771
AEfLILF] 1400 MU/min. 5 FF AHRIMEL, 6~10 MV () FFF #a0itR, PR B SEF %% 20 em 4R 1F)57)
IR 23%~31% [14]. RZHRITEXRT FFF AT Ik 85 i B Re v i 2 ma 247 1 B 7080 FF B ) Re 1
BT T R4, WIRERI R RIS a . B E RV RS . (H2 KT FFF fUF
AFEReE TR ER b . B, Ost S5[17]4R1E T m=iBE 51K AE X 2k IMRT F1 VMAT J& 77 1i 41 Ji
e, FAe X KM, FESMMALEGIFFEER. RERMALSEREA B, AN RER CT5 HI
FRE X RIGIT LA . Wi R A X 7 o5 R 3 22 (P = 0.896). fu L2 7T, AHEFBEME Dimeans
FARE ks MHER AR EZEY LG FER, X5 Kumar F[18]IFAGREA—, K24k
KBS ERELLELES, BB Ve A% E (P = 0.01). Vassiliev 25[19]#i& 5 FFF-1SMV L,
FFF-6MV 697 B4 ¢ IMRT 1HRIBkE MU 850, TAB 4RI, FFF-6MV VMAT iR #5 Bk%k
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Et FFF-10 MV 2>, JEF AT SHLABRECGR TREIX K/ 08 KRR A ESERE, H 10 MV
REVS IR (A R R A1 AR i 28 T v BREGER/D, BB IRYT I (AER /D>, R, AT 6 MV TRV 7 I 7]
AT 10 MV THRIVAITES ] . e R IR F T, AR AR B EOT TR gamma I 2R Gii %
F(P = 0.012), HE5HREIAF] 98%LL . 10 MV fe&E FIIEEAHL vy, Vs IR Z D, XA 2
YCRRE B R A, X5 Kumar S5 16] AR FL A —2, (0 10 MV Res K/h =B g gy, i 4
X T DTRRAS Je X O, HLILOR A5 200858 vy, R I 2 2R T B K, 1T L 25 % S B0 4ty SR R
N B R HAR RE RN E AR . AT R A R Z S A BRI E R AR, FORIRIR
RALSE, FIEIRIT S M RYT R A FE % 10E .

2E FRTR, 76 B FFF VMAT U7 iHRIF, 6 MV BEE 5 10 MV BEE X R A8 EIRRE SR, M
RIS MAEME, 6 MV BEEAEIRA HIFMHAMMELE, EVUEMH 6 MV B X 2.
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