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HE . BB MR EFAELEEHER (FFF) BX T FHE D @iiRE (NSCLC) SR E @30 &
IF 6 R B AT HOR . 77;55' SRR 15 6] NSCLC AE A AR %, o #1i% 3t FFF 38X FT#E MR (CAT ), Z4is
HHAR (3D-CRT) BAARINK 3 AxiEH% (VMAT) #H R, ik 3 Pt %] 95%. 105% 494 7 7 & & £
PR T o# (VI5%. V105% ) Fe X354 B (HI ) EHE (CI). & KHF (Dmax) Fo-F34 72 (Dmean ),
R EE(OAR)FMZ HBBH(MU ) BZIEFEE (TT ). R CAT #= 3D-CRT # 3 P a9t % =X (PTV)
V95%. CI&F VMAT #t%] (P <0.05), W V105%. HI. Dmax. Dmean & F VMAT #%| (P <0.05) ; f& & A
V5. V20, V30, V40, Dmean 7 &, CAT #= 3D—CRT #X| % T VMAT X (P <0.05); 4 B V20, V30 7 @,
3D-CRT # % & T CAT it Xl (P <0.05); £44 Dmax, 3D—CRT #XI4&T CAT 5 VMAT # %] (P <0.05);
CAT. 3D—CRT %4 MU {& T VMAT %] (P <0.05), £ 57 8L CAT A& T 3D-CRT, E#&H%3¥H VT
VMAT (P <0.05), 451 FFFAEXTF 3 AR ls RER, X Cl. HI Z BRI 69 VMAT X1
#F CAT #= 3D—CRT ¥, 1’9&#}%5&(% CAT #= 3D—CRT & LA,
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Dosimetric evaluation of three radiotherapy techniques for early
stage NSCLC with flattening filter-free beams

Fei Chen, Jing Hu, Xiao-qin Gong, Jun Dang, Tao You, Chun-hua Dai
(Department of Radiation Oncology, Affiliated Hospital of Jiangsu University,
Zhenjiang, Jiangsu 212001, China)

Abstract: Objective To investigate the dosimetric difference between different radiotherapy techniques
in treatment of early stage non small cell lung cancer (NSCLC) using stereotactic body radiotherapy (SBRT) in
flattening filter free (FFF) beams. Methods A total of 15 early stage NSCLC patients were recruited in this study;
flattening free filter CAT, 3D-CRT and VMAT plans were generated with the same prescription dose and objective
conditions for each patient. Target volume receiving 95% and 105% prescription dose (V95%, V105%), conformity
index (CI), homogeneity index (HI), maximum dose (Dmax), mean dose (Dmean) of target, the radiation dose of
organs at risk (OARs), the monitor units and the treatment time were analyzed among the three types of plan. Results
As for PTV, V95%, CI in CAT and 3D-CRT plans were lower than those in VMAT plan (P < 0.05), while the V105%,
HI, Dmax, Dmean were higher than those in VMAT plan (P < 0.05). As for OARS, V5, V20, V30, V40, Dmean of
the ipsilateral lung in CAT and 3D-CRT plans were higher than those in VMAT plan (P < 0.05). V20 and V30 of the
ipsilateral lung in 3D-CRT plan were higher than those in CAT, (P < 0.05). The Dmax of spinal cord in 3D-CRT was
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lower than that in CAT and VMAT plans (P < 0.05). MUs of CAT and 3D-CRT were obviously less than those of VMAT
plan (P < 0.05). For the time of treatment, CAT was less than 3D-CRT, and both of them were less than VMAT (P <
0.05). Conclusion All the three plans with FFF beams meet the clinical requirements, but VMAT performs the best on

CI, HI and the protection of ipsilateral lung. But CAT and 3D-CRT have more advantages as regarding plan execution

efficiency.

Keywords: flattening filter-free; dosimetric; non-small cell lung cancer; stereotactic body radiation therapy

BEE SR T BOR ARG R, FLAE/ N i
J% (non—small cell lung cancer, NSCLC ) SEARE AR
J7 ( stereotactic body radiation therapy, SBRT ) MyWFaE
R PRRH H 45020 f1 T SBRT HOR LY J5 7 4
L IR ARG, TR T R o LU
[ e, ALY (flattening filter—free, FFF ) 55K
VERBSHI SN TR, o ) B R AR Y PN A]
Wi, SRR TR " FRF B RERR
TSRS X S LSRR, MRS )i, G R
A 5 (filter—free, FF) A K ER, 5
AR B A RCSR YT R T I TR T >50% .
AHFFE ETE L FFF 0T L8 NSCLC SBRT {7
EIEHIN ( conformalare therapy, CAT ). —HEE R
( 3—dimensional conformal radiation therapy, 3D-CRT )
F 25 BRI 80 25 7 % 7 38 ( volumetric modulated arc
therapy, VMAT ) 3 B HlJ7 st B A 780K
MIZE5, N RIAYT 7 AR 2%

1 ARSI

— g TE Rt

VEHL 2014 4F 12 A -2017 4E 7 A iZBEH0A i H19
NSCLC 3 15, o, B4 106, 56 ; 4
%55 ~ 81 %, i 71 % 5 HRIEEIX ( planning target
volume, PTV ) {AF1 15.7 ~ 1104 em’, {7 60.3 cm’,
AW FE AT FH i e TR g 2B A B SR SR
PR B OCHRES Y 2 em PN (BLFRARIL BT 2 1] L0 2 491,
ooy 11 Bk ARG ), Y1832 SBRT IRYT .

1.2 B 5E&

Siemens Biograph mCT ( & [ 7§ [] + 2 A ),
Truebeam STX EZNak#s (LR LAH ). Bl
120 2 5EHE 2 48 (multi-leaf collimators, MLC ), 1%
MLC Hh[a] 32 Xt R4 s e B R 0.25 em, Hi5%
B 14X R 0.5 em, R KBHEFR 22 em x 40 em, i
JTIRI &SR Varian Eclipse 11.0 ( EE L Z N F] ).

1.1

1.3 Ak

131 EARAAT R CT ERE XL < 15 61
B BUMEM, R 28 48 [# %€ . Siemens Biograph
mCT FE47 4DCT $94, CT 494575 B FRAR BB /K1 2
KU e AL & AT 7K, 328450 3 mm 5
10 3553 WP AR Y CT EHRFF- 1% B B0 KR,
FEUR A Eclipse 1GY7THRI RS, BUTF AT EINTE
10 AR 205 2 L X, B fi s A58 R X internal
target volume, ITV ), ITV AN 0.5 em 53] PTV, K5
TEV- 3555 E B BRI AT R 5 4% I i G
J72H (radiation therapy oncology group, RTOG ) #RIfEZ]
& S48 E (organ at rish, OAR ) [ fL4&Mt ( A fifA
BL Wk PTV), 8. &8 Kot . iRt .
H Varian Eclipse 11.0 71 & 45 R &A% 411511 3 41
T4, BEFE Truebeam STX LKA &%, RELLFELY
4 6X FFF ( JERIEEE 5 6 MV X Tk ), I fE )%
1 400 MU/min, #bJ5 54 50 Gy, 10Gy/ ¥k, FESF5 ¥,
CAT IR i i £ 179° ~ 340°  (Ze i
FEALZL) oGEITER 200 ~ 181° (A7 fliE 4140 ),
MLC Margin 7£ PTV 51505 0.5em, JEAR S PTV ik
JEo 3D-CRT RH] 7 YRR, A5HF A BEAE iRyl rh
Y14y, MLC Margin #M i [A] CAT AR . VMAT 1% 1%
5 CAT [RIREINEE, SEHIAMEE N 30, 1RIFIREI N 0,
THRIZE 1 A7 PRI DTN | A7 380 o A AT Bl IR
BOR o I EARERRITT LGS, 3 Rl — 250 .
BEE 100% AbT7 R E 95% $LIXARRL

132 AFRIA TR 3 AR AR
( dose volume histogram, DVH ) 5515434, M\ DVH [#
AMAEEL CAT, 3D-CRT K VMAT HH4lfty A T #545
HHATHR . X BEE « D 95%. 105% [I4LT5
R A S A AR 1T 20 B V95% . V105% 5 QFLIX
i KA & ( maximum dose, Dmax ) 0 X F4)57) & ( mean
dose. Dmean ), iti X545 ( conformity index, CI ),CI=( VT,
ref/NT ) x ( VT, ref/Vref ), HH1, VT, ref HZSH5E5H|
2 G XCE SR MAT ; VT REXAARR, Vref Jy
SH R EAMAI . CUEBEE 1, FoREDCN il
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Tk, 4513880 (homogeneity index, HI ), HI=D5/
D95, M, D5 ~ 5% HEXARFHIE ; D95 ~ 95% #L
DCPRFRGR i HI EDBOR BT I AL T3 0] B, PTV
P o A RN 5] OAR S8R E: « DBt
SEHYF T ( mean lung dose, MLD ) W% =5.20. 30,
40 Kz 50 Gy 7 G A (AR oy M (R AR A 1 2030
(V5. V20, V30, V40 J V50) flfifili V5 ; @4 &
Dmax. B Dmax MO FE Dmean,
133 R BAT R FE A GE ST A B
( monitor unit, MU ) FIGIT A (treatment time, TT ).
TR TT 2278 Truebeam STX ELZR NIRRT H ShG T
XN, WIET “Beam ON” JZHESI SR LS SR HE MR
pigur N[
1.4 gitETE

B 43R SPSS 22.0 SRt Hist, THa kA
PP+ bRifi2E (xxs) R, BENLIX A BRI 2
oA, PIBTELECH LSD—+ K05, P <0.05 h2ERA ST

2 #R
21 CAT. 3D-CRT & VMAT PTV FZ2S 4L

CAT. 3D-CRT % VMAT PTV R &S5 b, %

S G B X (P <0.05), CAT il 3D-CRT it %I
1 PTV [ V95% . C1IKT VMAT 314 (P <0.05), ifii
V105% HI,Dmax ,Dmean 5T VMAT 3141 (P <0.05 );
CAT 5 3D-CRT it#I PTV 2501k, 225 L5 it
B (P>0.05), W1,
2.2 CAT. 3D-CRT & VMAT it %I ¥ Ai. OAR
ZRANELILR

76 M Bl VS, V20, V30, V40, Dmean J5 I,
CAT F1 3D-CRT 14 F VMAT 3% (P <0.05) ; 7¢
Sl V20, V30 J5 1, 3D-CRT it % & T CAT it
% (P <0.05) ; 7246 Dmax J7T, 3D-CRT iHXIMET
CAT 5 VMAT %1 (P <0.05) 5 Sl V50, el i
V5. % Dmax MUoJJE Dmean, £ OAR ZA04HEN
RTOG MRiEARiE, 3 FhITRILLE:, 2RS¥ E X
(P>0.05), W2, 3,
2.3 CAT. 3D-CRT K VMAT itXI RSt i

CAT 1 3D-CRT 3% i HL &% MU X T VMAT 3}
R (P <0.05); 7EIGYFITE] [, CAT {& T 3D-CRT (P <
0.05), H. CAT 1 3D-CRT #J{K T VMAT (P <0.05 ).
W 3.

%1 CAT. 3D-CRT & VMAT PTV FIE&#ttE (n=15, x+s)
it V95%1% V105%/% CI HI Dmax/Gy Dmean/Gy
CAT 99.14 + 0.69 79.97 + 6.25 0.62 +0.05 1.19 £0.04 60.93 +2.08 5521+ 1.44
3D-CRT 99.09 + 0.61 79.68 + 6.45 0.62 +0.05 1.18 £0.04 60.45 +1.79 55.11+1.28
VMAT 99.78 + 0.45"% 23.92 +26.79"% 0.83+0.05"" 1.07 £0.03"% 55.87 +3.68"% 51.87 +0.86" "
F1i 22.018 82.860 161.071 289.497 44.400 218.907
PiA 0.000 0.000 0.000 0.000 0.000 0.000
. 1) 5 CAT i, P<0.05; 2) 5 3D-CRD #, P <0.05
#Fz 2 CAT. 3D-CRT K VMAT itXI it ZBFIEtkE (n=15, xxs)
€N M VS FEAAE V20 SR V30 AT V40 AT V50 Dmea/Gy faMifii vs
CAT 32.99 + 10.67 15.51 +6.36 8.49 + 3.69 4.61+£2.10 1.88 + 1.67 8.04 +2.67 6.35+7.55
3D-CRT 32.92+10.61 16.60 + 6.97" 9.07 +3.72" 4.62+1.93 5.54 +15.37 8.21+2.75 4.62 £5.95
VMAT 2998 +10.26"7  13.57+5.89"%  7.04+3.00""  347+157"7 0.63 +0.83 7.01+2.44"% 433 +4.70
F 1 33.943 17.678 29.865 19.032 1.198 47.787 11.71
P 0.000 0.000 0.000 0.000 0.317 0.000 0.199

TE: 1) 5§ CAT L8, P<0.05; 2) 4 3D-CRD [&, P<0.05
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% 3 CAT. 3D-CRT & VMAT itXl#) OAR ZRBFIEMITRILESHLLE (n=15, xxs)
E=2an A4 Dmax/Gy B Dmax/Gy LI Dean/Gy MU TT/s
CAT 13.43 +6.49 15.97 £9.70 259 +£3.23 1527.00 + 120.00 66.80 = 5.27
3D-CRT 12.41 +5.96" 14.59 +9.58 293 +4.12 1549.00 = 139.00 105.80 +5.66"
VMAT 15.18 £ 6.99” 16.09 + 8.39 2.36 +2.68 3042.00 + 665.00"*’ 135.07 £29.92"%
FE 4.581 1.118 0.880 102.878 74.750
PAE 0.019 0.341 0.426 0.000 0.000

W 1) 5 CAT HA, P<0.05; 2) 5 3D-CRD tbi, P <0.05

3 iTig
PIFT R NSCLC F25697 TBON FARUIBR, H 5
IR A 80% . BHAE T HTH AR M & &, SBRT
BN IAIT R NSCLC R B F B —, FilE
XFANRET 32 FARIGYT R NSCLC 3%, SBRT HH
PREIRIT i, TR FARMRY, B2 TFAR"™,
Truebeam STX HZMELSACA FFF H A, HAR S
SRR AR A AU S A AR SR R . DA BT
GERW, FFF B FF AL () AL, FFF
BT UMLK B A 155, H MLC Jsd s,
NIT] 52558 A Ll 1 R TN S A
ZIF5E o, FRF AR AT 205 88 5 FF AR
MY, EL7E G 2 0 IR AR OAR B[R] BE
R 48 IR YT I ™ EAE R OCT FFF B SBRT
HITMPRATRZ , (HJECT FFF X SBRT iRY7 76
WINSCLC A 4D, HZ2 8T FRF S
FFBECH Heg " ARBFGEH FRF B0 T IR 97 540
NSCLC SBRT () CAT., 3D-CRT M VMAT 3 Fh Sy %
ARHBEATRIIE E

AR AR FY], FFF BT3RS H 1 NSCLC
(3 F b R 24 A] I XR] H % OAR PR R,
VMAT 5 CAT. 3D-CRT it&il Fb, #EX5Hla 4 2] 1%
ARSI . PR, BRI A ORI IE R 2 S
BITF AR ITIE, CAT. 3D-CRT }2 VMAT 3 & By HL &%
BEECZ LA M 1 : 1.02 ¢ 226, CAT JRYFI a0, AH
FLIBIP Tl B VMAT 31810, CAT 31l 93677 i)
%2 1 min, X A]REICEHETEIRIT RS S a Red:,
AT e 791 RS v, 3 T i B 3 PR I ]
[ 7 AL A NI S

AR, TEXRRTT, X T B A )
ZABENGEE, CAT Fl 3D-CRT %5 EHA F) T3
R ah A 22 Ui A FIRF IR Iz 51 5 B0 12 30 Z [R] AR

HRM, VMAT 31332 Hosg ek " A L& " F
R, TEARBERETR 45 1TV ANk 0.5 em B R (42
PRZEVL ), VMAT 39 B 3525 MLC AR Xz 3
Z A S0 S B X (GTV Al GTV+0.5 em ) 74
TRZE] DL

25 FRTR, R NSCLC #2233 FitRl7eseix
BT OAR BREIREW L IR RIAI TR . TEHIXEIE
JERI S LI BBl A, VMAT $HRIEF CAT i
3D-CRT 4 5 (HAEHATALZ 710, CAT 1 3D-CRT
FHARH FxhizErs, xHRIEAE NSCLC 5%, 1Ifs
PRATARE B PRI O (B M D ReRA . b
X R/ BB X 5 OAR BIAIRHO B4 ), HefeiE
AT HAR
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