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Dosimetric comparison of volumetric modulated arc therapy and intensity-modulated radiotherapy

for non-small cell lung cancer

CAI Juntao, CHEN Fan, WANG Cai, FENG Ruixing, YIN Lin, CHANG Qiaomei, WANG Xiaoli, LIU Zining, LIN Jing
Department of Radiation Oncology, Affiliated Hospital of Qinghai University, Xining 810001, China

Abstract: Objective To compare the dosimetric differences in target areas and organs-at-risk (OAR) between volumetric
modulated arc therapy (VMAT) and intensity-modulated radiotherapy (IMRT) for non-small cell lung cancer (NSCLC). Methods
Four different kinds of plans, namely 5-field IMRT (5F-IMRT), 7-field IMRT (7F-IMRT), double-arc VMAT (D-VMAT) and
partial-arc VMAT (P-VMAT), were designed for 20 NSCLC patients receiving radiotherapy for the first course. The dose
distribution in target areas and OAR dose-volume parameters were compared. Results No significant differences were found
in the Dy of planning target areas among the 4 plans (P>0.05). The homogeneity index and conformal index of two VMAT plans
were better than those of two IMRT plans (P<0.05). Compared with the other 3 plans, D-VMAT plans had the highest mean lung
dose (P<0.05). The Vs and V, of lungs in P-VMAT plan were slightly better than those in D-VMAT plan (P<0.05), and both of
them were higher than those in two IMRT plans (P<0.05). The Vy of lungs in P-VMAT was the optimal among the 4 plans, and
the differences between the 4 plans were statistically significant (P<0.05). D-VMAT and P-VMAT plans had similar V;, of lungs
(P>0.05), superior to two IMRT plans (P<0.05). The comparison of the V5, of lungs and the Vs, V. of heart between the 4 plans
didn't showed any statistical differences (P>0.05). The D,.. of spinal cord in P-VMAT was the lowest among the 4 plans, and
the differences were statistically significant as compared with other plans (P<0.05). Conclusion The target dose distributions
in D-VMAT and P-VMAT plans for NSCLC are better than those in IMRT plans, moreover, P-VMAT shows more advantages
in OAR sparing. Therefore, P-VMAT is recommended preferentially in radiotherapy for NSCLC, but 7F-IMRT is recommended
for cases in which the low dose areas of lung is the main focus, while the target dose distribution is secondarily considered.
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W12 J5 52 0T, 591 AE /N 248 B i 9% (Non- Small
Cell Lung Cancer, NSCLC) (07 JL-F- 1T I & F AR
1RYT, R EBIE A NSCLC 38 & R R P iy r . 3%
B A RS2 AR PR 972 () NSCLC i % 7% S W 4y
TRYT R [R) N s 3] 58 T8 il Wl AR AR T Y B
AF TR 5 PN T Jr A= A3

Bl O THRAALRGEARBOR SR L e, ik
SPRORI A E HETH o M = 4B B 0T d B
507 (Intensity-Modulated Radiotherapy, IMRT ) 7£ 5}
S P A f T AR, S0 TSR P R AR R
XA o3 A e BEAE R | [R) s oais b 17 ) [T 0 4 2L A 71
HEo AR B Y 2 BRE e U R I (Volumetric
Modulated Arc Therapy, VMAT ) # Lt IMRT ¥4 fiin 1 £f &
H B, ATFERLEE 360° Sl a2 9N E 1Y g i fl vh
O, [RIISP HLAEE e S 22 i B A% s Bl R iR ]
DAVARAGIRTS BT AR AR IR R v AR5
# T NSCLC 1 5 ¥ IMRT ( SF-IMRT ) . 7 %} IMRT ( 7F-
IMRT ) \ XUJ VMAT ( D-VMAT ) FI#543-3K VMAT (P-
VMAT) - 52 S5, Wl RAMRAL O I 2%
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1.1 — Rl R &R

PEH 2016 4F- 8 H % 2017 4F 4 H g K24 M m BB
R e BHISGR Y) 20 Bl 2 42 a2 BRARI2
NSCLC (85 , A a1 : (1DKPSIF53=70 435 (2)
BRI AHETT s (3) T M BRI 5 (4) A PE
A G BRI AN 5K 5 (5) TCHO P AS Bk, o2 Kk
JAehbieRs . Hop B 13 4] Lotk 749, i AT 52 %
(40~68 % ) . JHISAY , i 14491 s 6 5] ; 4% UICC
(2017 4725 8 ) it TNM A3, A A3 451, [T B 1535 431
MA 761 B S il
1.2 &AL EEF CT R E AL

SEEBUMEM , B3 AR I 283 T, F A
PRI A TR [ o FE AR AR - i i KBk
o E AR RE, ITFEPRIRZ I T ik
HERRC . FERITI T T CT R R 4, )2
JE£ 5 mm, 40 BT 5 7K 1 220U e AR A 7K
o CT #4504 FE 15 B % T 2 €|l Pinnacle’
Version 9.8 16711 REc AT =4 i e,

(1) KA 983 4 FH ( Gross Tumor Volume, GTV) :
GTV 2y CT JUr UL i) J5 2 ek A S PHPE bR L 25 /2
i CT 1 58 1 251 AR 40 2L 7 (%4 9 - 400 Hu, 7
V7 :+20 Hu) FIAli % (% % : 1 600 Hu, %3 : -600 Hu)

(2) 1Ifi PR 4A& B (Clinical Target Volume, CTV) :
CTV J&7E GTV 3Ll 1AM 0.6~0.8 cm, I il I &
FEWREL T [T IX

(3) 3R # A& FH (Planning Target Volume, PTV) :
PTV 2&7E CTV (5L A I 25 fE Pl ol 25 5 12 5l B
TR 25 S AN — 5 T TR T A R A AR R I B A
AT A 0.5 cm, R IFIE4M 1.0 em.,

(4)OAR AUFEfili O E G BE . XU FHT-R &
ESE et e i I o)/ TITIN = N NIRRT € o 2
A CT 42 11 2) )

1.4 Rhgit

X} 45 1] H #4399 % 3 SE-IMRT ., 7F-IMRT , D-
VMAT P-VMAT X 4 111X, 5F-IMRT il 7F-IMRT
K FH #5258 58 (Step and Shoot) /572X, T AL 28R H
DMPO B, i FH 3 i 0 22 HR G AR i e S 55
e PR A B, AR AR BOT R . D-VMAT 2R i
1 FAE A 179°~181°F1 181°~179° BUII e % FR 5, fe 2%
PUA AR BETIRE Sl 4° YR IR AR 0°, P-VMAT 1% 11
P 180°~200° 17 43 e e R , e HLAR £ 2 1]
Hih 40 JRITIRAE R 00, 4FhTHRIAY PTV &b 75 &
174 6 000 cGy/30 £, FLUK43#I5f i 200 cGy., OARFR
1B« XU Vs<65% . V2<30% , V3y<20% ; /0> [IE V35<40%
V10<30% ; B Duw<d5 Gy o
1.5 itRISEEAFEE

H4JE ICRU 83 S4R 25, % PTV AU IR AU4E . D
SR (Do) 5 @ P59 P45 54 (Homogeneity Index,
HI) , HI=(D2~Doss.)/Dsovs , HUEARZR B DX 7] £ 437 %)
A]; @) iE L FEFE 5L (Conformity Index, CI) , CI=(Verveed/
Vo) *(Voryeed Vier) , Verver A I IMEZER PTV (A,
Vore I PTV AR, Vi AL T3 i T S8 AR, CLIE
FEO~1 Z[], BBEE 1 1 RIS IR A, OAR P f
FE U355 12 (Mean Lung Dose, MLD) V5. Vo, Vi,
Vo Vios 0 IIE Vio Vo ; BB Do
1.6 ZitEFR*E

B R FH 8 b i 22 2w, f FH SPSS 19.0 42
TR TR 3 HT o o 4% TR 1E 2543 R
Shapiro-Wilk #6596 , X476 1E 234340 A 8 4 Lb 458k
BCXT ¢ A B0, ANAF A 1E A5 20 A 19 R I BL 5 R R G T
Wilcoxon 45 B A 5 , £ 557K E 0=0.05, P<0.05 K 25
SAGIEE L,
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2.1 BXFIZ L3

1 1 4 BRI PTV 1) D FEE 5
Ge it 18 L (P>0.05) s Pl VMAT $-4l PTV i1y HI A
CIE ;T 7 Bt IMRT 341, 2% 5% 47 50 2% 8 %

( P<0.05) ; 7F-IMRT % PTV () HI{f, F 5SF-IMRT, 2%
SAGEE L (P<0.05) . LG5 HT 4T PTV i &

53 A, PTV B9 HI Fil CI 4k 45 i J¥ : D- VMAT~P-

VMAT>7F-IMRT>5F-IMRT,

F1 ORI PTV R EFSHER (x2s)

Tab.1 PTV dosimetric parameters comparison among 4 plans (Mean+SD)

siraneie SF-IMRT 7F-IMRT D-VMAT P-VMAT
D,./Gy 61.940.37 61.78£0.41 61.83£0.32 61.8320.29

[0} ©@ (0]
HI 0.061£0.016 0.052£0.013 0.039+0.012 0.043£0.013
cI 0.814:0.048 0.816:0.053 0.848£0.058 084120054

PTV: Planning target volume; SF-IMRT: Five-field intensity-modulated radiotherapy; 7F-IMRT: Seven-field

intensity-modulated radiotherapy; D-VMAT: Double-arc volumetric modulated arc therapy; P-VMAT: Partial-

arc volumetric modulated arc therapy; HI: Homogeneity index; CI: Conformity index; " : Compared with

5F-IMRT, P<0.05; ®: Compared with 7F-IMRT, P<0.05

2.2 OARFIELLRR

4FPi 1R D-VMAT AU MLD 155 FHm 3 Fhi 4],
ERAGI2EE L (P<0.05) , HA 3 iRl 2 2500
it L (P>0.05), D-VMAT .P-VMAT 5## IMRT
HHLEE, XELHfﬁE’J Vo Vi 25 (P<0.05) , {HJ& P-VMAT
XU Vs . Vi B 3T D-VMAT ( P<0.05) ., 4 it
P-VMAT 1 3Ufiti Voo S AL, H WK S D-VMAT , X )5 /&

TF-IMRT , £z 2% & SF-IMRT , A B[] L5025 A G it
B L (P<0.05). D-VMAT 5 P-VMAT XUJii () Vo 4
24 (P>0.05) , {H ) { T SF-IMRT F1 7F-IMRT i1 %]
(P<0.05) o 4B Vo, O ERY Vi Vi HEELZE
TGt #7E X(P>0.05), P-VMAT - 86 Dye B
%, SHAATHM 22 S A G2 R L (P<0.05) . 45
WSECE BRI ER 2,

R2 AMHRIERBEFNEFSHELE (x5)

Tab.2 OAR dosimetric parameters comparison among 4 plans (Mean+SD)

OAR Parameters SF-IMRT 7F-IMRT D-VMAT P-VMAT

Lung MLD/Gy 13.3842.78 13.172.72 13.88:249 13.26:2.55
Vi/% 55.26+12.04 54.65411.62 60.86£11.50 57.57£10.76
Vil% 37.91+11.16 38.0510.74 4642959 40442976
V% 22.83+4.46 2274459 21.69+4.45 21302447
Vil% 15.3243.29 15.2543.29 14.5553.01 14524299
Val% 11.26+3.05 113143.07 10.9122.81 10.9042.62

Heart Val% 17.9129.32 17.3549.69 17.6549.13 17.02+8.94
Val% 10.5146.72 10.37+6.54 9.99+6.11 9.96+6.36

Spinal cord Dy/Gy 35.90+7.31* 35.69+6.68* 35.19+6.27* 33.1147.20%

OAR: Organs-at-risk; MLD: Mean lung dose; ©: Compared with SF-IMRT, P<0.05; *

: Compared with 7F-IMRT, P<0.05; “ : Compared

with D-VMAT, P<0.05; *: The data were tested by Wilcoxon signed rank test
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i 8 Y 7 JE) L AE W AL SURE RS Tt A2 IO AT T,
JIF Ry 40 1) Ak v AR ) R R A . 22 I IR
2 I 5 2 B i s R X R S 5] o ) 3 0 R
1 PR Jey s 4 ) R i R A A7 R (R i S L A
TE T2 A O IS5 P R i M BR ) 1 807 741
SRR ) R IR I i 4 45 i XA L sE
SUFE — 8, i 45 05 1 il 452 475 (Radiation- Induced
Lung Injury, RILI) B A Jifi 9 5 5 D0 A9 07 O A00E o
RILI TCRARA YT T B, Tl RILL A & A= S I R il
JCTY ) 1 A DRI 2R o il e IR S g ) g AR
B, RILL Y & AR R s o ARG PR e FH A Tl
RILI & A i3] i AR B S HOR M Vo L Vio FTMLD '
HZ YR AT 2735 48 R AR 1 A2 BRI 5 RILI
MR A DG ARG i B B T S
JE ) e Y A M 1K, A AH HEF S5 X IR AR IR
TR AR Rk A I AU ER B T AR fof i ot 4 EE A
FREk S IV AR AU 0 kv 7 s DRk A A Ak 12 1
RH ZE 1 il 5 9 25 110 JE AR BEAR A, I i — R A
5 I SERLAR P A T S N O R R A
B 3% ME AR, £ v i 2H 2 0 B A 4 L BB T e AR
SR BRI v VA DX P A AR
W H R 2% BERII D) RE 2% , FE T R g it 2 21
1) 32 R AR . B9 5% 3% B o Tt DX e S o9
TRTT T Voo B /N T 25% , Vo /T 18% 2324

AWFEH P-VMAT [ fiti e 5 X Vas Vao Vi
A3 50 (21.30£4.47) . (14.52+2.99) . (10.90+2.62) Gy,
2 4 PR P S AR o 1 AT AR £ X Vs Vo IR
SF-IMRT 1 7F-IMRT #H>4 , HI 00 TP F VMAT it
%I, {HJ& P-VMAT HI F & F D-VMAT ., 5F-IMRT .
7E-IMRT FIP-VMAT [fili MLD A4, #4115 F D-VMAT,
X il AR T P-VMAT %1155 HoAl 3 R -5l —
SEAR T TERBELE Y 5 T, P-VMAT [ B8 Due N
(33.11£7.20) Gy, & 4 BRI s B A 0 o 1O AE R
FE o, 4 B H R e R KR 2200 . BRI, 276 40 B xsd
OAR A, P-VMAT X T HoAh 3 FhiF-

VMAT B4 A4 5 AH FL IMRT 360 7 1 % H B
AT DLk A AR AT e A A R A VR A 43 B AR
AHAR WA T ) e L — AN, MLAR A B bt
ANTR ) e A AR AR 2 BRI R S IR
W AT AR, B ] o - B e kS I
e, AT B AR AR ALY BOR HOR AR L . X R
oAb I eh B B3 B e T BE AR = 0 DX ) oA
AR R R . ABESE B, PR VMAT 4

[X_HI #1 C1 ¥ % T 5F-IMRT H1 7F-IMRT, Ifij P-VMAT
(R X K 4 4341 5 D-VMAT 4235 , 7F-IMRT FY 4 [X
HI{E T 5F-IMRT, CI 5 SE-IMRT #H24 ., #B[X i HI 1
CLIG AT Bl T4 15 g B30y (R 35 25 b, DA T 48 v e
Jea D oA il AN R B AR AR

ZE Bk, XFF NSCLC BT - & i 18 5 5 44,
7 8 RILL 1Y A B T S A B — 551t (AR 2 003
RILI () & A WVF AN e 4id F , 2R s AR S 4L
FHEZE A T R B HLAT 5 i M | []BF 348 1 45 5 9 A 1 3
Bt PRGERE R 3248 B AR R T 2R AU o [RI, FE AR
UEIE #4121 52 5 B 0% 0 T S 2 48 v L X HIE A LA
BT i AR Y o AARBESE o P-VMAT 114
FEAE DX 153 A7 F OAR AR 9 J5 AR B AR o 22 |
LR A 75 JE NSCLC 0T L Se#fk 7 P-VMAT , {2
Xo T % S ARG ) e X T U S X o
A9 B3 SE TF-IMRT
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