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Dose comparison between volume- modulated arc therapy and fixed- field dynamic intensity-
modulated radiotherapy in neo-adjuvant radiotherapy for rectal cancer

WANG Pei-pei, LIU Zhe-ming, LI Cai-hong, LI Jin-kai, WANG Ting-ting, SHI Xin-lei, LI Shun-mei, CHEN Xin,
SUN Xin-chen
Center of Radiation Oncology, Jiangsu People's Hospital, Nanjing 210029, China

Abstract: Objective To compare the dose difference among dual arc volume- modulated arc therapy (2VMAT), single arc
volume-modulated arc therapy (1VMAT) and fixed-field dynamic intensity-modulated radiotherapy (dIMRT) in neo-adjuvant
radiotherapy for rectal cancer. Methods Twenty patients with rectal cancer conducted neo-adjuvant radiotherapy were selected.
The target volume and organs at risk (OARSs) were delineated after CT simulation positioning. 2VMAT, 1VMAT and dIMRT
plans were respectively designed for each patient. The prescribed dose of planning target volume (PTV) was delivered 25
fractions daily, and each fraction was 50 Gy. When 95% of PTV achieved the prescribed dose, dose-volume histogram was
applied to compare the dose distribution of target volumes and OARs. Results The target volume coverage of these three
different treatments met the requirement of described dosage. Compared with dIMRT plans, VMAT plans showed better
homogeneity index (HI) (P<0.0001) and conformity index (Cl) (P<0.05), and achieved higher Vs and lower Vigw. The Vs, of
small intestine in two kinds of VMAT plans were lower than that in dIMRT plans, and compared with 1VMAT plans, 2VMAT
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plans were lower. However, Dpex, V2 and Vo of small intestine in dIMRT plans were lower than those in two kinds of VMAT
plans, and compared with 2VMAT plans, 1VMAT plans were lower. Except that 2VMAT plans provided significant lower Vs
of small intestine than dIMRT plans (P<0.05), no statistically significant differences were found. And the Vs of small intestine
of two kinds of VMAT plans were lower than that of dIMRT plans, without significant differences. Compared with dIMRT
plans, the two kinds of VMAT plans provided lower Dyen, Vso, Vao, Vo and Vs of bladder, and those of 2VMAT plans were
lower than those of 1VMAT plans. And Dmean, V. and Vi of bladder in 2VMAT plans were lower than those in IVMAT
plans and dIMRT plans, with significant difference (P<0.05). Compared with 1VMAT plans and dIMRT plans, 2VMAT plans
also provided lower Dy and Vs, of bilateral femoral head. Compared with dIMRT plans, two kinds of VMAT plans showed
shorter treatment time, with significant differences (P<0.0001). And compared with dIMRT plans and 1VMAT plans, 2VMAT
plans presented a significant reduction on control points (P<0.001). The monitor unit of 1VMAT was significantly lower than that
of the other two plans (P<0.0001). Conclusion Among these three different treatment plans which can meet the clinical treatment
needs, 2VMAT plans have better HI and CI, with obvious advantages in protecting bladder and small intestine. The treatment
time and control points are lower in 2VMAT plans. But the curative effect of 2VMAT plans is needed to be further discussed.
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Fig.1 DVH comparison of three plans
Note: 2VMAT: Dual arc volume-modulated arc therapy; 1VMAT: Single arc volume-modulated arc therapy;
dIMRT: Fixed-field dynamic intensity-modulated radiotherapy; DVH: Dose-volume histogram
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Tab.1 PTV dosimetric parameters comparison

Parameter 2VMAT (V,) 1IVMAT (V1) dIMRT P v, e, P , v dIMRT P , v dIMRT
Drean (CGY) 5103.35+18.29 5098.26+33.65 5141.07+ 15.92 0.60 <0.000 1 <0.000 1
V o0 (%) 99.97+0.06 99.94+0.15 99.90+0.17 0.36 0.004 3 0.2100
Vo7 (%) 0.05+0.07 0.54+2.29 0.69+0.57 0.36 0.000 1 0.760 0
HI 0.05+0.01 0.05+0.01 0.07+0.01 0.52 <0.000 1
Cl 0.80+0.03 0.79+0.03 0.79+0.03 0.21 0.0015 0.1400

Note: PTV: Planning target volume; HI: Homogeneity index; Cl: Conformity index
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Tab.2 Dosimetric comparison of small intestine

Parameter 2VMAT(V.) 1VMAT(Vy) dIMRT P V%, P y, Vs IMRT Pl’. vs AIMRT
Diean (CGY) 2498.31+554.79 2469.85+522.21 2462.08+479.58 0.31 0.33 0.81
Vis Gy (%) 77.71+19.38 77.64+18.41 78.79+18.35 0.92 0.46 0.32
Vo Gy (%) 33.64+13.64 32.24+12.27 29.90+12.86 0.40 0.04 0.15
Vi Gy (%) 13.61+8.17 13.36+8.53 13.26+8.68 0.65 0.62 0.91
Vs Gy (%) 2.50+2.84 2.75+3.09 3.46+3.81 0.10 0.01 0.01
R3 BEMAEFSHILR
Tab.3 Dosimetric comparison of bladder

Parameter 2VMAT (V) 1VMAT (Vy) dIMRT P V%, P y, Vs dIMRT P Y, vavRT
Dinean (CGY) 3908.13+£313.57 4022.43+270.68 4113.48+286.92 0.0012 <0.000 1 0.0400
VisGy (%) 99.65+0.96 99.81+0.69 99.91+0.51 0.2600 0.1500 0.1400
V3 Gy (%) 82.50+11.67 87.38+11.13 89.62+9.62 0.0300 <0.000 1 0.2700
Vi Gy (%) 47.70£13.02 52.32+11.68 58.25+13.72 0.005 4 <0.000 1 0.023 4
Vs Gy (%) 15.46+9.16 15.69+9.08 16.59+10.07 0.5900 0.0200 0.0800

r 4 FE 5 AIE L a] UL, X3 X000 BE 3k A9 Diean
I Vaofd , 2VMAT Ik T 1IVMAT LA K dIMRT ., Ho 22
) 1B B 3k Diean 25 S W78 A G271 2% 22 5% (P<0.05) ,
2VMAT B Vao (8 IVMAT A 45112 2 5 (P<0.05) ,
2VMAT % dIMRT L4}z IVMAT % dIMRT 22 % 64811

228 S A B Sk 5 R Diean A1 Vo {EL HT , 2VMAT Al
dIMRT B {E XK T IVMAT, H A 43t 2% & XL (P<
0.05) o XM BEE 3k Voo BB AR , YITETH 52 V5 2
W, ELA TR S BRI R S
2.3 RITHRXSHEIILE
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Tab.4 Dosimetric comparison of the left side of femoral head

Parameter 2VMAT (V) 1VMAT (V) dIMRT P V%, P ., VST P y, vavr
Diean (CGY) 2317.03+316.90 2572.11+385.15 2474.95+299.15 0.0118 0.007 5 0.224 8
V3 Gy (%) 22.43+9.16 29.46+14.24 24.63+11.96 0.0204 0.3522 0.0725
Vs Gy (%) 0.19+0.47 0.04+0.25 0.11+0.31 0.1789 0.3781 0.2307
x5 AMRELFEFSHILER
Tab.5 Dosimetric comparison of the right side of femoral head
Parameter 2VMAT (V) 1IVMAT (V) dIMRT P Ve, P Y, v dIVRT P y, v dIMRT
Drean (CGY) 2423.14+358.85 2636.18+291.87 2438.52+262.95 0.009 2 0.797 3 0.0009
Vi Gy (%) 26.27+12.13 32.05+13.12 22.50+9.26 0.0397 0.0330 <0.000 1
Vs Gy (%) 0.12+0.42 0.08+0.39 0.06+0.27 0.3253 0.282 6 0.607 9
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Tab.6 Treatment-related parameters of three plans

Parameter 2VMAT (V) 1VMAT (V) dIMRT Pyu,, Py o Py wamer
Treatment time (5) 159.76+11.04 125.06+7.52 304.62+16.74 <0.000 1 <0.000 1
Control points (CPs) 144.52+5.81 167.03+10.67 211.28+2.35 <0.000 1 <0.000 1 <0.000 1
Monitor units (MU) 742.16+95.08 645.31+78.98 732.18+55.13 0.5800 <0.000 1

1E 3R E B 9 0 R A B A LT T
SHATT AR ETE B AR TR 2 AR5 Y BA TR
BT, SR, ARECH BT A BT R S i BT
A T G BRSO (o e A 2
o g 1 T AR DD B e B AR AT RAT AR A 2155
Pl HE = e S Ar ER s AR A S A A
MR, ZE s v 37 R S () /NI AL 245 /0 s AR R JIO) 7 ol e
A IR R ALY, B RTA 200k H RS R
KISBEALXT BRI R 78 XA i S A S5 i By &kt
7 Heds, B8 T AR RHT BT 19 L 3 A &
(FURSC G A 7 X 0k s Wt i o 1) 2 B g An R VS
ZE L ST B R R A ™ R M RR A R A T
o T AR B R DX S R TR B 1 R s, RS o
FEARAE S B /N g e S e i3k S5 ) A7 o, F
— R R R R B R T A A T i, (A
S CTE H AR N AR B 98 0 2 7 B ) A

IMRT 2 7E =4S IR HR LR R, & A
T A R DX T B () B S S b g 1 B DX LAY
f& M E , JUHRAE DR SR X 5l A fa B4 B i ART,
TR T IMRT FoAR RS, VMAT 75 —Fh 4
BIMRT B, B A s Z 0 i E AR BL A LA
TR  HLAL e, o i v S 4 R, R o IR
MLHE T % ok 8 ) s m] 28 m 0 o e K 3R AT A 700
MU/min, HLAEER 1 JH 275 s, VMAT s KA 2 1l
A S I E) PN 58 5 0 S IMRT A 24 B9 57 40 A @,
IMRT 7 LW 9 AR 0T o AR 3 2 A 2 000F 58 4
I, 1 VMAT 1E R — B0 B AR Rl )32 1 oA
W 1 e R 5 3, HL R B T R A IR T R R] A
D MU ARG B g B BT i AP A e 34 2 2k

hEEZWIBFERE 2014£118 $£32% $6iH

0 g LA K i 9] g A b g v AR B A A, 3
S LR B B RO S X e AR AR IX Sl SRR
DL RS B s B R 32 P T A 2 58 A AN [ AR
H w1 B N X T 15 W 5 VMAT 397 4 Bh 0T 4 mi 2
2VMAT 7 A AR GE .

AHIFGE I % 20 191 B S AR TR R B O R
) 2VMAT . 1IVAMT L) & dIMRT 3 Ffi -5 2307 L 452
S5 IR 0 7 3P TH A R G v A DX Ak Ty R Y
BURFIX IS TE A Y, (H R VMAT 3180 19 HI 3
HF dIMRT, B VMAT [ PTV Vs, . Vo2t SR
T dIMRT, 2VMAT 1 T IVMAT, $5 1] 2VMAT 31 %
(R BRI b, i B R A

/N 2 LV 9 A B ST e o S ) ) e PR
B BB A RO & AR 5 /N A2 JEGR) SRR
AHEYIKFR . Baglan ZEIHFE 45 R Wow , 2k iE
AN RN & A 2 NI AR 1 RS AR B R
Vis 52 2255 ], 78 Vis<150 cc. 150 cc~299 cc F1=300 cc
B, 3G A AN B RN Y & A2 %5391 R 0..30% Al
70%. AHFFEH 2VMAT . IVMAT L& dIMRT 3151/
B 1 Vs - 29 {E 43 51 A 77.72 cc . 77.63 cc. 78.78 cc,
VMAT 31 &1 25 % A% . H VMAT i i 58 1 J&
2VMAT 1% H /N7 Ve 5 dIMRT 45 B I A1, 25 5%
FHit2E B S BT /Mg kA LB IE A B R
N KA RHER o ARBEFT R, VMAT 3R R T 162 bt
e PR B 1 A2 BEARRR, o 2VMAT T4 %60 T 185 b
R A R T B, 2R A G L X T
M3k , 3Ry I RE 2 Ve<5% . Vx<50%1)
PR 25K, VMAT % dIMRT 784537 8BSk 77 1 1 it
PRIMEA A 5.

VMAT HARTE R 5347 45 [F] T a0 T dIMRT 4



—906 -

T, 2. AR Vi 5 18R B Sl A VR A R R B T P AR

ARBYFERE T, JAY 7] 45 56 2 2 min~3 min, 545 T &
2R DR TR R B R BB AL R 2
B AN, FEA TR T B )6 AR 200 AT — 2 52
SCHRIESE , SEAYARYT S [], e 4 i DNA B & 358
AR S N, ISR 275 T (R 4k % Jie g napk BV 98 L 1
975 8 A 37 3 DG 78, 9B I e B AR
Yk v e A A EEE R X, IMRT 7 i Tk
1, WO S A, K T Tt B R . VMAT 3
K] MU #2 dIMRT B#AIK T 29 30% , FEAK T AH Rz A9 JRUBS:
KR,

2% TR, 2VMAT L 1VMAT D K dIMRT %1%
FE T 12 B DX Ah Ty ) R A5 A B A I R R o
Ko 2VMAT T3l BAG 5 4 (0 38 D3l P B2 A 94
IERSRAN 7N 3 RS AN T = K e r e <= g A E]
W 40, VAT O S RGP PR it — 20
I AR o

(5% 30Hik]

[1] ARIPE, 3R 3, F . BEEIR RO AR A B RSP 6
B RAAALL]. B E 7 %4, 2010, 25(6): 134-137.

Hao SY, Zhang B, Xu W. Application of magnetic resonance
diffusion-weighted imaging in the diagnosis of rectal cancer[J]. China
Medical Device, 2010, 25(6): 134-137.

[2] Glynne-Jones R, Wallace M, Livingstone JI, et al. Complete clinical
response after preoperative chemoradiation in rectal cancer: Is a
"wait and see" policy justified?[J]. Dis Colon Rectum, 2008, 51(1):
10-19.

[B] fr #, &34k, 4k &, . R 3w A% A AT B & AT 15 R
&L FIRAT[I]. ARt s 4 &, 2012, 19(15): 1173-1176.
Yu J, Cao BW, Lin Q, et al. Management of locally advanced rectal
cancer with preoperative three-dimensional conformal radiotherapy
combined with chemotherapy[J]. Chinese Journal of Cancer
Prevention and Treatment, 2012, 19(15): 1173-1176.

[4] Mok H, Crane CH, Palmer MB, et al. Intensity modulated radiation
therapy (IMRT): Differences in target volumes and improvement in
clinically relevant doses to small bowel in rectal carcinoma[J].
Radiat Oncol, 2011, 6: 63.

[5] Samuelian JM, Callister MD, Ashman JB, et al. Reduced acute
bowel toxicity in patients treated with intensity- modulated radio-
therapy for rectal cancer[J]. Int J Radiat Oncol Biol Phys, 2012, 82
(5): 1981-1987.

[6] Otto K. Volumetric modulated ale therapy: IMRT in a single gantry
arc [J]. Med Phys, 2008, 35(1): 310-317.

[71 & &, 28T, D=, 5. AR AR SR AR SRR
AT AR EFHRTN] P B EFHEF R E, 2013, 30(3): 4115-

4129.

Li P, Shan GP, Di XY. Dosimetry comparison between rapidArc
and IMRT for postoperative rectal cancer[J]. Chinese Journal of
Medical Physics, 2013, 30(3): 4115-4129.

[8] FhiE, F A, AR S G 9IRS AR A A E[I]. P B
Z &, 2013, 23(6): 476-480.

Sun WJ, Zhang Z. The present situation and the research hot spot of
the radiotherapy for rectal cancer[J]. China Oncology, 2013, 23(6):
476-480.

[9] Sauer R, Liersch T, Merkel S, et al. Preoperative versus posto-
perative chemoradiotherapy for locally advanced rectal cancer:
Results of the German CAO/ARO/AIO-94 randomized phase III trial
after a median follow-up of 11 years[J]. J Clin Oncol, 2012, 30(16):
1926-1933.

[10] Roh MS, Colangelo LH, O'connell MJ, et al. Preoperative multi-
modality therapy improves disease- free survival in patients with
carcinoma of the rectum: NSABP R-03[J]. J Clin Oncol, 2009, 27
(31): 5124-5130.

[11] "t /34, &idsr, %) fKA, 5. B A AT = &7 o 25

BRALIT 49 R F F AAT R[], P AR B 6 4 &, 2012, 19(1):
19-23.
Ye XJ, Gao YH, Liu BT, et al. Dosimetric study of 3D conformal
radiotherapy compared with 5F intensity modulated radiotherapy in
preoperative rectum cancer[J]. Chinese Journal of Cancer
Prevention and Treatment, 2012, 19(1): 19-23.

[12] e, & K A%, 2 #7, 5. AR ARG S Bh AT R R BB R
89 7% F LA [I]. P AT 5 % &, 2006, 15(1): 411-415.
Qian LT, Jin DW, Liu X, et al. Dosimetric study of three different
techniques in postoperative adjuvant Irradiation of rectal cancer[J].
Chinese Journal of Radiation Oncology, 2006, 15(1): 411-415.

[13] Z A%, Fm 4. SIMRT 5 IMRT 5% 44 77 3 A fe 16 & P #9 52
[3]. F# &5, 2009, 30(21): 2705-2706.

Wang LB, Dong LH. sIMRT with IMRT technology in the clinical
application[J]. Jilin Medical Journal, 2009, 30(21): 2705-2706.

[14] Vanetti E, Clivio A, Nicolini G, et al. Volumetric modulated arc
radiotherapy for carcinomas of the oro-pharynx hypo-pharynx and
larynx: A treatment planning comparison with fixed field IMRT[J].
Radiother Oncol, 2009, 92: 111-117.

[15] Yoo S, Wu QJ, Lee WR, et al. Radiotherapy treatment plans with
RapidArc for prostate cancer involving seminal vesicles and lymph
nodes[J]. Int J Radiat Oncol Biol Phys, 2010, 76: 935-942.

[16] Baglan KL, Frazier RC, Yan D, et al. The dose-volume relationship
of acute small bowel toxicity from concurrent 5-FU-based chemo-
therapy and radiation therapy for rectal cancer[J]. Int J Radiat
Oncol Biol Phys, 2002, 52(1): 176-183.

[17] Wang JZ, Li XA, D'Souza WD, et al. Impact of prolonged fraction
delivery times on tumor control: A note of caution for intensity-
modulated radiation therapy (IMRT) [J]. Int J Radiat Oncol Biol
Phys, 2003, 57: 543-552.

[18] Milette PC. Classification, diagnostic imaging and imaging charac-
terization of lumbar herniated disc[J]. Radiol Clin N Am, 2000, 38
(6): 1267-1291.

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.6, November. 2015



