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Correlation Between the Ratio of Target Volume to Lung and

Lung Dose-volume Histogram in Middle Esophageal Cancer

SHU Xiao-lei, QIU Da,ZHOU Xian,et al.
(Chongqing Cancer Institute ,Chongging 400030, China)

Abstract: [ Objective | To compare the dosimetry of four different radiotherapy plans including
thee-dimensional conformal radiation therapy (3DCRT) with three or four field (3F-3DCRT/4F-
3DCRT), intensity-modulated radiotherapy (IMRT) and volumetric-modulated arc therapy,and in-
vestigate the correlation between the ratio of target volume to lung and lung dose-volume his-
togram (DVH),then to obtain the individualized radiotherapy. [Methods] Ten cases with middle
esophageal cancer were chosen. Four kinds of radiotherapy plans were designed in Varian Eclipse
V11.0. The 95% of target volume was covered by prescribed dose in all plans. The target coverage,
the DVHs of spinal cord and lung were compared among different plans. [Results] Compared to
3DCRT, VMAT/IMRT had lower maximum dose to spinal cord and the Vs, Vi, Vay, Vi of lung (P<
0.05),but there was no significant difference in the dose to organs at risk between IMRT and
VMAT(P>0.05). It had obvious advantage in machine unit and treatment time for VMAT (P<0.05).
The statistical significance was not found in the target dose,conformal index and homogeneity in-
dex between IMRT and VMAT (P>0.05),but they were better than 3DCRT (P<0.05). There was a
strong correlation between volume ratio and lung Vs, Vi, Vi, Vi for 3DCRT (R.>0.6),but it be-
came weak in VMAT,IMRT plans (R;>0.3). [Conclusion] For patients with esophageal cancer,
IMRT and VMAT are better than 3DCRT in the risk of organ protection and target dose coverage.
Compared with IMRT, VMAT can shorten the treatment time ,and reduce machine units. Different
plan shows a different advantage in organ protection depending on the ratio of lung volume to tar-
get volume. These differences are correlated with the ratios,and it provides a guideline of
individualized radiotherapy for patients with esophageal carcinoma.

Subject words:esophageal neoplasms;organ at risk;intensity-modulated radiation therapy;
dosimetry ;individualization
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F )220 3~5mm ), CT & 758 5 M 2% A
Varian Eclipse (Varian Medical System,Palo Alto,CA)
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10mm 4= 3% P-GTV \P-CTV , iy llfi PR7SCYT BRI RS “ )
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(Multi-leaf collimator, MLC) X 8 Py X i 47 H 3)
Y HAM S I 8mm,

3DCRT %350 45 1 34 1Y P-CTV 4k J5 5
N 52Gy/26F ,P-GTV 45%F 70Gy/35F, 43 il % 1115
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1.3 iHRIEME
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MG JEFE 2L (conformity index)®CI=Vp./VpxVp.r/Vr,
SHUE Vp i PTV AR T, Vi i 95% % %5 55 55| & 1]
FIFALZE AR TR, Vp.r i 95% %5 7|48 1 i .28 1) PTV
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JiT % HE S 3] o
132 EFAREEEREXRGFNHHK
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1.5 SitZaemeE
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21 BREMIEH

PRI BRI B 15 P 48 B AL T =4S T
T B R 22 1) 6 B & X5 (Table 1),
22 BREEIEH

PH R TT R ) B S HR B EAR T SRS R R
1 I 140 22 18] TG 3% X 1] (Table 2) .
23 GTVEERFE

R 2 Ta) X5 £ G 3 X 3 (Table 3) .,
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J14 (Table 4)
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242 A6 R 2 R AR5 fe X 69 AR AR L AR X M
Jifi Vs Vio Voo Vo 1952 55 [a] fili 55 58 X (B L

HAT A (Table 5) .
243 AHMORXANF

AR 0 S5 K 7 U R T R AR T IS R O A

244 S JEEBSAZ

O I 1) 32 JETR) o 8 8 0 R AL T A R R, g
HF {1 T = BF 35 JE (Table 7)
2.5 HLIEBREL K &7 BT

HL#% Bk %5 S 36 97 B | ARC fE T IMRT 11 %)

(Table 6) (Table 8),
Table 1 The conformity indices of different radiotherapy plans
P
CI 3F-3DCRT 4F-3DCRT IMRT ARC
3F vs 4F 3F vs IMRT  4F vs IMRT IMRT vs ARC
GTV 0.60+0.07 0.6320.13 0.91+0.04 0.90+0.09 0.051 0.008 0.011 0.214
PTV 0.56+0.11 0.57+0.06 0.83+0.02 0.84+0.04 0.045 0.013 0.019 0.156
Table 2 The homogeneity indices of different radiotherapy plans
P
HI F-3DCRT 4F-3DCRT IMRT A
SI=3DCR SDCR K Re 3F vs 4F 3F vs IMRT 4F vs IMRT IMRT vs ARC
GTV 0.06+£0.009  0.04+0.013  0.09+0.005  0.07+0.017 0.047 0.002 0.001 0.014
PTV 0.40+0.017  0.40+0.085  0.44+0.091  0.43+0.078 0.845 0.041 0.033 0.613
Table 3 The dose coverage of target volume
P
GTV 3F-3DCRT 4F-3DCRT IMRT ARC
3F vs 4F 3F vs IMRT 4F vs IMRT IMRT vs ARC
Max 71.5+1.5 71.1£1.1 71.9+1.4 70.7£2.1 0.815 0.812 0.617 0.515
Min 65.4+2.6 68.3£2.0 67.2+1.5 66.4+2.1 0.185 0.011 0.026 0.715
Mean 68.6+3.1 70.1+1.2 69.8+2.3 68.3+1.8 0.068 0.033 0.014 0.626
Table 4 The Vs,V Vy, Vy of lung
P
3F-3DCRT 4F-3DCRT IMRT ARC
3F vs 4F 3F vs IMRT 4F vs IMRT IMRT vs ARC
Vs 64.8+17.5  59.08+14.4 47.8+12.7 45.3+12.5 0.486 0.052 0.191 0.218
Vo 52.4+16.4 45.4+13.1 33.7£6.6 30.8+11.2 0.338 0.016 0.115 0.299
Vo 25.2+11.1 33.6x11.7 17.7+5.4 15.4+5.8 0.123 0.159 0.006 0.531
Vi 14.7+7.9 14.9+8.4 9.6+4.5 8.8+3.7 0.968 0.188 0.176 0.693
Table 5 The correlation between Vs, Vy, Vy, Vs of lung and the ratio
Volume ratio  F3_3DV5 F3_3DV10 F3_3DV20 F3_3DV30 F4 3DVS F4_3DV10 F4_3DV20 F4_3DV30 IMRTVS IMRTVIO IMRTV20 IMRTV30 VmatvS Vmatvl0 Vmatv20 Vmatv30
Relation 0.600 0709 -0721" -0491 -0855 -0927 -083%0 0515 0358 -0455 -0733 0661 0429 -0429 -0829" -0.829°
P 0067 0022 0019 0150 0002 0000 0003 0128 0310 0187 0016 0038 0397 0397 0042 0.042
Table 6 The dose to spinal cord
P
3F-3DCRT 4F-3DCRT IMRT ARC
3F vs 4F 3F vs IMRT 4F vs IMRT IMRT vs ARC
Max 37.8+1.8 44.7+2.3 39.2+2.1 38.65+2.3 0.672 0.041 0.001 0.351
V(%) 32.1£2.2 41.8+2.8 35.4+1.7 35.1£2.0 0.339 0.022 0.015 0.712
Table 7 The dose to heart
P
3F-3DCRT 4F-3DCRT IMRT ARC
3F vs 4F 3F vs IMRT 4F vs IMRT IMRT vs ARC
Mean 21.3+3.6 17.2+1.9 21.6+1.1 17.8+1.4 0.001 0.051 0.001 0.053
V(%) 28.3+1.6 27.9+2.3 27.2+1.8 25.5+1.3 0.001 0.001 0.001 0.032
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Table 8 The machine units and treatment time il B 52 HEHS1 S 118 P10 38 1% 2 0[] il 5 00 X PR AR AL L A
IMRT ARC P X (Figure 1.2) . HEFUHE/N S BOR, 3F-3DCRT
Mu 013498 637+50 0.000 5 4F-3DCRT, 444 FH Eb A F 0 [R] 2 X 8] (& B} ,4F-
Time 6.5+1.0 3.2+0.3 0.000
7 Ay ‘/\ (o]
3 —J- e 40.00

2007 4F, Otto & 17 1] 5L | 70 285 14 P9I e 3

S |
BO75 B2 VMATY, R &R IR r=g | 2
A %2 Varian 2~ 7 ) Rapid Arc, ERHE VMAT, ¥ 20,00
FIETE 30 B [0) P 3k BIAR 4 A VA JT 208, . Rapid Are TR o
T JE e R SR BT BRI P R A 2 A R A T 10004
B 2R AR LR w4 °
o E 7T IR R 500k, e T £ 500 1000 1500 2000 2500 30.00 35.00
Fi g 697 10, 5 IMRT A L, VMAT B A7 42 & %2 Volume ratio(%)
NSRS IE 3 LS HOE | 9B/ o i i 4 ) B 4 Figure 1 The change in V,, of lung of 3F-3DCRT
IR I B AL A
3 [ A b 98 7 DM 2H (RTOG) 7E — A HiT B Mt 60.007
FEH R, Voo 19 R/INASAL 5 TSRS 1 il 4% 2t 38 1
RARDG, T H 5780 i 9% %) ™ i 7 B B d A DG 50.00
2 ZIZR 3T, Vg A2 ME— (8 T30S P it 460 5 ) 2 S DA gl
Fo M Va<20%0  FHCHPENT % :2290~31%0 8% |~ s000-
WY A 2 PO ERG R 5 =32% A 3 I 1k
Jiti 5 2 Az o Voo W A A8 H JBCSR A i 5 493 1) 2 850 R 30.00
PR RE S, RLAT: o] — b AT DL SR AR AT Vo 1936
P EOREEAT HATIR IR HET . A #E N2 Vs, 20.00
Vo A1 2 FCET PS5 0 S 0 B 0205 A R R o 5001000 1500 2000 2500 3000 3500
55 0 A URE 2 50 K R olume re)
RSO HE B R UL B LR RS R Figure 2 The change in V, of lung of 4F-3DCRT
JEEORPEAT T HOB, S5 2R B R IMRT Al VMAT .

PR EEAR , HHE S8 E WO DL R X 5 O
¥EARTF 3DCRT £ AR (P<0.05), {H IMRT 5 Arc 200071
AR Z a5 2 b IR AR (P>0.05) , FE IR T B ]
K AL A BB LR A Are HR B 1 B AR (P<
0.05), 3F-3DCRT 5 4F-3DCRT Z [a] L4 it 4 X 15.007
(P>0.05), [FET SR JRI7 38 KRB K/ K &
T A A P G S 0 A2 EGR R A K SE
DX 5 i ) AR L T il e 32 500 B AR R A /N EL A i 10.007
FHOEME PR BR H =42 il (R 3R 97 #E X (PTV ) IR R,
T B Sy il 5 90 DX AR b 7 A il 17 S5 ) R )
(Figure 1~3),

i % F 3F-3DCRT 5 4F-3DCRT 18 & 75 = , H Figure 3 The change in V, of lung of IMRT
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3DCRT HA L #, b X AN 76 Aok iE— L i oE
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