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Application of equivalent uniform dose based on organs-at-risk partition constraint in volumetric

modulated arc therapy for rectal cancer
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Abstract: Objective To evaluate the dosimetric and biological advantages of equivalent uniform dose optimization based on organs-
at-risk (OAR) partition constraint in volumetric modulated arc therapy (VMAT) for rectal cancer. Methods With dose-volume
constraints, 10 VMAT plans for rectal cancer which were approved in clinic were selected (PHY plans). Based on the PHY plans,
we performed the OAR partition according to the position relationships among the small intestine, the bladder and target areas,
and carried out the equivalent uniform dose (EUD) optimization by giving different specific-tissues parameters (a value) which
were different in sensitivity to hot spots, finally obtaining EUD plans. The greater a value was more sensitive to hot spots, and
the dose of overlaps between target areas and OAR was relatively higher than that of other regions, with a higher probability of
occurrence of hot spots, thus we selected a larger a value (a=10) to perform EUD optimization. The area where 9 mm expanded
from the overlapping portions was intersected with the small intestine and the bladder had a low incidence of hot spots, therefore
a value was at 8 and 5. As the rest of small intestine and bladder were away from high-dose area, we took a value of 6.7 and 2.3.
The dosimetric and biological features of EUD plans and PHY plans were compared and SPSS 22 software was used to analyze
the obtained data. Results The differences between PHY plan and EUD plan in PTV parameters were trivial. However, compared
with PHY plans, EUD plans had reduced OAR dose parameters and normal tissue complication probability, with statistically
significant differences (P<0.05). In EUD plan, the mean dose of the small intestine and the bladder decreased by 4.5 and 6.8 Gy,
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respectively; NTCP decreased 40.0% and 6.6%, respectively. Conclusion EUD optimization based on OAR partition constraint

in VMAT for rectal cancer obviously decreases the OAR irradiation dose and normal tissue complication probability, without

affecting PTV, which is significant to improve the quality of the plan.
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PTV: Planning target volume; EUD plan: Plans with equivalent uniform
dose based on OAR partition constraints; PHY plan:Plans based on dose-

volume constraints

EUD % Fl PHY 1 %] 71 2 2 06 e & 1
IR AR R AR AR AT AR B SE R A D
K EUD AR —F, BUD TR 1 Vg, (A /N T4k 5 5
Y 107% MR B M8 T PHY 318 F % T 3.5%
EUD 51 FF /N Y Doean . gEUD LA K2 V3 EE PHY 35
ik 4.5 Gy. 1.4 Gy Fil 13.9% ; 5 Bt 1Y) EUD 1151 7 Dynean
FEA% T 6.8 Gy, Vs F1 gBUD 73 | FE I T 23% 1 3.6
Gy, A Bl 22 5+ oA Geit2# 2 L (P<0.05) ; EUD 3
K] P JBEE 3K B Donean B M2 Vo R HE PHY H80 Y 2 755 HL
Bl A G E L /MANTCP (A L/AERR) T
K5 40%, 5 IEAY NTCP (I 520 , 55494>3) T % 6.6%.

FETERAYE X LR EUD UL RS ARAEHLIX
SIE R IO B R AT AR 9 BUD AL, (i
f& R B -5 X e DA AR R R B A8
FRBATIAL e T b T2 2500 R S U AL
AIPLALEE R . TEARFHE XGRS AR RSO T, AT
TP e B AR AR 7 Tl 2k ) o 7 B
¥, HF[ #4617, gBUD L) N NTCP A A [RIFREE I
[l AE Befie B 1) 32 IR A AR

ST R A BRI B R R R



- 30 -

#1 EUDIH RIS PHY iHXIERHX 5B RBFENFIESHELE

Tab.1 Dosimetric comparison of PTV and OAR in EUD plan and PHY plan

Structures Parameters EUD plan PHY plan P valve
PTV Do/ cGy 5162.2+16.3 5152.4429.9 0.370
Vigw/cm 8.148.6 11.7422.4 0.560

HI 1.06+0.00 1.05+0.01 0.272

CI 0.90+0.02 0.91+0.02 0.024

gEUD/cGy 5152.3+13.2 5146.0+26.9 0.522

Small intestine ~ Diea/cGy 1965.3+451.1 2415.84616.4 0.000
Vil % 14.149.3 28.0+17.9 0.001

gEUD/cGy 3 327.4+366.0 3462.2+448.2 0.005

NTCP 0.95+1.2 1.35+1.6 0.028

Bladder Diean/cGy 3 056.2+328.5 3734.74233.2 0.000
Vi/% 45.5£9.4 68.5+13.0 0.000

gEUD/cGy 3 508.6+292.8 3 867.6£213.5 0.000

NTCP 0.452+0.4 0.518+0.4 0.020

Femoral L Duea/cGy 3227.24351.0 2 860.6+247.1 0.030
Val/% 10.6+8.6 3.7+2.5 0.039

Femoral R Duea/cGy 3107.0+364.7 2903.8+211.7 0.171
Vaul% 8.2+7.3 2.8+2.0 0.043

HI: Homogeneity index; CI: Conformity index; NTCP: Normal tissue complication probability;

gEUD: Generalized equivalent uniform dose
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