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Rectal and bladder dose prediction in volumetric modulated arc therapy for

cervical cancer based on dose-volume histogram

ZHENG Ping WANG Dong
(Room of Radiotherapy, Zigong First People's Hospital, Zigong 643000, China)

ABSTRACT To predict rectal and bladder radiation doses during volumetric modulated arc therapy (VMAT) for
cervical cancer, a relevant model was established to guide clinical practice. Forty-four cases of cervical cancer
treated using VMAT radiotherapy were retrospectively analyzed. The positional relationships of the anatomical
spaces between the cervical cancer target volume and the organs at risk (bladder and rectum) were evaluated.
Volume and spatial location characteristics of the target volume for the bladder and rectum were inserted as input
data in a dose-volume histogram and Python toolkit for statistical analysis. The output data were the bladder and
rectal V,, and D,,. A mathematical model was developed to predict the bladder and rectal doses. When the actual and
predicted values were compared, they were quite similar for both the bladder and rectal doses. The relative error
ranges of rectal V,; and D,, were between 1.40% and 6.89%, and between 2.12% and 6.81%, respectively. Likewise,
the relative error ranges of bladder V,, and D,, were between 2.47% and 6.67%, and between 0.38% and 4.28%,

respectively. There were no significant differences between the actual and predicted values (p>0.05). This model can
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effectively predict the bladder and rectal doses needed during intensity-modulated radiotherapy for cervical cancer

and could serve as a guide for radiotherapy clinical practice.

KEYWORDS Cervical cancer, Volumetric modulated arc therapy (VMAT), Bladder dose, Rectum dose, Model

dose prediction
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Table 1 Dose limit of organs at risks

eSS A=t FIEAARFRIRAE

Organs at risk Dose volume limit

5% It Bladder V,<60%  D,<45Gy
E ¥ Rectum V,<60% D, <45Gy
72 3k Femoral head left  V,,<5% V,,<30%
Fi 5% Sk Femoral head_right  V,,<5% ¥, <30%
/N Small bowel V4 <30%

%% Spinal cord D, <45 Gy
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_—— Rectum

Vimin (White area): minimum intersectionyvolume between the PTV and the rectum
Vi (purple area): intersection volume of PTV1 and rectum

Vinax (blue-green):maximum intersection volume between PTV3 and the rectum
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Fig.1 Relationship between the intersection volume and the expansion distance: (a) 3D visualization; (b) the cross-sectional
schematic diagram (the rectum for an example, as is similar to bladder) (color online)
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Fig.2 Contribution rates of feature vector
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Table 2 Multivariate nonlinear regression model coefficients for predicting bladder and rectum dose

Z Y Coefficient %t Bladder V,, J5% Bt Bladder D, B % Rectum V,, B % Rectum D,
C, 3.60 3362.40 25.96 3401.62
C, -30.10 —682.54 —-10.64 -389.58
C, 0.66 -3.09 0.12 12.27
C, 0.66 10.36 0.60 8.57
C, -22.15 —666.55 —0.68 -216.20
C, 0.00 -21.54 0.24 0.51
C, —-0.20 —-1.36 -0.16 -2.54
C, —-133.99 -3 560.82 —46.59 -2332.70
C, 4.74 -6.27 -2.08 —-133.89
C, 10.48 225.24 3.96 123.89
Cy, 190.09 5346.39 59.62 3215.10
c, 0.99 72.56 2.07 244.57
C, —13.48 —409.14 -3.73 —230.82
C, 9.67 113.14 12.82 460.62
C, 6.22 154.24 1.87 192.86
Cis —13.50 —266.78 -7.52 -279.44
C -54.99 —-1571.39 -16.95 -1 068.73
C, —0.18 169.40 2.86 378.12
Cy -5.05 —70.14 -3.67 112.73
C, -2.90 -39.86 -2.74 —703.22
C,, 11.37 —113.32 6.63 —138.03
c, 412 203.70 7.59 217.48
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Fig.3 Comparison of predicted and actual values: (a) bladder V,; (b) bladder D.;; (c) rectum V,; (d) rectum D,
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