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Application of DVH prediction model in VMAT planning training
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Abstract: Objective To take cervical cancer as an example for exploring the feasibility and outcomes of using dose-volume
histogram (DVH) prediction model to train the radiotherapy physicists for volumetric modulated arc therapy (VMAT)
planning. Methods Twenty cervical cancer cases were randomly selected to carry out two stages of training (15 cases in the
first stage and the other 5 cases in the second stage) for 3 trainee physicists. Each trainee physicist was required to design
VMAT plan in two ways, obtaining manual plan (MP) and knowledge-based plan (KBP) which was planned based on DVH
prediction model. The dosimetric parameters of target areas and organs-at-risk between two kinds of plans were compared
and analyzed. Results Compared with MP, KBP significantly reduced the radiation doses delivered to the most of normal
tissues such as bladder (P<0.001), rectum (P<0.001), left and right kidneys (P=0.001, P<0.001), and left and right femoral
heads (P<0.001, P<0.001), while improving the V,, of PGTV (£<0.001) and enhancing high dose control (V) (P=0.027).
The KBP based on DVH prediction model not only increased the passing rate of VMAT plan, but also minimized inter-
planner diversity. Conclusion DVH prediction model helps to deepen the physicists' understanding on the setting of the initial
optimization parameters of VMAT plan, speed up the training schedule and improve the VMAT planning skills.
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Tab.1 Dosimetric indexes and their referencethresholds

for training plan quality evaluation

45t bl TN SR
PGTV Vo/% >98
V% <1
D,./Gy >54.6
PCTV V% >98
V405/% <35
D,./Gy >40.95
A V,/% <20
s V% <20
Ji# b V,i/% <55
B V,/% <65
Vil SN Vis/% <15
PELIEESS Vas/% <15
i D,./Gy <45
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Tab.2 Comparison of dosimetric results between manual plans and knowledge—based plans designed by 3 trainee physicists in 2 stages

4k o o PA P PE P
) MP-1 KBP-1 MP-2 KBP-2 : : ’ !
PGTV V/% 97.96:2.91 99.15+1.42 99.29+0.74 99.66=0.38 <0.001  0.069  0.169  0.059
V/%  0.00(0.00,0.66)  0.00(0.00,0.00)  0.00(0.00,0.27) 0.00(0.00,0.00)  0.027  0.043  0.879  0.064
D,./Gy 57.80+1.59 58.05+1.47 58.68=0.63 58.85+0.51 0.129 0398  0.021  0.026
PCTV V% 98.88+1.03 98.82+1.23 99.42+0.43 99.18=0.65 0.898 0256 0.175  0.556
Vo 5/% 44.42+15.52 45.93+24.11 38.46+13.74 35.37+22.44 0.624 0256  0.191  0.012
D,./Gy 36.55+10.56 35.87+10.29 41.65+1.39 40.15+1.82 0.074  0.020  0.006  0.144
7 Vig/%  0.00(0.00,2.85) 0.00(0.00,1.32)  0.00(0.00,0.00)  0.00(0.00,0.00) 0.001 0.109 0232 0.275
fit Vg%  0.23(0.00,8.63) 0.00(0.00, 1.60) 0.00(0.00,0.00)  0.00(0.00,0.00) <0.001 0.109 0.051  0.125
5 bt V% 48.57+12.35 40.61%9.61 45.35+9.79 38.81£11.13  <0.001  0.006 0363  0.548
H V5 /% 70.22+11.78 62.24+9.03 61.17+7.84 56.20+5.94 <0.001  0.008  0.008 0.013
V&S V%  5.91(3.33,8.38)  3.24(1.20,4.90) 5.93+3.53 2.90+1.69 <0.001  0.001  0.844  0.791
Fi bk Vys/% 5.97+3.96 2.54(0.79, 4.62) 4.93+3.90 2.41£2.18 <0.001  0.005 0380  0.393
ey D,./Gy 4.36(1.98,22.53) 4.60(2.08,21.59)  2.68(1.87,4.43) 275(1.91,457) 0753 0256 0326 0271
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Tab.3 Passing rates of two kinds of VMAT plans designed by 3 trainee physicists in 2 stages [ cases(%) ]
Trainee A Trainee B Trainee C
BBt
MP KBP KBP MP KBP
S—PBrBe 0(0.0) 0(0.0) 5(33.3) 11(73.3) 5(33.3) 11(73.3)
5B 3 (60.0) 5(100.0) 4(80.0) 5(100.0) 3(60.0) 5(100.0)
MP i A T3], KBP N 3T DVH BB RS 514 [ sl
O MP-1 O MP-1
D KBP-1 O KBP-1
105.0 - O MP-2 70.04 o mMP-2
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D KBP-2 @ KBP-2
80.01 10.01 68} o
24 69.9 85 T
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S BN .9 a5 67
£ 60.0- £ 601 '
= i 47 47 47
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40.0- 204 H H .
30.0 | I why] ' | K| . Uil \ . 0.0 I Wy . - | .
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Fig.1 Dosimetric comparisons of tumor target area and some key organs—at-risk between manual plans and knowledge—based plans

designed by 3 trainee physicists in 2 stages
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