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[ Abstract] Objective: To explore the effect of different statistical uncertainty (SU) values on stereotactic body radiation

therapy (SBRT) plan for non-small cell lung cancer according to X-ray Voxel Monte Carlo. Methods: With the same plan-

ning function configuration conditions and parameter settings,

[WgFSHE] 2019-07-11 [f£EBH#I] 2019-12-17 the Elekta Monaco 5. 11 treatment planning system

[E4TE] 2018 4EEFL A E2A Rl e T wi (4 (MONACO TPS) was employed for SBRT planning for central
=:20180020) NSCLC cases, using SU values of 0.5% , 1% , 3% and 5% ,

[EBiRMEE] 2 HKI, E-mail; hbqiugang@ 163. com respectively. The treatment plans were delivered by the same
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accelerator. Results: As the values of SU changed from 0.5% to 5% , 95% of planning target volume (PTV s, ) and max-

imum dose of PTV (PTV,, ) increased gradually (P <0.05); and when the values of SU ranged from 1% to 3% , the

Drmax
difference among groups was the greatest. The dose to the organs at risk and the conformity index of the target region were
slightly affected (P >0.05). When the values of SU ranged from 0.5% to 1% , the maximum difference of history density
and estimated total delivery time between groups were 199.4 and greater than 300s, respectively. And no obvious difference
was observed in SU when the degree was between 3% and 5% . Difference in extreme values of dose uncertainty for the entire
calculation (DUEC) was —1.18. As the values of SU rose, dose calculation time increased, particle density decreased, and
uncertainty of the treatment program increased. SU values showed no significant effect on dosimetric verification passing rate
and isocenter dose (P >0.05), but a downward trend with the increasement of SU values. Difference in dose distribution a-
mong groups was significant when the dose was higher than 110% , and the corresponding volume was the smallest when SU
was 0.5% . Conclusion; Because the single dose prescribed in the SBRT program for lung cancer was more than 5Gy, a

higher pass rate of dosimetric verification results was needed if time is permitted. This study recommends the SU value of 0.

5% (with a maximum of no more than 1% ) in the SBRT program for lung cancer.
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Table 1. Influence of Different Statistical Uncertainty (SU) Values on the Plan Result( X = S)

Variable SU0.5% SU1 % SU3% SU5 % J P

PTV os0, ( Gy) 50.122 +0.572 50.354 £0.583 50.698 £0.579 50.838 +0.592 6.022 <0.001
PTV,,.. (Gy) 71.220 +1.896 75.525 £1.977 79.082 +1.932 83.228 +1.903 7.371 <0.001
Lung D,500e ( Gy) 4.502 £0.552 4.535 +0.563 4.688 =0.518 4.752 £0.548 0.612 0.722
Lung Dyg00e ( Gy) 6.352 +8.489 6.455 +8.532 6.436 +£8.632 6.485 +8.321 0.711 0.526
Spinal Cord Dy 5., (Gy) ~ 13.487 £8.423 13.552 £8.963 13.741 £8.326 13.682 +8.456 0.702 0.635
Stomach Dy g3, ( Gy) 24.652 £0.362 25.025 0. 341 25.233 £0.339 24.982 0. 351 1.451 0.369
Great Vessel Dy 5., (Gy)  23.230 +0.342 23.244 +0.372 24.082 £0.365 24.135 £0.311 0.677 0.674
Heart D5, (Gy) 14.205 +0.228 14.256 +0.242 14.147 £0.239 14.338 £0.226 1.872 0.364
Chest Wall Dy gs.. (Gy) 23.602 £0.711 23.711 £0.725 24.025 £0.736 24.221 £0.719 0.754 0.567
Body Dy, (Gy) 18.001 +0.916 18.203 £0.926 18.352 £0.935 18.401 £0.928 1.606 0.362
CI(%) 0.995 £0. 102 1.011 £0.113 1.033 £0.097 1.029 £0.098 0.822 0.732

PTVDys,, is the lowest dose achieved by 95% volume of PTV structure, PTVD

is the dose at the maximum dose point in PTV structure, Dy is the

max

maximum dose received by the organ at the labeled volume, Conformity index( CI) is the planned uniformity index.
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Figure 1. Trend of PTV D95% and PTV Dmax Varied with SU Values

Abbreviations as indicated in Table 1.
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Table 2. Influence Statistics of Different Statistical Uncertainty( SU) Values on Optimization Calculation( X = S)

Variable SU0.5% SU 1% SU 3% SU 5% J P
ETDT(s) 586.32 +£98.25 259.65 +75.36 152.36 +54.17 152.33 +54.11 -8.94 <0.05
HD 259.61 60.21 18.28 18.28 -9.61 <0.05
DUEC(% ) 0.46 £0.07 0.88 £0.06 1.63 +£0.03 1.64 £0.03 2.494 <0.05
#Segment 193 12 208 £9 181 £17 176 £23 -1.43 0.752
MU 2782.36 +113.65 2 800.34 £108.97 2 865.61 +125.36 2851.19 £114.71 -1.23 0.887

Estimated total delivery time (ETDT) indicates X-Ray Voxel Monte Carlo (XVMC) dose calculation time; History density (HD) indicates particle histo-
1y compression simulation times; Dose uncertainty for the entire calculation (DUEC) indicates overall plan uncertainty; #Segment indicates the subfield

number; *MU indicates the air hop number.
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Figure 2. Trend of Characteristic Parameters for XVMC Changing with SU Value

ETT represents dose calculation time for XVMC, HD represents for particle history compression simulation times and DUEC represents

overall plan uncertainty.
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Table 3. Influence of Different Statistical Uncertainty(SU) Values on the Plan Passing Rate (X £ S)

Variable SU0.5% SU 1% SU 3% SU 5% J P

3% -3mm (%) 98.78 +0.25 98.71 £0.59 98.44 +0.44 98.32 +0.81 0.356 0.150
3% -2mm (%) 98.29 +0.39 98.07 +0.86 97.82 +1.06 97.74 +1.79 0.432 0.180
DISO (% ) 99.54 +0.22 99.35 +0.39 98.76 +£0.45 98.51 0.212 0.350

3% -3mm and 3% —2mm are different gamma analysis values of PTW1500, and DISO is the planned central point dose measured in 30cm x 30cm x

30cm PTW solid water using PTW 0. 6¢c finger ionization chamber
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Figure 3. Iso-dose Distribution of Different SU Values
From the top left, the isodose line is 70Gy 60Gy 25Gy 10Gy respectively, the red filled part is PTV, and SU5 —50 represents the SU
value of 0.5 -5%.
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Figure 4. DVH Dose Curves of Different SU Values
The Resolution of DVH curve : Bin Width:1mm, DVH Resolution: 0.01Gy, and SUS —50 represents the SU value of 0.5% -5%.
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Figure 5. Verification Results of Different SU Value Plans
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Here, row A, B, C, D were SUO.5% , SU1% , SU3% , SU5% , respectively, and each column from the left to the right is the

planned output, verification results, and comparison between them.
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