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Dosimetric differences between XVMC algorithm and MC algorithm in preoperative

radiotherapy for rectal cancer
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Abstract: Objective To evaluate the difference in dose distribution calculated using X-ray voxel Monte Carlo (XVMC)
algorithm and ArcherQA Monte Carlo (MC) algorithm in preoperative radiotherapy for rectal cancer, thus providing
reference for the planning and evaluation of XVMC algorithm in clinical practice. Methods For 10 patients with rectal cancer
undergoing preoperative radiotherapy, the XVMC algorithm in MONACO planning system was used to develop the plan.
The CT, tissue structure, and field information from the prepared plan were transmitted to Monte Carlo software, and the MC
algorithm was used for the secondary dose calculation. The dose differences between XVMC algorithm and MC algorithm in
the target area and organs-at-risk dose calculations were analyzed. Results The differences in D,;, and D,
of the bladder, and D

XVMC and MC algorithms for isocenter dose were all within 2%. The differences in the D,,, of PTV, spinal cord expansion,

of the planning

mean

target volume (PTV), V,, of the small intestine, V,; and D, 1ean OF the femoral head calculated by

and small intestine between two algorithms were 3.43%, 3.59%, and 3.62%, respectively; and the difference in the V,, of
PTV was 2.87%. Conclusion XVMC algorithm underestimates the planned maximum dose and overestimates the
prescription dose coverage in the target area as compared with MC algorithm, but the dosimetric differences between the two
algorithms are within a clinically acceptable range (within 5%). When evaluating the plan, attention should be paid to the
dose calculation errors caused by the algorithm.
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Table 1 Comparison of target area doses between XVMC and MC algorithms (Mean+SD)

W FE bR XVMC 5k MC 5k IW2/% fi P1H
fut 5 e Gy 4206.00+464.10 4177.50+467.42 0.96 0.043 0.966
PTV
D,./cGy 5605.80+£37.17 5798.50+47.52 3.43 -3.194 0.005
D,,./cGy 4228.40+116.80 4139.20+£99.54 -1.97 0.581 0.560
Viou/% 97.52+0.42 94.70£0.72 2.87 3.382 0.003
D,.../cGy 5266.60+14.61 5280.40+16.80 0.26 -0.620 0.543

a:XVMCE %

b:MC &3k

E1 F—fERERENRMEASFNEME ST RER(EEILAPTV)

Figure 1 Isodose curve distribution calculated by two algorithms for a rectal cancer patient (blue solid line represents PTV)
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Table 2 Comparison of organs—at-risk doses between XVMC and
MC algorithms (Mean+SD)

PR bR
N

D,./cGy 5321.30+£21.22 5514.20+40.65 3.62 -4.206 0.001

max

XVMC 5 MCHE: WZE/% i PME

V,/% 9.28+1.95
AN

D,,/cGy 3280.30+343.89 3379.50+349.01 3.59 -0.202 0.842
JB e

D, ./cGy 3550.80£51.70 3558.40+£52.05 021 -0.104 0.919
V,s/% 26.58+2.94
JBe Sk

D,../cGy 2286.30+140.23 225420+137.56 -1.38 0.163 0.873

mean’

9.30+1.96 0.82 -0.019 0.970

26.83+2.95 1.19  -0.060 0.953
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Figure 2 Comparison of 3D gamma passing rate
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Figure 3 Dose—volume histogram curves of two algorithms (The solid

line represents XVMC algorithm, and the dashed line represents MC

algorithm)
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Figure 4 Comparison of dose calculation for IMRT in a rectal cancer patient
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