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A classical molecular dynamics-based optimization algorithm for dwell time calculation in

brachytherapy plan
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Abstract: We propose a classical molecular dynamics (CMD)-based optimization algorithm for determining the optimal dwell
time in brachytherapy. To obtain the optimal dwell time sequence, we modified the CMD-based optimization algorithm in intensity-
modulated radiotherapy. With the quadratic sum of the difference between the prescribed dose and the actual dose at the reference
points as the objective function and considering the requirement of dwell time in brachytherapy, we introduced the time smoothing
factor to restrict the difference in the dwell time, which was merged into the total objective function. During the optimization,
the objective function was the system energy of CMD, while the dwell time was the molecular position, and when the dwell time
was optimal, the system energy was the lowest. The effectiveness of this modified algorithm was verified through analysis of
clinical cases, and the results showed that this optimized algorithm met the requirements for clinical use.
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Tab.1 Comparison of the reference point doses with different weights

Case a Case b Case ¢ Case d
Reference point ~ P/cGy
A B A B A B A B

1 600.00  556.16  574.19 563.60  587.41 562.37  585.29 562.66  572.27
2 600.00  591.64  597.21 597.47  610.17 592.11 610.66 586.97  593.00
3 600.00  636.67  626.20 621.81 631.45 629.17  643.71 619.53  622.13
4 600.00  626.99  618.89 628.64  636.23 624.12  631.45 637.35 63291
5 600.00  607.96  607.41 599.22  602.42 608.36  612.27 599.32  577.74
6 600.00  587.30  581.19 589.72  583.75 593.40  588.66 600.44  585.76
7 600.00  571.64  561.81 577.53  568.28 57423 563.46 592.37  580.34
8 600.00  583.52  570.53 592.35  588.43 581.33  573.08 581.28  569.37
9 600.00 60195  597.74 607.34  609.14 601.89  602.65 592.66  585.19
10 600.00 62420  637.40 623.35 63248 618.73  627.97 609.34  618.23
11 600.00 62895  645.09 61441  619.55 623.50  638.33 613.33  631.92
12 600.00  601.15  604.18 594.86  596.67 613.71 611.74 609.76  617.90
13 600.00  578.53  568.35 579.30  572.59 582.88  575.06 605.79  594.73
14 600.00 57491 560.76 579.64  558.78 570.35  559.98 58495  571.32
15 600.00  588.60  582.06 599.59  599.21 585.62  571.90 584.17  576.20
16 600.00  609.17  613.91 621.11 622.29 603.77  602.98 591.01  585.05
17 600.00  629.78  639.48 631.97  623.27 626.87  625.86 6027.92  606.99
18 600.00  625.83  640.00 605.34  599.21 636.11  627.55 610.84  608.23
19 600.00  591.15  609.12 556.22 57740 596.83  596.84 637.19  631.81
20 600.00  563.02  584.91 - 554.06  572.86 593.84  596.03
21 600.00 - - - 562.67  569.90

P: Prescribed dose; A: Actual dose with the same weight factor of 1; B: Actual dose when some of the weight factors increase

to 5. The data underlined indicated a change of the weight factor.
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Fig.1 Comparison of dwell time sequences with different time smoothing factors in cases a, b, ¢ and d
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Tab.2 Changes of the parameters of dwell time sequences with different time smoothing factors

Parameter ¥ Case a Case b Case ¢ Case d
Longest dwell time/s 0.50 42.00 44.50 44.00 54.90
10.00 32.60 31.40 33.40 38.10
Shortest dwell time/s 0.00 0.00 0.00 0.00 0.00
10.00 0.00 0.00 0.00 0.00
Dwell time variance/s 0.50 164.74 192.24 175.20 258.20
10.00 102.26 116.53 104.29 111.50
SDAP /s 0.50 189.20 173.30 186.50 216.20
10.00 91.90 99.30 90.50 123.40

SDAP: The sum of differences in the dwell time between two adjacent positions
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