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Quality re-optimization and assessment of radiotherapy plan for rectal cancer
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Abstract: Objective To evaluate the quality of treatment planning (TP) and re-optimization planning (RP) of radiotherapy for
rectal cancer using PlanlQ software, thereby providing methods and tools for the screening and optimization of radiotherapy
plans. Methods Twenty patients with rectal cancer who received radiotherapy were selected retrospectively, with 10 cases of
intensity-modulated radiotherapy (IMRT) and 10 of volumetric modulated arc therapy (VMAT). (1) TP: IMRT plan involved
S-field irradiation, and VMAT plan involved two 360° arcs. The prescription doses were 50 Gy/25 f for PTV1 and 45 Gy/25
for PTV2. All plans underwent direct machine parameter optimization and required 95% isodose lines to cover 100% of the
target volume. Organs-at-risk (OAR) were limited by reference to tolerated dose standards. After the planning was
completed, the plans were reviewed and confirmed by a physician, and the treatment was implemented after dose verification.
(2) RP: a physicist with 10 years of experience re-optimized the 20 TP plans, with the irradiation technique and field setting
unchanged. The re-optimization involved adjusting planning conditions and parameters based on individual experience until

the dose to OAR was minimized while without affecting PTV coverage. The quality of TP plans and RP plans were
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quantitatively evaluated using PlanlQ software. Non-parametric Wilcoxon signed rank test was performed for dose-volume

histogram parameters and plan quality index between two groups. Results The dose-volume histogram parameters in RP

plans were superior to those in TP plans, and the differences in the D,,,, of PTV1, the V,;, and D, of small intestine, and

the V5, of colon were statistically significant (P<0.05). The quality scores of RP plans for IMRT group, VMAT group and
all patients were significantly higher than those of TP plans (P<0.05), with plan quality index of 88.55+3.35 vs 86.61+4.63
(P=0.005), 89.72+3.15 vs 87.21£3.04 (P=0.028), and 89.14+3.22 vs 86.91+3.22 (P=0.001), respectively. Conclusion RP can

further improve the quality of radiotherapy plan for rectal cancer. PlanlQ software serves as an effective tool for quality

control and screening of radiotherapy planning.

Keywords: rectal cancer; intensity-modulated radiotherapy; radiotherapy plan quality control; PlanIQ; plan screening
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Table 1 Setting of plan quality scoring function in PlanIQ software

Max Score Linear Score Failure mode
PTV/OARs &4k
Criterion Score Criterion Score Criterion  Score
PTV1 Viws  >100% 15 95%~100% 0.1~15 (linear) <95% 0
D,.. <55 Gy 5 NA NA >55 Gy 0
D,, >47.5Gy 5 NA NA <47.5 Gy 0
D,.  >50Gy 5 NA NA <50 Gy 0
Cl 1 5 0~1 0.1~4.9(linear) NA NA
HI 0 5 0~1 0.1~4.9(linear) NA NA
PTV2 Vioo% >100% 15 95%~100%  0.1~15(linear) <95% 0
mn | 242.75 Gy 5 NA NA <42.75 Gy 0
CI 1 5 0~1 0.1~4.9(linear) NA NA
Visgy,  S180cc 2 180~200 cc  0.1~1.9(linear) >200 cc 0
N7 Vioey <100 cc 2 100~120 cc  0.1~1.9(linear) >120 cc 0
Vis gy <65 cc 2 65~75cc  0.1~1.9(linear) >75 cc 0
<50 Gy 4 NA NA >50 Gy 0
H Gy S180ce 2 180~200 cc  0.1~1.9(linear) >200 cc 0
way <100 cc 2 100~120 cc  0.1~1.9(linear) >120 cc 0
Visay <65 cc 2 65~75cc  0.1~1.9(linear) >75 cc 0
D, <50 Gy 4 NA NA >50 Gy 0
B e Visay <15% 5 15%~30%  0.1~4.9(linear) >30% 0
TRELR Vg, <15% 5 15%~30%  0.1~4.9(linear) >30% 0
FBEL Vg, <15% 5 15%~30%  0.1~4.9(linear) >30% 0
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Table 2 Comparison of DVH parameters between TP and RP
IMRT VMAT e
PTV/OARs
TP RP P TP RP PAH TP RP PAE
PTV1 Vi/% — 99.86£020  99.93+0.17  0.046  99.85+0.34  99.88+0.20  0.461 99.86£0.19  99.94+0.12  0.317
D,. /Gy 53.51+0.54  53.39+0.55 0.092  53.73£0.63  53.83%0.55  0.262 53.83£0.55  53.73+0.63  0.046
D,./Gy 49.80+0.38  49.89+0.39  0.153  49.72+0.44  49.65+0.43  0.540 49.65+0.43  49.72+0.44  0.125
D,./Gy 52.13£0.40  51.99+0.53 0285  52.13£0.40 51.99+0.53  0.799 51.97£0.44  52.08+0.33  0.263
CI 0.81£0.06  0.82+0.05  0.445 0.82+40.05  0.84+£0.04  0.028 0.81£0.06  0.83+0.05  0.057
HI 0.05+0.01 0.05£0.01  0.589 0.06£0.01  0.06£0.01  0.180 0.06£0.01  0.05£0.01  0.813
PTV2 Vigwd/%  99.67£0.37  99.70£0.30  0.564  99.68+0.24  99.77+0.13  0.157 99.67£0.30  99.74+0.23  0.180
D,;/Gy 42.90+1.96  43.27+1.22 0.610  42.16+0.70 42.28+1.25  0.285 42.53+1.48  42.78+1.30  0.490
CI 0.90£0.05  0.91+0.03  0.386 0.91£0.04  0.93+0.03  0.285 0.91£0.05  0.92+0.03  0.179
N7 Visgfee  47.52435.13  47.85+41.11 0.445  78.07+83.00 70.16+81.12  0.575 0.82£0.05  0.82+0.05  0.313
Vipafec  34.92+427.78  34.91432.02 0445  55.19+62.14 5120+62.34  0.445 45.06+47.98 46.06+48.96 0.218
Visgfoe  24.17#21.79  21.35£20.63 0.005  38.02+45.65 36.05+45.21  0.374 31.10£35.53  28.70+35.02  0.005
D, /Gy 49.63+1.83  49.00£2.17 0.008  50.94£1.87 50.16£2.20  0.059 50.29£1.92  49.58+2.21  0.002
g7 Visgfoc  81.91£53.44 8120+£53.73 0.445  85.30+£53.66 85.60+55.30  0.575 83.61£52.15 83.40+53.11  0.455
Vigfoe  71.09447.29  70.09+48.38 0.508  77.42+45.61 77.42+4581  0.445 74.25+45.33  73.76+46.01 0.351
Visgfee  60.19+44.45 581944508 0.012  70.02+38.08 69.15+37.37  0.093 65.10+40.59  63.67+40.69  0.002
D,./Gy  5229+1.47 52.11+1.30 0285  53.44+0.80 53.81+0.57  0.093 52.87£1.30  52.96+1.31  0.681
B e Vis/% 283548.17  28.134#922  0.675  26.07+11.45 24.66+11.33  0.172 27.21£9.75  26.40+10.21 0.193
A Vye/% 2524211 215171 0.129 3.0842.18  2.83£1.49  0.038 2.80+2.11  2.49+1.60  0.088
HMEEER Vie/%  2.10+1.87 2.10£2.14  0.783 2.7042.58  1.93£1.68  0.059 2404221 2.02+£1.88  0.327
TP A7 R RP  FHOEAR ] DVH R R AR )y &
%3 TP5 RPHIPQIELE SR VE A 75 B 7B R IR ik 1 I 5 0

Table 3 Comparison of PQI between TP and RP

Iy TP RP il PE
IMRT 86.61+4.63 88.55+3.35  -2.803 0.005
VMAT 87.21£3.04 89.72+3.15  2.192 0.028
A 86.91£3.22 89.14+3.22  -3.340 0.001
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