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Different dose calculation algorithms applied in the design of intensity-modulated radiotherapy

plan for postoperative patients with cervical cancer: a dosimetric analysis
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Abstract: Objective To analyze and compare dosimetric differences between pencil beam convolution (PBC) algorithm and
anisotropic analytical algorithm (AAA) in designing intensity- modulated radiotherapy plans for postoperative patients with
cervical cancer. Methods Based on Eclipse treatment planning system, PBC algorithm and AAA were separately used to
design intensity- modulated radiotherapy plans for 30 postoperative patients with cervical cancer, and the corresponding
verification plans were also generated. The dosimetric parameters of target areas and organs-at-risk were compared. Results
Statistical differences were found in the dosimetric parameters of target areas calculated with two different algorithms,
including the Dsy, Dsow, Dosy, Doss, Dinean OF target areas, and the homogeneity index of planning target volume and conformity
index of clinical target volume (P<0.05). The comparison of calculated organs-at-risk dose revealed that differences in Vs, V.,
D of rectum and bladder, the Vi, Vas, Vo, Dinean 0f small intestine, the Vi, Vao, Vo, Vio, Vso, Diean 0f marrow, the Vi, Vi, Vao,
V0, Duean Of the right femoral head and the Vi, Vi, Vso, Diean Of the left femoral head were statistical significant (P<0.05), and
that except for the V., of the right and the left femoral head and the Vs, of rectum, the other reference indexes calculated with
PBC were lower than those calculated with AAA. The comparison of verification plans of two algorithms didn't showed any
statistical differences. Conclusion Although both AAA and PBC algorithm are conformed to the clinical requirement, some
significant dosimetric differences between PBC and AAA are existed. Compared with AAA, PBC algorithm overestimates the

dose of target area which is in high-dose region, and underestimates the dose of organs-at-risk which is in low-dose region.
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F1 AHAREENEXFEFSHELE (1=30)

Tab.1 Comparison of target dosimetric parameters calculated with two different algorithms (n=30)

Parameters Target areas AAA PBC algorithm t value P value
D»./cGy PTV 5429.18+36.88 5 444.28+40.20 -2.340 0.044
CTV 5441.21£37.54 5455.43+42.32 -1.900 0.090
Ds./cGy PTV 5390.86+34.71 5406.80+40.24 -2.565 0.030
CTV 5403.99+36.17 5421.52+40.89 -2.670 0.026
Dsoi/cGy PTV 5226.84+17.14 5246.49+19.56 -5.842 0.000
CTV 5254.81£20.72 5280.78+24.61 -6.925 0.000
Dss:i/cGy PTV 5002.3142.15 4 996.00+9.05 2.392 0.040
CTV 5102.62+11.03 5131.62+14.84 -8.023 0.000
Dssi/cGy PTV 4919.4749.49 4905.22+15.97 6.054 0.000
CTV 5054.24+14.88 5 074.56+25.76 -3.986 0.003
Diea/ cGy PTV 5215.91£17.19 5230.40+19.58 -3.970 0.003
CTV 5 253.83+20.60 5278.10+24.71 -6.020 0.000
HI PTV 0.097 0+0.008 1 0.102 0+0.0094  -4.056 0.003
CTV 0.074 0+0.007 7 0.072 0+0.008 4 1.424 0.188
CI PTV 0.872 040.007 2 0.872 0+0.007 3 -0.231 0.822
CTV 0.638 0+0.020 6 0.642 0+0.020 6  -2.922 0.017

AAA: Anisotropic analytical algorithm; PBC: Pencil beam convolution; PTV: Planning target volume;

CTV: Clinical target volume; HI: Homogeneity index; CI: Conformity index
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Tab.2 Comparison of organs—at-risk dosimetric parameters calculated with two different algorithms (n=30)

Bladder Vol % 99.57+0.70 99.01+1.24 1.561 0.153
Va/% 87.3149.44 85.77£9.91 5.489 0.000

V% 52.80+10.99 52.33+11.26 2.724 0.023

Vso/% 30.48+9.20 30.21+9.27 2.200 0.055

Duea/cGy 4 147.79+278.87 4121.354289.98 4.114 0.003

Small intestine Vil% 86.34+7.70 85.71+7.80 4.120 0.003
Va/% 65.88+10.84 62.59+10.95 10.612 0.000

Vi/% 22.41+7.25 21.26+7.00 7.065 0.000

Val% 9.18+4.26 9.11+4.20 1.484 0.172

Vs/% 3.28+1.94 3.16+1.87 2.190 0.056

Dinean/cGy 2 348.77+281.40 2298.50+280.56 26.051 0.000

Right femoral head Vi/% 96.79+9.90 96.69+10.04 1.446 0.182
Va/% 84.57+14.51 81.52+15.64 3.797 0.004

Val% 38.47+11.21 37.15+10.80 6.985 0.000

V% 9.99+4.42 10.21+4.41 -3.477 0.007

Vsol% 0.48+0.56 0.41+0.52 2.258 0.050

Daea/cGy 2 787.03+367.16 2 756.224+372.90 11.203 0.000

A AT AU R, AAA R AESRAG BE T I RS e | S MR g IO v A Ao 553 22 AR T i
LTI . Brage ¥ LA AAABRILMIPBCH it ™ T HR AL, IF IR T AAABL 11
TEAERTS N | S A rP O N SRR IE TSR SRR 2, SRS TR As R R



. IMRT

- 149 -

R3 AR EEEMN BT RIS v BT R E R LR

Tab.3 Comparison of verification plans of two different algorithms

Algorithms 153° 102° 51° 0° 309° 258° 207° All
AAA/% 96.29+1.64 98.40+1.26 96.74+1.17 97.65+1.49 96.89+1.30 99.16+0.48 98.01+0.89 98.51+0.67
PBC/% 97.34+2.15 99.41£0.67 98.03+£0.94 97.70+£2.20 98.66+0.96 99.64+0.67 98.77+0.91 98.92+0.77
t value -1.337 -2.097 -3.782 -0.151 -6.035 -2.331 -2.520 -1.819

P value 0.214 0.065 0.004 0.884 0.000 0.045 0.033 0.102
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