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Abstract: Objective To investigate the effect of robust optimization based on geometric uncertainty on the dose distribution in
volumetric modulated arc therapy (VMAT) plan for lung cancer, and the effect of uncertainty on the dose distribution. Methods
Ten patients with non-small cell lung cancer were selected. Based on Minimax principle, the robust optimization plan (P.s) was
designed with the random error of 4 mm using Raystation planning system, and was compared with the traditional plan (Puoma)-
The robust plans with random errors of 2 mm (P,4) and 8 mm (Ps,) were compared with P, to investigate the effect of uncertainty
on the dosimetry. Results P,s and P..ma plans had similar target coverage, with an average difference of -0.3 Gy, and their tumor
control probabilities were both 78%, without statistical differences. Compared with those in Puma plan, the volume of the lung
receiving more than 20 Gy in P,s plan was averagely reduced by 1.1%, and the mean lung dose was decreased by 0.6 Gy, and
the normal tissue complication probability was averagely lowered by 0.4%; mean esophageal dose was reduced by 5%. All the
above-mentioned differences showed statistical significance. Compared with P..ma plan, Pse plan was increased in the doses of
lung, esophagus and heart, with statistical significances, especially mean esophageal dose and lung-Vs which were increased by
more than 4.4 Gy and 4%, while the mean esophageal dose in P4 plan was reduced by 1.1 Gy, and the volume of lung receiving
more than 40 Gy was lowered by 0.4%, with statistical significance. Both the tumor control probabilities of Pss plan and Py plan
were 78%. Conclusion Robust optimization based on geometric uncertainty reduced doses of the organs-at-risk and the random
uncertainty had obvious dose effects on normal tissues.
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Tab.1 Comparison between plans based on geometric uncertainty and those based on PTV margins for 9
NSCLC patients (Mean+SD)

Parameters [ Py Proma-Pas Pys-Pis P1s-Ps
CTV CI 0.6340.05 0.65+0.06 -0.01+0.03" -0.03+0.03" 0.12+0.06"
HI 1.11£0.04 1.12+0.05 -0.01+0.03 -0.01+0.03 0.00+0.03
Dw/Gy 60.4+£2.2 60.7+1.3 -0.3+1.3 0.2+£0.5 -1.0+0.9
TCP/% 78.0£2.0 78.0+£2.0 0.0£1.8 0.0£0.0 0.0£0.0
Lung Dunea/ Gy 11.3+£2.6 10.7+2.8 0.6+0.7 0.1+0.3 -1.4+0.8"
Vs/% 49.1+10.9 46.6=11.7 2.543.0° 0.2+1.5 -4.1+3.4
Vol % 18.2+5.2 17.1£5.2 1.1£1.1° 0.0£0.8 SITETRI
Vul% 6.3£3.1 6.3£3.0 0.0£0.6 0.4+0.2° -1.1+0.6
NTCP/% 3.0£1.0 2.0+1.0 0.4+£1.0° 0.0£0.0 -1.0+0.4°
Esophagus Duea/ Gy 22.0+7.2 18.1£5.0 5.0£5.3" L1£1.1 -4.4+1.1°
Vis/% 24.5+19.0 15.8£11.6 8.7+14.3 0.2+0.2° -1.0+£0.9°
Vso/% 8.6+13.2 4.5£5.3 4.1£9.3 0.6+0.9 238217
NTCP/% 8.6£9.5 49433 3.7+£7.7 0.1+0.1 -3.0£2.0°
Heart Duea/ Gy 7.84£5.6 7.8+6.2 0.0£0.8 0.40.5 -1.0£0.6
Cord 1 ecm’ Dinea/ Gy 29.1£11.7 27.9+12.1 1.243.1 0.5+4.0 -1.8£2.8

PTV: Planning target volume; NSCLC: Non-small cell lung cancer; CTV: Clinical target volume; CI: Conformity index;
HI: Homogeneity index; TCP: Tumor control probability; NTCP: Normal tissue complication probability; Pma: The margin
of PTV was 2.8 mm; P,s: The geometric uncertainty was 2.8 mm; P, The geometric uncertainty was 1.4 mm; Ps¢: The

geometric uncertainty was 5.6 mm; " indicated that the difference was statistically significant (P<0.05).

a: Puoma plan b: P.s plan c: Py plan d: Ps, plan
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Fig.1 Tumor dose distributions in 4 plans
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