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different dose levels [10–13]. Baglan KL et al. indicated 
a strong dose–volume relationship existing between the 
irradiated small bowel volume and acute diarrhea at all 
dose levels and they constructed a predictive model for 
acute toxicity [10]. Subsequent studies have confirmed 
the significance of intermediate dose levels V15, V20 and 
V25 with respect to severe diarrhea [12, 13]. From the 
cumulative DVH of small bowel in our study, it is clear 
that IMRT reveals significant lower irradiated volume 
than SmartArc and 3DCRT in the intermediate dose range  

(15–35 Gy). This indicates that IMRT plans will 
lower the risk of acute toxicity for small bowel after 
radiochemotherapy.

In summary, our results revealed the IMRT 
technique as the best technique for current study. 
Although IMRT and SmartArc achieved the comparable 
target coverage, IMRT was better in OARs and normal 
tissue sparing. And obviously, IMRT and SmartArc were 
superior to 3DCRT in most clinically evaluated endpoints.

Figure 1: Dose distributions of three planning techniques for two patients in the axial slices. From up to down are SmartARC, 
IMRT and 3DCRT respectively. 
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Figure 2: Cumulative DVH of the target (A: PTV-G; B: PTV-C), the OARs (C: Small bowel; D: Bladder; E: Femoral heads) and normal 
tissue (F: Normal tissue) of the three treatment planning techniques.
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Table 1: Dose statistics comparison for planning target volumes and organs at risk

Parameter SmartARC IMRT 3DCRT SmartARC vs 
IMRT

SmartARC vs 
3DCRT

IMRT vs 
3DCRT

PTV-G. Volume (cm3):247.6 ± 54.6 (156.2−340.3)

D1% (Gy) 57.4 ± 0.6 57.1 ± 0.3 58.3 ± 0.5 n 0.005 0.005

D99% (Gy) 55 ± 0.3 54.8 ± 0.4 55.4 ± 0.2 n n n

mean (Gy) 56.5 ± 0.6 56.1 ± 0.2 56.4 ± 0.3 0.037* n 0.013

V95% (%) 100.0 ± 0.1 100.3 ± 1.1 100.0 ± 0.1 n n n

V100% (%) 98.5 ± 1.6 96.8 ± 1.9 98.9 ± 1.5 0.007 n n

HI 0.0 ± 1 0.0 ± 0.0 0.0 ± 0.0 n n 0.003

CI 1.2 ± 0.2 1.1 ± 0.1 3.1 ± 0.6 0.028* 0.005 0.005

PTV-C. Volume (cm3): 1844.8 ± 215.2 (1562.3–2310.8)

D99% (Gy) 48.8 ± .4 48.7 ± 0.4 48.9 ± 0.6 n n n

mean (Gy) 52.8 ± 0.3 52.6 ± 0.4 53.9 ± 0.3 n 0.005 0.005

V95% (%) 100.0 ± 0.1 100.0 ± 2.5 100.0 ± 0.2 n n n

V100% (%) 95.0 ± 0.0 96.5 ± 1.0 94.7 ± 2.1 n n n

CI 1.0 ± 0.3 1.1 ± 0.2 1.4 ± 0.1 0.005 0.005 0.005

Small bowel. Volume (cm3):683.7 ± 330.4 (406.2–1488.5

mean (Gy) 15.2 ± 3.2 15.1 ± 3.1 19.2 ± 0.6 n 0.005 0.005

V15 (cc) 180.9 ± 53.7 167.9 ± 56.4 261.6 ± 161.5 n 0.047 0.013

V30 (cc) 71.6 ± 41.1 51.9 ± 37.7 91.1 ± 55.4 0.005* 0.022 0.005

V40 (cc) 43.3 ± 35.5 40.2 + 33.8 68.4 ± 48.1 n 0.005 0.005

V50 (cc) 22.4 ± 20.0 22.5 ± 35.8 44.9 ± 35.8 n 0.005 0.005

Bladder. Volume (cm3): 117.4 ± 76.7 (50.0–259.7

mean (Gy) 36.9 ± 5.6 36.0 ± 5.3 40.0 ± 8.7 0.017* n 0.022

V30 (%) 64.7 ± 18.6 54.6 ± 19.8 67.3 ± 26.2 0.005* n 0.009

V40 (%) 44.2 ± 15.8 38.9 ± 15.0 59.2 ± 26.1 0.005* 0.013 0.005

V50 (%) 22.2 ± 9.8 25.0 ± 11.0 45.7 ± 23.2 0.047 0.005 0.005

Femoral heads. Volume (cm3): 94.4 ± 20.2 (68.8–121.4)

mean (Gy) 40.4 ± 2.2 38.3 ± 2.7 44.6 ± 3.4 0.005* 0.005 0.005

V30 (%) 99.1 ± 1.4 95.8 ± 5.0 98.7 ± 2.8 0.012* n 0.012

V40 (%) 49.3 ± 18.6 31.5 ± 16.3 71.1 ± 20.5 0.005* 0.007 0.005

Normal tissue. Volume (cm3): 9956.4 ± 1877.9 (7308.3–11879.9)

mean (Gy) 24.5 ± 1.2 22.8 ± 1.5 25.9 ± 1.9 0.005* 0.017 0.005

V10 (cc) 8119.8 ± 1222.0 7979.4 ± 1067.9 8155.5 ± 1154.7 0.005* n 0.015

V20 (cc) 6141.0 ± 818.4 5154.6 ± 639.4 5520.9 ± 645.3 0.005* 0.007* 0.009

V30 (cc) 3574.0 ± 484.8 3296.0 ± 371.0 4101.4 ± 588.5 0.013* 0.007 0.005

V40 (cc) 1232.7 ± 154.8 1230.0 ± 103.0 2131.9 ± 458.8 n 0.005 0.005

V50 (cc) 123.5 ± 24.9 199.3 ± 28.2 763.4 ± 150.8 0.005 0.005 0.005

Dosimetric comparison of three treatment planning techniques. p value normally displayed means the former is better than 
the latter. p value displayed with a star superscript means the latter is better than the former. p value of n means no statistically 
significant.


