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Objectives 

This study aims to evaluate the impact of SpaceOAR insertion on the efficacy and safety of carbon ion radiotherapy 

(CIRT) plans for prostate cancer patients. The investigation focuses on how SpaceOAR affects dose distribution to the 

prostate and surrounding organs during CIRT. 

Methods 

This retrospective study included 25 prostate cancer patients treated with CIRT after receiving a 10 mL SpaceOAR™ 

hydrogel injection. Three plans were generated per patient: conventional, rectum-sparing without spacer, and post-

SpaceOAR. CT/MRI fusion guided PTV and OAR contouring. Dosimetric metrics (Dmean, Dmax, Dmin, V15–V50) were 

analyzed. Prostate–rectum separation was measured at three axial levels and grouped by distance to correlate with 

rectal DVH. Robustness was tested using setup uncertainties (0.5, 0.7 cm) and ±4% density changes, assessing dose 

constraint compliance. Plan quality was evaluated with ProKnow® scores. Statistical analysis included repeated-

measures ANOVA and regression using R (v4.1.3), with significance at p < 0.05. 

Results 

The mean rectal dose (Dmean) decreased significantly from 9.85 Gy(RBE) to 8.58 Gy(RBE) and 3.32 Gy(RBE) across 

the three plans (p < 0.001). V15–V50 indices also declined significantly (p < 0.001). Median prostate–rectum separation 

increased from 0.07 cm to 0.98 cm (p < 0.001) at mid-gland. Increased separation correlated negatively with rectal V15–

V50, Dmin, and Dmean (p < 0.05). Robustness pass rates improved from 40.77% to 60.35% and 83.33% (p < 0.05). 

ProKnow scores rose from 44.05% to 52.81% and 89.03% (p < 0.001), corresponding to a total score of 64 points. These 

results confirm that SpaceOAR hydrogel improves rectal sparing, robustness, and plan quality in CIRT. 

Conclusions 

The integration of SpaceOAR™ hydrogel enhances the efficacy and precision of CIRT in prostate cancer by improving 

plan quality, rectal sparing, and robustness to setup uncertainties. Spacer use enables safer dose escalation without 

increasing rectal toxicity, addressing anatomical limitations in prostate cancer treatment. The study also employs the 

ProKnow® scoring system for structured, multi-dimensional plan quality assessment, supporting objective strategy 

comparisons. Spacer insertion aligns with personalized radiotherapy by accommodating individual anatomy and 

treatment needs. Though limited by its retrospective, single-institution design, the findings support hydrogel spacers as a 

standard adjunct in CIRT. Future multi-institutional prospective studies are warranted to confirm long-term benefits in 

tumor control, toxicity reduction, and patient quality of life. Spacer use in CIRT thus represents a practical and effective 

strategy for advancing safer and more individualized prostate cancer treatment. 

 



 



 



 


