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Objectives 

Local recurrence in prostate cancer often originates from the dominant intraprostatic lesion (DIL), a hypoxic sub-volume 

within the prostate. Dose escalation to the DIL has been correlated with improved local control. This study investigates 

the feasibility of applying dose-average linear energy transfer (LETd)-based with RBE-based optimization objectives to 

escalate dose to the DIL using two-field (2F) and four-field (4F) proton beam arrangements. The dose to the targets and 

organs-at-risk (OARs) was assessed using RBE 1.1 and a variable RBE model.  

Methods 

Five prostate cancer patients previously treated with proton therapy were retrospectively selected (Study approved by 

local ethics). Each patient had hydrogel spacer and fiducial markers placed before same-day CT-simulation and mpMRI 

imaging for target delineation. Three IMPT plans were generated per patient: a 2F-non-boost as reference (2F-NB; 

G270°, G90°), a 2F-boost (2F-B), and a 4F-boost (4F-B; G260°, G300°, G60°, and G100°). Plans were created in 

RayStation 2024B (non-clinical version). Plans were based on 60 GyRBE in 20 fractions and were robustly optimized 

using a 5 mm setup and 3.5% range uncertainties. LETd-based objective of 5 keV/µm was applied to the DIL, with RBE-

based objectives to achieve a DIL Dmean of ≥66 GyRBE, while limiting urethra PRV dose to <67.8 GyRBE for the boost 

plans. MFO-technique was used for the boost plans, assuming an RBE of 1.1. Variable RBE dose distributions were 

calculated using the McNamara model. Statistical analysis was performed with the Wilcoxon signed-rank test (p<0.05). 

Results 

Both 2F-B and 4F-B achieved comparable D95% to the prostate substrate DIL, with 4F-B showing significantly higher 

DIL dose, p<0.05 (Table 1). The 4F-B also achieved lower dose to the rectum, bladder (excluding the highest dose 

range), and femurs compared to 2F-B, p<0.05. Including the LETd objective increased DIL LETd by ≥0.7 keV/µm over 

the 2F-NB. 4F-B further enhanced DIL LETd by ~0.5 keV/µm over 2F-B (Fig.1). Variable RBE-based analysis revealed 

significantly higher RBE-weighted dose to the DIL and lower dose to the urethraPRV2 in 4F-B compared to 2F-B, p<0.05 

(Table 2). 

Conclusions 

Both 2F-B and 4F-B LETd-based optimizations for DIL dose escalation in prostate IMPT are feasible and clinically 

promising. The 4F-B plans offer higher LETd and variable RBE dose to the DIL without compromising on plan 

robustness, supporting the role of biologically optimized IMPT in improving outcomes for focal boost in prostate 

radiotherapy.  

 



 

 

 


