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Objectives 

DirectSPR, a commercial product, enables direct generation of stopping power ratio (SPR) maps from dual-energy CT 

(DECT) for proton therapy applications. This study aims to evaluate the accuracy of SPR maps generated via DirectSPR 

using different DECT protocols for proton therapy dose calculations in the RayStation treatment planning system (TPS), 

employing actual porcine tissues in place of tissue surrogate phantoms. 

Methods 

The same set of porcine tissues samples was scanned on two Siemens CT scanners, SOMATOM go.Open Pro and 

SOMATOM Drive, with DECT protocols utilizing 80kV-140kV (80/Sn140) and 100kV-140kV (100/Sn140) energy 

combinations. Both scanners incorporated a dual-source dual-energy approach. DECT data were processed in syngo.via 

to generate CT images whose image value I is linearly correlated with SPR, namely SPR = I/1000 + 1. These images 

were subsequently imported to the TPS with this linear calibration curve applied. A 200.3 MeV proton beam was 

simulated to pass through the scanned porcine tissues. With a custom RayStation script calculating the integral depth 

dose (IDD) along the trajectory, water-equivalent thickness (WET) was computed and compared against measured WET 

values obtained via a multi-layer ionization chamber on the Hitachi Probeat-V Proton Beam Therapy System. For each 

tissue type, measurements were acquired at a minimum of three distinct points. 

Results 

All calculated WET values were within 2% of measured values, with the exception of one point in cortical bone, where 

discrepancies of +2.67% to +3.78% were observed, indicating a potential overestimation of SPR in high density bone by 

DirectSPR. For each tissue type excluding bone, the mean WET discrepancies were within 1.1%, consistent with 

previous findings. Overall, the mean WET differences (excluding bone) were +0.22% and +0.13% for 80/Sn140 and 

100/Sn140 protocol respectively in SOMATOM go.Open Pro. The Wilcoxon signed rank test yielded a p-value of 0.03 

(<0.05), suggesting a slightly better accuracy for 100/Sn140. Meanwhile in the case of SOMATOM Drive, both DECT 

protocols produced a mean WET difference (excluding bone) of +0.37%, with no statistically significant difference 

observed.  

Conclusions 

Optimization of the initial linear mapping between image value and SPR is advisable for enhancing DirectSPR accuracy 

in RayStation, particularly in regions containing cortical bone. DirectSPR demonstrates acceptable accuracy in soft 

tissues, with the 100/Sn140 protocol favored for its superior penetration depth and comparable accuracy to the 80/Sn140 

protocol. 

 



 



 


