
On average, pRF plans reduced delivery time by 85.3% and irradiated 
blood per fraction by 52.9%

pRFs greatly reduced blood volumes receiving low doses and 
slightly increased the volume at higher doses

pRFs improved CL survival across all subpopulations. Stimulated 
CL survival differences were modest, while unstimulated CL 
differences were much larger
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Compared to IMPT, pRF’s ultra-fast delivery reduced the volume of irradiated blood and improved CL survival, 
particularly for the more radiosensitive unstimulated lymphocytes

This study demonstrated that pRFs are a promising immune preservation technique to mitigate RIL

INTRODUCTION
Radiation-induced lymphopenia (RIL) is caused by the death of circulating 
lymphocytes (CL) within the blood

Lung patients are particularly vulnerable to RIL because large volumes of blood are 
irradiated during treatment 

A substantial portion of IMPT delivery time is spent switching energies between 
spot layers, increasing irradiated blood volume. Pin Ridge Filter (pRF) plans use a 
single proton energy, eliminating energy switching to achieve ultra-fast delivery

This work evaluated whether pRF’s ultra-fast delivery could improve immune 
preservation in lung patients by calculating blood dose-volume histograms 
(bDVHs) and CL survival fractions (SFs)

METHODS
Clinically deliverable pRF plans were created for 10 lung patients previously treated with IMPT (5x10 Gy RBE)

Blood circulation was simulated with Hematological Dose (HEDOS) [1], which models blood as stochastically circulating blood particles (BPs)
Circulation simulations were coupled with a temporal model of pencil beam scanning (PBS) that calculates spot delivery, scanning, and energy 
switching times 

PBS delivery was divided into 50ms HEDOS timesteps. The partial dose at each timestep was accumulated to BPs within the lung. BPs followed 
random walks within the lungs to approximate intra pulmonary circulation

A saturation radiosensitivity model (𝐒𝐅𝐬) [2]  was used to estimate SFs for stimulated and unstimulated CD4/CD8 CL subpopulations (𝐒𝐅𝐭𝐨𝐭)

Figure 1: Blood dose accumulation workflow. PBS delivery has n spot delivery times (Td), n-1 scanning times between 
spots (Ts), and energy switching between l energy layers (Te). HEDOS provides the positions of blood particles (BPs) for m 
time steps of duration ∆𝑡 = 50ms. Total beam dose is divided into partial doses and accumulated to lung BPs

Figure 2: (a) Example pRF isodose with ridge filters contoured in red. (b) IMPT isodose on the same patient. (c) DVH comparison. pRF plans 
achieved the same GTV D95% as IMPT while slightly increasing GTV max dose and lungs-GTV dose

𝑽𝐢 : bDVH relative volume
𝐃𝐢 : Corresponding dose

𝑺𝑭𝒔𝒂𝒕 : Where 𝐒𝐅𝐬 saturates
 𝝁  : Rate of increase of DNA damage

𝐒𝐅𝐭𝐨𝐭 = ෍

𝐢

𝐕𝐢 𝐒𝐅𝐬 𝐃𝐢  𝐒𝐅𝐬 𝐃𝐢  =  𝐞𝐱𝐩 ቁ𝐥𝐧൫𝐒𝐅𝐬𝐚𝐭 𝟏 − 𝐞𝐱𝐩 −𝛍𝐃𝐢

Table 1: CL Survival Results

Figure 3:  bDVH comparison for (a) single fraction and (b) the full treatment course

(a) (b)
RESULTS


	Slide 1

