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Introduction and Purpose: Controversy exists over the impact of lateral penumbra (LP) in proton therapy (PT) planning for prostate cancer (PC).  There is no significant objection that overall patient dose with PT is lower than that seen with intensity-modulated radiation therapy (IMRT).  There is concern that in the high dose (HD) regions, the PT dose fall-off is not as rapid as seen with IMRT, leading to the volume of normal tissue in this area to receive a higher dose.  Simply stated, many believe that the HD normal tissue sparing may be superior for IMRT versus PT .  This study focuses on the HD regions in PC planning by comparing prospective plans created with both PT treatment planning systems (TPS) and IMRT TPS with an emphasis on HD fall-off in the rectum.

Materials and Methods: Nine patients treated at our institution in 2006 were prospectively planned for both PT and IMRT.  Measurements were taken and recorded in the isocentric plane in all 6 vectors from the isocenter to the prostate edge, PTV edge, 95% isodose and 80% isodose lines in the axial (Ax) and sagittal (Sa) views.  The HD region was defined as the distance between the 95% and the 80% isodose lines.  In sum, 8 sets of measurements in 6 vectors were recorded for each patient (the anterior and posterior vectors were replicated in Ax and Sa).  Additional posterior points were taken on the sagittal view 1.5 cm superior and 1.5 cm inferior to the isocenter plane.  In sum, 10 sets of HD region measurements were taken for each patient representing 8 different positions.  
Results: PTV coverage was equivalent for both proton and IMRT plans.  The mean HD distance (in mm) was as follows, for PT and IMRT: Ax Ant 3.6 vs. 6.3;  Sa Ant 3.8 vs. 6.3;  Sa Inf 4.0 vs. 2.8;  Ax L Lat 4.3 vs. 6.1;  Ax Post 3.8 vs. 7.6; Sa Post 3.6 vs. 7.6; Ax R Lat 4.0 vs. 5.6; and Sa Sup 3.6 vs. 2.6 – the additional posterior (rectal) points both showed an advantage to PT: Sa Post (superior) 3.8 vs. 6.6; Sa Post (inferior) 3.6 vs. 7.6.   Overall, for all points, the HD fall off was superior for PT compared to IMRT by 2.1 mm (mean).  All values listed were significant by 2-sided paired T-test.   

Conclusions: PT was overall superior to IMRT in the 4 of the 6 high-dose isodose line regions.  In evaluating HD fall-off affecting the rectum, PT was statistically superior to IMRT.  Although the lateral penumbra of an individual proton beam is slightly wider than that of a photon beam, the ability to use fewer beams in PT negates this disadvantage.  The lateral penumbra in PT actually represents what would be the isodose falloff lines of an IMRT plan.  This is an important distinction between PT and photon therapy, particularly IMRT.  The lateral penumbra in PT will decrease with uniform scanning and again with IMPT.  
