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Abstract
Background: A range pull-back device, such as a machine-related range shifter (MRS) or a universal
patient-related range shifter (UPRS), is needed in pencil beam scanning technique to treat shallow
tumors.

Methods: three UPRS made by QFix (Avondale, PA, USA) allow treating targets across the body: U-shaped
bolus (UB), anterior lateral bolus (ALB) and couch top bolus (CTB). HN patients who used the UPRS were
tested. The in-air spot sizes were measured and compared in this study at snout positions: 15 cm, 25 cm,
and 35 cm. A solid water phantom with the ALB placed at 0, 10 and 20 cm air gaps to the phantom
surface was also measured using a single-�eld optimized pencil beam scanning �eld. The two
dimensional dose maps at the middle of the spread-out Bragg peak were measured using ion chamber
array MatriXX PT (IBA-Dosimetry, Schwarzenbruck, Germany) located at iso-center and compared with the
treatment planning system.

Results: A UPRS can be consistently placed close to the patient and maintains a relatively small spot size
resulting in improved dose distributions. However, when a UPRS is non-removable (e.g. thick couch top),
the quality of volumetric imaging is degraded due to their high Z material construction, hindering the
value of Image-Guided Radiation Therapy (IGRT). Limitations of using UPRS with small air gaps include
reduced couch weight limit, potential collision with patient or immobilization devices and challenges
using non-coplanar �elds with certain UPRS. Our experience showed the combination of a U-shaped
bolus exclusively for a head-and-neck target and an MRS as complimentary for head-and-neck targets as
well as for all other treatment sites may be ideal to preserve the dosimetric advantages of pencil beam
scanning proton treatments across the body.

Conclusion: We have described how to implement UPRS and MRS for various clinical indications using
the PBS technique, and comprehensively reviewed the advantage and disadvantages of URPS and MRS.
We recommend the removable UB to be employed for the brain and HN treatments only while an
automated MRS is used for all proton beams that require RS but not convenient or feasible to UB.

Full Text
This preprint is available for download as a PDF.

Figures



Page 4/7

Figure 1

(a) Patient-related range shifters: U-shaped bolus (UB) indexed on couch top, anterior-lateral bridge bolus
(ALB) on a movable cart with indexed height, couch top bolus (CTB). The UB is applied in the clinic to
treat brain, head and neck targets. ALB is used across the patient body when anterior and lateral �elds are
planned. CTB is used for all treatments whenever posterior �elds are used. (b) MRS mounted on the
nozzle on a �xed beam nozzle. (c) An example of a head and neck patient planned with UB, ALB and CTB
in the planning images, but only UB and ALB were in the beam paths.

Figure 2
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(a)-(c) CBCT images of the RANDO phantom on a 7.5 cm solid water phantom; (d)-(f) CBCT images of the
RANDO phantom on a 3.5cm G-10 CTB (7.35 cm WET). Artifacts are observed and the bony structures are
blurred in the axial view.

Figure 3

PBS spot sizes versus proton energy from measurements of the open �eld (red), MRS with air gaps (AG)
of 6, 16 and 26 cm (black) and simulation with AG of 2, 6, 10, 16 and 26 cm respectively. The AG was
selected based on typical treatment conditions. UPRS can generally be placed as close to the patient's
surface as 2-10 cm AG. To avoid collision between MRS and patient, the AG for brain and head and neck
treatment are typically 15-20cm. The largest AG of 35 cm was selected to represent the worst case
scenario.
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Figure 4

Comparison study for 110 MeV single proton spot with UPRS at different locations (indicated by the
green boxes) in Eclipse TPS. (a) Planning geometry with 6 cm air gaps; (b) planning geometry with 33 cm
air gaps. (c) the percent depth dose curves for 6 and 33 cm air gaps; (d) spot pro�les at the phantom
surface for 6 and 33 cm air gaps.
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Figure 5

Iso-dose levels and gamma comparisons between planed (dash iso-dose lines) and measured (solid iso-
dose lines) dose of a PBS �eld with air gaps of 0 cm (a and b), 10 cm (c and d) and 20 cm (e and f).


