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INTRODUCTION RESULTS

Pencil beam scanning (PBS) proton therapy requires Calibration and Reproducibility: Calibration curves showed excellent agreement between film and ion-chamber measurements, with all validation measurements within 8% (Figure 1B). Calibration reproducibility
accurate patient-specific quality assurance (PSQA) was high for both film types, with transmission variations corresponding to dose differences of approximately 50 cGy across repeated measurements. The largest reproducibility deviations were observed for EBT-XD
patient-sp Quality —assurance ‘ at 1800 cGy (170.61 cGy) and EBT4 at 900 cGy (49.6 cGy) (Figures 1C-D).
range verification, and, when feasible, in-vivo dose u_
. . . . . Six-Wedge Film Calibration Plan EBT-XD Red Channel Calibration Agreement RS 10cm Depth EBT-4 Calibration Curve Reproducibility RS 3cm Depth EBT-XD Calibration Curve Reproducibility
verification. Conventional .Q,.A dewces,. such as .|on d 1 -
chamber arrays, have I|limited spatial resolution, — e non-RS ¢ “Measurement 41 * Measurementit
. J—— == Measurement #2
reducing accuracy for small targets and steep dose - —+—Rs (Depth=3cm) o — . 000 o
gradients. ";5 - RS [Depth:lﬂcm] 1% 30000 Measurement #3 g 30000
*E , S 20000 & 20000 =3
. . . ol . = -
Radiochromic film offers submillimeter spatial g -
10000 10000
resolution, tissue-equivalent response, and simple self-
. . . . . 0
developing processing, making it an attractive tool for 0 500 1000 1500 2000 2500 . . 200 o0 200 1000 " o0 1000 500 2000
proton dosimetry. Clinical implementation, however, Dose (cGy) Dose (cGy) Dose (cGy)

requires validation of proton Callbratlon' LET'dependent Figure 1. (A) Six-wedge PBS calibration plan used for film commissioning. (B) Red-channel calibration curves for range-shifter (RS) and non-range-shifter (non-RS) irradiations. (C—D) Calibration reproducibility across three independent

response, and range accuracy. measurements for EBT-XD and EBT4 films.

. . Range Verification and LET Response: Monoenergetic depth-dose measurements showed improved agreement at higher proton energies, with R90 differences ranging from 0.01-0.38 mm (Figure 2B). Lower-energy
This study evaluates Gafchromic™ EBT4 and EBT-XD beams demonstrated greater sensitivity to air-gap and film alignment, resulting in a maximum R90 difference of 3.8 mm (2.7%) at 140 MeV (Figure 2C). As expected, film exhibited LET-dependent under-response
films for: near the Bragg peak, with the largest dose underestimation of 21.2% at 70 MeV (Figure 2D). A linear energy-dependent correction factor (R? = 0.90) was derived to account for this effect (Figure 2D). Agreement for
1. Patient-specific quality assurance (PSQA) spread-out Bragg peaks (SOBPs) improved with increasing modulation width; modulations >0.5 cm agreed within 10%, while the largest discrepancy (2.8 mm, 43.8%) occurred for the 0.5-cmm modulation (Figures 2E—
2. In-vivo surface dose verification F).
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3. Water-equivalent thickness (WET) and stopping-
power ratio (SPR) assessment
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a flatbed scanner (300 dpi, 48-bit color). An in-house WET and SPR Validation: WET-based SPR measurements were obtained in two setups. Soft tissue substitute plugs (CIRS-61M) were measured using a dosimetry cube | [t VWV;G{ Ta“)k r“m ;’VET ?yif)ference
calibration script converted film transmission into dose (Figure 3A). Denser plugs were measured using solid water phantom (Figure 3B). Film pull-backs were measured using myQA (Figure 3C). Measured WET differed e e :
maps (OPG), which were imported into MyQA for from reference by a maximum of 4.4mm (8.89%), observed for breast density. Film underestimated WET on average by 2.15 mm (Table 2). Film-derived SPR
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Clinical plans were delivered with collapsed gantry and Pl
couch | a.ngles and an.alyzed using absolute gamma Patient Specific QA: Film-based PSQA agreed well with TPS dose distributions (Figure In-Vivo Dosimetry: Film measurements slightly overestimated TPS surface dose (Figure 5A). All
analysis in MyQA. In-vivo surface dose measurements 4). All plans met institutional gamma criteria (>90% at 3%/3 mm); lowest passing rate measurements were within the institutional tolerance of 15%, with a maximum difference of 7.3%
: - o . . o : _
were performed on phantoms and at CT-identifiable Was 81.6% (Table 3). Multiple plans achieved 100% gamma passing. (Table 4). Consistent agreement across breast and head-and-neck treatments supports the
patient landmarks. - B T =R gf;;ii:}gfgzeéiﬂt?gjf:‘ar;ma feasibility of radiochromic film for routine in-vivo surface dose verification in PBS proton therapy.
' ~ I - Il = 441\ | =EH treatment plan. (A) TPS dose Representative measurement sites are shown in Figures 5B—C.
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