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Comparative study of the imaging quality and dose in on-board CBCT for proton versus photon

radiotherapy systems
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Abstract: Objective To comparatively analyze the imaging performance and dose characteristics of on-board kilovolt cone
beam computed tomography (kV-CBCT) integrated with the Varian ProBeam proton therapy system and Vitalbeam linac,
investigate the underlying causes of the discrepancies, and propose optimization strategies for on-board CBCT for proton
therapy system. Methods CBCT scans were performed in standard head and pelvic protocols using a CatPhan504 phantom
and CT ionization chamber dosimeter to systematically assess the accuracy of CT values, image homogeneity, spatial
geometric deformation, spatial resolution, low-contrast, noise and weighted CT dose index (CTDIw) of both systems.
Results The on-board CBCT for Vitalbeam linac demonstrated better performance in terms of CT value accuracy and image
homogeneity in both scanning protocols than the on-board CBCT for ProBeam proton therapy system. Spatial geometric
deformations remained within +0.3 mm, and there was no significant difference between the two systems. Furthermore, the
on-board CBCT for photon therapy system was advantageous in terms of spatial resolution, low contrast, and noise when
compared to the proton therapy system. The imaging dose was higher for photon therapy system than proton therapy system,
with CTDIw of 3.59 vs 1.38 mGy in head protocol, and 40.03 vs 9.96 mGy in pelvic protocol, respectively. Conclusion The
on-board CBCT for the Varian ProBeam proton therapy system is inferior to Vitalbeam on-board CBCT in imaging
performance, while having relatively lower imaging doses in comparison. The source of the discrepancies is mainly from the

larger SID design of the proton therapy system, which leads to a reduction in the number of detected scattered photons and a
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reduced imaging performance than the on-board CBCT for photon therapy system. Potential strategies to enhance the

imaging quality of proton therapy system on-board CBCT may involve structural redesign of the CBCT system, hardware

upgrade, and algorithm optimization.

Keywords: image-guided; cone-beam computed tomography; proton therapy system; imaging performance; imaging dose
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Figure 1 Photographs of the Varian ProBeam proton therapy system (a) and Vitalbeam linac (b)
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Figure 2 Schematic diagram of the Catphan phantom structure
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Table 1 Basic parameters and scanning conditions of the on—board CBCT for photon

and proton therapy systems

P St Fh R

- KT BT AT (53
PSS FA E/° 160 191 360 360
WA /o5 6 6 6 6
Fan Type Full-Fan Full-Fan Half-Fan Half-Fan
X -14/14 -14.5 -24.7/3.4 -2.8/26.2
y -10.7/10.7 -10.9 -10.7/10.7 -10.9/10.9
& HLJE/kVp 100 100 125 125
BE5t/mAs 150 811 1080 4633
Beam hardening filter Titanium 0.89 mm  Titanium 0.89 mm Titanium 0.89 mm Titanium 0.89 mm
HHiH A em 26.3 29 46.5 52.1
S E/em 18.6 21.2 18.6 20.7
SAD/m 1 2.7 1 2.7
SID/m 1.5 3.7 1.5 3.7
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Table 2 kV-CBCT CT value accuracy test results (HU)

SR S SR FEAE
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Alr 21000 -996.3 37 9932 6.8 -998.1 19 997.1 29
(=)
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€ LU0 D) ' ' ' ; ; ; ' '
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- 2100 -106.3 63 73.9 26.1 -108.2 8.2 90.2 9.8
(IR R M)
Polystyrene 35 42.1 7.1 182 16.8 412 62 28.1 6.9
(RAKI) : ’ ’ ‘ ‘ ’ ’ :
Acrylic
ol 120 116.2 3.8 150.1 30.1 112.3 77 1352 152
(IR NS )
Delrin
340 361.7 217 377.3 373 359.3 19.3 376.1 36.1
(R PEERAS)
Teflon
N 990 961.3 287 10192 292 955.4 34.6 1025.5 35.5
(RUF205)
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Table 3 Image homogeneity test results (HU)

o KA A AR
T Ji¥ S ¥

s 44,665  47.8+6.2 467422 292422
T 51.0+£8.2 31.2+7.5 50.8+1.6  37.7+3.3
s 47.9+7.2 34.9+6.4 49.9+42.1 37.345.2
H 48.7+7.5  45.1+10.5  45.742.3 37.5+4.8
h 412457  28.143.6 439428  29.7+5.9
Wbk 9.8 19.7 6.9 8.0
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Table 4 Spatial geometric deformation test results (mm)

o kAR FEEAR
T 2 A E T E A
FEEY 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
SE-ET 50.0 49.9 50.1 50.0 49.9 50.0 50.1 50.0
SEE-BT - 49.9 500 502 50.0 49.9 50.0 50.0 502

FSICRVER T W Fh % & L2 CBCT 76k Ml
AR 25 ) 4 PR AR FL B R PG e e
T AT FE S R . A [ A BER A a5 R T LA
PR RO T R G HLE CBCT M Tl T &
40,0 R (7 vs. 6) LP/mm A1(5 vs. 4) LP/mm. XfT
RORE G R, Sk A =iy 4 B 0 B L A 25 % O
RGALHEE B 1A FER (15 mm) | 1 i F R G0
BAEWE. ARSI EW BT LI, X T
6B &R Ge R vt g 43 R B0 225 7 (4 mm) Al



57

FIIE. i T-506 FIAF7 RY0HIEL CBCT MG it S BT _ %45 -

555 (7 mm) AN BIER 7 AR RS T 1, 2R A
JEBLH 7T KA 4 2R Ot 7 RSP CBCT
4 PG MR 75 L P AR AR R L 4 T 1 R 58

x5 CBCT®G=E DR R ERIERELL SER
Table 5 Comparison of spatial resolution, low—contrast and

noise in CBCT images
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XS EE B /mm 15 = 4 7

[ {5 1 75 /HU 3.7 46 2.5 3.0

2.2 CBCTH&FIZ

FO6IR T Wi R G HLE CBCT 1Y 4 57 & X
g, Hrp D7 RGH1LER CBCT 763k # M AL H
AL RF B9 RS ) 3.59 F1140.03 mGy, [ T & 4t
53900 1.38 F19.96 mGy , WK TOUF R4, I HA MK
FAH G i i Tk R A AR
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Table 6 On—board CBCT imaging dose for photon and proton

therapy systems
I LA AR AR
bl i bl iR

E]/uGy 367.50 148.00 3102.00 636.00
el /nGy 413.50 167.50 4 418.00 1 094.00
Tili/uGy 527.00 180.50 4261.00 1.020.00
1ii1/uGy 334.50 119.50 4 695.00 1 196.00
i1/uGy 142.00 61.50 4437.00 1.396.00
CTDI,/mGy 3.59 1.38 40.03 9.96
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