HBINRENHER) R RIT K DT DR

WO E KA BiE B (@)

i OB % B LU R B A AR R J e e
IR L - American Association of Physicists in Medicine 2018

L[] D B 75 K B 4% 60th Annual Meeting & Exhibition

CREEFHHY S He0lEiTRE)
- BLEERS REA

H P304 7H 27H

i :

i A T FE304E 8H 4H

- W g M 7 EEEESIC BT AN AE® il FE [Estimation of effective
: i imaging dose and excess absolute risk of secondary cancer

C EBEES - RENE o :

incidence for 4D-CBCT using Monte Carlo simulation ]

gesR ( Bf9:800% )

AAPM 2018 60th Annual Meeting IZZ1 L. FEIPERS B EEERR 35 L O
R FHEAHARERAGRT) ICfEA L 54kt =2 — v ¥ — A CT(UD-CBCT)
DIRGIF DML  FREHEE ISP T 2IFRAB O OBFKRZ1T - 72,

AWTFE Tl ENBERHRIEFERE I & 1 5 4D-CBCT DRk o 1 <
MEBEEZEY T ALY Ialb—va Y EFERALCHEL, SEIRoHIE R
BRI L7, FoNHEEMEX Y #lEaRic B 5 FHfifk & X 04D-CBCT
DEMMEXHEE L, BEICHEINTHWBCBCTD T — & & LBHEE 21T -
Tzo $72. 2REVPAV A7 2BELR LERETARFERLCEHL, Foh
7efER L V. AD-CBCTHAAMFIC RIS THE I ODWTRET L7, fIRICE T
BRESIC R S 2 LH0E RS KU2REDAD Y R BB 85 LR
et

EAE, TRBHRARE TR 3 1 2 IGRTHEER O I < R & MR 3 2 #
LoWnT, ERITELAE . AUTIEERE %@ L TR onu#ihiiis X o
R Bt & IR R B SR RR B X 'IGRT O K 8 & ARIc i+ 28
BILOWTTARN YV a v EiTot, ¥/, BEHRLVERBL TV BIFED
ERRICHN T 2 RRIEIKE & 2 L PR S iz, Mz TERESICSML,
HEHMEC Y Y RY Y AL, —REERRZIEEL -, BEFEE L. HARIC
WY ANTWaWEATICBE T 2 BEMET 5 2 L K, REFESEL D
DTH oz, —MEEFKFZ TR, BPHREAMICET 25t oREOT N L
% DIERE21H 2 Z & BAHFEK,

AERZINTHREEREZ. SBROVEES S X CRRERICED L7\,




Estimation of effective imaging dose and excess absolute risk of
secondary cancer incidence for 4D-CBCT using Monte Carlo simulation
Innovation: We estimated the organ equivalent dose and the effective dose for four-dimensional cone-beam
computed tomography (4D-CBCT) using Monte Carlo (MC) technique, and evaluated the excess absolute
risk (EAR) of secondary cancer incidence using the organ equivalent dose.
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Fig.1. Schematic of this study. The OBI tube voltage and current were
set to 125 kV and 5.6 mA. The OBl was modeled based on measured
PDD and OCR for 125 kV. The electron energy cutoff was 512 keV, and
the photon energy cutoff was 10 keV.
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Fig.2. Comparison between measured PDD and simulated PDD, measured OCRs and simulated OCRs at the
depth of 1, 5, 10'cm along the x and y axis. (a) The simulated PDD agreed with measured PDD within 2% for
each depth. (b) The simulated OCRs along the x axis and (c) those along y axis agreed with the measured

OCRs within 2%, except around the penumbra region.

| Fig. 4 The dose d|str|but|on of 4 acqwsmons in color wash for (a) the lung patlent and (b) the liver patient.

Table 1. Imaging doses and EARSs for lung and liver patients. The weighting factor was used in ICRP
publication 103.The EARs were calculated based on the linear no-threshold model. The EARs were
hypothesized that the age at exposure was 30 years and the age considered for cancer induction was 70
years. The effective dose for liver patients was two times the effective dose for lung patients (red box).

The lung’s EARs of 4 and 30 CBCT acquisitions were 5.2 and 39.0 cases per one million persons-year for
lung patients. The liver's EARs of 4 and 30 CBCT acquisitions were 5.2 and 39.2 cases per one million
persons-year for liver patients. The EARs increased in proportional to the number of 4D-CBCT acquisitions
(blue box). Additionally, the stomach’'s EARs tended to be high in both lung and liver patients (green box).

EAR of secondary cancer incidence

Ao ey (cases per one million person year)

Number of acquisitions 4 30 4 30
Oragn (weighting factor) Lung patients Liver patients Lung patients  Liver patients  Lung patients  Liver patients  Lung patients  Liver patients
skin (0.01) 04+01 05+0.1 2706 36+0.6 0.1 0.2 0.9 1.2
lung (0.12) 83+14 47+10 624+102  356+74 3.0 223
heart (0.12) 93+28 149+ 3.6 69.6 + 20.6 111.9+26.9 - - - -
thyroid (0.04) 42+40 - 31.7+£30.2 - 1.3 - 9.5 -
liver (0.04) 17109 49+1.0 13.0+7.0 364176 1.9 14.0 39.2
spleen (0.12) 45133 16.1+£3.2 3411247 1205+ 23.7 - - - -
kidney (0.12) 15114 115134 11.3+10.2 859+ 255 0.6 48 47 35.8
esophagus (0.04) 25+04 1.8+0.2 18.7+3.0 13 7£1.7 0.4 0.3 2.7 20
stomach (0.12) 39+24 10.1£1.9 29.0+18.0 756 + 14.1 BT 8.0 229 598 |
pancrease (0.12) 25+23 15.3+3.3 19.0 £ 16.9 1147 £ 250 0.1 0.6 0.7 44
bone (0.12) 1.2+£0.2 1.0+£0.2 90+1.3 75112 - - - -
Effective dose [40.1+10.1 80.7+128 3005+756 605.4+96.2 |




