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Study on the usefulness of '>I brachy source Migration detection to the lungs using chest X-ray
energy subtraction images
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[Abstract]

Seed migration into the lungs is a complication after '*’I brachytherapy. In this study, two types of '*’I brachytherapy
sources (AgX100 and STM1251) were used to evaluate the effect on pixel values and the degree of detection of 1257
brachytherapy sources by ROC analysis in energy subtraction images (soft condition and bone condition) of chest X-ray
images. The results showed that the pixel values did not differ between the two types of small radiation sources, and the
difference in tube voltage was up to 35.67% for AgX100 and 24.66% for STM1251.The AUC in ROC analysis was highest
in the bone condition, 0.924 for AgX100 and 0.894 for STM1251.
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Fig.1 Two types of 125l brachytherapy sources
(AgX100 and STM1251),

(a) AgX100 (b) STM1251
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Fig.2 Photography geometry used in this study.

(a) The source was inserted 11 cm from the surface
(b) The field size was 12 x 12 cm on the photosensitive
surface
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Table 1 Radiographic conditions used to obtain
pixel values.

Tube Voltage mAs Field Size
[kV] [cm]

60
70
80
90
100
110
120
130
140
150

SID [cml]

2.5 10x10 100

Hi7 5 11 cm® TWP O i £ 7 AgX100 3% &
O'STM1251 2 i L 7c (Fig.2). Bibid XHas e
— AR HEE (source image receptor distance:
SID) #100cm & U, HGFERH A4 A% 20000 T 12 %
12cm b U TATY, "TEEINGIR I {5 % JUS L 7.
o S E BRI (mA second : mAs) %
25mAs—E L L, HEILZ60~150kVT10kV =
Lz bs¢7c (Table 1). HUfH L 7CHi{R % Image]
Tregion of interest (ROI) # & L, ROIHN DM
EZUS L. BREROLZIEAEE L, K& 3 %300
x 300 pixel T—& & L7z (Fig.3). WiF#Ef#HIXROIN
OFHfE L UTe. %72 2880 T8 BN 3 3%
252 25820 T, WiH Y tHE THEHEIE
TAEMUE 2T, A TEKHE S0 R0 2 st A e
Hy L.
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Fig.3 Imaged used to exmine the pixel values of
the brachy source.
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(a)

(b)

Fig.4 (a)and (b)is radiography geometry. The imaging conditions were set to frontal chest
(120 kV, 3.2 mAs), and low-tube-voltage (60 kV, 3.2 mAs) images were also acquired

for energy subtraction images.

(a) The distance was set at 200 cm  (b) Viewed from directly behind
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Fig.5 Phantoms were taken and images were
acquired.

(a) The original image  (b) The bone condition image
(c) The soft tissue condition image

1.0 wL=1.0 TEB L, WHBLMAFMmEIE wH=1.4
wLl=12TrEkL 7 (Fig.5).
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Fig.6 Relationship between tube voltage and pixel value in brachytherapy source.
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AgX100 STM1251
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(a) AgX100 (b) STM1251

Fig.7 Results of ROC analysis on original images.
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(a) AgX100 (b) STM1251

Fig.8 Results of ROC analysis on bone images.
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(a) AgX100 (b) STM1251

Fig.9 Results of ROC analysis on tissue images.

Table 2 Summary of significance test results.

p<0.05
Type of brachy sources AgX100 STM1251
Original-Bone condition < 0.001 < 0.001
Original-Tissue condition < 0.001 0.5411
Bone-Tissue condition <0.001 <0.001
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(a) original image

Fig.10 Comparison of original image and bone condition image.
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(b) bone condition image

THFED L Tere.

Zz D12 seed migration & LT, I
P B /INFIR 23 X LR LT e LS RS
EahloL s EEEMCLY, HHH
BTHIEWTEIEELD. KRG,
AWFE LR T 2 7 v A ¥ =47
Mooy a A ERMERL, UM F AT
BB (BHRZ - RS - MRS - s
W) OMMREZEHl L 7oK, ¥ 7 b
77 a YR EIR L GbE Tl
THIEIEY, U AMIREOBH
BEDS B L7 LR L T a1
bitbiui, RO RS L CLATIIZEO i 2
B, PUEEINRIF R I Al X R %
BT 22 EVNAEMTHL EEZ D, F710PTHEVN
R I AIR I 350 TIX 2003 4ED ST EN T
D, YR TIX 201442 6 E~901fF (202342 1
BUE) O PTHEINGRIRE 2 ERiL TVv5. 20D 9
H 321 Dlili~D seed migration ZREER L 72
NEEERDISNTHY, MEREPTISEI TN
Wb 2 ii~Dseed migration P x 5 I L IXEE
THa. URETIE, PIHE/IMREREROETOR
TR L T A X RE 2 L Tk Y, 58
LIEBIE A Z T S EB TR N Ico, B~
seed migration 3 % WHEYED H 5 "PTE /NI O
MM EELRETH L L £ 2D, 8L AT
X, BERHAL X RSB 2 = AVF =S T 52
Ya VI LY, PIEE/MREO MR 2 1S
THIEWTEHIERHLLIZLI. Mi~Dseed
migration DN X O, IliZERIE D F8HE O W R H®
RS ND D, B LRERBIE TS 2 L PUE
L7 o, PTESE NSRBI B O i HLME X ARG L
fiifETH Y, MR D 2 ABIZED TR EHR»H
HLEEZLD.

5 f& &

MR 7 7 > b 2 % F 72 SR B X R R 45
BIANF—HT T oy g JUEIE, FRCERN
WP HHATHY, PIHE NI O~ D seed
migration OB L& 5 2 XTSI

FlitER
FIHH A I & OHEF R IR~ S FIREHI
e,



WERERAXET R E—HT M55y 3 VERERNV-RHAD SIZH M MEEMigration O BT BRHI-OVT

ROFHA

Table 1 BEREZEET D7chITHERLIXRIRR M
Table 2 AREREHERDORED.

E DEEA

Fig.1 AIAFLTHEALICEIIMRIR.

(a) AgX100 (b) STM1251

Fig.2 AR THERLIEBREIAXN—

(a) WRIFEREN D11 cmDIBICEAL
(b) BETEFH - (3R L (FPDLE) T12x12cme
Lz

Fig.3 ZEH/IRRDEREZFHIES B7/hCImagelEEAL

7c.

Fig.d ®EIAANI—%Z (a) & (b) IORT. REKMAITH

ERIEME (120kV, 3.2mAs) &L, IRILF—HTh
SU2avERELVTEEEBE 60KV, 3.2mAs) @
BEfRZERRF LT

(a) IRECEERE(F200 cmeL7e  (b) BRI SDOHME

Fig.5 HMIERT 7> hLDMIEREIGRZG LT,

(a) FER (b) BRHEK (C) RMEMER

Fig.6 ZINRRICHIDEBECEREDRER.
Fig.7 REHRICKN T DROCHTDFER.

(a) AgX100 (b) STM1251

Fig.8 BREBERICHITDROCHETDRER.

(a) AgX100 (b) STM1251

Fig.9 ERERSEMEIRICH Y DROCHEITDIER.

(a) AgX100  (b) STM1251

Fig.10 [RERE B RAEERDLLE.

(a) RE&R (b) BHRAER

SEXH

1)

2)

3)

4)

MBEAET, fit: HAONABEBOIRIMES. NA - st
HE2012— T =Y [CEDKHAREDIDIC. BREHR
##t, 63-81, 2012,

R, At RRRIEIIR- 125/ RREE(CBT5Y —
RIRRBEICKIFTEFO®RE. ARESRS, 17, 109-
113, 2005.

Hemanth Boppana, et al.: A Case Report of Foreign
Body Embolization. Cureus, 11(6), 4917, 2019.
Kunos CA, et al.: Migration of implanted free radioac-
tive seeds for adenocarcinoma of the prostate using a
Mick applicator. Brachytherapy, 3(2), 71-77, 2004.

5) Stone NN, et al.: Reduction of pulmonary migration
of permanent interstitial sources in patients undergo-
ing prostate Brachytherapy. Urology, 66(1), 119-23,
2005.

6) BEH %, fi: WEXRIRILF—HB TS UavVEgRE
WREURERNZENEICSDMBRREO®RE. Bl
FE5, 56(3), 428-435, 2000.

7) ENB—, b BRIV J(CHIFBCRDIGA, ¥
[C—EREIRINF—HBTNIIIaVEOBRE i,
30(8), 319-326, 1990.

8) Kido S, et al.: Clinical evaluation of pulmonary nodules
with single-exposure dual-energy subtraction chest
radiography with an iterative noise-reduction algo-
rithm. Radiology, 194 (2), 407-412, 1995.

9) /\#k 42 : Digital Radiography (Fuji computed radiog-
raphy) RV REEIR AAIRE DR (CX T 2R 5
MEBIEI TRILF —ENEBEGZANT. BRERSRES,
55(9), 638-645, 1995,

10) Gregory R, et al.: Reduction of seed motion using a
bio-absorbable polymer coating during permanent
prostate brachytherapy using a mick applicator tech-
nique. Med Phys, 19(3), 44-51, 2018.

11) Badwan HO, et al.: AnchorSeed for the reduction of
source movement in prostate brachytherapy with the
Mick applicator implant technique. Brachytherapy, 9
(1), 23-26, 2010.

12) Sugawara A, et al.: Incidence of seed migration to the
chest, abdomen, and pelvis after transperineal inter-
stitial prostate brachytherapy with loose %°| seeds.
Radiat Oncol, 6, 130, 2011.

13) Chen WC, et al.: Radioactive seed migration after
transperineal interstitial prostate brachytherapy and
associated development of small-cell lung cancer.
Brachytherapy, 11(5), 354-358, 2012.

14) Zhu AX, et al.: Prostate brachytherapy seed migration
to the right coronary artery associated with an acute
myocardial infarction. Brachytherapy, 5(4), 262-265,
2006.

15) Zhe Chen, et al.: Experimental characterization of
the dosimetric properties of a newly designed |-Seed
model AgX100 | interstitial brachytherapy source.
Brachytherapy, 11(6), 476-482, 2012.

16) Vimoj J. Nair, et al.: Feasibility, detectability and clinical
experience with platinum fiducial seeds for MRI/CT fu-
sion and real-time tumor tracking during CyberKnife®
stereotactic ablative radiotherapy. J Radiosurg SBRT,
3(4), 315-323, 2015.

17) RAMERK, f: ISV RIVTATUYZRWNETaTIL
IRINF =BT RS02aVECHIFDUFEAMEMERRDR
HEEDRHE. BREFE, 63(12), 1362-1369, 2007.

% i ¢ 29 (817)

06



