a1 HSH WA AEEN T 254 ). Radiat. Res. Radiat. Process. Vol.41, No.5
2023 4£ 10 H www.fs.sinap.ac.cn October 2023

REEEFREDERGSI SHRITHPONBNE

WS Mgy F2 o' 9k HE' 9k @' @@ WOk
OB ANRERE E 0630000
> (b TTABE R 5 — EB 5K 0750000

TR PP AT B AR S S UE R S (Liquid fiducial marker, LEMDZE 14 5] S7807 T i B A . AR 4h
St DU A SR HERR £ (Solid fiducial marker, SFMD 3%, PN FEHEIZ A CT & HUE 414 T LEM 1 7] #1
e Dy AR . RS BASFM NS, PR LEM ERR R A P9 AOAR e MEAT B AtR 0 o Ko P 1 i
98 41 AR () R B BB AL 4 A R T N LFM I B8 00T 41 (16 Gy/R) , 3 E N T LFM ¥R (16 Gy/IRD 43R
(8 Gy/OFIPU 43 RIT 2. (4 Gy/0 o KA MRS 45 FEVE A LEMOS iR AR K 1520 . AH EL SFM, LM P 5%
BER N (3p<0.05), T RIGIK SR ZR, 2iEEHN 10 pL B RUER =AcE . BRER 49 LEM T CAH
SRR B E R T SRR Y ((0.2240.03) mm vs. (0.17£0.02) mm, p<0.05), {HIEL/NT—/MEHE
FF, R M R A . LFM ) S5 B i 246 [5) 10 B A 3 1 AR 3 o LEMK SR 080T AL I8 AR S /)

X YT T SR . LEM A — 2 i RS L ANHES 0, AR U SFM.
KRR ARG, BREISHOT, NAME

FESZES R318.8, R812, R8IS6

DOI: 10.11889/1.1000-3436.2023-003 1

SIR%L:

B ELRR, i 5, FOM, F S IEERR S WITE FUR S 0T T BRI BHE . SR SRS
T 22544, 2023, 41(5): 050302. DOIL: 10.11889/1.1000-3436.2023-0031.
HUANG Yulin, YANG Haifang, JIANG Bin, ef al. Application value of liquid fiducial marker in

image-guided radiotherapy[J]. Journal of Radiation Research and Radiation Processing, 2023, 41
(5): 050302. DOI: 10.11889/j.1000-3436.2023-0031.

Application value of liquid fiducial marker in image-guided radiotherapy

HUANG Yulin' YANG Haifang' JIANG Bin'
ZHANG Wang' ZHANG Chao' LIU Jianping' TIAN Long’
'(Tangshan People’ s Hospital, Tangshan 063000, China)
*(The First Affiliated Hospital of Hebei Northern University, Zhangjiakou 075000, China)

ABSTRACT This study was conducted to evaluate the application value of a degradable liquid fiducial marker
(LFM) in image-guided radiotherapy. /n vitro experiment: using a solid fiducial marker (SFM) as a reference, the

visibility, artifact, and optimal injection volume of an LFM under different cone beam CT tube voltage conditions
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were evaluated. /n vivo experiment: using the SFM as a reference, the stability and degradation status of the LFM in
nude mice were evaluated. Nude mice implanted with tumor cells were randomly divided into four groups: single
fraction radiotherapy group (16 Gy/fraction) without LFM injection, single fraction radiotherapy group (16 Gy/
fraction) with LFM injection, 2 fractions radiotherapy group (8 Gy/fraction) with LFM injection, and 4 fractions
radiotherapy group (4 Gy/fraction) with LFM injection. The impact of LFM on tumor growth was evaluated based
on the irradiation results. Compared with SFM, the LFM artifacts were significantly smaller (all p<0.05), and the
visibility met the clinical differentiation requirements. The best imaging quality was achieved when the injection
volume was 10 pL. The displacement of the LFM centroid relative to the spinal cord in the nude mice was
significantly greater than that of the gold fiducial marker ((0.22 + 0.03) mm vs. (0.17 + 0.02) mm, p<0.05); however,
it was always smaller than a pixel size. The results indicated good stability. The actual degradation rate of the LFM
was highly consistent with the theoretical degradation rate. The LFM had a relatively smaller impact on tumor

growth in the single fraction radiotherapy group but a greater impact in the fractional radiotherapy groups. LFMs

have certain clinical applications and promotional value, and they are expected to replace SFMs in the future.
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Table 2 Comparison of imagine quality of LFM with different injection volumes
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Fig.2 Visibility (above figures) and artifact (below figures) of LFM with different injection volumes
under 60 kV CBCT tube voltage
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