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Gastric cancer remains one of the most prevalent and deadly malignancies worldwide, with high incidence and mortality rates. Early
detection and accurate diagnosis are critical for improving patient outcomes. However, conventional diagnostic methods, such as
endoscopy and tissue biopsy, are invasive and may fail to detect subtle or early-stage lesions, particularly those confined to the
submucosal layer. This underscores the pressing need for non-invasive, high-resolution molecular imaging techniques. In this study,
we employed hyaluronic acid-coated monodisperse magnetic nanoparticles (HA-MNPs) as a molecular imaging probe targeting CD44
receptors, which are overexpressed in gastric cancer cells. To overcome the limitations of traditional T2-weighted Turbo Spin Echo
(T2TE) imaging—namely, motion artifacts caused by gastric peristalsis and respiration—we utilized ultra-short echo time (UTE)
imaging to enhance signal acquisition and image quality. To compare the diagnostic efficacy of UTE and T2TE imaging modalities,
we performed a comprehensive radiomic analysis. Radiomics enables the extraction of high-dimensional quantitative features from
medical images, capturing subtle spatial patterns that can be predictive of tumor biology and clinical outcomes. Our results
demonstrate that UTE-based molecular MRI (mMRI) using HA-MNPs holds significant potential for early diagnosis and therapeutic
monitoring of gastric cancer. The radiomic analysis revealed marked differences in spatial frequency characteristics between the two
imaging modalities: T2TE images exhibited higher contrast, while UTE images showed greater homogeneity and spatial correlation.
These findings suggest that UTE imaging may offer improved diagnostic robustness by mitigating the influence of motion artifacts
and enhancing lesion characterization. In conclusion, our study highlights the potential of HA-MNPs-enhanced UTE molecular MRI
as a promising non-invasive tool for the assessment of gastric cancer in a murine model, offering distinct advantages from a radiomic
perspective.
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Fig. 1. (Color online) (a) Photographs and T2 solution MR images of HA-MNPs each conditions and (b) R2 relaxivity graph for the magnetic ion

concentration.
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Table 1. Images of T2SE and UTE after HA-MNPs injection.
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Fig. 2. (Color online) Radiomic analysis of UTE-based molecular imaging technique using HA-MNPs.
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Table I1. The segmentation step.
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Fig. 3. (Color online) DWT features comparison. LH: Low-frequency
in horizontal direction + High-frequency in vertical direction, HL:
High-frequency in horizontal direction + Low-frequency in vertical
direction, HH: High-frequency in both directions.

IS odet T 9oz Eaflsie] d7t, g 54,
B8 12 58 Ao s 23 e 23 7o)
o} E=3 DWTE 93-S 5%, 534, tizbd Wake] A3
o deo= Fafsle, @ Wl =2 ey A Ak
WERd 7Rke g sl 7ol ¢lE 5o, HL A%
S 5 ko g nFw), 7F WRko R AFulo] HJRE I
s, ol G Wl 8 A (edge) v TES FEIITH
U2 LH AES $=3] oA, HH A& 233 "9k s

P UTE G 719 Az &5 w4 zjolol] 7IIgh vjA)
g zlolE mlal FASII ol#dt Afol= DWTS] A5}
gl o] AAH e B sy} d-Eo] g, uF
I RS 23k, A, vARE 7S ERivke FolA 7]
g AR siME 4= qUvk. DWT &4 23, 49 4]

whom, vl =2 wWgke] uFul AE UTE FdelA o
FESAA BEEQTHFig. 3). ] W] 33 Ase
AAHe® A2 ghe Hlou, T2SE F8elr dizes



— 184 - S| YFE AN 7153 AT =YAE o))

=& S Yehlth Fig 55 T2 TSE ¥ UTE %73
g DWT 24 232 Aoz AAfsiar o

£ 9

2.2 o] 4l F= PY(GLCM) ML
adgle] M ¥ PH(Gray Level Co-occurrence Matrix,
GLCM)y @74 Wl g4 11 3317 AiAE 248

T .
ol AREE= 7THolth(Fig. 4).
GLCM Features Companson
i 095
0.92
0.9
0.8 [
0.7
o 0.6
k=]
=
g o5
«©
= oaf
0.3
0.2 0.18
01} Q09
o
Contrast Homogeneity Energy Correlation

GLCM Features

Fig. 4. (Color online) Comparison the GLCM measurements of T2SE
and UTE.

o] WP T2SE G4 UTE A4 7t miAlgh xjol=
ek ° E3) Tr%—:s}uq HA-MNPsE ZgA|=2 83t
(mMRI)OM UTE 7|RF 97471H<]
=7 }s]—— ﬂoﬂ 2 = ok GLeME: 53
THtexture) 5 —*7‘] e ot 2tk

Symmetry (Contrast): $|% mMRIZ AJ3l= Bl223] 719

B Aol Z4se A

Contrast = ZiJ(i —j)zp(i,j) 3)
Homogeneity: 9 24} 217138934 (molecular MRI)2] &
WS A= AR

p,))

2 )

1+(@(-))
Correlation: &= T4 7+ FAE AFsslar, 1 FAMIS

Hrske A%

Homogeneity = %, J

Z,’J(i - ,ux)(i - ,Lly)p(l',j)

O'SO'y

Energy: B12-39] 74448 =78l A|H. 30| $25= H)|
27)e] wgAo] A, Heo] o Bxeke vehd.

Correlation =

©)

. N2
Energy =X, p(i, ) (6)

3 919 2% o) TAIZE MRI SFH 222 B4 — o] X<l - o] FA)

3. Radiomic £4]

Radiomics 418 913l], T2SE % UTE A|HXZHE £
53+ #3(segmentation) G| A7 (neural network)oll
deE=o] 2 98] APS TSItk 278 9" g
T Fs ARSI BdS AL, o] % HlolE]
| gt €5 2 275 Fdske WAoE Y= Fig.
5 7% Ade(validation performance) Z1EZE Uepdt)
o] W= A% 2do] ZF tlolElel] thal drh dwist
(generalizatlon)ﬂ%xlg ks, 53] 7 TF @l st
oA vEhd HZe| HF de
Epoch 301%1 00584334 o= EZHAckFig. 5).

H
=
-

2

The best validation performance is 0.058433 at Epoch 3.

10°
= Training
= Verifying
- Testing
Best
10"
:
-2
4 10
s
=
g
=
b
= 403
104 L
0 1 2 3 4 5 6 7 8 9

Epoch 9

Fig. 5. (Color online) The validation performance graph.

o] A A& A = £ mdo] A2 HoJHE I
o 4] d38 4 JEAS wdsh, 2] By} @
2230 Qo] WS- F3 Aot} Fig. 62 A ww
o] AAE dlZgka ARk 7k Hol2 AZElEt 93} Bl
ETJ#(error histogram)S HoFt}h, @3} 3|AETHE F

Error histogram with 20 bins

a5y -Tralmng

Instance

O B O ©® O N NN O OGN Y - NN N O
N AN NN AN O - NN ©O - © - o o
Error = Target value - Output value

Fig. 6. (Color online) Error histogram.



L A= Journal of the Korean Magnetics Society Vol. 35, No. 4, August 2025

207He] FRHbinO 2 FHsle] Yor, oF xte] RES
207He] 70 Lhre] 7t 73b ) 93 WAl WES A7)
Aoz Jeith. o] AT 1A% wHe o o7
£ BUSHE W) w52 I, 03} 7P Bol wAsks

=
AE Fofetar, 54 A sfedS Adske dl f-88it. o
A HA2 Rdo] AT (accuracy), ¥ EKH(bias), At

(varianceys 7Fh= ©l F83F S it}
4. Radiomic Z4&

Table III. The results of T2SE image clustering training and UTE
image clustering training.

UTE Clustering

T2SE Clustering

L

\V:

. o R
B i - %_‘:,..;--r-

A: SOM Neighbor Weighted Distance, B: Hit, C: SOM Weight
Location

AV 7l SR2EE A3E B3 FYE e A
T2, HA-MNPsS =9A|2 &8 919+ MRIIX UTE 7]
R frEdS F7kske vl F2o] lnt. £ e S
BlRS B8 =2® 9 54E0] UTE 7IHE 53l dolnl

X o of
o o o
=
o
o
=
=2
>
2z
3
LY

o,
K
=y
N,

Gl sl Sel2HE Sk5s 3stal, UTE @73l thal
SY2EE HERES T 72 AEY SeER 243
A= At ZA3} A= (Self-Organizing Map, SOM)2] 7}
FTA| YA 2ZE F3 SOM garElEel o3l AdE
ZX| W (weight vector)’} AlZPEoE HHHT =3k S
2ER) AY% T2)3Z(clustering accuracy graph)**= 21787
Rdlo] Z} ZH2HE drit s SRS HoAF
o, SOM ©°]% 7t 7}EX Azl Z#Z(SOM neighbor
weight distance graphy= 85 oA 7 7+ 7154 W)

- 185 -

O] A e AolE AR SR YeRfe], 7} o] o)
k= Hlolele] 544S WSttt Table 1> A% S~
Hy 2388 B8 dojx T2SE A Su2HY sk 2w
o} UTE %9/ Se2H B~E A7E A3 o] Az
5 B3, AW FeaEHy A3 sy dAlel HAE @

=
A BEA A o] SIS ST & gtk

MRE= CTol| Blg) 98+ <
e Ao FAdES AlFst
Hke] B2} o s} 7o) WsHHA 1
Al 84 =72 2AEeisiar ok, 53] wAde 58 A

S M 5 Sl ARl glen, o= JiY B
deefete) A3 7 SRIT3.4)
7

o] o] 9ot T ER 7]e] Fslolle Alte] w2tk
[7.8]. ¥ Aolxde olefgh SIS 53] Al = o
3 AIZKUltra-short Echo Time, UTE) 7]Wke] £} 27|F
H’dmMRI) 7HE AE3lHon, s|EFEL I8 A
WeXHHA-MNPs)YS CD44 =84 el 29A2 A1H8-3}
o Y BdojlA sl s Frkidh 53] 71E9
T2SE A9} vlasle] UTE A2 94 8 2 24
7Fs/3-& Radiomics 7S &3l o= Hlusiint.
UTE 972 T2SE ti¥] © #=2 7Y%= (homogeneity)2}t
AT (correlation)S YERRCH, o] UTEl 38 2 ¢
Asol o5t olE|HEE FHAslsla, nAgh Wrel
x4 EAE oS Ags] R & dvke HS AR
olgfgt Avl= HH 7] MRIOIA UTES] Frads d5sh
Slawig et al.(2023)%] A7} YX|gHH9]. FESH, £ A7l
A] Radiomics 415 B3l 2 Who] B3] b =1
NME Fomst FF 5SS FE2L F Ue, ol
Tomaszewski and Gillies(2021)°] A A3+ nvl9} o],
Radiomics7} 71 S%F 7|9k G4 #59] SHAIE RS
Ue A FA 7HEYE AAZTH10]. Aol ARSE
HA-MNPs Z@A9] el 54 w3t et o= Elgs)tt
Sargazi et al.(2018) & Dou et al(2022)2 HA 7[HF 1=
YAt CD44 G-8Allof ez o= Afst] T 22 =
HEAt= 22 in vivo ZAoA 453 v} gloy, o] B
Aol Fst M= 2gA] delo] 71E w]ldl 7|xskar
RS om|giths,6]. $HH, Radiomics 7 BFOZHE]
Ao g2 9 oy JRE FE3o 2 ko] X o
=, A7 9 G Qlo] =& 7EAES BAAFIANH A




- 186 - 3T B 7158 A A E o] G5 919 2T o] 3A17E MRI 21E] 2212 34 - o] A<l - o)A

A WF Heoll= E 7 =4 AP EASI B 15
3le] BE QPSS 95t oA T B AHEFA o
TR AZ9] 3 5 Radiomicsd] TH £5& == F

Q2 891o= AHHa Jr}H10]. 3] UTE 7|8+ mMRIOIA]
9] Radiomics #4412 7]& 477} A9 glo, B AY=
T3 TS A= u] A= A3 AlElEA 2ot 9

va E

B A= 99t 9 AT 913 ElAE 234 7)aE
A A7 Y MR 7Fs7dE B 53], CD44
F-8AJ0l| BolFo=z Ajsh= 3]2
ZHHA-MNPs)E -85} vl wdlo] thg]of] $19F Al
£ o]23k &, 2t o|F AIZHUTE) 7%+ ¥4 MRI 7o

2 oS It 71 T2SE 9743 Hlaste, 2
teEx B B3 UTE 979 943k 548 J4
o= nlusigltt. @ AlEstls Osu WS H8sie] A
5 IAIZS A=, DWTERE glo18sl Wzhs 3
IR T BAS BAEITE 4 29, T2SE e
i Al A5 o =2 ¥ (contrast)ES X1 ¥, UTE
W A 1T ARl

o FEEhl, o w2 dds
(homogeneity) = ¥ E(correlation) S HPTk D
GLCM@dlo]-#d 224 38) 79k g2 A=
T2SE tiH] UTE F/de] &2ol] 2|3t ofeHEd & 7t
s, W 725t 3

S AYsE Wsh] A AE% 37 2 SH2HE 24
oAM= T2SESH UTE 3Fe] A2 Ajol7} &kl=len, &
3] UTE %7dell SOM 71it 8288 Ay} QP &o)x
v XS Yt ol9h & A¥= HA-MNPs £
A7} f19ke] Gzt I e JATH {FEAS 7HAA,
UTE 7I§o] o]& &3 o= Fdshks G4 s AL
gt} 53] A1 dolx] 7] s HrisbAu, 24
Aol REgo] mjekst Aol Me Fde] Wt FsistA o
A & = d=dl, olds vAlgt 9 HRE Bes
7] g ETEA Y B4 &8 sl e

ARE AlFsPH, 71E T2SE 4R} o 958 =24 Tzt
=9} 9Fg#2] Radiomic 57
ol FF AYos FHS
imaging 71E2A19] 7Fe/dS AAISH, F7HER1 2 %
I} qF3} Ao ke vlEd 5= QS Aoz |dETh

o [

-
3l non-invasive biomarker

dAtel 2

2 A7 AR s REAN )] AdeRz eyt
o] 2|48 who} =35 A7 (RS-2023-00248763).

References

[1] K. D. Crew and A. I. Neugut, World Journal of Gastroenterol-
ogy 12, 354 (2006).

[2] K. Sumiyama, Gastric Cancer 20, 20 (2017).

[3] T. Hussain and Q. T. Nguyen, Advanced Drug Delivery
Reviews 66, 90 (2014).

[4] L. Fass, Molecular Oncology 2, 115 (2008).

[5] A. Sargazi, F. Shiri, S. Keikha, and M. H. Majd, Colloids and
Surfaces B: Biointerfaces 171, 150 (2018).

[6] J. Dou, Y. Mi, S. Daneshmand, and M. H. Majd, Arabian Jour-
nal of Chemistry 15, 104307 (2022).

[7] D. R. Martim, R. Danrad, K. Herrmann, R. C. Semelka, and
S. M. Hussain, Topics in Magnetic Resonance Imaging 16, 77
(2005).

[8] M. E. Nowee, V. W. J. V. Pelt, I. Walraven, R. Simdes, C. P.
Liskamp, D. M.J. Lambregts, S. Heijmink, E. Schaake, U. A.
V. D. Heide, and T. M. Janssen, Physics and Imaging in Radi-
ation Oncology 19, 85 (2021).

[9] A. Slawig, M. Rothe, A. Deistung, K. Bohndorf, R. Brill, S.
Graf, A. M. Weng, W. A. Wohlgemuth, and A. Gussew, Rofo
196, 671 (2023).

[10] M. R. Tomaszewski and R. J. Gillies, Radiology 298, 505
(2021).

[11] N. Otsu, IEEE Transactions on Systems, Man, and Cybernet-
ics 9, 62 (1979).



