Med J Chin PLA, Vol. 50, No. 4, April 28, 2025

[ZR Ty

= TR CT #4525 22 68 3 XUk 5% 15 8 BRL 9 PR IR 2 & o ) T
e

#B&, REE, &)k

T PH P A 2 A T e 2 e / s N T N R R B O Y, WAVl 324000

[FES2ES] RS589.7; R814.4 [CHitRER] A [DOI] 10.11855/j.issn.0577-7402.0933.2025.0102

[FERE] AT 1EE IO 25 w58

[BIAZAX] I, KEIE, 8/ . 5 TR CT AR R KU C T 2 B4 bR IR AR 45 T 16 BN [J]. 042 s 27 24K, 2025, 50
(4): 409-417.

[FsEHEI] 2024-06-26 [RABEH] 2024-09-09 [E£&HHA] 2025-01-02

(FEE] BB BRI TRE TR CTRARL A R A P 2 (4 1A R0 T g JAUIE: 555 2 BA.49 PR R £ (MSU) &5 fh A 4
e Ak BB 2019 4 1 H —20234F 5 H AEM N TN REEBE 2 AHE CT(DECT) BHBAI2 1k 5617 55 MSU 45 i LR 1Y)
136 1 5 R 3541 MSUESAL Y 79 Bl I R YR ;s 5 7:3 B FLBIREHIL S A DI 25 (n=150) RIS IE A (n=65) FH T H A%
TP R 3 R BAIE o DA e TR (135 kv) R T R IBGEAR AL 24 REAE SR FH 5 /N TU AR - 35 OAH DG 1 T e /N o WAL 4 1 603
(LASSO) I i 3 H1 20 AR 2FHFAE o SR FIZ AR WIS | 6 RS SR AL (Light GBM) Al SCHE ] S ALY BT i FRAE 104 T £ A%,
Ik M RE IR AE R REAL . SR 22 1K 3 logistic M1 IH 437 i 46 0G5 55 MSU 25 BN fE B I 3R, 45 A S AR AL AR TE AN R AR
LR, R ZIAE B ERE(ROC) I R IHAR(AUC) I A B Tk fiE . 46R 2N K logistic [ 4347
BoR, CTEIEIETT 5% MSU 45 fb TR A ST fG I [ 2 (P<0.001) o 7F 3 FIHLAS 2= B | LightGBM B HI ELAT e £ A4 1010
PEREAN R AT M B e S e, PHICR FH Light GBM BRI RS 41 2k Pl . 971 24 RIS B 1)1 25 S5 RN 96 TIE 4 rh 35000 5G9 5% MSU 25
FR TR AUC 431 0.932 F10.856, 471 0.85, BH & Tl R (De-long K55, P<0.05), {H5 AR FHERI 22 7 IC50
12438 X (De-long K75, P>0.05). 518 JET8 TR CT AR 2250 H i B OG5 55 MSU 45 ShiTRR, B EIRERL K se 184
2SR I ALREY RS, PRI IR DRSS

[EEEIA] TR R FRBNIRIRERSS i 21841 XEECT

The predictive value of high-kilovoltage CT radiomics for urate crystallization in gouty arthritis
Huang Wei-Tao, Zhang Guo—Zheng*, Han Xiao-Wei

Department of Radiology, Quzhou Hospital Affiliated to Wenzhou Medical University/Quzhou People's Hospital, Quzhou, Zhejiang
324000, China

"Corresponding author, E-mail: zgz 0007@163.com

This work was supported by the National Natural Science Foundation of China (82171908)

[Abstract] Objective To explore the value of a combined model based on high-kilovoltage CT radiomics and clinical factors
for predicting monosodium urate (MSU) crystal deposition in gouty arthritis. Methods The clinical data of 136 patients with MSU
crystal deposition adjacent to joints confirmed by dual-energy CT (DECT) and 79 patients with non-MSU calcifications adjacent to
joints were retrospectively analyzed. The dataset was randomly divided into a training set (n=150) and a validation set (n=65) at a
ratio of 7:3 for the construction of predictive models. Radiomic features were extracted from high-kilovolt (135 kV) images, and 20
radiomic features were selected using minimum redundancy-maximum relevance and least absolute shrinkage and selection operator
(LASSO) regression. Logistic regression, light gradient boosting machine (LightGBM), and support vector machine models were

built based on the selected features, and the best-performing model was identified. Multivariate logistic regression analysis was used to
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screen for risk factors associated with MSU crystal deposition adjacent to joints. A nomogram model was then constructed by
integrating radiomic features and clinical variables. The diagnostic performance of the models was evaluated by means of the receiver
operating characteristics (ROC) area under the curve (AUC). Results Multivariate logistic regression analysis revealed that CT
value was an independent risk factor for MSU crystal deposition adjacent to joints (P<0.001). Among the three machine-learning
models, the Light GBM model demonstrated the best predictive performance and good dataset robustness. Therefore, the nomogram
was constructed using the Light GBM model. The AUCs of the nomogram model for predicting MSU crystal deposition in the training
and validation sets were 0.932 and 0.856, respectively, both exceeding 0.85 and significantly higher than those of the clinical model
(De-long test, P<0.05). No statistically significant difference was observed between nomogram model and radiomics model (De-long
test, P>0.05). Conclusions High-kilovoltage CT radiomics analysis can predict MSU crystal deposition adjacent to joints. The
nomogram model and the radiomics model both demonstrate high diagnostic performance, which can provide valuable references for

clinical decision-making.
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Fig.1 Flowchart of the process of inclusion and exclusion of participants in the study
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Fig.2 The flowchart of to build a combined model for predicting monosodium urate (MSU) crystal deposition in gouty arthritis

1.4 BIARVEST KO BNACREPHAL R R ML
% logistic 71943 #7 MSU &5 iU AR M fa e R 25 .
JHLASSO F#AEIE SRS, SR 3 ARl RO BILAS 55 ~) 7
FKgw AT B, 4G 2 B IH (logistic
regression, LR). JGA% 458 AL (light gradient boosting
machine, LightGBM) 3R &AL (Support vector
machine, SVM). KM S 4128 LB UFEAY 7 1L SR A e 4
ISR ARSIl B AR o e e o T & P AR
RTINSO 75 55 MSU 45 & 0 AR 19 52 12 3 45 4 e Ak
(receiver operating characteristic, ROC) il ¢ F 1A FH

(AUC). MERARE(ACC). SRR (SEN)FIHESHJE (SPE),
WAL HTUMRLRE . AUC R K AURRRIGHA M il o

1.5 Sils#ab R R (v4.0.2) #1758 1 43
Mro RIS G IES M L xes 3R, ] HLER
KAV FEA RS, AFEIESA M LIMQ,, Q,)
Fon, 4108 SR FH Mann-Whitney UG5 . 31805
BB (%) 67, A1) LR o2 K 56 5% Fisher i V]
R i plas I A PR REFE bR, f045 AUC .,
ACC. SEN. SPE. PHPETIMAE (PPV). 4 Fi I AE
(NPV)FIFLF5, 5 S PRMEdE T — 84l . R



R A

20254E4H28H 50 A4l

JH De-long £ % 3 AUC{H, Hosmer-Lemeshow K 4
Pty 000 A5 75 ) o 00 ARE 258 RN SE PR & AR . P<0.0S
RNESHGITFE L,

2 # R

2.1 FRIEGEAR AR ERIRIRGOR L 1,
INGrderh, WAL CT . MR . Baia ., ks
2SR G E L (P<0.05); Bk T, WA CT

. BaAa2RA50% 8 L (P<005), ZHE
logistic [A1 943 M7 k7%, X CT {H }y 5& 15 55 MSU 45 iy
ORI M ST 6 6 B 2 (P<0.001, #2). 4B HLEA
e PRAE AR (CATZL M . 0 55 ) 1Y 5 45 28 DECT $14 i
TN R OG5 % B A5 AL CT [ % IK (OR=0.999,
95%CI 0.999~0.999) Bt , T A5 %5 KA 2y MSU 25 iy
DU

R HBEKTORHLE

Tab.1 Comparison of clinical data between two groups of patients
- YIZREE (n=150) YHIFAE (n=65)
MSUZ5 i (n=93)  JAEMSU %G1k (n=57) P MSU%5 i (n=43)  dEMSU5fk(n=22) P

IS (%, xts) 58.4+17.4 57.3+16.1 0.624 58.5+16.2 58.9+16.5 0.622
I 775 JR R (pumol /L, ts) 612.29+559.16 554.17+128.80 0.498 520.88+147.31 530.48+129.97 0.830
CT1li(HU, x+s) 362.43+182.49 680.84+290.05 <0.001 358.49+202.93 696.504299.42 <0.001
PRI ](%)] 0.444 0.731

5 89(95.7) 52(91.2) 43(100.0) 21(95.5)

ke 4(4.3) 5(8.8) 0 1(4.5)
SRR [ (96) ] 63(67.7) 34(59.6) 0.406 27(62.8) 15(68.2) 0.876
R MLE [ (%)] 25(26.9) 40(70.2) 1.000 13(30.2) 12(54.5) 0.102
FEIRIG 151 (%)) 14(15.1) 23(40.4) <0.001 8(18.6) 6(27.3) 0.627
B EE A [151(%)] 25(26.9) 28(49.1) 0.010 11(25.6) 16(72.7) <0.001
AP 2 (461 (%) ] 37(39.8) 27(47.4) 0.458 12(27.9) 16(72.7) 0.284

R PHARIREE (MSU)ZE SR TLRE IS P R ) SR R AN 2
PSS logistic EIEEY N
Tab.2  Univariate and multivariate logistic regression analysis on

risk factors of monosodium urate (MSU)

HAIR 2 logistic [H1 5 Z[H & logistic [1] 5
L OR(95%CI) P OR(95%CI) P
I=ETEl 0.795(0.695~0.909)  0.005 0.996(0.879~1.129)  0.957
BH IR 0.726(0.626~0.84)  0.000 0.905(0.789~1.04)  0.235
AR 0.93(0.814~1.062)  0.365
FILE  0.992(0.868~1.133)  0.920
CT{H 0.999(0.999~0.999)  0.000 0.999(0.999~0.999) <0.001
MEPRAZ  1.000(1.000~1.000)  0.442
AR 1.001(0.997~1.005)  0.681
XA 1.087(0.947~1.247) 0317
5 1.205(0.914~1.59)  0.266

2.2 FRIERMCR AR S, RHE Y CT EG 3t
PRI 1834 M REAR F A ;. Z0d S 47 28 R AIERY
J5 2253 TR LASSO fifi 16 (P 3A.. B), 2R # 20 4>
FROE (& 4) 0 K TR R 00 RH BR 7:3 19 L BE AL 2
F R (n=150) 5 K UF4E (n=65), $KJ5 R 3 Fpbl
e 2 IS SR A AT (BT SA. B), BT
IMBCRE NS 3 B o HoHP Light GBM R IR 76 31| 244

(%) T 554 B 5 1 LR AT SVM AR AR | 75 I 25 45 g6
L EREALL, Ak E. Wik, kH
Light GBM B AL 151 2k IR AL . R JT] logistic [T AR
P TR AE S O S RS, IR REA
SR 2FH5R 2 (Rad-signature ) DL 2 I MSU &5 & TR
JAUS: . Rad-signature S 4 B A IR SEAR 2H 7RIk 5 A
N RELZ AN, A RHEXTRY B R B 4.

2.3 SNREIRIE SN HAJRIECT(H . Rad-
signature F4J HEFI LR KIRTRY AN 1&] 6A TR o MCHE TR
5 Hosmer-Lemeshow £ 46 i 75 91 2k AL A B R U
AR BE RS 0 BE (BT 6B) o IR | 2R
AR TN Z) 2 ISR A 31| 5 A RN 6 R v (%) 50 24 g
W4, SBAREROC HIZEUNIE 6C TR . De-long £
B hon, FEVIZREET, FILEIBIR A BN Re 5 5
QA A T 22 RG22 L (P=0.511), {H]
2 IR (18 F50I0 28 RE AR T i PRA A (P=0.016) 5 7E 5
UESE R, SR AL A A5 AR 51 2 RIS AL 1 T R RE 2
DLl RIS (P<0.0S), 1 #F Z [A] lL 8522 S e s it
P (P=0.301), RIS, ARH A
RN LR B A TE I 5 k42 g MSU 45 iy
8 SRR X v T Im RS (1 7)

2.4 FIZREIGERIFIN ] B 8A R 1 FILR I ) Ay
e RIS —{67 57 % 55 P fR 3 R 22 JR 565 1 ik )



Med J Chin PLA, Vol. 50, No. 4, April 28, 2025
F3 SRRER G HILAE

Tab.3 Predicting efficiency of the three models
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Fig.3 Imaging radiomics feature selection using the least absolute shrinkage and selection operator (LASSO) regression model

=4ELBP_MI1_—Bi_rP i

FARE_— W _fwBE

S HELBP_M2_—r_10H 4 AL
ZHELBP_k-25 6] _GLSZM_/INX 8§ 5 K B it 34
N AR ARSI - Al _GLCM_ iy 2%
JINE A - AR - AR A _— BV
Yo 1022 K _ =4k GLCM_J=) 3 B HiE [
Mo 102K =48 GLCM_fEH15%

= 4ELBP_k-%5 1] _GLSZM_IX i

JINUE TR A A ARAR Al _— B A
=H4ELBP_M2_GLCM_J=) i B i o
ZYELBP_M2_— WM EE

N A AR TR _GLCM_ili Jy 22
SYELBP_M1_GLRLM_AM i ik i
=YELBP_M2_—W T

EAR_— B s L 25

JINUE AL A ARAST T _— B i) (B 4 i 2
TN A AR AR A _— B (3 X
=HELBP_M2_AE IR FE X Sk K/ N R A A=
I _GLCM_2% F - :

-0.04 -0.02

0.04 0.06

o
=g
=}
o

LBP. Rl —AHAS e ; M1, M2. FRIEREe e MR E A ; GLSZM. JK 9% Xl K /N RS 3 GLCM. MR JBF A 04 ;. GLRLM. JK 2%
KRR 5 A AY ZR B0 R 48 SR i R
B4 20752154 2R AR BUE

Fig.4 The weight values of the 20 imaging radiomics features were calculated
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Fig.5 The ROC curves of the three machine learning models in train set and validation set
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