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(23.0+3.8) kg/m?. PNI 21 B 5Lk 38.5%, ik 69.5 (61.5, 78.3) %, IRFIEIREL (23.1
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Fig.1 Extraction of radiomic features
A: MRIimage; B: regions of interest; C: 3D reconstruction of tumors.
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%1 Radscore FJEAEAR
Tab.1 The detailed formula of the Radscore

Feature Sequence Feature name Regression coefficient
number
1 Arterial A original shape Maximum2DD -0.005
phase iameterRow
2 Delayed D logarithm firstorder Kurtosis 0.013
phase
3 Venous phase V_wavelet. LLH glem Imc2 8.617
4 T1 phase T1 wavelet. HHH gldm SmallDe -63.374
pendenceEmphasis
5 T1 phase T1 wavelet. HHH glrlm RunVari -4.381
ance
14 GiikabE

f# ] SPSS 25.0 i AFEAT 04T L K f# F RStudio (4.5.1 fiiA) BT . fFEIESS
(e BRI LSEEAR . (X £5) R, AREEIIER[MPs, Prs)] Hidk. MHNHL, 535
¢ BRI IG LL e I 22 5o s MEBORME FIBIEL CE 20 ELD [n(%)]3o%, 4LiRjbLEe
ERRTRE . AN F B GEARRERY | SARE AR R B AR ) 2 TAERRIE 2k
TR, KM DeLong . P <0.05 AZRA ST E L.

2 R
2.1 FRERHES T

PNI 20 B3 A7 7E K T 4 i LU = 1l PNT 43S (50.0% vs 21.2%, P=0.02) o Ih4k,
FECTHE PNIZH, PNI 4135 fitk A5 e A AR AE B By (50.0% vs 26.7%) , HAL A %

BEGiHFEE (P=026) «» WFE 2.

%2 3 PNI 4R PNI 4L 2R B IE LR [n(%)]
Tab.2 Pathological characteristics of patients without and with PNI [1(%)]

Pathological feature Non-PNI group (n= PNl group (n  * P value
33) =26) value

Vascular invasion 5.38 0.02
Absent 26 (78.80) 13 (50.00)
Present 7 (21.20) 13 (50.00)

Tumor differentiation 0.11t 0.74%
Moderate 15 (45.50) 11 (42.30)
Moderately-poor or poor 10 (30.30) 9 (34.60)

Missing 8 (24.20) 6 (23.10)



Lymph node metastasis
Absent
Present
Missing

11 (33.33)
4(12.12)
18 (54.55)

*

6 (23.10)
6 (23.10)
14 (53.80)

0.267

t: Patients with missing data in the relevant fields were excluded from the analysis; *: Fisher's

exact test.

2.2 WHBHFIRK-EEGRES DT
tb#idE PNI 415 PNI 2B # IR R-F2 B RFE, W3R 3 Fias, PNI A #H1 CA19-9 /K

Frr AR PNILALEH (P<0.05) , HGRAEEN TR (P<0.05) . FIf, BHER. 4

M54 56 FE (red blood cell distribution width, RDW) FHZH (albumin, ALB) iX 3 M3%

BRI PEAT 0.200

%3 3 PNI A PNI HBE I R-RABIRE L [M(Pas, Prs)]
Tab.3 Clinical and imaging characteristics of patients without and with PNI [M(P»s, P75)]

Clinical-imaging feature ~ Non-PNI group (n=33) PNI group (n=26)  Z/y*/tvalue P value
Age (years) 63.0 (58.0, 71.5) 69.5 (61.5, 78.3) -1.69 0.09
Gender [n (%)] 0.59 0.44
Female 17 (51.5) 16 (61.5)
Male 16 (48.5) 10 (38.5)
BMI (kg/m?, X*5s) 23.0+£3.8 23.1+3.6 -0.08 0.94
CA19-9 (U/mL) 37.1 (15.8,519.6) 577.5 (32.2,3522.5) -2.05 0.04
RDW (%) 13.1 (12.4, 13.6) 13.5(12.8, 13.9) -1.48 0.14
Neutrophil count (10°/L) 4.1 (3.1,5.5) 43 (3.2,5.5) -0.14 0.89
Lymphocyte count 1.7+ 0.6 1.6+ 0.6 0.23 0.82
(10°L, X+£5s)
Monocyte count(10°/L) 0.4(0.3,0.5) 0.4(0.3,0.5) -0.87 0.38
Platelet count (10°/L, 209.6 + 57.4 218.4+79.9 -0.49 0.63
Xts)
ALT (U/L) 32.0 (18.3, 51.0) 20.4 (14.5,40.4) -1.08 0.28
AST (U/L) 28.0 (23.1, 50.5) 28.0 (20.5,42.2) -0.64 0.52
GGT (U/L) 105.0 (47.5, 192.5) 105.9 (48.2,299.9) -0.05 0.96
ALP (U/L) 111.0 (84.0, 215.5) 146.5 (93.3, 243.0) -0.76 0.45
Total bilirubin (umol/L) 13.8 (10.2, 20.7) 13.0 (10.5, 21.1) -0.07 0.95
Albumin (g/L, X*S) 42.8+4.3 41.1+4.1 1.55 0.13
PT (s) 12.2 (11.2, 12.8) 12.2 (11.3,13.4) -0.59 0.56
Radscore (X £ S) -1.7+1.6 14+19 -6.83 <0.001
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R (B P>0.05, &4 . R, BT IXLEAT AR A R PR AT REFE — EREJE L IX 7

PNIIRZA (Omnibus #5546, P=0.03) , H&#ERF (Hosmer-Lemeshow f48, P =

0.50) o ZFEA[X 4> PNIARZS AUC BN 0.717. W 2A.

F 4 PNIEREZER Logistic [ J343H7

Tab.4 Logistic regression analysis of PNI risk factors

Clinical-imaging feature Bvalue ORvalue 95%CI  Pvalue
Clinical model
Age 0.05 1.05 0.99~1.11 0.12
CA19-9 0.00 1.00 1.00~1.00 0.12
RDW 0.36 1.44 0.93~2.24 0.11
Albumin -0.08 0.92 0.80~1.06 0.27
Radiomics model
Radscore 1.00 2.72 1.67~4.44 <0.001
Combined model
Age 0.03 1.03 0.95~1.12 0.50
CA19-9 0.00 1.00 1.00~1.00 0.16
RDW 0.36 1.43 0.75~2.74 0.28
Albumin -0.11 0.89 0.71~1.12 0.34
Radscore 0.95 2.58 1.56~4.26 < 0.001

B2 MR

Fig.2 Performance evaluation of the constructed models
A: ROC curves with AUC values; B: DCA; C: Calibration curve.
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LASSO [A[JH7E lambda Ay 0.166 I 2kt 5 DN OCBERIFAR A AHRE (B 3D, ik,
IEIRIRIFR I S 1 ANMRRIE, T1 HIGHE 2 MRFIE. b, JEUAIEME Coriginal) A6 $0
# (logarithm) #EHE 1 ANMEHE, 554h 3 AVRHENIK B /NEAE#H: (wavelet) . Radscore #({H
XML A PNT IR . AR ALEBER Y AUC 180 0.896 (B 2A) , AREL T IR PRAEALET T

WL (DeLong f:46, P=0.02) .
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Fig.3 Selection of radiomic features by LASSO regression
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PME T R -

B4 RN 10 H738 XEAE
Fig.4 10-fold cross-validation of the constructed models
A: Clinical model; B: Radiomics model; C: Combined model.
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Fig.5 Nomogram of the combined model
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Tab.5 Performance comparison of the three prediction models

Comparison item AUC 95% CI Sensitivity ~ Specificity Zvalue P value
Clinical model 0.717 0.586~0.848 0.461 0.879 - -
Radiomics model 0.896 0.820~0.973 0.885 0.727 - -
Combined model 0.917 0.848~0.987 0.731 0.970 - -
Clinical vs Radiomics - - - - -2.363 0.018
Clinical vs Combined - - - - -3.154 0.002
Radiomics vs Combined - - - - 1.089 0.276
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A novel MRI radiomics-based nomogram for preoperative prediction of
perineural invasion in intrahepatic cholangiocarcinoma

!, Zhou Zheyu?, Cao Shuya®’, Xu Xiaoliang!, Li Guogiang'

Sui Huize
(Dept of Hepatic-Biliary-Pancreatic Surgery, The First Affiliated Hospital of Anhui Medical
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Academy of Medical Sciences & Peking Union Medical College, Nanjing 210008; *Dept of
General Surgery, Suzhou Hospital of Traditional Chinese Medicine, Nanjing University of
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Abstract Objective To evaluate a novel nomogram based on contrast-enhanced MRI radiomics
combined with clinical variables for the preoperative prediction of perineural invasion (PNI) in
intrahepatic cholangiocarcinoma (ICC). Methods The clinical data of 59 ICC patients were
retrospectively collected. According to postoperative pathology reports, the patients were divided
into the non-PNI group (» = 33) and the PNI group (n = 26). Regions of interest (ROI) were
delineated from five MRI sequences. Radiomics features were then extracted and filtered to select
those with the strongest discriminative power for PNI identification. These selected features were
used to construct a radiomics model, which subsequently generated a quantitative radiomics score
(radiomics score, Radscore). Univariate analysis was applied to identify clinical variables associated
with PN, and the glm function was subsequently used to construct clinical and combined models.
Finally, the models were evaluated using receiver operating characteristic (ROC) curves, calibration
curves, and decision curve analysis (DCA). The combined model was then visualized as a
nomogram. Results The clinical model included age, carbohydrate antigen 19-9 (CA19-9), red
blood cell distribution width, and albumin, whereas the Radscore included five radiomic features.
The areas under the ROC curves (AUCs) for the clinical and radiomics models were 0.717 and
0.896, respectively, whereas the combined model further improved its AUC to 0.917. The
calibration curves and DCA showed that the nomogram was well calibrated and provided the

greatest net clinical benefit. Conclusion The novel nomogram may serve as a basis for



preoperative prediction of PNI status, thereby assisting clinical decision-making and guiding
personalized treatment.

Key words intrahepatic cholangiocarcinoma; perineural invasion; magnetic resonance imaging;
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