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Fig. 1 Extraction of radiomic features

A:MRI image; B:regions of interest; C:3D reconstruction of tumors.

#&1 Radscore JEEAR
Tab.1 The detailed formula of the Radscore

Feature number Sequence Feature name Regression coefficient
1 Arterial phase A_original_shape_Maximum2DDiameterRow -0. 005
2 Delayed phase D_logarithm_firstorder_Kurtosis 0.013
3 Venous phase V_wavelet. LLH_glem_Imc2 8.617
4 T1 phase T1_wavelet. HHH_gldm_SmallDependenceEmphasis -63.374
5 T1 phase T1_wavelet. HHH_glrlm_RunVariance -4. 381
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Tab.2 Pathological characteristics of patients without
and with PNI [n(%) ]

Non-PNI
PNI group
Pathological feature group % value
(n=26) value
(n=33)
Vascular invasion
Absent 26 (78.80) 13 (50.00) 5.38 0.02
Present 7(21.20) 13 (50.00)
Tumor differentiation
Moderate 15 (45.50) 11 (42.30)
0.11" 0.74
Moderately-poor or poor 10 (30.30) 9 (34.60)
Missing 8(24.20) 6(23.10)
Lymph node metastasis
Absent 11(33.33) 6(23.10) .
-1 0.26
Present 4(12.12)  6(23.10)
Missing 18 (54.55) 14 (53.80)

. Patients with missing data in the relevant fields were excluded

from the analysis; “: Fisher's exact test.
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Tab.3 Clinical and imaging characteristics of patients without and with PNI [ M(P,,, P,J) ]

Clinical-imaging feature Non-PNI group (n = 33) PNI group (n =26) Z1y* M value P value
Age (years) 63.0 (58.0, 71.5) 69.5 (61.5, 78.3) -1. 69 0.09
Gender [n (%) ]

Female 17 (51.5) 16 (61.5) 0.59 0.44

Male 16 (48.5) 10 (38.5)
BMI (kg/m?, x+s) 23.0+3.8 23.1+3.6 -0. 08 0.94
CA19-9 (U/mlL) 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 (x10%L) 4.1(3.1,5.5) 4.3(3.2,5.5) -0. 14 0. 89
Lymphocyte count (X10°/L, ) 1.7+0.6 1.6+0.6 0.23 0.82
Monocyte count ( x10°/L) 0.4(0.3,0.5) 0.4(0.3,0.5) -0. 87 0.38
Platelet count (X10%/L, %+s) 209.6 £ 57.4 218.4+79.9 -0.49 0.63
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 (pmol/L) 13.8 (10.2, 20.7) 13.0 (10.5, 21.1) -0.07 0.95
ALB (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 1.4+1.9 -6. 83 < 0.001
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#F4 PNIEK FEZEH Logistic EJA5#7

Tab.4 Logistic regression analysis of PNI risk factors

Clinical-imaging

f value  OR value 95% CI P value
feature
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
ALB -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
ALB -0. 11 0. 89 0.71-1.12 0.34
Radscore 0.95 2.58 1.56-4.26 < 0.001
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3 itig

AT 58 3 T34 3 MRTSZ AR AL A 8 T — A8
Ao A A F A H F AL S Radscore M 4E % . CA19-9
RDW 1 ALB DU/ RAS &, FEAK A 8 — 4~ 37 AL 57
LRI 3t A PNT Y % A XU R A i T 4R 43t T
ALEE T B O MRS IR T3 TR HE .

AR ] g R O T, AR mE 5 1CC
BE MBS E VA . CA19-9 2 1CC fie & H i fif
SR bR A W, HLAE IS WA I 9 45 T e A T A
I, —3 Z BB A bt 5% R AR 4 B T A7 7E PNLAY BB 3
A E A CA19-9 K F 1, RDW B8 UESE Ry 2 i

(F£4), BEBAGAUCHIER 20.917 JF AR AEMHUS A CHE R, &I — T > R0, &
A B C
1.0 = 1.0p — Clinical 1LOF .
L‘G —— Radiomics
° 0.8 § 0.8F —— Combined é\ 08
s =
= B =)
0 0.6 20.6F < L
£ 3 200
2 0.4 3 0.4r S04
% , 51 53 - - Apparent
2021 , “— Clinical AUC = 0.717 b= 0.2F % 021 — Bias-corrected
= ,7 — Radiomics AUC = 0.896 s B —Ideal
oLb”” . — Combined AUC =017 & O_I .............. o S B ol . . . . .
0 02 04 06 08 1.0 0 0.1 0.2 0.3 0.4 0.5 0 02 04 06 08 1.0
False positive rate High risk threshold Prediced probability
E2 HZENHITEN
Fig.2 Performance evaluation of the constructed models
A:ROC curves with AUC values; B:DCA; C:Calibration curve.
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Fig.3 Selection of radiomic features by LASSO regression

A :Binomial deviancc ;B : Coefficients.
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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 Z value 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
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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
pathology reports, the patients were divided into the non-PNI group (n = 33) and the PNI group (n =26). Regions

The clinical data of 59 ICC patients were retrospectively collected. According to postoperative

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 con-
struct a radiomics model, which subsequently generated a quantitative radiomics score (radiomics score, Rad-
score). Univariate analysis was applied to identify clinical variables associated with PNI, 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 (95%CI: 0. 586~
0. 848) and 0. 896 (95%CI: 0. 820-0. 973 ), respectively, whereas the combined model further improved its AUC
0 0. 917 (95% CI:0. 848-0.987). 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 preopera-
tive prediction of PNI status, thereby assisting clinical decision-making and guiding personalized treatment.

Key words intrahepatic cholangiocarcinoma; perineural invasion; magnelic resonance imaging; radiomics; no-
mogram ; preoperative prediction
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