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A nomogram model for predicting microvascular invasion of hepatocellular carcinoma based on multi-se-
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[Abstract] Objective:Established a radiomics machine learning model based on multimodal MRI
and clinical data,and to analyze the preoperative prediction value of this model for microvascular inva-
sion (MVI) of hepatocellular carcinoma (HCC). Methods: The preoperative liver MRI data and clinical
information of 130 patients with pathologically confirmed HCC were retrospectively studied. The pa-
tients were divided into MVI-positive (MVI+) group and MVI-negative (MVI—) group based on
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postoperative pathology. The preoperative clinical indicators of patients were recorded,including AFP,
ALB,ALP,ALT,AST,APTT,CA12-5,CA12-9,CB,CEA,FIB,GR,PT,TB and y-GLU. All patients
underwent preoperative MRI examination,7 sequences were scanned,including T, WI,DWI, ADC, and
Gd-EOB-DTPA contrast-enhanced T, WI of four phases (arterial phase, portal phase, delayed phase,
and hepatobiliary phase). The conventional imaging features of tumors on the 7 sequences were evalua-
ted by a radiologist. After a series of dimensionality reduction analysis, six features were finally
screened out after extracting image omics features from seven sets of images, and then a prediction
model of preoperative microvascular invasion was established using linear support vector machine (li-
near-SVM) , support vector machine with rbf kernel function (rbf-SVM), logistic regression (LR},
Random forest (RF) and XGBoost (XGB) algorithms. Based on the area under the receiver operating
characteristic (ROC) curve,the model with the best performance was selected out,and the Radscore of
each patients was calculated. Finally, establish Radscore, clinical pathology conventional imaging pre-
diction models,and combined nomogram models,and draw column charts of combined nomogram mo-
dels. Verify and evaluate the predictive MVI performance of single or joint models using ROC and
probability calibration curves. Results: Among clinical indicators and conventional imaging features, Al-
pha-fetoprotein concentration,peritumor enhancement, maximum tumor diameter,smooth tumor mar-
gins,tumor growth pattern,presence of intratumor hemorrhage,and RVI were independent predictors
of MVI. rbf-SVM performs best among the five machine learning models established. Compared to a
single Radscore (validation set; AUC=0. 879,95% CI=0. 755~1. 000), clinical pathology (validation
set: AUC=0.629,95% CI=0. 453 ~0. 805), and conventional imaging prediction models (validation
set: AUC=0. 567,95% CI=0. 384 ~0. 751), the combined nomogram model of Radscore combining
clinical pathological parameters and conventional imaging features (test set: AUC=0. 968,95% Cl=
0.920~ 1. 000) showed the best predictive performance. Conclusion: The multi-parameter machine
learning model constructed by combining clinical indicators,conventional MRI signs,and radiomics fea-
tures has high efficiency in predicting HCC microvascular infiltration before surgery,and has certain
guiding significance for the formulation of surgical plans and the evaluation of disease prognosis.
[Key words] Radiomics; Magnetic resonance imaging; Hepatocellular carcinoma; Microvascular
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TEVN Zr e AR 4 B 2 B JATT S BLARAS T 22 77 51
AR A R 22 TP 9 B AL 22 AT (MIS) 11 45 T AL
AEE b (L RO 5 & AUO) i i KT HoAte
P F A B BOR B R E T 2 PSR G A
SRR TG 00 AE AR (E AR O A R A3 2 ( Rad-
score) » K Radscore Jl T )5 845 G B O H4 1E

3. ZRA RET Y T 2% e

BT EiR AL RO LR, B4 R I
AFP 8 Je R AR IR A= UL I RV ARy 13
PR 52 23 5] 2R T 4 Bl PILAR 2 2 534 (RE L rbfSVM,
LR Je XGBMR LA A R S i 1 4 A2 B
5 g X} B AT e i i T — 4> AFP BERIFT— A
MR BRI (SVM RO . 6 BB HIN MV K
RAEFRAR B 5. A BERITE I 2 d h 2 R B 57
(P 4) s fE P 4E H » rbE-SVM 2R3 BERL 1 AUC iz

(0.939,95%Cl1:0.973~1. 000) , RF 45 B () £ o B o
F (AUC:0. 968,95 %CI:0. 920~1. 000) , PUHL &8 2%
SRR R S AR T . A HE M L PEAG R4 LA
2 ) RRVAE SO 5O B g MVI Z (8] ¥ B RIF
— R 5, Ho DL RF AR A S0 il 28 5 52 B th 2k
WG i (Brier 4348 =0. 040) ,

R4 BFFHGAFEAANGEMM RS xt MV B FOU R o

B Il 44 (n=91) 3K & (n=39)

XA mEE HREE  AUC  EBE HFE  AUC
T,WI  0.698 0.667 0.759  0.762 0.667 0.775

DWI 0.535 0.812  0.746 0.476  0.833  0.726
ADC 0.565 0.812  0.831 0.683 0.820 0.758
AP 0.894  0.955 0.973 0.588 0.864  0.848
PVP 0.867  0.891 0.942 0.684  0.750  0.811
TP 0.909  0.830  0.904 0.750  0.842  0.884
HBP 0. 881 0.837  0.936 0.773  0.765  0.848
MS 0.977 0.917  0.995 0.905 0.778 0.913

E: MSR A % BB FHA,
5 AEAFM MVI 83

H A Wk E(n=91) M X E (n=39)
s MAEE HRE AUC  #AE HFE  AUC
AFP 0.279 0.917 0.598 0.238 0.944 0.591

WHAEZ  0.465  0.583  0.633 0.500  0.667  0.647
R #4 0.977 0.917  0.995 0.905  0.778  0.913

R ARA
RF 1.000  1.000  1.000 0.905  0.778  0.935
LR 0.953  0.917  0.985 0.857 0.778  0.915
SVM 0.977  1.000  1.000 0.857 0.778  0.939
XGB 0.977 1.000  0.999 0.810 0.778  0.921

AR I F G&-EOB-DTPA MRI K Kk & I R 4%
i, @A T Z2MAH T HCC B Rt MVIARER
AR R BT oy B 465 R R AFP>>400 ng/ml.,
R BEAR=5 em AN A AR Y Y I 3 Bk 2 90
Ji ¥ aE JRVT K R PEO 8 R & MV 8 4 Sz 6 6 1A
2 HP R PEI3 Y5 WA B oK M R PE 2 R AE
Xk HF T,WI.DWI,ADC,AP.PVP, TP .HBP L4
YR . FRATHE T AN [6) (9 305 o 3 S8t 7 £ 6 [
ZM@ T RF,LR,SVM Fil XGB A~ £ P K 4 4 B
B 5 R R AR L, R 2 G AL R B A S Y
TR HE  Horp A SVM B ) AUC x5 .

REWFFE A R R IIAR A F HOR R Z P2 W
Koy i i BEHOR B A5 BB 0% L IE B JH T I IR AT
T KR SRS IE Y . LA MV AR 4 2
it 25T CT Kol s i 8 o 5Ok 547 45 11 19 42
JEet o i A 5 e i F B A B 5 55 2 )7 51 MR
K% . #R#E National Comprehensive Cancer Network
(NCCN) F1 American Association for the Study of
Liver Diseases(AASLD) & fi Y & 82 )7 5 /g » DCE-
MRI 2 W HCC B BUSAE | Fe 5 Ve M e o v 34 8 T 3)
A CT RHA R, 1o, MRI $f R E B A
Z T 9 Z TR I AL B 5k i A E T LA S e i i)
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fERI AT Re s B e B E AT DR L CT 21
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AR AN LA TR B MV, 5 Z i 0 8 58 45
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& MV [ sy B0 B 7 53X 5 NG 4 1 F 9% 45 4R 2
— . ARPFFEHE XA RVIJEMAE Banerjee %
MR T AR CT fy @ m i MVI ) fi 5
RV 58 AU >, (H 19000 200 A B A AT i 485 20 (FF 5
HR 0. 886, MBI REF 0. 761, 4 R BF 0. 938), HJ5 X 0] fE
SEAIXS T MRI M & gh &85 CT 8 3& & Ok A iy
RV, BL{A Ji R 75 22 i — 25 1 52 38 3 B BB IE
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TGI8 4 [ A AY , Chong 45 ff Y 3% 48 [l 51 1 B AL 2%
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