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[ Abstract] Background Microvascular invasion ( MVI) is an aggressive behavior of hepatocellular carcinoma ( HCC )
that being an independent predictor of tumor recurrence after hepatectomy or liver transplantation. Preoperative prediction of
MVI has important clinical significance. Objective To use non—invasive imaging and serological indicators to construct a
nomogram for predicting MVI in order to provide a clinical reference. Methods The relevant clinical data of 284 patients who
underwent radical resection of HCC in the Second Affiliated Hospital of Kunming Medical University from 2016 to 2021 were
retrospectively analyzed, and HCC patients admitted from 2016 to 2020 were categorized as the model group (n=208 ) according
to the admission time, and HCC patients admitted in 2021 were categorized as the validation group (n=76) . LASSO regression
and multivariate Logistic regression analysis were performed to determine the independent risk factors for MVI in HCC, and R

software was used to establish a nomogram model for predicting the risk of MVI in HCC before operation. The internal validation
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of the model was performed by Bootstrap method, external validation of the model was performed by using the validation group.

The consistency index, calibration curve and decision curve analysis (DCA ) were used to evaluate the discrimination,

calibration ability and clinical application value of the nomogram. Results

Multivariate Logistic regression analysis showed that

WBC>7.1 x 10°/L[ OR=3.144, 95%CI( 1.301, 7.598 ), P=0.011 J, tumor diameter>7.05 cm( OR=3.836, 95%CI( 1.758, 8.372 ),
P=0.001J, S=Index>0.097 [ OR=3.165, 95%CI( 1.024, 9.779 ) , P=0.040 }, AAR>0.879[ OR=2.146, 95%CI( 1.062, 4.337 ),
P=0.030]) , ANRI>24.074 [ OR=2.769, 95%CI (1.175, 6.526) , P=0.020] were independent predictors of MVI in HCC.
The consistency index of the nomogram model established using the five variables combined with AFP was 0.800 [ 95%CI ( 0.739,
0.861) ) and 0.755 (95%CI (0.641, 0.868) ] in the model group and validation group, respectively. The model fitted well

with the calibration prediction curve. The optimal critical value of the nomogram calculated by Youden index was 174 points. The

sensitivity, specificity, positive predictive value and negative predictive value at the critical value were 90%, 61%, 71%,

and 85% in the model group, and 78%, 71%, 76% and 74% in the validation set, respectively. Conclusion The nomogram
constructed with AFP>45 ng/ml., WBC>7.1 x 10°/L., tumor diameter>7.05 cm, S—Index>0.097, AAR>0.879, ANRI>24.074

can better predict the risk of preoperative MVI in HCC, the use of this nomogram can conveniently guide the clinical treatment of

HCC patients by routine examination test indicators.
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Table 1 Formulas for the calculation of 15 serologically derived indicators

fibn A

APRI ( AST/ASTyy ) x 100/PLT
FIB-4 (4E# x AST) /PLT x (ALT,,)
GPR GGT/GGTy,x x 100/PLT
S-Index 1000 x GGT/ ( PLT x ALB?)
NLR NE/LY
PLR PLT/LY
FAR FIB/ALB
LMR LY/MO
NrLR NE x GGT/LY
SIRT MO x NE/LY
SII PLT x NE/LY
PNI ALB+5 x LY
ALRI AST/LY
AAR AST/ALT
ANRI AST/NE

i AST= RAGFRAEILEFSEE, PLT= Ifl/MRITEL, AST,\=AST
WEHAE BB, FIB-4= £F 4E 4k 4 8 50, ALT= N 24 IR 2 3L 5% % il ,
GGT= 2% & Wk 7% B Wi, GGTu\=GGT 1E % i B, ALB= 17 11,
NE= k7 40 i 3T %0, LY= 9k O 40 0 31 %, FIB= £F 4k 1k 45 %%,
MO= FRZAHAR AL, SIRT= 4 B JORE M5, STT= 4= B i SOREFE 4K,
PNI= e B =841

2 #R

2.1 FERIZH R SR bR AR AT AR YE ROC
2k 4y Br, AFP. INR. FIB, WBC. NEU, LYM. MO,
PLT. APRI, FIB-4, GPR. S-Index. NLR., PLR.
FAR. b %% T 4. LMR. NrLR. SIRI. SII. PNI,
ALRL, AAR. ANRI PEBHEMKIK N 45 ng/mL, 1.185,
3.03 g/L.. 7.1 x10°/L., 4.735x 10°/L, 1.132 x 10°/L,
0.545 x 10°/L., 155.5 x 10°/L, 1.555, 4.851 0.410. 0.097
1.858. 152.215., 0.078. 7.05 em. 0.680. 256.734. 0.962 .
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358.363. 42.025. 38.247. 0.879. 24.074, A Hf 5%
TB. ALB. ALT. AST. ALP. GGT 3& ¥ W7 {8 % Fi A
RO E R A EFE R LR, o LR e bri el
TR IAT LASSO FIZ HZ Logistic MIJH27T .

22 HBESLLNRE  ARWFIR LGN 284 B, B
ZH g4 A 208 17l HCC &3, Hoh 55 175 il % 33 441,
AR 31~75 %, R JE K B 2% 2 W MVI FH 1 108 £
(51.9% ) . MVI B 100 5] (48.1% ) o 5 ik 2 H: 44
A 76 B H, MVI B 41 61 (53.9% ) , MVI 4 35
B (46.1% ) . FAIZH #E MVI FEPEAT MVT BAEE5)
iEly =60 % . LS. L. TB>20.5 pmol/L,
ALB<35 g/L., ALT>40 U/L. GGT>50 U/L, INR>1.185,
PT #E . FIB>3.03 g/L.. MO>0.545x 10°/L It %%, 2
S TG EE X (P>0.05) ;3 MVI FH%FT MVI B 7
AFP>45 ng/mL., ALP>125 U/L. WBC>7.1 x 10°’/L., NE>
4.735 x 10°/L.. PLT>155.5 x 10°/L. & B4 >7.05 em.
AL E >1 AN A, 258a 502 E L (P<0.05) ,
L3k 2.

2.3 BN HILEIBLAL fii FH LASSO [m] A A1+ 4 28 X
KGR M 36 AR R e s o AR (1), ik
AFP, WBC. AP 4. Mg %t H . S-Index. NLR,
SII. AAR. ANRIL, LLJ& % & 4 MVI oy H A8 i (I
fB: &=1, %=0), LIAFP (>45 ng/mL=1, < 45 ng/
mL=0) . WBC (>7.1 x 10°L=1, < 7.1x10°/L=0) . Jif
AR (>7.05 em=1, < 7.05 em=0) . % H (>1 4 =1,

< 1 1 =0) . S-Index (>0.097=1, < 0.097=0) .
NLR (>1.858=1, < 1.858=0) . SII (>358.363=1,
< 358.363=0) . AAR (>0.879=1, < 0.879=0) .

ANRI (>24.074=1, < 24.074=0) N AT HH#HITZL
& Logistic [7] 19 20 #7, 25 % W %: WBC>7.1 x 10°/L,
it 9 B 42 >7.05 em. S-Index>0.097. AAR>0.879.

R2 UM MV BRI MV BB SELR R LA
Table 2 Comparison of baseline characteristics of MVI-positive and MVI-negative patients in the model group
an e (P TRTSY G RGN g Con o
(BlC%)) (%)) (HI(%)) (%)) (BI(%)]
MVI fAfE 108 94/14 30 (27.8) 94(87.0) 68(63.0) 68 (63.0) 29(26.7) 94(87.0) 60(55.6) 67(62.0) 48(44.4)
MVIBAME 100 81/19 31 (31.0) 88(88.0) 71(71.0) 43(43.0) 28(28.0) 86(86.0) 52(52.0) 56(56.0) 30(30.0)
x 18 1.418 0.26 0.044 1.513 8.315 0.034 0.048 0.264 0.783 4.622
P1{H 0.234 0.610 0.834 0.219 0.004 0.853 0.827 0.607 0.376 0.032
~ B B 44 BT
T im0 N TN e mn TRERGE R
(%) ) (lCw)) (B (%) ) (0I(%)]) (#1(%)) (H (%) ] (H(%)]) (H(%))
MVI ¥ 82 (76.0) 17 (157) 10(93) 67 (620) 37 (342) 30(27.8) 30(278) 66 (61.1) 54 (500) 34(315)
MVI B 69 (69.0) 12 (12.0) 6 (6.0) 50 (50.0) 17 (17.0) 11 (11.0) 17 (17.0) 46 (46.0) 15 (15.0) 16 (16.0)
x 18 1.252 0.606 0.777 3.057 8.047 9.235 3.448 4771 28.692 6.815
P1H 0.263 0.436 0.378 0.080 0.005 0.002 0.063 0.029 <0.001 0.009

H: MVI= U290, AFP= FIREH, TB= BRI E, ALP= PERFRAT, INR= EERPRECHAE, PT=EEMAERFR, WBC= FZ4IMETEL
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Figure 1 Variable resolution path diagram and ten—fold cross—validation diagram for LASSO regression

ANRI>24.074 J& HCC £ 35 & = MVI 4 2 57 0 (R £
(P<0.05) , W33,

£ 3 HCC HE R MVI L E Logistic [IIA43HTF

Table 3 Multivariate Logistic regression analysis of MVI in patients with
HCC

AR B SE Wald x*fH  OR (95%CI) P
WBC>7.Ix 0L 1146 0450 6475  3.144 (1301, 7.598) 0011
A >705em 1344 0398 11399 3.836 (1758, 8.372) 0.001
S-Index>0.097 1152 0576 4006 3165 (1.024, 9.779) 0040

AAR>0.879 0764 0359 4527 2146 (1.062, 4337) 0.030
ANRI>24.074 1018 0437 5422 2769 (1175, 6526) 0.020

i F1 AFP., WBC. ' 98 B £, S-Index. AAR,
ANRI X 6 4745 & 44 F# R F AL HCC 35 & A4E MVI Y
IR (L 2) , WA B B A Ek i, #5330
SN REBNZR . MVI & A AR
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WBC r S
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AAR s
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>7.05 em
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Figure 2 Nomogram predicting MVI in HCC patients
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MVI 748 S KFEARYIZ . WM, RuTHi
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FEMAR IS SE R &, WORRTHIM HCC B 2w 6 IF
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AFP 5 HCC iy kA Mt g o, Himid B
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Figure 3 Calibration curve of the nomogram model predicting preoperative MVI in HCC patients
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Figure 4 Decision curve analysis of the nomogram predicting MVI in HCC
patients
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Figure 5 ROC curve of the nomogram for predicting MVI in HCC patients

AT T AR BN, SA RS R 22 N R AT R
AFP>45 ng/mL [ OR=1.957, 95%CI (0.987, 3.879)
P=0.054] , LR AR N A BN RS g 1 AR RS, A
Al TS AFP B BOBT (A — 20, DI 2R AR i
BT FERE 5 15 19 BUE T MV YT .

F4 TR MVI ) ERTTE
Table 4 Accuracy of prediction model in predicting MVI

Ei=22D FELTIZ BAIEAH
—FPERE R (95%CT) 0.800 (0.739, 0.861) 0.755 (0.641, 0.868)

HrE (4) 174 174
RYSE (%) 90 78
R (%) 61 71
FEPETRINAE (% ) 71 76
FHPEFINE (% ) 85 74
FHPEAISA L 2.30 2.73
BIPEAUSA LT 0.17 031

CA V2T UE B RAE A B T e 1) s Ak g
RAT RN SSHUAR R e N RE T . B4 A At A i
A BT BB, (EUEIPE SRR A e kiR, [0
M BERC AN IR - &b DR 7 R, R A A i 2 3 T
2 i yes 240 Hf 55 PN B AR R R R 0E, Sk el At (R 22 NS
B A RS0, A2 R A A0 e AR A Y
e SIEA MR AIE 2 AR, &AW LIRS i
A, AR (IL) —1 F TL-6 25 40 g DX 752 o i
T8 N L PR R i, (5 e 40 2 O A A A B
S O 1B ek s ST o R e oA s <G I N O e
WBC>7.1 x 10°/L [ OR=3.144, 95%CI (1.301, 7.598) ,
P=0.011] 5 MVI & YIAHIE, WBC i, MV XU B .
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PR B K B AR — e FR I LR e T R R P A
RZERES, MR EARCK, MM EER, MVI A
A AT REVE IR, 2R TR S R ELAR R MV B
PR 2 AR Y R AR >7.05 em R MVI
BT fE R P2, & A MV B KU B3 fn . (H 45 B
FEH P B R E AR, FFEREEA . 2l
(VRIS S o R A AT (L LA S G T AR 7

S—Index f 3% E 2% ZHOU % " #2141, i GGT.
PLT Al ALB 3 BT 2Ahr S, %38 ERe sty wi]
FFEFAEAC AN A Ak, 0000 27 4 AL A6 £ 19 ROC il
LT A9 R 0.812, 0.890, M it {2 28 ME ] S5
WERREE  A SR AR N, I i 2 e sz 4t i
A=A RN B, RN B R P 4k
B SR, TR A I SR AN T 5 S AN AR EAE R
PO T WRELAR MG , SRR R R BHE VIR AR S
B R Al . BPRE AL S R L . R
M) JFF 200 A0, 7SI 1 e DXl 5 A R A R PR 7
(VEGF) Fikhig ') | VEGF 4 Bh T 45 A s i yed
AR TL-6 7 M3 A Ak i s 7 TL-6 AT
TG A Aoy ST I T B S R, SR AN PR T
FUMA A RE T7, BOFHELTF4Edl . REALAGTLEREE AT fig &
MVI A K, AR5 &Y S-Index>0.097 J& HCC 3
KA MV B— ST AR 2R .

ALT F1 AST 28U B FF AN B #1405 36 5, ALT F 2
TEE T I EE v, AST T BAEAE TP 4R 4 ki At
AST 7K b T4 52 b 5 fin 7™ 2 i B ARt 405, Bt R
JETIBEREAR, AST AUWE BRAFALBEAR, (H M7 AST /K
B & T ALT ZKSF, AST/ALT 7K 55 1 41 i SR 38 i) 7™
AR RIEADC Y, HCC B TR MR, iF
W R0 M S B4 ¥, ALT FiAST K FHE, A0SR
K IEKF AST/ALT 5 I & M 9 28 B AN B T3S AH
0T KRHESE % B AAR>0.879 S HCC H % % 4 MVI
B —ANh ST GRS R, {H AST/ALT KSE 2755 MVI &
AT SR T S 2RISR BRIE

ANRI & AST 5 NE M HCAH, o 09 28 1 2 2L
TRHREE e A AR SO 7, (e 2 A0 B T
YHHL PN AST AR T, S BN AST KFEFH5,
WFSE B8 R PE R AE 5 HOC A RAL ARG 52 & %014
S P00 e 2 R e T LA Y S8 IR A I REI 1
AT AR A0 B Y S e SN, NI il o ARAR G
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