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Abstract

Objective: To investigate and access the clinical indicators and CT imaging signs of microvascular
invasion (MVI) in hepatocellular carcinoma (HCC), and to establish a nomogram model to predict
the risk of MVI. Methods: The CT image features and clinical data of 160 patients with postopera-
tively pathologically confirmed HCC were retrospectively analyzed, and compared with the pa-
thological results, to screen out the predictive factors related to MVI, and the nomogram method
was used to construct a scoring model, and evaluate the predictive ability of the model. Results:
Three risk factors including tumor diameter, tumor morphology and hypodense halo were
screened and the scoring model was constructed by applying the nomogram. The C-index of the
model was 0.703 (95% CI: 0.621~0.784), and the goodness-of-fit test (x2 = 3.433, degrees of free-
dom 8, P > 0.05). Internal validation result of Bootstrap self-sampling method to corrected C-index
was 0.683. Conclusion: The nomogram model constructed by the three CT imaging signs (tumor
diameter, tumor morphology and hypodense halo) can predict the presence or absence of MVI in
HCC patients to a certain extent, and has a certain guiding effect on the clinical treatment decision
of HCC patients.

Keywords

Hepatocellular Carcinoma, Nomogram, Microvascular Invasion, Tomography, CT Imaging

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

T4 i A9 (hepatocellular carcinoma, HCC)J& tH Jit i i W E MR 2 —[1], 3 5 FALFERNT
15%, ek ESE T KIEH[2]. MUl RIL[3] (microvascular invasion, MVI){&7E B~ T P % 44t 7
FRVBKES s P9 L 2 e 4 i B (AT BEAE AT 7R 45 2R [4] [513 W1, MVI IAFAE W 3 N HCC B R JE BRI K
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o9 400 ng/mL)~ IfLH L B D REAS 1 A Bk I D) BEFE AR -
2.2. PANFREFHERRAR

MNBRUE: 1) BEBLTARIGTT, HEWBEEWZHN HCC; 2) A BN —BIRKR TR & CT
P E R 3) CT A S FARMREN N T — M.
HEBRARAE: 1) RATH TUMIREIRST S0 2) A7 H AR R 52 o

2.3. CT i %

{7 Philips Brilliancei CT 256 Hl #5174 . HARGTEHE FA2RRITT 208 k. RS A€
PG G AT I, 20 kR 25 1 B0 bE R 300 mg/ml, V575 %8 1.2~1.5 mi/kg, 2.5~3.0
ml/s. F35 775 WA E Sk IR EE 150 HU J5 B shfil R 35433, 43 51F 8's. 455, 100 s 178k
I IE KO S BRI . RS, )R 120 KVp, E3ImAs, S HEEEENS5 mm. 1 mm &2
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2.4.CT Eg S #
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Giit 22 oM B AE B R 8- (fliAs 4.0.4, https://www.r-project.orgl), S&HBSIAEA T t K536 70 4Tt
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Table 1. Univariate Logistic regression analysis of MVI clinical and CT imaging features in HCC patients

H 5/
NI 7

YT

Fz 1. %M HCC B& MVI MK K CT EHFEM B EZ Logistic EVIS 47

i H MVI (+) MVI (-) i X% P 1A OR fH
R (B4) 74/16 60/10 0.353 0.553 0.771
R (F) (mean £ SD) 57.59+11.81  58.63+10.35 0.583 0.561 0.561
JF SR 52 0.724 0.696 1.405

T 13 11

i 76 57

oty 1 2
JRFRE AL 52 0.845 0.358 1.368

T 26 25

H 64 45
AFP (ng/mL) 4.158 0.041 1.995

<400 46 47

>400 44 23
oAl K B A% (mm) 7116 +36.31  53.10 + 31.59 —3.300 0.013 1.016

(mean + SD)

R 7.967 0.051 2.767

iy 22 32

AR 68 38
BLRUFT R (G E) 61/29 36/34 4.409 0.036 0.759
iR 0 R 1.590 0.452 1.492

e 33 27

A58 B A 5 7

p e} 52 35
H LIRS (T 17E) 4/86 6/64 1.134 0.287 2.016
iR EEIFMIE(F 1) 52/38 53/17 5.615 0.018 2.278
WIS H (BB RIZK) 47/43 50/20 6.085 0.014 1.917
WAL A R AL (B ) 47/43 47/23 3.617 0.057 1.870
BBk B (BE) 22/68 31/39 6.997 0.008 2.457
Jib B BERAL 7 SR (LAY FE B ) 73/17 53/17 0.685 0.408 0.065
K ERIL(E L) 25/65 11/59 3.282 0.071 2.063
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Figure 1. (a)~(d) Male, 73 years old, moderately differentiated HCC, MVI(-). (a)~(d) Single lesion with regular shape (ar-
row); (b)~(d) Atypical “fast-in, fast-out” reinforcement

1. (@~d) 5B, 73%, FHLHCC, MVI(-). (a)~(d) BLfmE, FASHMMUE); (b)~(d) JFEE “RipRE” K58
4

(b) (d)

Figure 2. (a)~(d) Female, 57 years old, moderately to poorly differentiated HCC. (a) Irregular lesion with hemorrhagic ne-
crotic area (arrow); (b) Focal intratumoral artery (arrow); (c) Low-density ring (arrow) around the lesion; (a)~(d) Lesions
showed typical “fast in, fast out” enhancement

E2 (a)~d) &, 57%, & - K7L HCC. (a) MILESATHMN, HMIATEXE); (b) BAEBRAREKE; () Mkt
BBEZEIFE; ()~d) HmitE 8B “RiFRy” Xk

2) B EERD A G E R P < 0.D)AANZEEEIH2Hr, 5200 HCC &5 MVI IR &
CT SARHFFIEM 2 K 3 Logistic [B1H 45 8 W& 2.

Table 2. Multivariate Logistic regression analysis of MVI clinical and CT imaging features in HCC patients
= 2. $M HCC BE MVI BIlRR K CT SLEHHERI % E E Logistic Y3347

faR R & OR 95%Cl P14

J¥ g i R EAR 1.005 0.071~0.457 0.596
AFP > 400 1.667 0.799~3.515 0.128
iR T 25 AN K 2.170 1.014~4.706 0.025
i3 R HA P U % 1.331 0.635~2.762 0.448
AEAEAR S BEFMIE 2432 1.098~5.564 0.026
FAAESRE A BTk 2. 5% 0.352 0.643~3.131 0.299
Z Rkt 1.850 0.858~4.054 0.121
AELESR I Ak 0.944 0.425~2.059 0.982
FEER MR 1.034 0.407~2.669 0.940
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#21¥) Nomogram FEAL ILIE| 3. 40010 FEAG 360 R WA AL L& DL U (F = 3.432, HHHJEA 8, P> 0.05).
Bootstrap [ $lFF: N EIESS B C-index = 0.7025, £Z1E C-index = 0.683.
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Figure 3. Rosette model of microvascular invasion in hepatocellular carcinoma. The score of each factor was obtained ac-
cording to the upper scale corresponding to the factor, and the total score was obtained by adding the scores of each factor.
The corresponding probability of MV1 in HCC patients could be obtained from the total score downward

3. FFBERFE R ERIENFIEZEIER ., RIBEIMEEMNNE L AHRREBIZEZENSS, BIXMKMEEZESES
BHEMEBRS, NBSEITXR, A8% HCC 2EMXTNAAE MVI FIHEER

4) JF 41 A e O A AR A0 1 B4R VT o A B A HE i 26 LIl 4. Brier ¥4 0.217, 95%Cl:
0.193~0.242, Brier {14z 0 3 AR i T BE 04T
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Figure 4. Calibration curve of the rosette scoring model for microvascular invasion of
hepatocellular carcinoma. The closer the curve is to the standard curve, the better the
prediction ability of the rosette is
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JHEEAFE MVI /2 HCC B ARG B R AR ML UG R R[] 2R1, MVI RIS, A
JHF i A2 5 A7 AE AU AR A0 0T LA BhIG R BRI B MR Va7 T 5, BB ms. Bk, A#FRE
FEWFTE BT ARTT HCC B IR TR A RAARRHE, PRI 5 MV AE S BT S 56 PR 35 94 g vl A
PR 22 (TR MV 51 2 PRI 7R

TEAT T 25 F b — MR PRI S TR Ge vt S, i 7 [10] [11] [L2] 0 PR SE 7R e S, v REH T
I PR3 50 1 B S B AR R A B I DL, TS ARAIE 5 R S IR () S Stk . ARF TR = A, SEe =
K 4 AFP > 400 ng/mL BA Gt 45 0, BRI AR RS ARU) L S kk 58 HH FF A6 50
AR FEIME gkt J B Al . 98 B2 58 B8 2 (R A Gt (P < 0.05), fEZ R & EIH 4
Hre, IR T AN S AR 2 BEE ML SR R 2, IR BLAR A2 Hfa Rk 2=, H 2 8 5E[1] [7] [8]
RPHAETN MVI PHEZEZE N, f—DAATZISHE R, MR, FmrEiom, wBresrEriEm
B WHEZ N RN, S RN N R B R T A4S S AR IR = AMREAE

Chou 25 [T 7 Hh BLGET AA K BRI 21 22 45T UK HCC R AR I P B/ INEG A 1) XU B S B vy,
THERAL LA G X B, 5 — @R ERRR T ImPRIE P, WA F0K R T2 T A6 R R A
UM PR, 45 5 HEAR B, RB%%[13]. Shirabe [14]E5HT 5t 45 5 #8 24 WA ASHU (4 e 8 5 R 4B
MVI K558, ATREHT MVI FEIETRE R 28 M R, S mFEEE 2z, E5RI0H AL, MREs
RN AFLI o

Segal 55 [15]5: T 5= K 412 15 SEARARFAE (R 5 % IR 9 Bl K 2 56 BAIRE FEFRMIE(RVI) S5 MV s BEAR G,
Lee S [16] (I JTIIE SLIRE Ji] AA AEAR S FE IR R AE MV IRV 42 157 5.184 % , At 9T 45 AR (OR L 2.432)
R FE IR I B AL A B A, X W] BB AR B T IR e B PR AR, 5 BRI PR 100 5 1Y) I L R 41 4 A D
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