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Fik . WEAHT 2017 4F 1 7 —2020 4F 11 JT %8048 7 B Be A 19 535 51 HCC SR F G IR e 8}, d§ B e A
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Abstract

Key words

Background and Aims: For patients with hepatocellular carcinoma (HCC), the effective prediction of
presence or absence of microvascular invasion (MVI) is of great importance in clinical decision making,
postoperative adjuvant therapy and systematic prognostic evaluation. Therefore, this study was
conducted to investigate the risk factors for MVI in HCC and to establish a preoperative predictive
nomogram, so as to provide a clinical reference.

Methods: The clinical data of 535 patients with HCC treated in Anhui Provincial Hospital from January
2017 to November 2020 were retrospectively analyzed. According to admission time, they were divided
into model group (433 cases) and validation group (102 cases). Univariate and multivariate analyses
were carried out to determine the independent risk factors for MVI. R software was used to establish a
nomogram model to predict the preoperative MVI risk of hepatocellular carcinoma. Bootstrap analysis
was used for internal validation of the model, and validation group was used for external validation of
the model. C-index, calibration and receiver operating characteristic (ROC) curves were used to evaluate
the predictive value of the nomogram.

Results: In the model group, multivariate analysis showed that NLR>2.282 (OR=1.864, 95% CI=1.184-
2.933), GGT>60 IU/L (OR=2.554, 95% CI=1.631-4.001), IgAFP (OR=1.455, 95% CI=1.21-1.75),
tumor size (OR=1.177, 95% CI=1.084-1.277) and absence of complete capsule (OR=2.019, 95% CI=
1.286-3.171) were independent risk factors for preoperative prediction of MVI in patients with HCC.
The C-index of the nomogram model established based no above factors were 0.785 (95% CI=0.742-
0.828) and 0.824 (95% CI=0.737-0.91) in model group and validation group, respectively. The model
fitted well with the calibration prediction curve. Based on the Youden index, the optimal critical value of
the nomogram was 103. The sensitivity, specificity, positive predictive value and negative predictive
value under the critical value were 86%, 61%, 67% and 82% in the model group, and 82%, 56%, 53%
and 83% in the validation group, respectively.

Conclusion: NLR>2.282, GGT>60 IU/L, IgAFP, tumor size and absence of complete capsule were the
independent risk factors for MVI in HCC. The established nomogram has a good preoperative
performance in predicting MVI, which can directly analyze the preoperative risk of MVI and identify the
high-risk population.

Carcinoma, Hepatocellular; Neoplasm Invasiveness; Risk Factors; Nomograms

CLC number: R735.7

T 44 B3 %% (hepatocellular carcinoma, HCC) &
S B BN B R UL R 2 —, R K
S SO R Y . R HOC T PRRE R 9 AN BH
B, REZEFHEHERZHE P, i T RE
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[l JE5t 3 A7 2C B8 S BE BiE 2017 4F 1 —2020 4
11 A A BEAT BF 9 A AR A9 535 9] HOC 3 19 I IR
R, 447 1) (83.6%), L 88 M (16.4%) . Fi&
A B I B %% 2017 45 1 A —2019 4F 12 A 433 fi] HCC
B IH BRI, 2020 4F 1 7 —2020 4F 11 H 102 ]
HCC B E H AR . 9 AdrifE: (D) 7B F
A B ARG 6 B2 WA HCC; (2) AR |G & 47 1198 A 26
WIT A FEREFAR . A ARIT L SHIRIT . Mk
BT AAYT AF; (3) AR Child-Pugh 43 240 A 5%
B2 (4) I R FE TR . HEBR bR E: (1) B IF
A H Al EAE HCC M P g 5 (2) I 39 A7 78 Jak e M e
a5 (3) A Btk t SR AR R (4) AT IR AR SR 1Y
B G AIFTIIKER . AR O % 5E S
= B 48 B 25 51 23 s it .
1.2 MR

(1) — Bl PERI . 4R . FREfL . 2 sk
P IR G 45 (2) AR S5 36 2 A 36« o 1 A 40 L 4
DG = RN N I O G I (= N 1104 7 s NS 4 e
Ji. NERAIREEBE (ALT) . K& &R A
YRl (AST) . HAWMFHE (GGT). WiHEH
(AFP) | 1gAFP (¥ AFP JE 47 LA 10 Ry JiE A4 XF %5 4%
Bo) . HEH (ALB) . & W% 7 Bl & 8 8 1 i
(HBV-DNA) 5. (3) RIE LL{E T8 45 . £F 4k 85 11 i/
AR G (E (FAR) . rb Mkz 48 M/ itk € 40 J be (8
(NLR) . Ifn/N /R B 40 M L/l (PLR) o (4) R T2
G E R A - IR K /N B CT B R 3 iR S5 K b R L
s MPEECH s 58 B BRI O 7R 4 5 CT & MRI |
Ik 1T bk ) 5K 4 3R HCC i 2% 58 3 IR E 5 4L
W, G o6 B R A0 A BR A 57 AR A R 1 BT A
I 141 .
1.3 FitFEaE

BOHE FH IBM SPSS 24.0 F11 R4.1.0 B4 3, % 42
A RN N BIE £ AR dE 2, 3 AR R N
o M Z R E T AE FEAE (receiver operating
characteristic curve, ROC) Hi£k, #1411 % Youden
i B8 due K B o 45 48 AR RS MV S80I ) 5 £ i A
Ho BRI RORER A ek e, THECH R
N K AT i s R EF WK E, £
Kl & Logistic [l 945 1 7 1 R FH B 6 ) wif i, 404t
HCC & & A MVI A 1k Sz fe e R 2, 1l A E A L
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(OR) F195% vl {5 X[a] (CI) WM HAR G IR
JH RA.LO SR A AR 4l 22 IR 3R 43 B 45 2 4t 37 9] 2k (&1
R, — B A (C-index) A T EALIIL K
BB F1, Tl FHAE A 1000 4> [ 28 KE fh A0 A i
SIS R O U
Youden F5 i Hf 7 A5 Y FI MVT (%) fz A3 I (8 B X
MEEBUREEE | R SRBE L P<0.05 W ERA G EE X,

2 & R

2.1 EEIZAFNHCC & MVI Z TR & EIR

RE

FIH ROC £ ff s 1000 MV ) $5 £ 1 518,
e R 200 i 24 %F (1 >2.895 x 10771 . Ik E% 41 Jifd 4 %) {4
>1.215x 10°/L, £F 4885 11 )7 >3.355 ¢/, NLR>2.282,
PLR>138.47 . FAR>0.0751. Afiff 5% H GGT>60 TU/L |
ALT>50 TU/L . AST>45 TU/L, 45 %5 B A8 R 2 8E
S 18 [ S 0 s A A T R B RR
2.2 EBIZHHCC EEMVIHEKREZEZES

ARFFTA I I A 433 I HCC B, 536341,
2700 ; 4 26~86% s HCCHAK 3700, 2% 631;
iR B A2 (5.87+3.27) emo AR5k B R 223 £
(51.5%) H# MVIFHYE, 2104 (48.5%) H# MVI
PAPE. B ZE AN (F1): Filk<60 % . Fikkign
Ji 45 %F {H >2.895 x 10%/L, £F 4 & 1 Ji >3.355 ¢/L.
GGT>60 TU/L., ALT>50 TU/L. AST>45 IU/L. NLR>
2282, PLR>138.47, FAR>0.0751. IgAFP . JifJgi K
AN TS BAR A S MVI A . R B A R
X F R FE BR HEAT £ IR &K Logistic 18] 15 73 # 2% 5 R
( #2): NLR>2.282 (OR=1.864, 95% CI=1.184~
2.933) . GGT>60 IU/L (OR=2.554, 95% CI=1.631~
4.001) . 1gAFP (OR=1.455, 95% CI=121~1.75) , Jih
K/ (OR=1.177, 95% CI=1.084~1.277) . JG5¢ %%
i AL 1K (OR=2.019, 95% CI=1.286~3.171) & MVI
A B ST A R R
2.3 B ZLEREIFFWIE

M A A 4 22 ] R Logistic [7 U5 23 B (19 45 5,
# NLR>2.282 . GGT>60 IU/L. IgAFP. Ji 98 K/ |
Te 58 #E AR AL IX 5 4> 1 I XL - 40 AR T BT HCC £
HAIEMVI KB 2k B R RL g E g 51) 26 B S R R
gy AR A48 BR 0 BB 0 A AR, B
A8 bR o BOM AT 2 85, JE K B AR 51 2 [E
AR h MVI B T A2 (&)
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Table 1 Univariable analysis of MVI presence based on preoperative data
= MVI B (n=210) MVIBHYE (n=223) Xt P
BE(%)] 176(83.8) 187(83.9) 0.000 176 0.989
AF5<60 % [n(%))] 106(50.5) 134(60.1) 4.046 0.044
LI (%)] 159(75.7) 180(80.7) 1.593 0.207
PR (%) ] 1(0.5) 3(1.2) 0.196 0.658
JFtEEfk[n(%)] 135(64.3) 154(69.1) 1.11 0.292
Fh MR 40 246 X {E>2.895% 10°/L{n (% ) | 100(47.6) 138(61.9) 8.89 0.003
R A X >1.215%10%L[n (%)) 67(31.9) 89(39.9) 3.007 0.083
i/ <100x10%/1[n. (%)) 48(22.9) 50(22.4) 0.012 0.914
L YEE 5 >3.355 ¢/1[n (%)) 28(13.3) 64(28.7) 4.281 <0.001
GGT>60 TU/L [n(%)] 87(37.1) 149(66.8) 38.181 <0.001
ALT>50 IU/L [n(%)] 37(17.6) 64(28.7) 7.425 0.006
AST>45 TU/L [n(%)] 43(20.5) 100(44.8) 29.032 <0.001
NLR>2.282 [n(%)] 66(31.4) 115(51.6) 18.034 <0.001
PLR>138.47 [n(%)] 34(16.2) 62(27.8) 8.452 0.004
FAR>0.0751 [n(%)] 43(20.5) 82(36.8) 13.985 <0.001
1gAFP(ng/mL,% + s) 1.62+1.14 2.39+1.35 -6.42 <0.001
g ELAE (em , % = 5) 4.64+2.67 7.02+3.07 -8.1 <0.001
JiEE %L > 1 [n(%)] 26(12.4) 37(16.6) 1.543 0.214
TSR (%) ] 114(54.3) 161(72.2) 14.972 <0.001
F2 AREFUMVIHNEEZSH
Table 2 Multivariate analysis of MVI presence based on preoperative data
SES B OR(95% CI) P
NLR>2.282 0.622 1.864(1.184~2.933) <0.05
GGT>60 IU/L 0.938 2.554(1.631~4.001) <0.05
lgAFP(ng/mL) 0.375 1.455(1.21~1.75) <0.05
JiEE K1 (em) 0.163 1.177(1.084~1.277) <0.05
Tee R AR N5 0.703 2.019(1.286~3.171) <0.05
s -2.785 0.062 <0.05
i Q0 0 s @ s 0 0 SR AR AT RS, 4L 0
- 2z i e 1 2 b o 0 2 1k o T 2 A AR T
o= - (F12), s RHRZ AL 1 th B MV AG B (45 9
i e B i — SOk L
qu@ﬁﬁi —0;5 O I045 | 1 | 145‘ 2I 215 % 3‘.5 I4 I4A5I 5‘ 515 6 25 ROC Hﬂ éﬁﬁﬂ‘ﬁﬁu z£ E’\]ﬁ'ﬁ)ﬂMfl\{E
O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

sl

Total Points

MVI k4

50 100 150 200 250 300 350

0.1 0.2 0.30.40.50.60.7 0.8 0.9 0.95

E1 FlHCC BE MVIXUEEH 5 4
Figure 1 Nomogram for preoperative prediction of the risk
of MVI in HCC
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THAAS AR Y — S48 £k 0.785 (95% Cl=
0.742~0.828) (181 3A) , S uE 41y — Sk 48 Bk
0.824 (95% CI=0.737~0.91) (& 3B). i i Youden
T BTG 30 2 PR S5 A 1 R T 103, B 7E
X2z E R4S MVI s KU B, 7EX 2R By &)
43 MVIAR R ANRE ol SEE T i BOR B | 47 5
B P T A AN B A A R 2 Ay B
86% . 61% . 67% F182% , 7T£3uuk4H 4351k 82% .
56% . 53% M183% ($3).
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Figure 2 Calibration curves

B=1 000 repetitions, boot

1.0 o

)
AUC: 0.785 (0.742, 0.828)

T T T T T T
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15 A

B3 ROCHi%
Figure 3 ROC curves

R®3 JLEFAHCC BEEHF MVIFERE
Table 3 Accuracy of the nomogram in predicting HCC
patients with MVI

Ei=t D HRIZH (95% CI) B iEZH (95% CI)

— PR R 0.785(0.742~0.828) 0.824(0.737~0.91)
A FE 103 103
TR (%) 86(81~91) 82(66~92)
5L (%) 61(54~67) 56(42~68)
FRPEFTINE (%) 67(61~73) 53(40~66)

FF P FTIA (%) 82(76~88) 83(69~93)
FHPEAUSA [ 2.18(1.84~2.59) 1.85(1.35~2.52)
FIPEARISA L 0.23(0.16~0.33) 0.32(0.16~0.65)
3 it &

ML A 12 48 B A A B9 HCC B 3 A 1) Y 3 il
o BEE NIRRT NG, Hoilfh PR & ok ik
B M, ERFRIRIT PR A E R

5 30 £

1.0+

= 0.8

%

£ 06

a

T

z 0.4

b

(=} 0.2 L ............ FE Tt 2

R — KIEMZ

P AR

00 02 04 06 08 10
Predicted pro

B=1 000 repetitions, boot Mean absolute error=0.049 n=102 B

A BIRIZL; B: BRuFEdl
A: Model group; B: Validation group

AUC: 0.824 (0.737, 0.91)

0.0 0.2 0.4 0.6 0.8 1.0
1R 5 B

A RRIZ; B: SRR
A: Model group; B: Validation group

D 8 H PR S BRI fEiR TR m
B RA, s IBRA, 9 RF AR E &

B B AT oA A B IR R A (T SR, [
PN AN MV (8 A i 3000 475 8 A Gt — B9 7 58 sl o

Zeng S51°V5d 1k Meta 73 B 15 H1 AR Hi %52 &5 A9 NLR
KV 55 HF 440 i 98 At A8 IR A KU = IR A OG . AR
WF5E T 38 o X HCC B85 AR A AR OC R 4E 48 br B 1T
4y M, % B NLR>2.282 (OR=1.976, 95% CI=1.264~
3.090) J& HCC H#F KA MVI RIS B &, X
SRR BFE R A R — B Mg A oG bk A
200 L 0 9 R I e A £ 45 2 R R R SO B Y
LRIy, 7 SR TR AR N G e ko A e AR o R P
FEAEHY . RAEAAL AT LLSE o b S5 (0 A 8%, TR
I8 BT DAGE HE I A AR AR APk A e H v R
FEEAEHT, AT DU g R FEL Y AR A R A A R
T, A I R B A A R e
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GGT J& i PR v UL 1) Sz e JH- 248 B 463 45 1 48 e
B PR RE 7 B L BIRAR 5 ) w2 g o At s,
M7 GGT>60 IU/L (OR=2.554, 95% CI=1.631~4.001)
5 MVI % YIH &, X 0] fig 5 MhoJs #7940 i ¥
GGT L343 W 8 1 i Hh A3 ™ GCT & 5 MV A
FABAEAE — E 4L o Zhao ZFPIESE,  IfLTH GGT /K
FHHCC AWK AFAMNEREARL, IFH
GGT>130 TU/L (OR=19.779, 95% CI=5.888~66.440)
P MV AR 000 R 7o 8K 1 7 22 o R A5 2V )
JEH, GGT>30 1U/L AR FE IR R b b A G it 3
X (OR=1.672, 95% CI=1.102~2.537), 1EZ X EWf
FE TR MV R U I A e R AR, XAl g5 8
VB R HL Al 7503000 PR ) A

AN, AR WS il & B 1gAFP (OR=1.455,
95% CI=1.21~1.75) & MVI §90h <7 15 B K 2% . I 15
AFP 1E Ay W0 L 100 MV B 5122 17 27 48 4 B 15 £
JUIZ AT, R [6] B 98 5 AFP 8T (8 A7 78 22 57,
PLAFP 4 20 /L™, 100 pe/L™, & 400 pe/LP K
BB, X MV XA B 0 F00 8 RE , 7E A B 5%
rh ok XF AFP JE AT X B e S BE R BB I A 5
SURE

Z I HWF g R S IR AR R MVI Y & AR
WY EH, AR N E &2 W E 58 8os b
Jo K/ 2 MV 2 7 fa B R 22, Bl 4 g B A
K MVI & AE )RR A 25 Bl 2 388 in o 3% v] BB i
i 96 XL A Ay PR A A BRI R, Bl S R A R
T g 1 M R AR B R AR R, MV
) K A JL R R e A e B8 1 1T g B R bl vy, JHE
Je A 2 Y

AT B 2 JHF U b 98 AR ik 1 A= K e 3 31 OF R
WELL 2N, IE B 3 2% % A 2F 4 45 40 L 200 7
TEARM G R T E AR L (OR=2.019, 95% CI=
1.286~3.171) J& MVI & £ () il 57 f& & I R o Zhu
ST o — TR A T 2 038 1] B 3 (14 Meta 43 7 45
S (R AL 5 ] RE 2 HCC BB 3% & A2 MV 4 3 I
R, AEBNBABEEERKE. Wang S5 —
THLER A 469 5] HCC F8 & 1) a4 A 5% % A A AN
5T 4% o TG BB I T MV B S e R &R, I
HYEBEWEMEE, ARt — L8 T Lk
pUNE

B PR 2 I MV A A A7 78 SRR R s R
AF G A 1K S5 ) 81, 3 Ao e R A 7R g At 7 mT AR 4 11
GAS MRS, yim R AT A B E Y i
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M 77 % o Cucchetti % ™38 i AR §i AFP K . i &
BOH . R/NARBX 4 S48 b gl 7 19 N T 2 W)
26 LA R0 MVE Y & A, PR R E 1
SEPE, AFAE i R O (Y B o Zhao SEPY L
AFP>400 pwg/l.. GGT>130 U/L. J ¥ B H 42 >8 cm .
Jifr 968 5 E >3 A Sk 0 PR g ST B0 MV P 53 &R
4, BAPSFERE, (AZMRENANEARRR /N,
Lei %P0 % BB 4% . B . Al AFP. IfiL/)
M. HBV-DNA 2% 5 F1 5 52 1% 2% 50 25 48 fb RS X
TA R IR MVIA & AEAE G, DL gy 7 i
MVI i) 51 £ V8 78, LR BE . R 5 5 43 il o
73.5% . 76.6%, (BT OMFAHCHEREEH . BRE
EPUE AR WS L /R . TR L 1gAFP . AFP-L3
lg (5% BEIMLEGEIE ) 6 446 br Al 212 W 150 7Y 5k
JE OB SE R 72.70% . 62.00% , SR i Logistic
BUHJr BsEE e, A EilE RN, HHMm
)P R S B R R A . ARAIESE R, 4r AT 4%t NLR
>2.282 . GGT>60 TU/L. IgAFP . fhi K/ . JC58 %
B A B S HCC (B A 9 MV B R J i (8 & o 45
A2 e ST T W MV Y 51 26 R A
BRORR R | KRR L A R I T A A
I 53 5 M 86% . 61% . 67% F1 82% , % A §ij i il
HCC & B AIFMVIA —EMELEE S, 5H
MBS TR A L, RS TR A R R Y RO, (R
XA, A Fs E— 2 ket o A 5T b 45 T4 B
TEIm R AL 2 4R, [ (8, B — 2 Wil IR
S E . [FE, ABERANETEAR R Z AL, A
Es R s R NI R A 7o 7] B S o d N K [l
58 T A B R I I R 55 AR X AR, ik = A
RO R IE AT S 56 I Ok 2 — A5 4] I 0 ASE AR
e R SE A (B, BT ST B A AR 5 8 BARAIR, &
e T T R R ) S R 0 A
i b prad, AW ST E o I R B R 48 A o b,
H T NLR>2.282 . GGT>60 TU/L . 1gAFP . A K/ .
ST B 5 L JIE A S T MV Y 51 48 PR R A —
4 TR0 20 RE AT B A TR MVE Y & AR XU, B
S0 1 RURSE N HE L %48 I IR 7 R A — 1Y S BR

S
£ % 3k
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