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Abstract
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Background and Aims: Microvascular invasion (MVI) is an important risk factor for early
postoperative recurrence of hepatocellular carcinoma (HCC). For HCC accompanied by MVI, anatomic
liver resection or hepatectomy with a wide resection margin may increase the elimination rate of MVI,
thereby reduce the recurrence and improve the disease-free and overall survival of patients. However, the
diagnosis of MVI is based on postoperative histopathology, so accurate preoperative prediction of MVI
is of great value for the development of individualized treatment plans for HCC. The greatest advantage
of gadolinium-ethoxybenzyl diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) lies in the specific
imaging performance during the hepatobiliary phase. Therefore, the Gd-EOB-DTPA enhanced magnetic
resonance imaging (EOB-MRI) performed in the hepatobiliary phase can clearly show the boundary of
the lesion, and greatly improve the ability of the lesion display and diagnosis. This study was conducted
to analyzed the preoperative EOB-MRI imaging characteristics and determine its predictive value for
MVI in HCC patients.

Methods: The clinicopathologic and imaging data of 147 HCC patients who underwent preoperative
EOB-MRI examination and radical hepatectomy from July 2014 to June 2017 in the Department of
Hepatobiliary Surgery of Drum Tower Hospital of Nanjing University were reviewed. The risk factors
for MVI were analyzed, and the predictive effectiveness of EOB-MRI was determined.

Results: Among the 147 patients, 49 cases were MVI positive and 98 cases were MVI negative. The
results of univariate analysis showed that tumor size (P=0.001), non-nodular type tumor on the
hepatobiliary phase (P<0.001), peritumoral enhancement in arterial phase (P=0.016), rim enhancement
in arterial phase (P=0.014), mixed signal intensity of tumor on hepatobiliary phase (P=0.001) and
peritumoral hypointensity on hepatobiliary phase (P<0.001) were predictors for MVI. The results of
multivariate analysis showed that non-nodular type tumor on hepatobiliary phase (OR=5.075, 95% CI=
1.587-16.223, P=0.006), mixed signal intensity of tumor on hepatobiliary phase (OR=2.750, 95% CI=
2.679-18.977, P=0.030), peritumoral hypointensity on hepatobiliary phase (OR=7.130, 95% CI=2.679-
18.977, P<0.001) were independent predictors for MVI. For predicting MVI, the sensitivity of the three
EOB-MRI imaging features (the gross type of tumor, mixed signal intensity of tumor on hepatobiliary
phase and peritumoral hypointensity on hepatobiliary phase) was 89.8%, 57.1% and 61.2%, and their
specificity was 51.0%, 72.4% and 89.8%, respectively. The specificity reached 98.0% by simultaneous
presence of the three EOB-MRI imaging features.

Conclusion: Non-nodular type tumor, mixed signal intensity of tumor and peritumoral hypointensity on
hepatobiliary phase are independent predictors for MVI. The simultaneous presence of the three EOB-
MRI imaging features has a high specificity for predicting MVI.

Carcinoma, Hepatocellular; Microvascular Invasion; Contrast Media; Magnetic Resonance Imaging
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Figurel Imaging characteristics of EOB-MRI

A: Nodular type tumor; B: Non-nodular type tumor; C: Peritumoral

enhancement in arterial phase; D: Rim enhancement in arterial phase
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Figure 2 Signal features on hepatobiliary phase

A: Hypointensity; B: Mixed signal intensity of tumor; C-D: Peritumoral
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Tablel Univariate analysis of predictors for MVI
AR MVIEAPE(n=98) MVI BHME (n=49) OR(95% CI) P
AEWR[% M (IQR )] 60(35~80) 55(35~76) — 0.061
Heiln(%)]
5 84(85.7) 44(89.8)
0.682(0.231~2.016) 0.489
K’y 14(14.3) 5(10.2)
HBsAg [n(%)]
FHE 76(77.6) 41(83.7)
1.428(0.691~2.949) 0.336
B 22(22.4) 8(16.3)
HFHEAE [n (%))
i 62(63.3) 33(67.3)
1.198(0.580~2.472) 0.626
Jc 36(36.7) 16(32.7)
ALT(U/L,X £ s) 34.39+24.76 39.49+33.17 — 0.306
AST(U/L,% + s) 30.58+13.53 39.47+30.46 — 0.102
TBIL(umol/L,% + s) 14.37+5.99 15.82+10.23 — 0.287
PLT(X10%L,% + s) 134.80+52.36 138.80+68.39 — 0.693
MELD 43 (% + s) 7.60+1.39 7.40+1.13 — 0.401
ICG-R15(%,x + s) 6.18+4.39 5.78+3.39 — 0.570
AFP [ng/mL,n(%)]
>200 23(23.5) 18(36.7)
0.528(0.251~1.113) 0.093
<200 75(76.5) 31(63.3)
IR EAR[em,n(%)]
>5 22(22.4) 25(51.0)
3.598(1.727~7.498) 0.001
<5 76(77.6) 24(49.0)
oisEE AR5 [0 (% )]
25 45(45.9) 5(10.2)
9.167(3.351~25.073) <0.001
E|S2RRi 53(54.1) 44(89.8)
Sk R s (%))
A 8(8.2) 12(24.5)
3.207(1.246~8.256) 0.016
I 90(91.8) 37(75.5)
ST R (55 (%)
el 12(12.2) 15(30.6)
2.885(1.242~6.698) 0.014
G 86(87.8) 34(69.4)
HERAHA g 155 (% )]
Kf5% 71(72.4) 24(49.0)
— 3.506(1.709~7.194) 0.001
mARZ RS 27(27.6) 25(51.0)
SRR RS 5 [ (%) ]
1 10(10.2) 30(61.2)
13.895(5.817~33.187) <0.001
Jc 88(89.8) 19(38.8)
Fz2 M MVIE % E X Logistic BT 547
Table 2 Multivariate Logistic regression analysis of predictors for MVI
A B OR(95% CI) P
b KAy A (ARG TTRY vs. Z57T7HY) 1.624 5.075(1.587~16.223) 0.006
AR AR 15 = QRZRME S vs. RIES) 1.012 2.750(1.102~6.866) 0.030
JHFRER RS 5 (O ws. TE) 1.964 7.130(2.679~18.977) <0.001
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Figure 3 ROC curve analysis of imaging features on EOB-MRI

A: The ROC curves of gross classification, tumor signal on

hepatobiliary phase and peritumoral hypointensity; B: The ROC curves of the combination of three imaging features
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AL, HAT OATPIB3 i K6 . R /DN ERHE .
M Fujita 25OV 5% 26 B I AR LR 35 o 09 1R 2= 15 5
B8 AARAE 5 5058 4 = 15 5 19 HCC WPk i 0
e 2%

2 bk, EOB-MRI i i 4% A # AT IE 3 A%
&, X HCC A F 1 MV 48 4t T 5 2 4 I IR M i
OB &= S Y. R 11 3 BN N7 i N L
550 LSO RS S, & HCC 35 MVI
RARB AL fa R KR, Y = F G N B A

polypepnde 1B3,

B YRR SR AR AE R I R A AR AL T 52 0 I e 4R
HE—E B . MR, NEEAR o i 5 B AT
— EM R R, B X EOB-MRI 2 7 T 52 14 0 58
FIVR A, AR MV 23 8 RS o, H B AR5 7
BIL il 2 1 — 25 5 1 5 17 o

FBEFE: THEEYFARGEENZ R

[1] Erstad DJ, Tanabe KK. Prognostic and Therapeutic Implications of
Microvascular Invasion in Hepatocellular Carcinoma[J]. Ann Surg
Oncol, 2019, 26(5):1474-1493. doi:10.1245/s10434-019-07227-9.

[2] RIS, RuUE, FRULAR, 45 A0 A Ol A R AC A R R

SIHEIT. ThARFARSMRF %, 2019, 25(1):26-29. doi:10.3760/cma.
j.issn.1007-8118.2019.01.007.
Du PY, Song JH, Qiao JC, et al. Influencing factors analysis
of microvascular invasion in patients with hepatocellular
carcinoma[J]. Chinese Journal of Hepatobiliary Surgery, 2019, 25
(1):26-29. doi:10.3760/cma.j.issn.1007-8118.2019.01.007.

[3] Isik B, Gonultas F, Sahin T, et al. Microvascular Venous Invasion in
Hepatocellular Carcinoma: Why Do Recurrences Occur? [J]. J
Gastrointest Cancer, 2020, 51(4):1133-1136. doi: 10.1007/s12029~
020-00487-9.

[4] Sun Z, Li Z, Shi XL, et al. Anatomic versus non-anatomic resection
of hepatocellular carcinoma with microvascular invasion: A
systematic review and meta—analysis[J]. Asian J Surg, 2021, 44(9):
1143-1150. doi:10.1016/j.asjsur.2021.02.023.

[5] Su CM, Chou CC, Yang TH, et al. Comparison of anatomic and
non-anatomic resections for very early-stage hepatocellular
carcinoma: The importance of surgical resection margin width in
non-anatomic resection[J]. Surg Oncol, 2021, 36: 15-22. doi:
10.1016/j.suronc.2020.11.009.

[6] BLAEPE, E/NIE, BURRE . SR LI A HT A 5 DI e PPAG 77 vk

B F 5T B Jig (0], o I A B 2 AL 2020, 29(1):85-96. doi:
10.7659/;.issn.1005-6947.2020.01.011.
Lu HZ, Wang XB, Li LQ. Advances in preoperative assessment of
liver functional reserve in patients with primary liver cancer[J].
Chinese Journal of General Surgery, 2020, 29(1): 85-96. doi:
10.7659/;.issn.1005-6947.2020.01.011.

[7] Huang M, Liao B, Xu P, et al. Prediction of Microvascular Invasion
in Hepatocellular Carcinoma: Preoperative Gd-EOB-DTPA-
Dynamic Enhanced MRI and Histopathological Correlation[J].
Contrast Media Mol Imaging, 2018, 2018:9674565. doi: 10.1155/
2018/9674565.

[8] Zheng J, Chakraborty J, Chapman WC, et al. Preoperative

http://www.zpwz.net


http://dx.doi.org/10.1245/s10434-019-07227-9
http://dx.doi.org/10.3760/cma.j.issn.1007-8118.2019.01.007
http://dx.doi.org/10.3760/cma.j.issn.1007-8118.2019.01.007
http://dx.doi.org/10.3760/cma.j.issn.1007-8118.2019.01.007
http://dx.doi.org/10.1007/s12029-020-00487-9
http://dx.doi.org/10.1007/s12029-020-00487-9
http://dx.doi.org/10.1016/j.asjsur.2021.02.023
http://dx.doi.org/10.1016/j.suronc.2020.11.009
http://dx.doi.org/10.1016/j.suronc.2020.11.009
http://dx.doi.org/10.7659/j.issn.1005-6947.2020.01.011
http://dx.doi.org/10.7659/j.issn.1005-6947.2020.01.011
http://dx.doi.org/10.7659/j.issn.1005-6947.2020.01.011
http://dx.doi.org/10.7659/j.issn.1005-6947.2020.01.011
http://dx.doi.org/10.1155/2018/9674565
http://dx.doi.org/10.1155/2018/9674565

M

BR 3, 5 R AT & B30 TR A R AR A (o AT 40 U Al A (R0 B9 UL (B 903

Prediction of Microvascular Invasion in Hepatocellular Carcinoma
Using Quantitative Image Analysis[J]. J Am Coll Surg, 2017, 225
(6):778-788. doi:10.1016/j.jamcollsurg.2017.09.003.

[9] rhEGUE AL b1 2, AR R iR o 2 R

41, EGUE 2RI 2 B2y, A5 SUR VI LS AL
ZWiE R (2015 4E M) [J]. TR AR IR 2% 5%, 2015, 23(5):321-327
doi:10.3760/cma.j.issn.1007-3418.2015.05.001.
Specialized Committee of Liver Cancer, Chinese Anti—Cancer
Association, Group of Liver Cancer, Society of Hepatology,
Chinese Medical Association, Specialized Committee of Pathology,
Chinese Anti-Cancer Association, et al. Evidence-based practice
guidelines for standardized pathological diagnosis of primary liver
cancer in China: 2015 update[J]. Chinese Journal of Hepatology,
2015, 23(5): 321-327. doi: 10.3760/cma. j. issn. 1007-
3418.2015.05.001.

[10] Chen Y, Qin X, Long L, et al. Diagnostic Value of Gd-EOB-DTPA-
Enhanced MRI for the Expression of Ki67 and Microvascular
Density in Hepatocellular Carcinoma[J]. J Magn Reson Imaging,
2020, 51(6):1755-1763. doi:10.1002/jmri.26974.

[11] XG4T, SETLAR .m0 S A (2 A0 1 1 DR 3R 43T B AR i piiny

Bl 2 Pl A TR R (D). o 0 aE AP RE A A, 2021, 30(7):772-779.
doi: 10.7659/.issn.1005-6947.2021.07.003.
Deng JZ, Jia WD. Analysis of risk factors for microvascular
invasion in hepatocellular carcinoma and construction of
preoperative predictive nomogram[J]. Chinese Journal of General
Surgery, 2021, 30(7): 772-779. doi: 10.7659/j. issn. 1005—
6947.2021.07.003.

[12] Wang J, Ding ZW, Chen K, et al. A predictive and prognostic
model for hepatocellular carcinoma with microvascular invasion
based TCGA database genomics[J]. BMC Cancer, 2021, 21(1):
1337. doi:10.1186/s12885-021-09047-1.

[13] Yang J, Liang H, Hu K, et al. The effects of several postoperative
adjuvant therapies for hepatocellular carcinoma patients with
microvascular invasion after curative resection: a systematic review
and meta-analysis[J]. Cancer Cell Int, 2021, 21(1):92. doi: 10.1186/
512935-021-01790-6

[14] Lee S, Kang TW, Song KD, et al. Effect of Microvascular Invasion
Risk on Early Recurrence of Hepatocellular Carcinoma After
Surgery and Radiofrequency Ablation[J]. Ann Surg, 2021, 273(3):
564-571. doi:10.1097/SLA.0000000000003268

[15] Hong SB, Choi SH, Kim SY, et al. MRI Features for Predicting
Microvascular Invasion of Hepatocellular Carcinoma: A Systematic
Review and Meta-Analysis[J]. Liver Cancer, 2021, 10(2): 94-106.
doi:10.1159/000513704.

[16] Lee Y, Park H, Lee H, et al. The Clinicopathological and Prognostic

Significance of the Gross Classification of Hepatocellular

© WA )3 of [ FF I F A EPTA

Carcinoma[J]. J Pathol Transl Med, 2018, 52(2): 85-92. doi:
10.4132/jptm.2017.11.13.

[17] Chen C, Zhao H, Fu X, et al. Contrast-enhanced computed
tomography plus gadolinium-ethoxybenzyl diethylenetriamine
pentaacetic acid-enhanced magnetic resonance imaging for gross
classification of hepatocellular carcinoma [J]. Oncotarget, 2017, 8
(18):29741-29750. doi:10.18632/oncotarget. 15712.

[18] Nakashima Y, Nakashima O, Tanaka M, et al. Portal vein invasion
and intrahepatic micrometastasis in small hepatocellular carcinoma
by gross type[J]. Hepatol Res, 2003, 26(2):142-147. doi: 10.1016/
$1386-6346(03)00007-x.

[19] Rhee H, Chung T, Yoo JE, et al. Gross type of hepatocellular
carcinoma reflects the tumor hypoxia, fibrosis, and stemness-
related marker expression[J]. Hepatol Int, 2020, 14(2): 239-248.
doi:10.1007/s12072-020-10012-6.

[20] Cha SW, Sohn JH, Kim SH, et al. Interaction between the tumor
microenvironment and resection margin in different gross types of
hepatocellular carcinoma[J]. J Gastroenterol Hepatol, 2020, 35(4):
648-653. doi:10.1111/jgh.14848.

[21] Adhoute X, Pénaranda G, Raoul JL, et al. Hepatocellular carcinoma
macroscopic gross appearance on imaging: predictor of outcome
after transarterial chemoembolization in a real-life multicenter
French cohort[J]. Eur J Gastroenterol Hepatol, 2019, 31(11):1414—
1423. doi:10.1097/MEG.0000000000001420.

[22] Kim KA, Kim MJ, Jeon HM, et al. Prediction of microvascular
invasion of hepatocellular carcinoma: usefulness of peritumoral
hypointensity seen on gadoxetate disodium-enhanced hepatobiliary
phase images[J]. J Magn Reson Imaging, 2012, 35(3): 629-634.
doi: 10.1002/jmri.22876.

[23] Wang X, Zhang Z, Zhou X, et al. Computational quantitative
measures of Gd-EOB-DTPA enhanced MRI hepatobiliary phase
images can predict microvascular invasion of small HCC[J]. Eur J
Radiol, 2020, 133:109361. doi:10.1016/j.ejrad.2020.109361.

[24] Hu HT, Shen SL, Wang Z, et al. Peritumoral tissue on preoperative
imaging reveals microvascular invasion in hepatocellular
carcinoma: a systematic review and meta-analysis[J]. Abdom
Radiol (NY), 2018, 43(12):3324-3330. doi: 10.1007/s00261-018~
1646-5.

[25] Wang LL, Li JF, Lei JQ, et al. The value of the signal intensity of
peritumoral tissue on Gd-EOB-DTPA dynamic enhanced MRI in
assessment of microvascular invasion and pathological grade of
hepatocellular carcinoma[J]. Medicine (Baltimore), 2021, 100(20):
€25804. doi:10.1097/MD.0000000000025804.

[26] Li Y, Chen J, Weng S, et al. Hepatobiliary phase hypointensity on
gadobenate dimeglumine-enhanced magnetic resonance imaging

may improve the diagnosis of hepatocellular carcinoma[J]. Ann

http://www.zpwz.net


http://dx.doi.org/10.1016/j.jamcollsurg.2017.09.003
http://dx.doi.org/10.3760/cma.j.issn.1007-3418.2015.05.001
http://dx.doi.org/10.3760/cma.j.issn.1007-3418.2015.05.001
http://dx.doi.org/10.3760/cma.j.issn.1007-3418.2015.05.001
http://dx.doi.org/10.1002/jmri.26974
http://dx.doi.org/10.7659/j.issn.1005-6947.2021.07.003
http://dx.doi.org/10.7659/j.issn.1005-6947.2021.07.003
http://dx.doi.org/10.7659/j.issn.1005-6947.2021.07.003
http://dx.doi.org/10.1186/s12885-021-09047-1
http://dx.doi.org/10.1186/s12935-021-01790-6
http://dx.doi.org/10.1186/s12935-021-01790-6
http://dx.doi.org/10.1097/SLA.0000000000003268
http://dx.doi.org/10.1159/000513704
http://dx.doi.org/10.4132/jptm.2017.11.13
http://dx.doi.org/10.4132/jptm.2017.11.13
http://dx.doi.org/10.18632/oncotarget.15712
http://dx.doi.org/10.1016/s1386-6346(03)00007-x
http://dx.doi.org/10.1016/s1386-6346(03)00007-x
http://dx.doi.org/10.1007/s12072-020-10012-6
http://dx.doi.org/10.1111/jgh.14848
http://dx.doi.org/10.1097/MEG.0000000000001420
http://dx.doi.org/10.1002/jmri.22876
http://dx.doi.org/10.1016/j.ejrad.2020.109361
http://dx.doi.org/10.1007/s00261-018-1646-5
http://dx.doi.org/10.1007/s00261-018-1646-5
http://dx.doi.org/10.1097/MD.0000000000025804

904 W E AR A

531 4%

Transl Med, 2021, 9(1):55. doi:10.21037/atm.2020.02.38

[27] Imbriaco M, De Luca S, Coppola M, et al. Diagnostic Accuracy of
Gd-EOB-DTPA for Detection Hepatocellular Carcinoma (HCC): A
Comparative Study with Dynamic Contrast Enhanced Magnetic
Resonance Imaging (MRI) and Dynamic Contrast Enhanced
Computed Tomography (CT)[J]. Pol J Radiol, 2017, 82:50-57. doi:
10.12659/PJR.899239

[28] Semaan S, Vietti Violi N, Lewis S, et al. Hepatocellular carcinoma
detection in liver cirrhosis: diagnostic performance of contrast-
enhanced CT vs. MRI with extracellular contrast vs. gadoxetic
acid[J]. Eur Radiol, 2020, 30(2): 1020-1030. doi: 10.1007/s00330~
019-06458-4

[29] Kitao A, Matsui O, Yoneda N, et al. Gadoxetic acid-enhanced MR
imaging for hepatocellular carcinoma: molecular and genetic

background[J]. Eur Radiol, 2020, 30(6): 3438-3447. doi: 10.1007/

s00330-020-06687-y

[30] Fujita N, Nishie A, Kubo Y, et al. Hepatocellular carcinoma:
clinical significance of signal heterogeneity in the hepatobiliary
phase of gadoxetic acid-enhanced MR imaging[J]. Eur Radiol,
2015, 25(1):211-220. doi: 10.1007/s00330-014-3349-9.

(ALpm#t RiF)

35| R R, fafe, R, 55 . RHE 58 RIS IR iR
X T2 8 e 8 R AR O BRI AR (L], +h AR, 2022, 31
(7):896-904. doi: 10.7659/j.issn.1005-6947.2022.07.006

Cite this article as: Chen C, He J, Fu X, et al. Predictive value of pre-
operative gadolinium-ethoxybenzyl diethylenetriamine pentaacetic ac-
id-enhanced magnetic resonance imaging for microvascular invasion
in hepatocellular carcinoma[J]. Chin J Gen Surg, 2022, 31(7): 896~
904. doi: 10.7659/j.issn.1005-6947.2022.07.006

KT —RAERAN—iEm R B AL 2/ =R

AT 2 08 e AT A SN — R BRI — R, O 1 P A TG P 25 0 DR 1 M) 4, AR TR — s PR — A 4 ]
[F)RE A AL FRA AN

L —F P — R BIAE : FUR RIRBETE AR, TR — P  a ARIR 2, S 28 A m . R
SCTERIK AT REATAE R R Z A B P SCR , 0B AR, TR — R i B — 2 ARG T, W —RRPi . 2xied
B PIRRIZWRERBIAAE R . A O SUR R IR SO | BT RS SRR R AR R R AR, DR TE—Rh e kR
TR 2SO 7 — 28, ANE—RRPI . (EAEE S E IR, LA O R R i

2 AEBAEAEEOR RIS 3 A AR RR R, RUIR AR, S BB, e S5 AR g B I R

3. AR SCRAT — R P B s P TR BE T, REA B A S BRI A AR I B R, EAE b B DR i A
N Y Tk AT (B P O =a Y -2a 50y = U s s e e I S B S 7 K B a2 48

4 — TP — 2, WIS RIS, MZAEEEAE R TR S e 3, 2R AR TR R — R — 2k
5, KRN EAGE TP P EE 4« OLUSOZIE AR R LR, MZIEEENE—EE IR B RIE S, 24F R E
ARG . ASTIPRGBELL S ) 3 B B AT s A By EL A R A T i A

© WA I3 # [ % 8 S B 4 3 BT http://www.zpwz.net


http://dx.doi.org/10.21037/atm.2020.02.38
http://dx.doi.org/10.12659/PJR.899239
http://dx.doi.org/10.12659/PJR.899239
http://dx.doi.org/10.1007/s00330-019-06458-4
http://dx.doi.org/10.1007/s00330-019-06458-4
http://dx.doi.org/10.1007/s00330-020-06687-y
http://dx.doi.org/10.1007/s00330-020-06687-y
http://dx.doi.org/10.1007/s00330-014-3349-9
https://dx.doi.org/10.7659/j.issn.1005-6947.2022.07.006
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.07.006

	1     资料与方法
	1.1 一般资料
	1.2 检查方法
	1.3 影像学分析
	1.4 统计学处理

	2     结　果
	2.1 HCC患者临床特征及影像学特征
	2.2 预测MVI的单因素分析
	2.3 预测MVI的多因素分析
	2.4 ROC曲线分析预测效能

	3     讨　论

