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Summary

Background Microvascular invasion (MVI) is currently
only confirmed by histopathological studies of surgi-
cal specimens. Preoperative diagnosis of MVI com-
bined with clinical treatment is still a research prob-
lem and direction in hepatocellular carcinoma (HCC).
How to assess the presence of MVI early and give ap-
propriate treatment has become a research hotspot.
Methods This review focuses on recent advances
in MVI-related research, including the use of serum
markers, tumor tissue markers, and new imaging
techniques to predict MVI, as well as the molecu-
lar biology mechanisms and therapeutic advances in
MVL

Results The emergence of MVI may be caused by the
interaction of many complex biological processes and
various pathogenic factors. We need to try to select
several risk factors and establish a systematic eval-
uation method to solve their respective deficiencies,
so as to provide more practical applications for the
preoperative prediction of MVI program. Simultane-
ously, the preoperative, intraoperative, and postoper-
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ative comprehensive treatment strategies for MVI are
particularly important.

Conclusion The presence of MVI is thought to re-
flect increased capacity for local infiltration and dis-
tant metastases and affects the prognosis of HCC pa-
tients. To accurately assess MVI early based on some
biomarkers prior to surgery, we need to work hard
to explore and integrate various treatments to create
a personalized treatment plan for MVI.

Keywords Hepatocellular carcinoma - Microvascular
invasion - Diagnosis - Treatment - Biomarkers

Introduction

Hepatocellular carcinoma (HCC) ranks among the
most common malignancies worldwide [1]. Hepa-
tectomy and liver transplantation (LT) are the most
important HCC treatments [2]. The 5-year recurrence
rate were as high as 70% and 35%, respectively [3].
MVI significantly increased the risk of recurrence and
extrahepatic metastasis after hepatectomy or LT in
patients with HCC [4, 5]. But it can only be diagnosed
by postoperative histopathology [6] with significant
hysteresis. It is very important to diagnose MVI be-
fore surgery [7]. The possible mechanism of MVI is
that hepatoma cells destroy vascular endothelial cells
through receptor-mediated necroptosis [8], leading
to cancer cells invading blood vessels and distant
metastasis [9]. MVI can be found in tumor stroma,
tumor cyst and paracancerous tissues [10]. Small vein
branches are connected with the small branches of
the peripheral portal vein of HCC, which can become
the main metastatic pathway of HCC. If the diagnosis
of MVI is difficult, immunohistochemical staining is
feasible, such as CD34, CD31, SMA, D2-40, etc. [11].
The incidence of MVI in HCC was high (15-57.1%)
[12]. There have been many studies in the world,
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including predicting MVI with serum markers, tumor
tissue markers, and new imaging technologies, and
trying to carry out a variety of treatment studies on
MVL

Preoperative diagnosis of MVI

Many researchers have devoted themselves to search-
ing for a method for preoperative detection of MVI,
so that we can better assess the patient’s tumor inva-
sion. Table 1 shows some of the current studies on
preoperative prediction of the risk of MVI in HCC.

Correlation between clinical factors and MVI

MVI was one of the independent risk factors for tu-
mor recurrence after hepatectomy in HCC patients
who meet the Milan criteria [13]. Some studies have
pointed out that MVI was closely related to the size,
number, morphology, and degree of differentiation
of hepatic neoplasms [14-16]. In patients with small
HCC, long-term survival was not affected by MVI
(p=0.8), whereas in patients with larger HCC, signif-
icantly worse survival was observed in patients with
MVI (p<0.001) [17]. According to a study by Eguchi
et al. [18], the average diameter of tumors in the MVI
group was 5.2cm and 3cm in the non-MVI group.
Yamashita et al. [19] reported that 28.9% of patients
with tumor diameter <2cm developed MVI. Gouw
et al. [20] reported that when the tumor diameter is
>4 cm, the probability of developing MVI is twice that
of a tumor with <4cm. Total tumor diameter >8cm
and tumor number >3 were also preoperative predic-
tors of MVI in patients with multinodular HCC [21].
Different MVI types also affected post-hepatectomy
survival [22]. Esnaola et al. [23] reported that 12% of
patients with well-differentiated HCC developed MVI,
and the incidence of MVI in moderately differentiated
cases was 29%, while the incidence of MVI in low
differentiation cases was up to 50%. Fujita et al. [24]
classify the following risks for MVI: MO level: no MVI
was found; M1 (low-risk group): <5 MVI and occurred
in the near-cancer area (<1 cm); M2 (high-risk group):
>5 MVI or MVI occurred in the distant cancer area
(>1cm). The higher the MVI group, the worse the
prognosis. In addition, local nodal metastasis, body
mass index, and other tumor characteristics have
been reported to be significant predictors of MVI [25].

Predicting MVI with serum markers

Detection of the expression of certain HCC-specific
antigens in serum can predict the occurrence of
MVI. Studies have shown that MVI was correlated
with the levels of aspartate aminotransferase (AST);
gamma glutamyl transpeptidase (GGT); and lactate
dehydrogenase (LDH) [26]; Li-cadherin [27]; alkaline
phosphatase (ALP) [28]; preoperative neutrophil-to-
lymphocyte ratio (NLR) [29] and DES-y-carboxypro-

thrombin (DCP) [30] can predict the presence of MVI
at a definite level. Patients with non-AFP-produc-
ing tumors had fewer MVI (P<0.001) [31]. Studies
suggested that elevated AFP was an independent risk
factor for MVI [15, 32]. Zhang et al. found that a lower
level of albumin, a higher level of AFP, and a larger
tumor on preoperative imaging were independently
associated with MVI [33]. However, some studies
have found no significant correlation between AFP
and MVI [7, 34]. Miyaaki et al. believed that AFP
mainly reflects the differentiation of tumors and is
not specific to HCC vascular invasion [35]. Some
studies suggest that preoperative serum DCP lev-
els are associated with the development of MVI [18,
36], but similar high levels of DCP and AFP are also
present in the serum of patients with chronic hep-
atitis and cirrhosis, indicating that DCP expression is
not specific [37]. miR-125b is the post-transcriptional
regulation factor of HOTTIP [38] and can be used to
predict MVI of HCC patients before hepatectomy [39].
The multivariate analysis showed that serum HSP70
and Eno-1 were potential biomarkers for preopera-
tive prediction of MVI [40]. Paraoxonase 1 (PON1) is
a hepatic-induced glycoprotein [41] and Huang et al.
data indicated that serum PON1 was a novel diagnos-
tic biomarker for MVI [42]. The second-generation
sequencing technology has made great progress, and
the application of blood as a material to detect tumor
mutations has become more and more widespread.
This has provided a more in-depth understanding of
the occurrence and development of HCC from a ge-
netic perspective, and provides an effective means for
the diagnosis, prediction, and prevention of MVI.

Correlation between imaging techniques and MVI

In the preoperative imaging diagnosis, some break-
throughs have also been made in recent years. A non-
smooth tumor margin on imaging was independently
associated with the presence of MVI [43-45]. Chou
et al. [46] performed a comparative analysis of pre-
operative CT images and postoperative disease spec-
imens in 102 patients with HCC. The borders of non-
smooth tumors revealed by CT were significantly as-
sociated with MVI (P<0.001), sensitivity was 81.7%,
and specificity was 88.1%. Cheung et al. reported that
18F-FDG-labeled PET can better predict MVI [47],
and pointed out that the imaging agent 11C-acetate
(11C-AC) can increase the sensitivity of the prediction
effect. Tumor FDG avidity measured by tumor-to-
normal liver standardized uptake value ratio (TLR) on
FDG PET/CT was a preoperative imaging biomarker
for the prediction of MVI in patients with HCC [48].
Xu et al. used diffusion-weighted MRI and found the
sensitivity and specificity of low diffusion coefficient
plus irregular peripheral enhancement for prediction
of the presence of MVI to be 66.7 and 78.6%, respec-
tively [49]. A recent magnetic imaging study showed
that disproportionately weighted imaging of HCC and
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Table 1
Author

Zhu et al.
[28]
Imura
etal. [32]

McHugh
etal. [15]

Kim et al.
[16]

Wu et al.
[44]
Kaibori
etal. [34]
Siegel
etal. [25]

Chou
etal. [45]
Ding
etal. [27]
Poté et al.
[7]
Yuetal.
[40]
Yuetal.
[40]

Xu et al.
[49]
Cheung
etal. [47]
Lietal.
[53]
Minguez
etal. [64]

Liu et al.
[39]

Huang
etal. [42]

Xu et al.
[61]
Banerjee
etal. [3]
Yuetal.
[29]

Grat et al.
[95]
Zhao
etal. [87]
Yan et al.
[26]
Imura
etal. [13]

Poté et al.
[30]

Imai et al.
[130]

Shirabe
etal. [14]

Cucchetti
etal. [88]

Predictive biomarkers or prediction clinical model potentially associated with MVI in reported studies

Year
2018

2017

2010

2008

2016

2010

2010

2014

2009

2015

2016

2016

2014

2011

2018

2011

2016

2013

2017

2015

2017

2017

2017

2016

2018

2017

2018

2014

2010

Treatment
Hepatectomy

Hepatectomy
LT

PH

PH

PH

PH

PH/LT

PH

PH/LT
Curative

resection
Curative

resection

PH

PH/LT
Hepatectomy

PH

Hepatectomy

Hepatectomy
Hepatectomy
Hepatectomy
Hepatectomy
LT

Hepatectomy
Hepatectomy
Hepatectomy

Hepatectomy

RFA

Hepatectomy

PH/LT

N
165

159

100

190

79

434

138

102

255

85

61

61

92

58

4

214

108

387

108

156

157

200

233

47

159

106

149

63

250

Predictive factors or model of MVI (diagnostic value and sensitivity/specificity)

ALP was a simple, accurate, and inexpensive alternative to predict MVI and an independent risk factor
of prognosis for HCC patients

Multiple tumors (OR = 3.49, P< 0.05) and high AFP-L3 value (OR=2.69, P< 0.05) were independent
predictive factors for MVI

Tumor size <3cm, >3cm, OR: 4.1 [1.2-13.5)2, P=0.013. AFP <100ng/mL, >100ng/mL, OR: 5.0
[1.4-18.1], P=0.006

Tumor size <2cm, >5cm, RR: 2.929 [2.138-9.491], P=0.043
Smooth tumor margin on imaging, non-smooth, OR: 18.3 [3.27-102.6], P= 0.0009

Age <65 years, =65 years, OR: 2.03 [1.11-4.03], P=0.039. PIVKA-Il <200 mAU/ml, =200 mAU/ml,
OR: 2.13 [1.10-4.11], P=0.025. Tumor size <5cm, =5¢m, OR: 7.12 [2.57-19.76], P=0.0002

AFP <28ng/ml, >28 ng/ml, OR: 3.33 [1.15-9.62], P=0.03. Tumor size <3c¢m, >=3c¢m, OR: 0.43
[0.16-1.24], P=0.12. BMI <25kg/m?, >30kg/m?, OR: 1.67 [0.37-7.52], P=0.5

Smooth tumor margin on CT, non-smooth, OR: 28.828 [7.718-107.68], P< 0.001
Negative LI-cadherin expression, positive, P=0.01

PIVKA-II level >90 mAU/mi: predictor of MVI (HR 3.5; 95% Cl 1.08—11.8; p=0.043). 77% sensitiv-
ity/82% specificity. Well-differentiated tumor, moderately/poorly, HR: 3.4 [1.04-11.05], P=0.037

High titer of anti-HSP 70 antibodies: predictor of MVI (HR 0.608; 95% Cl 0.425-0.870; p=0.006). The
cut-off value: 5.856, 82.86% sensitivity/53.85% specificity

Low titer of anti-Eno-1 antibodies: predictor of MVI (HR 1.915; 95% Cl 1.228-2.987; p=0.004). The
cut-off value: 4.301, 88.57% sensitivity/50% specificity

ADC <1.227 x 10-3mm?/s on DWI of MRI, ADC >1.227 x 10-3mm?/s, OR: 7.63 [1.63-35.71],
P=0.009

18F-FDG-negative on PET, 18F-FDG-avid, P=0.06

Histogram analysis of IVIM based on whole tumor volume can be useful for predicting MVI and the 5th
percentile of D was most useful value to predict MVI of HCC

A 35-gene signature of vascular invasion, OR: 3.38 [1.48-7.71], P=0.003. Tumor size <3cm, >3cm,
OR: 2.66 [1.17-6.05], P=0.02

miR-125b: predictive of MVI (HR 0.371; 95% Cl 0.211-0.654; P=0.001). The predictive accuracy of
miR-125b was 76.95% (51.32% specificity/87.50% sensitivity); the combination of tumor size, AFP,
and miR-125b yielded an ROC curve area of 86.68% (72.37% specificity/84.38% sensitivity)

PON1: predictive of MVI (HR 0.847; 95% Cl 0.804—0.889; P< 0.001)

CiRS-7/miR-7: the risk factors of MVI: (HR: 4.08, 95% CI: 1.06-15.74; P=0.041), the cutoff value:
0.135, AUC: 0.68 (95% C1 0.58, 0.79, p=0.001)

The accuracy, sensitivity, and specificity of RVl in predicting MVI were 89, 76, and 94%, respectively

NLR (HR, 1.705; 95% Cl, 0.467-6.232; P=0.022), PLR (HR, 1.048; 95% Cl, 1.006—1.092; P=0.025),
AFP (HR, 1.012; 95% CI, 1.003-1.021; P=0.007)

Prediction model: 0.293 X (tumor number) + 0.283 X (tumor size in cm)+ 0.164 X
loge(alpha-fetoprotein in ng/ml; ¢ statistic = 0.743). Sensitivity/specificity of 72%

Prediction scoring system for MVI was built up by the three independent predictors (tumor size
>3.5¢cm, AFP >200ng/mL, and GGT >53U/L)

MVI was shown correlated with the levels of aspartate aminotransferase (AST), gamma glutamyl
transpeptidase (GGT), and lactate dehydrogenase (LDH; P< 0.05)

Multiple tumors and AFP-L3 >10% were significant independent risk factors for MVI

In virtual biopsies, PIVKA-II/H4K16ac: 30% sensitivity, 97% specificity, 91% PPV, and 56% PNV
P=0.037. In CNB, PIVKA-II/H4K20me2: 43% sensitivity, 95% specificity, 90% PPV, and 62% NPV
P=10.026

AFP >15ng/ml (relative risk [RR] 3.05, p=0.02), DCP =100 mAU/mlI (RR 4.19, p=0.003), and tumor
size >2cm (RR 3.37, p=0.03) were independent risk factors of MVI

The tumor size was 3.6 cm, SUV max was 4.2, and the serum DCP level was 101 mAU/ml

ANN model, ROC: 0.92 [0.86-0.96]
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Table 1 (Continued)

Author Year Treatment N Predictive factors or model of MVI (diagnostic value and sensitivity/specificity)

Leietal. 2016 PH 1004 Nomogram, C-index: 0.81 [0.78-0.85]

[89]

Laietal. 2016 LT 289 The proposed TRAIN score was the best predictor of MVI. A TRAIN score >1.0 excellently stratified both
[90] the investigated populations in terms of ITT and recurrence survivals

Zhao 2013 PH 266 Serum AFP level >400 ug/L, serum GGT level >130U/L, total tumor diameter >8 cm, and tumor num-
etal. [21] ber >3 were preoperative predictors of MVI in patients with multinodular HCC. Scoring system, AUC:

0.832 [0.744-0.920]
PIVKA-1l =150 mAU/mL (OR, 5.19; 95% CI, 1.44-24.87; P=0.0109) and positive L3-AFP (OR, 3.47;

Hirokawa 2014 Hepatectomy 167

etal. 95% Cl, 1.19-10.75; P=0.0229)

[113]

Leeetal. 2017 Hepatectomy 197

Arterial peritumoral enhancement ([OR] = 5.184; 95% [Cl]: 2.228, 12.063; p< 0.001), non-smooth

[43] tumor margin (OR= 3.555; 95% Cl: 1.627, 7.769; p=0.001), and peritumoral hypointensity on hepato-
biliary phase (HBP; OR=4.705; 95% Cl: 1.671, 13.246; p=0.003), specificity >90%

Zhang 2017
etal. [33]

Hepatectomy 370

The lower level of albumin, the higher level of AFP, and larger tumor

MVI microvascular invasion, HCC hepatocellular cancer, PH partial hepatectomy, LT liver transplantation, NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-
lymphocyte ratio, AFP a-fetoprotein, HR hazard ratio, 95%CI 95% confidence interval, PPV predictive positive value, PNV predictive negative value, DCP serum
des-gamma-carboxy prothrombin, SUVmax maximum standardized uptake value, RFA radiofrequency ablation, OR odds ratio, BM/ body mass index, HSP heat
shock protein, Eno-1 alpha-enolase, CT computed tomography, RV/ radiogenomic venous invasion, ADC apparent diffusion coefficient, DW/ diffusion-weighted
imaging, MR/ magnetic resonance imaging, 78F-FDG 18F-fludeoxyglucose, PET positron emission tomography, ANN artificial neural network, ROC receiver

operating characteristics curve, AUC area under curve, HR hazard ratio
495% confidence interval (Cl)

T2-weighted imaging mismatch were independent
predictors of MVI with a high specificity (95.65%)
[50]. Higher mean kurtosis values in combination
with irregular circumferential enhancement were also
potential predictive biomarkers for MVI [51]. RVl is a
noninvasive radiogenomic biomarker that accurately
predicts histological MVI in HCC surgical candidates.
This accurately predicts preoperative tissue MVI in
patients undergoing HCC surgery and helps identify
whether patients can benefit from surgical treatment
[3]. The radiomics nomogram, as a noninvasive
preoperative prediction method, can show a favor-
able predictive accuracy for MVI status in patients
with HBV-related HCC [52]. A recent study found
histogram analysis of intravoxel incoherent motion
(IVIM) based on whole tumor volume can be useful
for predicting MVI [53]. Preoperative IVIM DW imag-
ing and Gd-EOB-DTPA-enhanced MRI (DCE-MRI) of
51 patients who were analyzed, Zhao et al. found that
an irregular shape and D value <1.16x10-3mm2/s
may suggest the presence of MVI in HCC [54]. Un-
fortunately, these imaging features depend primarily
on the personal experience of the imaging physician.
At the same time, there is a lack of prospective stud-
ies and it is currently not available for preoperative
screening of MVI [50].

Predict MVI with HCC signaling pathway protein or
mRNA

The emergence of MVI may be caused by the interac-
tion of many complex biological processes and vari-
ous pathogenic factors, which may involve many sig-
naling pathways [55]. Tumor cells in the microenvi-
ronment can produce a variety of cytokines that af-
fect the tumor progression [56]. HBV infection and

active HBV replication were associated with vascular
invasion [57]. HBV infection in the liver microenvi-
ronment increased the activity of TGF-f} signaling and
induced Treg cell recruitment and promoted venous
metastasis of HCC [58]. Treg cells can help cancer
cells escape immune surveillance, while tumor blood
vessels provided the necessary nutrient supply and
immune microenvironment for tumor growth to ac-
celerate the malignant progression of the tumor [12].
Table 2 shows some MVI-related biomarkers and their
biological functions in HCC studies.

By detecting pathological samples, genes or pro-
teins closely related to MVI were found. Yuan et al.
found that IncRNA MVIH was overexpressed in MVI-
related HCC patients by microarray analysis [59].
MVIH activates tumor-induced angiogenesis by in-
hibiting the secretion of phosphoglycerate kinase 1
(PGK1) to promote tumor growth and intrahepatic
metastasis. At the same time, MVIH expression was
positively correlated with microvessel density [59].
Poté et al. [60] used mass spectrometry to find that
histone H4 modifications (H4K16ac and H4K20me?2)
were highly expressed in the MVI-positive group. The
expression of ciRS-7 in HCC tissues with concurrent
MVI was inversely correlated with that of miR-7 and
positively related to that of two miR-7-targeted genes
(PIK3CD and p70S6K) [61]. Xu et al. [62] identified
the epithelial-mesenchymal transition (EMT) as an
important part of MVI. By inhibiting the transcription
factor FOXC1, which plays an important role in EMT,
EMT can be reversed and the probability of metas-
tasis can be reduced. Fransvea et al. [63] found that
B1 integrin was indispensable in the MVI course of
HCC patients. Inhibition of TGF-1 receptors can
inhibit the phosphorylation of Bl integrin, thereby
cutting off the vascular invasion path of cancer cells.
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Table 2 Biomarkers associated with MVI in HCC studies, their biological functions and affected pathways

Author

Xu et al.
[62]

Yuan et al.
[59]

Potéet al.
[60]

Xu et al.
[61]

Huang et al.
[65]

Lin etal.
[66]

Govaereet al.
[67]

Fuetal.
[68]

Xiao et al.
[82]

Zhu et al.
[69]

Jeon et al.
[70]
Calderaro
etal. [71]
Liu et al.
[72]

Caietal.
[73]

Govaere
etal. [74]

Park et al.
[79]

Shim et al.
[76]

Chung et al.
[77]

Liu et al.
[79]

Ding et al.
[27]

Yang et al.
[78]

Year

2012

2012

2013

2017

2017

2017

2017

2017

2017

2016

2016

2016

2015

2014

2014

2013

2013

2011

2017

2009

2017

Tumor markers

FOXC1

MVIH

Histone H4

ciRS-7/miR-7

miRNA-135a

Kindlin-2

PDGFRa

Circ-0005986

LINC RP1130-1
GPC3-AS1
GPC3

PD-L1

TLR4

Gal-4

K19

MT-1/-2

HNF1p
BOP1

IncRNA NEAT1

LI-cadherin;
CDH-17

FLNC

Biological function

EMT (+), prolifera-
tion (-), invasion and
metastasis (+)

Metastasis (+), cell
proliferation (+),
apoptosis (-)

NA

Tumorigenesis (-)
and metastasis (-),
cell proliferation and
invasion (+)

Migration and inva-
sion (+)

Cell adhesion, migra-
tion, and invasion (+)

Invadopodia formation
and cell invasion (+)

Cell proliferation (+)

NA

Cell proliferation and
migration (+)

NA

Immune checkpoint,
tumor aggressiveness

Invasion and metasta-
sis (+), EMT (+)

Migration and inva-
sion (+)

Migration and inva-
sion (+), drug resis-
tance (+)

Cell proliferation (+),
apoptosis (-), DNA
repair and cell adhe-
sion (-)

EMT (+), migration
and invasion (+)

EMT (+), migration
and invasion (+)

Cell proliferation (+),
cell apoptosis (+), cell
cycle (+)

Cell migration, adhe-
sion, and invasion (+)

Cell migration (-), cell
proliferation, and pro-
moted apoptosis (-)

Genes/proteins/
pathways affected

Down-regulate MMPs
and VEGF-A

Inhibiting PGK1

Down-regulation of
KAT8

Suppress CCNE1 and
PIK3CD expression

Suppressed Atg14/
inhibited autophagic

Wnt/B-catenin signaling

PDGFRa-La/SSB-LAMB1

pathway

Decreased
miR-129-5p/Notch1
expression, promoting
the GO/G1 to S phase
transition

NA

Activating GPC3

NA

Wnt/B-catenin signaling
NA

Binding cancer-associ-
ated TF disaccharides
on MUC1

Invasion related-/
metastasis-related
markers (e.g., VASP,
TACSTD2, LAMB1,
LAMC2, PDGFRA) (+)

PI3K/Akt signaling
pathway

NA
RhoA-GTPase activity

NA

NA

Inhibited MEK1/2 and
ERK1/2 activation

Diagnostic/
prognostic
of HCC

NA

RFS

NA

RFS

RFS

0S

0S

NA

RFS
0S/RFS
OS/RFS
RFS
0S/RFS

OS/RFS

0S/RFS

0S/RFS

RFS
OS/RFS

0S/RFS

OS/RFS

0S

MVI presence (%)

27/50 (54%)

62/153 (41.4%)

30/56 (53.7%)

46/108 (42.6%)

66/103 (64.7%)

61/127 (48%,

cohort 1), 29/50
(58%, cohort 2)
80/136 (58.8%)

25/81 (31.2%)

19/51 (37.3)
31/90 (34.4%)
81/153 (43.8%)
111/217 (51%)
41/88 (46.6%)

55/201 (27.4%)

119/242 (49.2%)

135/370 (36.5%)

13/159 (8.2)
52/65 (80%)

55/86 (64%)

33/255 (13%)

33/53 (62.2%)

Correlation between
expression and MVI
(p-value)

0.041

0.016

Not significant

0.03

0.007

0.041/0.019

<0.001

0.026

0.047

0.015

<0.001

0.002

0.004

<0.001

0.033

<0.05
0.006

0.023

0.018

0.002
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Table 2 (Continued)

Author Year Tumor markers  Biological function Genes/proteins/ Diagnostic/  MVI presence (%) Correlation between
pathways affected prognostic expression and MVI
of HCC (p-value)
Zhouetal. 2013 CD44v6 Cell invasion (+) Regulated by hnRNPA1  OS/RFS 148/323 (45.8%) 0.029
(80]
Zhuang 2016 miR-92b Cell proliferationand ~ XIST/miR-92b/Smad7 NA 24/48 (50%) 0.026
etal. [81] metastasis (+) signaling axis

HCC hepatocellular cancer, EMT epithelial-mesenchymal transition, PI3K phosphatidylinositol 3-kinase, Akt protein kinase B, TF Thomsen-Friedenreich,
ERK adenosine monophosphate-activated protein kinase, MAPK mitogen-activated protein kinase, PGK1 phosphoglycerate kinase 1, MMPs matrix metallopro-
teinases, VEGFA vascular endothelial growth factor A, /TT intention-to-treat, Kat8 histone acetyltransferase, CCNE7 cyclin E1, PIK3CD phosphatidylinositol 3-ki-
nase, RFS recurrence-free survival, DFS disease-free survival, 0S overall survival, MV/ microvascular invasion, NA not adopted

Minguez et al. [64] found that 35 gene markers were
associated with vascular invasion and the accuracy of
MVI prediction was 69%.

In addition to the above studies, there are many
studies on MVI biomarkers [65-82]. However, despite
the success of these approaches in preclinical transla-
tional studies, the clinical application of gene expres-
sion profiling is still immature [83]. The sensitivity and
specificity of these biological markers are not very sat-
isfactory [84, 85], making it difficult to translate basic
research into clinical applications.

Integrating multiple factors to predict MVI

A single tumor feature cannot accurately predict
whether MVI has occurred. The researchers proposed
to predict MVI by integrating multiple biomarkers.
Small HCC (=3cm) were generally considered to
have low malignant potential; however, matching
at least one factor among three (tumor diameter
>2cm, AFP >200ng/mL, or DCP =40mAU/mlL) can
predict pathological MVI in small HCC [86]. A predic-
tion scoring system for MVI was built up according
to three independent predictors (tumor size >3.5cm,
AFP >200ng/mL, and GGT >53U/L). The prevalence
of MVI in HCC patients with predictive score =2 was
58.3%, which was obviously higher than in patients
with predictive score <2 (20.8%) [87]. Serum AFP level
>400ug/L, serum GGT level >130U/L, total tumor
diameter >8 cm, and tumor number >3 were also pre-
operative predictors of MVI in patients with multin-
odular HCC [21]. Cucchetti et al. established an arti-
ficial neural network (ANN) model using noninvasive
parameters, which included preoperative AFP level,
tumor number, and size to predict the occurrence of
MVI [88]. Lei et al. developed a nomogram score that
patients who had a nomogram score of less than 200
or 200 or greater were considered to have low or high
risks of MVI presence, respectively [89]. Lai et al. [90]
proposed that “Time-Radiological-response-Alpha-
fetoprotein-Inflammation” (TRAIN) score was the
best predictor of MVI. A TRAIN score >1.0 excellently
stratified both the investigated populations in terms
of intention-to-treat (ITT) and recurrence survivals.
Poté et al. developed an original virtual biopsy to
evaluate the immunohistochemical performance of
three MVI biomarkers (H4K16ac, H4K20me2, DCP)

for predicting MVI in HCC core needle biopsy (CNB).
Studies have shown that DCP/H4K16ac performed
best in predicting MVI and paved the way for future
development of prognostic biomarkers of HCC that
can guide treatment strategies [91].

Many of the factors in the above studies were
closely related to the occurrence and appearance of
MVI, but all factors have different deficiencies. We
need to try to select several risk factors and establish
a systematic evaluation method to solve their re-
spective deficiencies, so as to provide more practical
applications for the preoperative prediction of MVI
program.

Comprehensive treatment strategy for MVI of
HCC

MVI is currently considered to be closely related to
the recurrence of HCC after surgery [92]. Similar re-
sults were obtained in patients with metastatic HCC
[93], and the rate of extrahepatic recurrence in pa-
tients with MVI was higher than in patients without
MVI [94]. The preoperative, intraoperative, and post-
operative comprehensive treatment strategies for MVI
are particularly important. Table 3 shows MVI treat-
ment-related research in the reported studies.

Preoperative treatment strategy of MVI

Preoperative early prediction of MVI can help guide
surgery and adjuvant therapy. A systematic retrospec-
tive analysis indicated that the correlation coefficient
between MVI and the 3-year disease-free survival
(DFS) reduction after LT and hepatectomy was 3.4
and 1.8, respectively. This showed that the prognosis
of HCC patients with LT was more closely related to
MVI [12]. Pre-transplant prediction of high-risk MVI
using both morphological and biological tumor char-
acteristics prior to LT is also a prerequisite to ensure
proper allocation of liver sources [95]. Mazzaferro
et al. [96] established an MVI-related LT prognostic
assessment system—the Up7 criteria—and the 5-year
survival rates of MVI-negative patients meeting this
criterion were close to the Milan standard of 71.2%.
The results of this study showed that MVI can be used
as anew LT selection criterion. Vitale et al. found that
patients with a model-based end-stage liver disease
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Table 3 MVI treatment-related research in the reported studies

Author
Eguchi et al. [18]

Lim et al. [92]

Cucchetti et al.
[109]

Liu et al. [39]
Mazzaferro et al.
[96]

Vitale et al. [99]

Chen et al. [129]

Nishikawa et al.
[102]

Ho et al. [94]

Zhao et al. [110]

Marubashi et al.

[111]

Hou et al. [13]

Hou et al. [13]

Hou et al. [22]

Goh etal. [101]

Shindoh et al. [21]

Year

2010

2010

2014

2016

2009

2014

2013

2013

2014

2017

2015

2015

2015

2016

2014

2013

Treatment
Hepatectomy

Hepatectomy

PH

PH

LT

PH/LT

PH

PH

Hepatectomy

Hepatectomy

AR/NAR

Second hep-
atectomy

Second hep-
atectomy

First/second
hepatec-
tomies

Hepatectomy

Hepatectomy

Patient information

HCC with microscopic
portal venous invasion

(Milan +, MVI-), (Mi-
lan+, MVI +), (Milan—,
MVI-), (Milan—, MVI+)

Cirrhotic patients in
Child—Pugh class A for
early HCC

HCC patients

Patients with tumors that
exceed the Milan criteria

HCC cirrhotic patients

Postoperative recurrence
of HCC

Surgical resection with
curative intent

T2 (the solitary tumor
with MVI or multiple
tumors, none >5cm)

Positive HBsAg and liver
cirrhosis

Propensity score match-
ing

Milan criteria, recurrent
HCC

Milan criteria, recurrent
HCC

Second hepatectomy/
original hepatectomy

Multifocal HCC

Solitary HCC

MVI pres-
ence (%)

22.7

31

57.10

29.60

33.80

58.10

45.60

34.00

81.40

39.10

433
(227/524),
29.0

(142/490)

31.00

31.00

38.6, 50.9

42.70

59.60

N

229

454

543

108

1556

1023

68

235

312

295

1102

329

329

933

110

1109

Potential significance?

The average diameter of tumors in the MVI group was
5.2cm, and 3cm in the non-MVI group

All pairwise comparisons between groups relative to
0S were significant except (Milan +, MVI—; 0S, 90%,
73%, and 60% at 1, 3, and 5 years, respectively)
with (Milan—, MVI—; 0S, 86%, 71%, and 61% at 1,
3, 5 years, respectively) and (Milan+, MVI+) with
(Milan—, MVI +)

In cirrhotic patients with early HCC, AR decreased re-
currence in patients with poorly differentiated tumors
or with MVI presence; while NAR had similar results
in patients with well-differentiated tumors or without
MVI presence

A wide surgical margin (>10mm) was associated
with a better RFS only in patients with HCC with MVI
presence

MVI positivity was associated with a worse outcome
after liver transplantation for patients with HCC meet-
ing either the Milan or up-to-seven criteria

Patients with resectable HCC with MVI presence
might not benefit from liver transplantation

125] brachytherapy at surgical margin significantly
prolonged DFS after liver resection for HCC, possibly
through eliminating residual MVI

The presence of MVI decreased OS after hepatec-
tomy. The response to preoperative TACE might be
associated with a better surgical outcome

The OS rates of patients with MVI were inferior to

the rates in patients without MVI (P= 0.037). Within
the with-MVI group, the survival rate of patients with
tumor sizes >5cm was inferior to that of patients with
tumors <5¢m (P< 0.01)

The 0S and RFS rates of the high-MVI group were
significantly poorer than those of low-MVI and no-MVI
groups (P< 0.001 and P=0.003). In the high-MVI
group, AR showed better OS and RFS rates compared
with NAR (P=0.012 and P=0.002)

The early RFS rate in patients with and without MVI re-
vealed no significant differences between the groups
(P=0.312 and P=0.479, respectively). The resection
method had no impact on the risk of HCC recurrence
or survival

0S was significantly improved by a second hepate-
ctomy in the MVI-positive group compared with the
original MVI-positive group meeting the Milan criteria,
60 (26—82) versus 49 (11-82) months. The biology of
MVI may change following the second hepatectomy

0S was significantly improved by a second hepate-
ctomy in the MVI-positive group compared with the
original MVI-positive group meeting the Milan criteria,
60 (26-82) versus 49 (11-82) months. The biology of
MVI may change following the second hepatectomy

For survival after the second hepatectomy, MVI pat-
terns that were positive-positive or negative-positive
and a total recurrent tumor diameter >5cm were sig-
nificant risk factors for survival. Different MVI patterns
affect survival after the second hepatectomy

The number of nodules (>3), margin positivity,
Child—Pugh status, and presence of MVI were inde-
pendent prognostic factors of 0S

In patients with small HCC, long-term survival was
not affected by MVI (p= 0.8), whereas in patients with
larger HCC, significantly worse survival was observed
in patients with MVI (p< 0.0001). Small HCC is not
affected by the presence of MVI
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Table 3 (Continued)

Author Year Treatment Patient information MVI pres- N Potential significance?

ence (%)

Shindoh etal. [17] 2013 Hepatectomy Solitary HCC 59.60 1109 In patients with small HCC, long-term survival was
not affected by MVI (p= 0.8), whereas in patients with
larger HCC, significantly worse survival was observed
in patients with MVI (p< 0.0001). Small HCC is not
affected by the presence of MVI

Vitale et al. [97] 2015 LT Stage | (within Milan), 52 1106 LT reached a survival benefit, versus hepatectomy

stage Il (within up-to-7), only in HCC patients with a MELD score of >10 and
stage Ill (beyond Milan without MVI (3.08 months, 95% Cl 2.78 to 3.39),
and up-to-7) whatever the tumor stage

El-Fattah et al. 2017 LT Solitary primary HCC 16 570 Multivariate models revealed that age >60 years (HR

[98] lesion <5¢cm 2.08), MVI (HR 2.26), and poor tumor differentiation
(HR 2.42) were significant risk factors of a dismal
CSS with HCC size >2 c¢m. Primary HCC tumor size
<2cm had an excellent prognosis after LT and was
not affected by the presence of MVI or poor tumor
differentiation

Grat et al. [95] 2017 LT MVI-positive/negative 28.50 200 MVI was not an independent risk factor for recurrence

group (p=0.307). Recurrence-free survival at 5 years for
patients without MVI was 85.9% as compared to
83.3% (p=0.546) and 55.3% (p=0.001) for patients
with false-negative and true-positive prediction of MVI

Mazzaferro et al. 2009 LT Exceeding Milan criteria 41 1112 The presence of MVI doubled HRs in all scenarios.

[96] MVI: New Selection Criteria for Liver Transplantation
(up-to-seven criteria)

Mehta etal. [115] 2017 LT Milan criteria, develop- 14 1061 Three variables were independently associated with

ment/validation HCC recurrence: MVI, AFP at time of LT, and the sum
of the largest viable tumor diameter and number of
viable tumors on explant. MVI can be used as one
variable of the RETREAT scores that may improve
post-LT HCC surveillance strategies

Iguchi et al. [36] 2015 LT LDLT, high MVI 36.70 142 High MVI group had significantly higher AFP levels,

group/low MVI group DCP levels, number of tumors, a larger tumor size,
and a higher percentage of poorly differentiated HCC
than no-MVI group. In LDLT for HCC, high MVI is
a novel pathologic marker for predicting prognosis
Suh et al. [116] 2014 LT LDLT, the degree of 12.40 153 MVI (HR=5.43, 95% Cl=2.04-14.44, P<0.01)
congestion <10% for and an AFP level >200IU/L (HR=2.98, 95%
group A and >10% for Cl=1.10-8.03, P=0.03) were significantly related
group B to tumor recurrence. Liver congestion may promote
the recurrence of HCC after LDLT
Sunetal. [117] 2016 PA-TACE Well-tolerated liver func- 100 370 PA-TACE may be beneficial for HCC patients with MVI
tion underwent PA-TACE (p<0.05)
after RO hepatectomy
(RH)/RH alone
Jinetal. [118] 2014 TACE and BCLC stage O or A after 49 68 TACE showed significantly higher 0S and RFS rates
surgery/RFA  curative resection than surgery/RFA in MVI-positive patients (P< 0.05)
but not in MVI-negative patients (P> 0.05). In ear-
ly-recurred MVI-positive patients, TACE had a signifi-
cantly higher OS rate than surgery/RFA (P=0.01)

Gaoetal. [119] 2017 Postoperative HCC after radical resec- 8 320 Compared to those who received no TACE, patients

adjuvant tion, TACE/no TACE who underwent 2 (P=0.003) or 3 (P=0.04) TACE

TACE showed delayed recurrence. Adjuvant TACE (twice
or thrice) after radical resection is beneficial for HCC
patients with poor differentiation and MVI, especially
for those with a tumor diameter of >5cm

Wang et al. [120] 2017 Postoperative Postoperative, MVI 100 136 The RT group has significantly improved RFS (RT vs.

adjuvant classification (M1/M2) TACE: p=0.011; RT vs. CT: p<0.001) and OS (RT vs.

CT, TACE, TACE: p=0.034; RT vs. CT: P<0.001) compared to

and RT TACE and CT groups. Adjuvant radiotherapy following
hepatectomy could result in better survival outcomes
for HCC patients with MVI than TACE or CT

Meniconi et al. 2015 RR/RFA, Recurrent HCC, (RR/RFA,  50.70 150 Satellitosis and MVI at initial resection as nega-

[131] SLT, TACE  SLT, TACE, other) tive prognostic factors of survival after recurrence

or CT (P< 0.05). RR/RFA led to better survival outcomes
than TACE for early stage intrahepatic recurrences
in the absence of satellitosis or MVI on the primary
resected tumor
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Table 3 (Continued)

Author Year Treatment Patient information MVI pres- N Potential significance?
ence (%)
Imai et al. [130] 2018 RFA Solitary small-sized HCC  18.10 149 AFP >15ng/ml (relative risk [RR] 3.05, p=0.02),

(=3cm)

Li etal. [104] 2018 Preoperative RO resection for HBV-re-
AVT/ lated HCC
hepatectomy
Wangetal. [123] 2014 Sorafenib Take sorafenib/not take
sorafenib

Renzulli et al. 2017
[103]

38.7-48.6 2362

41.90

DAA therapy HCV-related cirrhosis 69

DCP >100mAU/ml (RR 4.19, p=0.003), and tumor
size >2cm (RR 3.37, p=0.03) were independent
risk factors of MVI. The survival in patients with risk
factors 2—3 was significantly worse

A high preoperative HBV DNA level was an indepen-
dent risk factor of MVI. Antiviral treatment adminis-
tered more than 90 days before surgery was associ-
ated with reduced incidences of MVI and early tumor
recurrence after partial hepatectomy for HBV-related
HCC

31 Patients with MVI or satellite lesions who received
sorafenib orally for 4 months postoperatively had
significantly better DFS than those who did not take
sorafenib

92 Imaging features of MVI were present in 29/41 nod-
ules (70.7%, Cl: 54—84), HCC occurs rapidly after DAA
therapy, and aggressive features of MVI characterize
most neoplastic nodules

MVI microvascular invasion, HCC hepatocellular cancer, PH partial hepatectomy, LT liver transplantation, BCLC Barcelona Clinic Liver Cancer, LDLT living-donor
liver transplantation, STR spontaneous tumor rupture, RR repeat resection, RFA radiofrequency ablation, SLT salvage liver transplantation, TACE transarterial
chemoembolization, RT radiotherapy, CT conservative therapy, RFS recurrence-free survival, DFS disease-free survival, 0S overall survival, M/ microvascular
invasion, HR hazard ratio, CSS cancer-specific survival, RETREAT Risk Estimation of Tumor Recurrence After Transplant, DCP des-y-carboxy prothrombin,

TRAIN Time-Radiological-response-Alpha-fetoprotein-INflammation

aAll the presented data were based on the presence/absence of pathologically identified MVI

(MELD) score greater than 10 and MVI-negativity had
a better survival rate when selected for LT, while with
a score <10 points or in MVI-positive patients, surgical
resection may be the better choice [97]. Primary HCC
tumor size <2cm had a good prognosis after LT and
was not affected by MVI or tumor differentiation [98].
However, the medical resources and costs required
for LT far exceed liver resection, so it cannot be used
as the preferred treatment for HCC. Hepatectomy
was more preferred for patients with MVI because of
similar 5-year survival rates in these two procedures
[99].

Currently, neoadjuvant therapy with systemic
chemotherapy or TACE for resectable HCC is not
recommended [100]. Due to its poor therapeutic ef-
fect, the optimal timing of surgical treatment may be
delayed, resulting in the resectable HCC becoming
unresectable. The therapeutic effect of preoperative
TACE can only be obtained after treatment. TACE-
treated patients were divided into TACE responders
and non-responders. TACE responders had better sur-
vival outcomes and MVI positivity was a poor prog-
nostic factor for these patients [101, 102]. Whether
or not neoadjuvant TACE provides a good prognosis
deserves further investigation in patients at a high
risk of MVI [37]. In HCV cirrhosis, patients HCC
developed soon after DAA therapy [103]. A high pre-
operative HBV DNA level was an independent risk
factor of MVI. Antiviral treatment administered more
than 90 days before surgery was associated with re-
duced incidences of MVI and early tumor recurrence
after partial hepatectomy for HBV-related HCC [104].

Intraoperative treatment strategy of MVI

Liver surgery has become the standard of care for HCC
[105]. The choice of surgical approach and margins
was of great importance to MVI-positive patients. An
adequate incisal margin can be used to completely re-
move the micrometastatic lesion, prevent recurrence,
and prolong long-term survival. If the surgical mar-
gin reaches a distance of more than 5cm from the
tumor margin, the 5-year DFS rate of patients after
surgery can increase from 21 to 33%. Nevertheless,
most of the HCC patients were accompanied by ba-
sic diseases such as hepatocirrhosis and hepatocir-
rhosis. Extended resection may easily cause liver dys-
function and other complications [106]. In patients
with a high risk of MVI and well-preserved liver func-
tion, anatomic resection (AR) may be worth consider-
ing [21].

It remains controversial as to whether AR really
confers a survival advantage over non-anatomical re-
section (NAR) for HCC [107, 108]. A recent study
showed that AR reduced early recurrence in patients
with poorly differentiated tumor or with MVI [109]. In
the high MVI group, the prognosis of patients under-
going AR was significantly better than for NAR [110],
and the incidence of MVI was higher in the AR group
(P=0.048). This suggested that AR can more com-
pletely remove the MVI [111]. However, using the
propensity score matching analysis found no signif-
icant difference in the early recurrence of the tumor
after AR and NAR in both MVI-positive and MVI-neg-
ative patients [111]. In view of the higher frequency
of MVI in the portal vein system, Hasegawa et al. rec-

@ Springer

Diagnosis and treatment of microvascular invasion in hepatocellular carcinoma 63




ommend AR to slow recurrence and prolong survival
[112]. When the surgical margin of MVI-positive pa-
tients is >1 cm, the patient’s DFS rate is significantly
better than that of MVI-positive patients with surgi-
cal margin <1 cm [113]. In MVI-positive patients re-
lapsed after hepatectomy for the first time, a second
repeat operation can significantly prolong the over-
all survival. This study suggested that the biology of
MVI may change after secondary liver resection [114].
LT replaced the entire diseased liver, i.e., not only
removed the tumor but also replaced the soil upon
which the tumor relies. It was a more thorough sur-
gical method for patients with MVI [115]. A study on
1024 patients with early stage HCC who underwent
hepatectomy or LT, the emergence of MVI had a more
significant impact on LT patients [99]. MVI was a rel-
evant factor for the recurrence of HCC patients after
LT, MVI patients did not benefit from LT [37]. Liver
congestion may promote the recurrence of HCC after
living-donor LT [116]. Liver congestion should be re-
duced during surgery. In addition, preoperative punc-
ture for HCC was difficult to reflect the overall con-
dition of the tumor because of the small number of
specimens, and the operation itself has been proved to
significantly increase the risk of metastasis. However,
intraoperative liver puncture may help the choice of
cutting margins of HCC.

Postoperative treatment strategy of MVI

Although postoperative pathological diagnosis of MVI
is lagging, it can help predict the risk of recurrence
and metastasis and guide postoperative anti-relapse
therapy [117].

Sun et al. retrospectively analyzed data from 322
patients with MVI, suggesting that postoperative ad-
juvant TACE (PA-TACE) can improve the long-term
prognosis of these patients [117]. MVI-positive pa-
tients with well-tolerated liver function who under-
went PA-TACE after RO hepatectomy (RH) or RH alone
were studied retrospectively. This study showed that
PA-TACE may be beneficial for HCC patients with
MVI [117]. TACE may be the more effective treatment
option for recurrent HCC of BCLC stage 0 or A than
surgery/RFA in MVI-positive patients, especially in
those who recur early after curative resection [118],
while in the MVI-negative group there was no signifi-
cant difference. Adjuvant TACE (twice or thrice) after
radical resection was beneficial for HCC patients with
poor differentiation and MVI, especially for those with
a tumor diameter of >5cm [119]. Adjuvant radiother-
apy after hepatectomy had a better survival prognosis
for HCC patients with MVI than TACE or conserva-
tive treatment [120]. However, it is also reported in
the literature that PA-TACE can not only reduce the
tumor recurrence rate of HCC patients but may also
cause more extrahepatic metastases. It has been con-
firmed that the microvessel density (MVD) of HCC
patients after TACE was significantly increased, and

vascular endothelial growth factor was also signifi-
cantly increased. These unfavorable factors increased
the invasiveness of tumor cells within the microvessel
and accelerated the recurrence and metastasis of HCC
[121]. Therefore, the effect of PA-TACE still requires
a clear multicenter meta-analysis.

Current international guidelines for the treatment
of HCC recommend sorafenib as a molecularly tar-
geted drug for MVI treatment [122]. A pilot study,
patients with MVI can effectively improve DFS after
receiving sorafenib for 4 months [123]. The above-
mentioned clinical trials suggested that certain tar-
geted drugs may inhibit the recurrence and metas-
tasis of HCC patients with MVI. Postoperative adju-
vant therapy with sorafenib in patients with MVI can
reduce HCC recurrence and improve patient survival
[123]. However, Jordi Bruix et al. believed that hep-
atectomy of HCC patients with adjuvant treatment
with sorafenib does not prolong survival [124]. It has
also been reported that doxycycline non-selectively
inhibits the synthesis of matrix metalloproteinase-9
(MMP-9). MMP-9 can increase the permeability of
hepatoma cells. Therefore, doxycycline was consid-
ered to inhibit vascular metastasis of HCC [125]. In ad-
dition, some new anti-neoplastic vasculogenic drugs
such as TNP-470, Flk-1, endostatin, and IFN-o were
considered to be able to resist the invasion of HCC
and reduce the recurrence and metastasis of tumors
[126-128].

Fewer studies on other treatments for MVI, such
as the efficacy of direct-acting antiviral (DAA) therapy
[103], implantation of [125] I particles in the hepatic
cut surface [129], and radiofrequency ablation (RFA)
[130, 131] are in dispute and need further evaluation.

Conclusion

In summary, MVI is an important marker of tumor
invasion behavior and affects the prognosis of HCC
patients. How to detect MVI early by some biomark-
ers before surgery is still a problem worth exploring.
At the same time, there is still controversy about
the preoperative TACE and drug treatment of HCC
with MVI. It is necessary to conduct a multicenter
large randomized controlled trial (RCT) study of these
controversial treatments. For postoperative adjuvant
therapy, TACE or targeted therapy still requires fur-
ther research. Today, with the rapid development
of precision medicine, MVI’s diagnosis and treat-
ment strategies still have no strong evidence-based
medicine foundation. Based on an accurate assess-
ment, we need to work hard to explore and integrate
various treatments to create a personalized treatment
plan.
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