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« The presence of severe MVI (=5 microvessels and the presence of microvessels with >50 invaded tumor cells) was signifi-
cantly associated with decreased survival, while no significant difference in survival was evident between cases of mild
MVI and no MVI.

« Non-smooth tumor margins (sensitivity, 88.2%; negative predictive value, 90.7%) and satellite nodules (specificity, 88.9%)

on MRI were significantly associated with severe MVI, and both imaging features were associated with decreased surviv-
al.
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Background/Aims: The microvascular invasion (MVI) of hepatocellular carcinoma (HCC) involves a wide histological
spectrum, and it is unclear whether the degree of MVI correlates with patient prognosis or imaging findings. Here, we
evaluate the prognostic value of MVI classification and analyze the radiologic features predictive of MVI.

Methods: Using a retrospective cohort of 506 patients with resected solitary HCCs, the histological and imaging features
of MVl were reviewed and correlated with clinical data.

Results: MVI-positive HCCs invading =5 vessels or those with >50 invaded tumor cells were significantly associated with
decreased overall survival (OS). The 5-year OS, recurrence-free survival (RFS), and beyond Milan criteria RFS rates were
significantly poorer in patients with severe MVl compared with those with mild or no MVI. Severe MVI was a significant
independent predictive factor for OS (odds ratio [OR], 2.962; P<0.001), RFS (OR, 1.638; P=0.002), and beyond Milan criteria
RFS (OR, 2.797; P<0.001) on multivariable analysis. On MRI, non-smooth tumor margins (OR, 2.224; P=0.023) and satellite
nodules (OR, 3.264; P<0.001) were independently associated with the severe-MVI group on multivariable analysis. Both
non-smooth tumor margins and satellite nodules were associated with worse 5-year OS, RFS, and beyond Milan criteria
RFS.

Conclusions: Histologic risk classification of MVI according to the number of invaded microvessels and invading
carcinoma cells was a valuable predictor of prognosis in HCC patients. Non-smooth tumor margin and satellite nodules

were significantly associated with severe MVI and poor prognosis. (Clin Mol Hepatol 2023;29:733-746)

Keywords: Hepatocellular carcinoma; Microvascular invasion; Prognosis; Magnetic resonance imaging

INTRODUCTION

Vascular invasion is one of the most significant prognostic
factors of hepatocellular carcinoma (HCC)"™" and this param-
eter is consistently included in HCC staging systems, includ-
ing the tumor-node-metastasis staging system used by the
American Joint Committee on Cancer and the Barcelona Clin-
ic Liver Cancer (BCLC) classification.*®™ Vascular invasion can
be classified into gross vascular invasion and microvascular

invasion (MVI)."**" Unlike gross vascular invasion, which can
be detected on preoperative imaging, MVI can only be iden-
tified by microscopic examination.*® MVI comprises a wide
range of microscopic vascular structures, including small,
thin-walled vessels in the tumor capsule or the adjacent fi-
brotic non-neoplastic liver, and thicker muscularized vessels
that are peripheral branches of the portal veins, hepatic ar-
teries or hepatic veins."*""® As MVI varies histologically ac-
cording to its extent, its location, and the type of microscopic
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vessel involved, several studies have attempted to correlate
various MVI characteristics with patient outcomes, with the
ultimate goal of reaching a pathological definition of MVI
that is clinically relevant for HCC management."*" "

Interest has been growing in using imaging studies, partic-
ularly gadoxetic-enhanced magnetic resonance imaging (GA-
MRI) for the preoperative prediction of MVI. Peritumoral arte-
rial enhancement, non-smooth tumor margins, and
peritumoral hyposignal intensity on the hepatobiliary phase
(HBP) are all suspected of being associated with MVI.*"*
However, Min et al.” recently reported that the diagnostic
accuracy of preoperative GA-MRI to detect MVl was modest,
even for experienced radiologists, and interobserver agree-
ment for MRI findings was only fair to moderate. Moreover,
no studies evaluating the relationship between the degree of
MVI assessed on pathology and imaging findings have been
published.

We therefore aimed to evaluate the prognostic value of
MVI in HCC according to its extent in HCC patients, and to
correlate the imaging features with microscopy examinations
to search for imaging features that are predictive of MVI.

MATERIALS AND METHODS
Patient selection and clinical analysis

In this retrospective study, consecutive adult patients with
surgically resected HCC admitted to our hospital from Janu-
ary 2011 to December 2017 were enrolled. Patients with a
history of preoperative locoregional treatment, multiple
HCCs, HCCs beyond BCLC stage A, other malignancies, no fol-
low-up after surgery, or no GA-MRI performed within 1
month before surgery were excluded (Supplementary Fig. 1).
Clinical data, including age, sex, underlying disease, Child—
Pugh score, preoperative laboratory findings, and follow-up
data on the status at last follow-up and occurrence of extra-
hepatic metastasis or local recurrence, were retrieved from
electronic medical records. This study was approved by the
hospital’s institutional review board (IRB No. 1912-128-1091).
Patient consent was waived by the IRB, due to the retrospec-
tive nature of the study.

Histopathological analysis

Pathology reports and microscopy slides (glass or digitally
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scanned slides) for all enrolled patients were reviewed by
two pathologists (Y.J.H. and H.K., with 4 and 21 years of ex-
perience in liver pathology, respectively). Gross examination
of the resected specimens was performed according to the
General Rules for the Study of Primary Liver Cancer of the Ko-
rean Liver Cancer Association.” All specimens were sectioned
atintervals of 1 cm at planes perpendicular to the parenchy-
mal resection margin, and the most representative sections
were completely histologically mapped whenever possible.
Additional foci of interest (e.g., suspicious vascular or bile
duct invasion, capsular invasion, and promixity to resection
margins) were also sampled to allow for histological exami-
nation. The total number of slides ranged from 1 to 9 per
case. The following information was recorded: tumor size,
capsule formation, histological differentiation (Edmondson-
Steiner grade), the presence of satellite nodules, and the
presence of MVI. MVI was defined as the invasion by tumor
cells of a vascular space lined by endothelial cells visible on
microscopic evaluation. We further subclassified MVI accord-
ing to the number of invaded microvessels (=5 vs. <5)," the
presence of muscularized vessel invasion,” and the number
of invaded tumor cells in the vascular spaces (=50 cells vs.
<50 cells) (Fig. 1).! Cut-off values for the number of invaded
microvessesls and the number of invaded tumor cells were as
proposed in previous studies."” If more than one invaded
microvessel was present, we counted the maximum number
of invaded tumor cells. A muscularized vessel was defined as
a vascular structure with visible smooth-muscle fibers in the
vascular wall, and comprised microscopic branches of the
portal veins, hepatic veins, and hepatic arteries. Both pathol-
ogists were blinded to the patients’ clinical and follow-up in-
formation.

Radiological analysis

Details of the GA-MRI are described in the Supplementary
material (Supplementary Table 1). Imaging analysis was per-
formed independently by two board-certified radiologists
for the validation group patients (D.H.L. and H.B.Y., with 15
and 12 years of experience in abdominal imaging, respec-
tively). Reviewers were informed that the patients had un-
dergone resection for HCC, but were blinded to the patho-
logic information. The reviewers assessed six types of
imaging features, all of which were reported in the previous
studies to be associated with the presence of MVI regardless

https://doi.org/10.3350/cmh.2023.0034 735
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Figure 1. Representative hematoxylin-eosin images of hepatocellular carcinomas with microvascular invasion. Examples of cases with <50 in-
vading carcinoma cells and non-muscularized vessel invasion (A); the number of invading carcinoma cells =50 and muscularized vessel inva-
sion (B, arrows: tunica media); and the number of invaded microvessels >5 (C). Magnification: A: X100, B, C: x40, boxes: x100.

of degree: peritumoral enhancement on arterial phase; irreg-
ular rim-like enhancement on arterial phase; presence of a
capsule or pseudocapsule on the portal venous and/or tran-
sitional phase; tumor margin on the HBP; peritumoral hy-
pointensity on the HBP; and satellite nodule on the HBP. Peri-
tumoral enhancement indicated a detectable portion of
crescent or polygonal-shaped enhancement outside the tu-
mor margin with broad contact with the tumor border in the
arterial phase, becoming isointense with background liver
parenchyma in the delayed phase.”*** Tumor margins were
graded as smooth or non-smooth. A smooth tumor margin
indicated no budding at the periphery of a tumor, whereas a
non-smooth tumor margin indicated a minute budding por-
tion at the periphery protruding into the liver parenchy-
ma."*? Peritumoral hypointensity indicated a flame-like or
wedge-shaped decreased signal intensity around the tumor
compared with adjacent liver parenchyma.”' Satellite nodules
indicated smaller nodules attached to or within 2 cm of the
main tumor.” After an independent image review, a consen-
sus was reached through discussion by the two reviewers.

736 https://doi.org/10.3350/cmh.2023.0034

Statistical analysis

Statistical analyses were performed using commercially
available software (MedCalc, version 19.0.7, MedCalc Soft-
ware, Ostend, Belgium; IBM released 2020. IBM SPSS Statistics
for Windows Version 25.0 Korea, Seoul, Korea). Continuous
data were presented as medians with interquartile ranges,
and analyzed by Student’s t-tests and one-way analysis of
variance (ANOVA). Categorical data were evaluated by chi-
square tests and Fisher’s exact tests. Survival analyses for
overall survival (OS), recurrence-free survival (RFS), and be-
yond Milan criteria RFS were carried out by using the Kaplan—
Meier method and log-rank tests. OS and RFS were defined
as the interval from the date of operation to the date of last
living visit or death and the date of any kind of recurrence,
respectively. Beyond Milan criteria RFS was defined as the in-
terval between the date of surgery and the date of intrahe-
patic recurrence that was beyond the Milan criteria (i.e., sin-
gle tumor <5 cm in diameter or up to three tumors <3 cmin
diameter) and/or macroscopic vascular invasion or extrahe-
patic metastasis. In addition to conventional surrogate mark-
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ers such as OS and RFS, we assessed beyond Milan criteria
RFS because patients experiencing a within Milan criteria re-
currence could undergo curative treatments such as abla-
tion.”” To identify factors associated with MVI, uni- and
multivariable logistic regression analyses were performed.
Variables with P-values <0.05 in univariable analysis were in-
cluded in the multivariable analysis. Sensitivity, specificity,
area under the curve (AUC), accuracy, and the positive and
negative predictive values of each imaging feature were also
calculated. In addition, interobserver agreements for imag-
ing features were assessed using a kappa coefficient. The fol-
lowing convention was used to interpret k values: <0.20,
poor; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, sub-
stantial; and 0.81-1.00, nearly perfect.”” A P-value <0.05 was
considered statistically significant.

RESULTS
Baseline characteristics

The clinicopathological features of the 506 patients includ-
ed in this study are presented in Table 1. Briefly, 410 patients
(81%) were male and 96 (19%) were female, with a median
age of 62 years (interquartile range, 55-69). Most of the cases
were related to hepatitis B viral infection (n=399, 79%), and
less frequently hepatitis C viral infection (n=37, 7%) or alcohol
intake (n=29, 6%). The median tumor size was 3.2 cm (inter-
quartile range, 2.2-4.9 cm), and the tumors were Edmonson-—
Steiner grade lll or IV in 321 cases (64%). Fibrous capsule for-
mation, either partial or complete, was observed in 384 cases
(76%) (n=212, 42% and n=172, 34%, respectively), and satel-
lite nodules were identified in 29 cases (6%).

MVI was observed in 195 cases of HCC (MVI+, 39%). In more
detail, 115 HCCs (23%) showed MVI with invasion of =5 ves-
sels, 155 (31%) demonstrated MVI with >50 invaded tumor
cells, and 41 (8%) showed muscularized vessel invasion.

Classification of MVI

To examine how individual MVI parameters affected pa-
tient prognosis, we analyzed OS according to the three MVI
parameters. MVI+ HCCs with invasion of >5 vessels were as-
sociated with a significantly decreased OS compared to MVI+
HCCs with invasion of <5 vessels or MVI- HCCs (P<0.001; Fig.
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2A). Similarly, MVI+ HCCs with =50 invaded tumor cells were
associated with a significantly shorter OS compared with
MVI+ HCCs with <50 invaded tumor cells or MVI- HCCs
(P=0.001; Fig. 2B). There was no significant difference in OS
according to the muscularized vessel invasion status
(P=0.210, Fig. 2C).

Multivariable analysis revealed that the number of MVIs
(=5) and the number of invaded tumor cells (=50) were sig-
nificant independent predictive factors for OS (number of
MVI: P=0.002; hazard ratio [HR], 2.534; 95% confidence inter-
val [Cl], 1.410-4.556; number of invaded tumor cells: P=0.029;
HR, 1.890; 95% Cl, 1.066-3.351). The number of MVIs and
number of invaded tumor cells were also significant indepen-
dent predictive factors for beyond Milan criteria RFS (number
of MVI: P<0.001; HR, 2.504; 95% Cl, 1.579-3.971; number of
invaded tumor cells: P=0.002; HR, 1.982; 95% Cl, 1.274-3.084).

Based on these findings, we classified MVI into three
groups according to the number of the MVI features (number
of invaded vessels =5, number of invaded tumor cells >50)
present: “severe MVI" (defined as MVI+ HCCs with all two fea-
tures), “mild MVI” (defined as MVI+ HCCs with one or none of
the features), and “no MVI” (defined as absence of MVI). By
this classification, the 195 MVI+ HCCs were classified into the
mild MVI (n=85, 17%) and severe MVI groups (n=110, 22%).

Clinicopathologic characteristics and survival
according to MVI group

A comparison of the clinicopathologic characteristics ac-
cording to the MVI classification is presented in Table 1. HCCs
with severe MVI were significantly associated with high se-
rum alpha-fetoprotein (AFP) (P=0.005) and protein induced
by vitamin K absence-II (PIVKA-II) levels (P<0.001), large tu-
mor size (P<0.001), poor histologic differentiation (P<0.001),
fibrous capsule formation (P=0.044), and satellite nodules
(P<0.001), compared with the groups with mild or no MVI
(Table 1, Fig. 3). The 5-year OS, RFS, and beyond Milan criteria
RFS rates were 92.6%, 63.0%, and 88.2% in the no MVI group,
96.9%, 51.0%, and 88.4% in the mild MVI group, and 76.2%,
47.8%, and 64.4% in the severe MVI group, respectively. OS,
RFS, and beyond Milan criteria RFS rates in the severe MVI
group were significantly shorter compared with that of the
mild MVI or no MVI groups (P<0.001 for all, Fig. 4). There was
no significant difference in OS, RFS, and beyond Milan criteria
RFS rates between mild MVI and no MVI groups, while RFS

https://doi.org/10.3350/cmh.2023.0034 737
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Table 1. Comparison of clinicopathologic characteristics according to the MVI group

Variable Total No MVI Mild MVI Severe MVI p-value
(n=506) (n=311, 61%) (n=85, 17%) (n=110, 22%)
Clinical feature
Age (yr) 62(55-69) 63 (56-70) 60 (52-66) 63 (54-70) 0.043*
Sex (male/female) 410 (81)/96 (19) 253 (81)/58 (19) 66 (78)/19 (22) 91 (83)/19 (17) 0.651
Etiology 0.001*
Hepatitis B 399 (79) 248 (80) 70 (82) 81 (74)
Hepatitis C 37(7) 14 (5) 5(6) 18 (16)
Alcohol 29 (6) 24 (8) 2(2) 3(3)
Unknown 41 (8) 25 (8) 8(9) 8(7)
Child-Pugh score 0.316
5 468 (93) 292 (94) 77 91) 99 (90)
6 38(7) 9(6) 809 11(10)
Platelet (x10°/L) 166 (133-203) 166 (130-200) 172 (141-218) 158 (139-202) 0.227
PT-INR 1.04 (0.99-1.09) 1.04 (1.00-1.09) 1.05 (1.00-1.10) 1.03 (0.97-1.09) 0.092
Albumin (g/L) .2 (3.9-4.4) 2(3.9-4.3) .2 (4.0-4.4) .2 (3.8-4.4) 0.798
Bilirubin (mg/dL) .8(0.6-1.0) 0.8 (0.6-1.0) .8 (0.6-1.0) .8(0.6-1.1) 0.497
AST (U/L) 32 (24-42) 31 (23-41) 29 (23-38) 36 (27-48) 0.067
ALT (U/L) 33 (22-47) 33 (22-47) 31 (20-45) 35(23-48) 0.499
AFP (ng/mL) 11 (4-115) 6 (3—-41) 11 (4-96) 69 (7-1036) 0.005%
PIVKA-II (mAU/mL) 64 (28-357) 40 (25-154) 106 (37-498) 322 (89-1722) <0.001*
Pathological finding
Liver cirrhosis 146 (29) 93 (30) 23(27) 30(27) 0.805
Tumor size (cm) 3.2(2.2-4.9) 2.8 (2.0-4.0) 3.5(2.5-5.2) 4.5 (3.0-6.3) <0.0071*
Tumor differentiation
(Edmondson-Steiner <0.001*
grade)
| 19 (4) 18 (6) 1(1) 0
Il 166 (33) 125 (40) 29 (34) 12 (11)
11l 217 (43) 125 (40) 39 (46) 53 (48)
\% 104 (21) 43 (14) 16 (19) 45 (41)
Capsule formation 0.044*
Absent 122 (24) 85 (27) 18 (21) 19(17)
Partial 212 (42) 130 (42) 29 (34) 53 (48)
Complete 172 (34) 96 (31) 38 (45) 38(35)
Satellite nodule 29 (6) 12 (4) 2(2) 15 (14) <0.001*

Numbers are presented as medians (interquartile ranges) or values (percentages).

MVI, microvascular invasion; PT-INR, prothrombin time-international normalized ratio; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; AFP, alpha fetoprotein; PIVKA-II, prothrombin induced by vitamin K absence-lI.

*Indicates P<0.05.

tended to be shorter in the mild MVI group than in the no
MVI group (P=0.052). Other clinicopathological features that
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were associated with OS on univariable analysis were hepati-
tis B viral etiology (P=0.037), aspartate aminotransferase level
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Figure 3. The frequency of microvascular invasion according to tumor size (A), Edmonson-Steiner grade (B), AFP level (C), and PIVKA-II level
(D). MVI, microvascular invasion; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence-I1.

>30 U/L (P=0.011), PIVKA-II level =400 AU/mL (P=0.005), tu-
mor size >3 cm (P=0.001), and the presence of satellite nod-
ules (P<0.001). Multivariable analysis demonstrated that a tu-
mor >3 cm, the presence of satellite nodules, and severe MVI
were significant independent prognostic factors for OS, RFS,
and beyond Milan RFS (Table 2).

Radiologic findings predicting the presence of
severe MVI

Levels of serum bilirubin >1.0 mg/dL, serum aspartate ami-

http://www.e-cmh.org
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notransferase >30 U/L, serum AFP =400 ng/mL, and serum
PIVKA-I =400 mAU/mL, tumor size >3 cm on MRI, arterial
peritumoral enhancement, non-smooth tumor margin, peri-
tumoral hypointensity on HBP, and a satellite nodule were
associated with severe MVI in the univariable analysis (Table
3). Multivariable analysis revealed that a serum AFP level
>400 ng/mL (odds ratio [OR], 2.749; 95% Cl, 1.560-4.844), a
serum PIVKA-II level =400 mAU/mL (OR, 2.377; 95% Cl,
1.348-4.193), non-smooth tumor margin (OR, 2.224; 95% Cl,
1.115-4.434), and satellite nodule (OR, 3.264; 95% Cl, 1.622-
6.567) were independently associated with severe MVI (P-
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Figure 4. Overall survival (A), recurrence-free survival (B), and beyond Milan criteria recurrence-free survival (C) of hepatocellular carcinoma
patients, stratified by MVI classification. *Indicates P<0.05. MVI, microvascular invasion.

values <0.023) (Table 3, Fig. 5).

A serum AFP level =400 ng/mL, a serum PIVKA-II level
>400 mAU/mL, arterial peritumoral enhancement, and peri-
tumoral hypointensity on HBP were statistically significant
predictors of any degree of MVI (both mild and severe) (Sup-
plementary Table 2). The 5-year OS and beyond Milan criteria
RFS rates were lower in patients with HCCs with non-smooth
tumor margins than in patients with HCCs having smooth tu-
mor margins (93.8% vs. 88.1% and 93.8% vs. 78.0%, respec-
tively) (P=0.039 and <0.001, respectively), and the 5-year RFS
rate tended to be lower in patients with HCCs exhibiting non-
smooth tumor margins (61.7% vs. 58.0%, P=0.059). The
5-year OS, RFS, and beyond Milan criteria RFS rates were low-
er in patients with HCCs with satellite nodules than in those
without satellite nodules (92.6% vs. 61.5% vs. 66.5% and
85.2% vs. 40.1% vs. 59.4%, respectively) (P<0.001 for all) (Sup-
plementary Fig. 2).

Thereafter, we classified patients according to the combi-
nation of the two imaging features: patients without non-
smooth tumor margins or satellite nodules (n=160), patients
with either non-smooth tumor margins or satellite nodules
(n=296), and patients with both non-smooth tumor margins
and satellite nodules (n=50). The 5-year OS, RFS, and beyond
Milan criteria RFS rates differed among the patients without
the imaging features, with only one imaging feature, and
with both imaging features (93.7% vs. 92.1% vs. 65.8%, 57.1%
vs. 60.7% vs. 40.9%, and 94.0% vs. 81.4% vs. 58.6%, respec-
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tively) (P<0.001 for all).

The diagnostic performance of imaging features in predict-
ing severe MVI was moderate, based on AUCs ranging from
0.586 to 0.681. A non-smooth tumor margin demonstrated a
high sensitivity and negative predictive value (88.2% and
90.7%, respectively) for predicting severe MVI, while satellite
nodules demonstrated a high specificity of 88.9% (Supple-
mentary Table 3). The results of imaging features for any de-
gree of MVI were also similar, with AUCs ranging from 0.594
to 0.664 (Supplementary Table 4). Interobserver agreements
for imaging features were as follows: 0.449 (95% Cl, 0.361-
0.536) for peritumoral enhancement on arterial phase, 0.513
(95% Cl, 0.398-0.628) for irregular rim-like enhancement on
arterial phase, 0.447 (95% Cl, 0.373-0.520) for presence of
capsules or pseudocapsules on portal venous and/or transi-
tional phase, 0.478 (95% Cl, 0.386-0.570) for tumor margin
on HBP, 0.607 (95% Cl, 0.535-0.679) for peritumoral hypoin-
tensity on HBP, and 0.395 (95% Cl, 0.254—-0.535) for a satellite
nodule on HBP.

DISCUSSION

MVl is the first step of intrahepatic tumor spread and dis-
tant metastasis of HCC, and is a known poor prognostic fac-
tor for HCC patients.”""**** However, microscopically, there is
a wide spectrum of MVI. Roayaie et al.” reported that inva-
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Table 3. Factors predicting the presence of severe microvascular invasion

——— Univariable analysis Multivariable analysis
Odds ratio (95 % ClI) P-value Odds ratio (95 % ClI) P-value

Clinical feature

Age (=60 years) 0.990 (0.644-1.521) 0.962

Sex (male) 1.156 (0.665-2.011) 0.608

Etiology (hepatitis B virus) 0.685 (0.419-1.120) 0.131

Platelet (<100x10°/L) 0.424 (0.163-1.101) 0.078

PT-INR (>1.0) 0.837 (0.534-1.314) 0.440

Albumin (<4.0 g/dL) 1.423 (0.903-2.242) 0.128

Bilirubin (>1.0 mg/dL) 1.662 (1.038-2.661) 0.035% 1.254 (0.728-2.159) 0.415
AST (>30 U/L) 1.590 (1.034-2.446) 0.035* 1.460 (0.888-2.401) 0.136
ALT (>30 U/L) 1.458 (0.943-2.255) 0.090

AFP (=400 ng/mL) 3.919 (2.384-6.443) <0.001* 2.749 (1.560-4.844) <0.001*
PIVKA-II (=400 mAU/mL) 3.945 (2.493-6.240) <0.001* 2.377 (1.348-4.193) 0.017*
MRI finding

Tumor size (=3 cm) 3.233 (2.033-5.141) <0.001* 1.576 (0.892-2.786) 0.118
Arterial peritumoral enhancement 2.455 (1.548-3.892) <0.001* 1.156 (0.664-2.013) 0.609
Non-smooth tumor margin 4.139 (2.190-7.825) <0.001* 2.224 (1.115-4.434) 0.023*
Peritumoral hypointensity on HBP 3.201 (2.061-4.973) <0.001* 1.321 (0.761-2.291) 0.323
Satellite nodule 5.290 (2.897-9.660) <0.001* 3.264 (1.622-6.567) <0.001*

Cl, confidence interval; PT-INR, prothrombin time-international normalized ratio; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; AFP, alpha fetoprotein; PIVKA-II, prothrombin induced by vitamin K absence-II; MRI, magnetic resonance imaging; HBP,
hepatobiliary phase.

*Indicates P<0.05.

Figure 5. A representative example of gadoxetic acid-enhanced MRI obtained from a 47-year-old woman with hepatocellular carcinoma and
severe MVI. (A) On the axial image of hepatobiliary phase, a tumor with a non-smooth margin (arrows) is visible in segment 7 of the liver. (B)
On coronal imaging, a satellite nodule (arrowhead) is visible at the superior aspect of the tumor. After surgical resection, severe MVI was iden-
tified by pathological examination. Twenty-five months after surgical resection, this patient experienced recurrence with inferior vena cava in-
vasion, and died 42 months after resection. MRI, magnetic resonance imaging; MVI, microvascular invasion.
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Many studies have evaluated the preoperative predictive
ability of imaging tests such as GA-MRI for MVI. Among the
imaging features, peritumoral arterial enhancement, non-
smooth tumor margin, and peritumoral hyposignal intensity
on HBP are reportedly associated with MV1."** We found that
the presence of non-smooth tumor margins and satellite
nodules in MRI scans were significant predictors of severe
MVI. In addition, HCCs with non-smooth tumor margins and/
or satellite nodules on GA-MRI were associated with lower
5-year OS and beyond Milan criteria RFS rates, compared
with those without the two features. This suggests that these
two features in GA-MRI may have adverse outcomes in HCC
patients, possibly in association with severe MVI. However,
we also found that the ability of imaging features to predict
severe MVI or any degree of MVI were at best modest, with
AUCs ranging from 0.586 to 0.681, similar to results of previ-
ous studies.”” Among the six imaging features assessed in
our study, a non-smooth tumor margin may be useful for ex-
cluding the presence of severe MVI, as a non-smooth tumor
margin showed the highest sensitivity (88.2%) and highest
negative predictive value (90.7%) for detecting severe MVI. If
the tumor margin is smooth, severe MVI would therefore be
less likely to be present. In contrast, the presence of satellite
nodules may be used cautiously to predict the presence of
severe MVI, due to high specificity (88.9%).

This study has some limitations. First, due to its retrospec-
tive design, gross examination may not have been entirely
consistent over the 7-year period, although we did follow a
standardized protocol for liver tumor resection specimens.
The number of slides per specimen could affect the result of
MVI estimation. For example, the number of sections may
vary depending on the size of the tumor: smaller tumors are
completely submitted for histological examination, while for
huge tumors, it is impractical to examine the entire tumor. It
is therefore possible to underestimate the degree of MVI in
such cases. Second, when counting the number of invaded
microvessels, we counted the number of cross-sectioned in-
vaded vessels, regardless of whether some of them represent
cross-sections of the same tortuous vessel or its branches. Al-
though one invaded microvessel may yield multiple vascular
profiles on a particular section, increasing the number of MVI
counts, this situation would more likely occur in cases with
extensive MVI. For practical purposes, it would be more real-
istic to stratify MVI as mild versus severe using eyeballed esti-
mations, as counting the actual numbers of MVI and tumor
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cells in microvascular lumens may be impractical in daily
practice. Nevertheless, this study demonstrates that the pres-
ence of a large number of HCC tumor cells involving multiple
microvessels, regardless of the type of microvessel, is relevant
for HCC prognostication. We also identified GA-MRI imaging
features that may help predict the presence of severe MVl in
this large cohort of HCC patients.

In conclusion, we demonstrated that microscopic subclas-
sification of the severity of MVI is valuable for prognostica-
tion of HCC, and that non-smooth tumor margins and satel-
lite nodules on MRI may help predict severe MVI.
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