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Abstract

Background Microvascular invasion (MVI) is recognized as a risk factor for early recurrence of hepatocellular carcinoma (HCC)
within the Milan criteria after curative treatment.

Methods One hundred eleven consecutive patients with HCC within the Milan criteria who underwent hepatic resection were
retrospectively reviewed. Independent preoperative predictors of MVI were identified, and a scoring system was developed using
significant predictors.

Results MVI was identified in 51 of 111 patients (46%). Multivariate analysis identified the following independent predictors of
MVI: alpha-fetoprotein (AFP) of > 95 ng/mL (odds ratio [OR], 9.87; 95% confidence interval [95% CI], 2.24-56.8; P =0.002),
des-y-carboxy prothrombin (DCP) of >55 mAU/mL (OR, 5.50; 95% CI, 2.09-15.4; P<0.001), tumor size of >2.8 cm (OR,
6.10; 95% CI, 2.07-20.0; P <0.001), and non-smooth tumor margin in the hepatobiliary phase of gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic resonance imaging (MRI) (OR, 5.34; 95% CI, 1.84—
16.9; P=10.002). A clinical scoring system was developed using these four variables. Within a total possible score of 0 to 4, the
prevalence of MVI with a score of 0, 1, 2, 3, and 4 was 4.5%, 24.0%, 45.5%, 91.7%, and 100%, respectively (P < 0.001). The
area under the curve of the scoring system was 0.865 based on the receiver operating characteristic curve analysis of the
prediction score.

Conclusions Our clinical scoring system, consisting of AFP, DCP, tumor size, and tumor margin in Gd-EOB-DTPA-enhanced
MRI, can be valuable for predicting MVI in HCC within the Milan criteria before curative treatment.
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Introduction <3 cm, no macroscopic vascular invasion, and no extra-

hepatic involvement) is considered early-stage HCC asso-
Hepatocellular carcinoma (HCC) within the Milan criteria  ciated with a good prognosis.’ According to the manage-
(i.e., a single tumor of <5 cm or three or fewer tumors of = ment guidelines of the European Association for the
Study of the Liver and the American Association for the
Study of Liver Diseases, the recommended treatment mo-
dalities for early-stage HCC include hepatic resection, ra-
diofrequency ablation (RFA), and liver transplantation on
the basis of liver function.”*> In some countries with lim-
ited availability of the livers for transplantation, hepatic
resection or RFA is the main curative treatment option for
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MV is difficult to detect by conventional imaging modal-
ities before curative treatment, and many previous studies
have revealed preoperative factors that can predict MVL* !
In addition to three HCC-specific tumor markers, namely
alpha-fetoprotein (AFP), Lens culinaris agglutinin-reactive
fraction of AFP (AFP-L3), and des-y-carboxy prothrombin
(DCP), several recent studies have shown that specific radio-
logical findings obtained with recently established diagnostic
imaging techniques are useful to predict MVL'*'? In particu-
lar, gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic
acid (Gd-EOB-DTPA), which is a newly developed liver-
specific contrast agent in magnetic resonance imaging
(MRYI), is reportedly useful in the prediction of MVI.'*

Prediction of MVI is important for both predicting the
prognosis in patients with early HCC and selecting appro-
priate treatment. According to several recent studies, RFA
should be avoided for HCC with the potential of MVTI or
poor differentiation because of the high risk of local re-
currence or intrahepatic dissemination.>™'” On the other
hand, anatomical hepatectomy can theoretically eradicate
MVI confined by tumor-bearing portal tributaries.'®
Accordingly, precise evaluation of MVI before curative
treatment remains an important issue in the selection of
appropriate treatment modalities for HCC within the
Milan criteria.

The purpose of this study was to identify preoperative pre-
dictors of MVI in HCC within the Milan criteria and to devise
a scoring system for deciding adequate treatment modalities.

Patients and Methods
Patients

From January 2008 to December 2017, 145 patients were
diagnosed with and underwent hepatic resection for primary
HCC at the Department of Hepato-Biliary-Pancreatic Surgery
at Kyushu Medical Center. The inclusion criteria for this study
were as follows: (1) a tumor within the Milan criteria, (2) the
performance of Gd-EOB-DTPA-enhanced MRI before sur-
gery, (3) no radiological evidence of macroscopic portal or
hepatic vein tumor invasion, (4) no extrahepatic metastasis,
(5) no preoperative treatment, and (6) curative hepatic resec-
tion defined as the removal of all macroscopic residual tu-
mors. Of all 145 patients, 111 met these criteria and were
retrospectively included in this study. This study was conduct-
ed in accordance with the Declaration of Helsinki and the
ethical guidelines for clinical studies of the Ministry of
Health, Labour and Welfare in Japan. The study protocol
was approved by the Ethics Committee on Clinical
Investigations of Kyushu Medical Center (Approval No.
17C051).
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Preoperative Clinical Evaluation

The preoperative evaluation included determination of age,
sex, blood chemistry parameters, indocyanine green retention
rate at 15 min, Child—Pugh classification, hepatitis virus
markers (hepatitis B virus surface antigen and hepatitis C virus
antibody), and three tumor markers: AFP, AFP-L3, and DCP.
The serum concentrations of AFP, AFP-L3, and DCP were
measured within 1 week before hepatic resection.

We generally evaluated the indications for surgery and se-
lected the operative procedure based on the tumor extent and
the hepatic reserve as assessed by the Child—Pugh score and
the criteria established by Makuuchi et al."” Anatomical re-
section procedures were defined based on the Brisbane 2000
classification.””

Preoperative Image Analysis

HCC lesions in each patient were preoperatively diagnosed by
several imaging modalities, including Gd-EOB-DTPA-
enhanced MRI, ultrasonography, and dynamic computed to-
mography. The final diagnosis of HCC was confirmed by
pathologic examination of resected specimens. None of the
patients underwent needle biopsy for preoperative diagnosis
of HCC because of the risk of tumor seeding or intra-
abdominal bleeding. All patients underwent Gd-EOB-
DTPA-enhanced MRI at our institute within 2 weeks before
hepatic resection. MRI was performed with a 1.5-T MRI sys-
tem (Magnetom Symphony; Siemens Medical Systems,
Erlangen, Germany and Achieva; Philips Medical Systems,
Best, Netherlands) using a phased-array surface coil covering
the whole liver. Contrast-enhanced MRI was performed using
Gd-EOB-DTPA (Primovist; Bayer Schering Pharma, Berlin,
Germany) at a dose of 0.1 mL/kg bodyweight. Hepatobiliary
phase images were taken more than 15 min after contrast
agent injection. Hepatobiliary phase contrast-enhanced MRI
was performed using three-dimensional gradient echo se-
quences with fat suppression and a slice thickness of 3.0 to
3.5 mm.

The tumor margin in the hepatobiliary phase on Gd-EOB-
DTPA-enhanced MRI was classified into two types: smooth
and non-smooth. If the tumor was round with a distinct margin
and no budding portion at the periphery, the tumor margin was
considered to be smooth (Fig. 1a). If the tumor was round with
a focally protruding area or lobulated with multiple nodular
lesions, the tumor margin was considered to be non-smooth
(Fig. 1b, c). These radiological findings were determined in
each patient preoperatively by a liver surgeon with 14 years of
experience (T.R.) and an abdominal radiologist with 35 years
of experience (K.Y.) together, both of whom were blinded to
the patients’ clinical records. In patients with multiple HCC
lesions, the largest lesion was analyzed.
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Fig. 1 The tumor margin in the hepatobiliary phase on Gd-EOB-DTPA-
enhanced MRI. a This round tumor shows low intensity and a distinct
margin. The tumor margin was considered to be smooth. b This round
tumor shows low intensity and a focally protruding area. The tumor

Histopathological Diagnosis

MVI was defined as microscopic tumor invasion identi-
fied in the portal vein or hepatic vein of the surround-
ing liver tissue that was contiguous with the tumor.
Gross classification of the nodular type and tumor

Table 1  Clinical characteristics of the patients

margin was considered to be non-smooth. ¢ This lobulated tumor shows
low intensity and multiple nodular lesions. The tumor margin was con-
sidered to be non-smooth

differentiation were defined based on the General
Rules for the Clinical and Pathological Study of
Primary Liver Cancer developed by the Liver Cancer
Study Group of Japan.?’ When the evaluated nodule
comprised two areas of different histological grades,
the worse histological grade was recorded. Non-

Characteristic

n=111

Age, years, median (range)

Sex, male, n (%)

Hepatitis B virus infection, n (%)

Hepatitis C virus infection, n (%)

Alcohol, n (%)

Diabetes mellitus, n (%)

Serum albumin, g/dL, median (range)
Total bilirubin, mg/dL, median (range)
Prothrombin activity, %, median (range)
ICGR15, %, median (range)

Child-Pugh (A/B), n (%)

Liver cirrhosis, n (%)

AFP, ng/mL, median (range)

AFP-L3, %, median (range)

DCP, mAU/mL, median (range)
Maximum tumor size, mm, median (range)
Number of tumors (single/multiple), n (%)
Gd-EOB-DTPA-enhanced MRI findings, n (%)

Arterial phase findings (high/low)

Hepatobiliary phase findings (high/low)

Tumor margin in the hepatobiliary phase (smooth/non-smooth)
Type of hepatectomy (anatomical/non-anatomical), n (%)
Gross type (SN/SN with EG or CM), n (%)

Histological grade (well or moderately/poorly differentiated), n (%)

73 (42-88)
75 (68%)
16 (14%)
56 (50%)
57 (51%)
48 (43%)
4.2 (3.0-5.0)
0.6 (0.1-2.2)
94 (57-137)
17.2 (0.6-91.8)
109 (98%)/2 (2%)
27 (24%)
6.6 (0-8383)
0.5 (0-89.4)
46 (11-23,500)
30.2 (10.4-50.0)
101 (91%)/10 (9%)

85 (77%)/26 (23%)

8 (7%)/103 (93%)
55 (50%)/56 (20%)
80 (72%)/31 (28%)
56 (50%)/55 (50%)
82 (74%)/29 (26%)

ICGR15, indocyanine green retention rate at 15 min; AFP, alpha-fetoprotein; AFP-L3, Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein;
DCP, des-y-carboxy prothrombin; Gd-EOB-DTPA, gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid; MRI, magnetic resonance imaging;
SN, simple nodular type; SN with EG, simple nodular with extranodular growth type; CM, confluent multinodular type
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Table 2  Univariate analysis for predictors of microvascular invasion

Characteristic Microvascular invasion P value
Positive (n=51) Negative (n = 60)

Age, > 70 years 28 (55%) 41 (68%) 0.14
Sex, male 36 (71%) 39 (65%) 0.53
Hepatitis B virus infection 11 (22%) 5(8.3%) 0.047
Hepatitis C virus infection 20 (39%) 36 (60%) 0.029
Alcohol 27 (53%) 30 (50%) 0.76
Diabetes mellitus 20 (39%) 28 (47%) 043
ICGR15, >20% 35 (69%) 36 (60%) 0.40
Child-Pugh class A 50 (98%) 59 (98%) 0.87
Liver cirrhosis 9 (17%) 18 (30%) 0.13
AFP, > 95 ng/mL 16 (31%) 5(8.3%) 0.002
AFP-L3, > 10% 19 (37%) 12 (20%) 0.043
DCP, > 55 mAU/mL 36 (71%) 15 (25%) <0.001
Maximum tumor size, > 28 mm 41 (80%) 23 (38%) <0.001
Number of tumors, single 49 (96%) 52 (87%) 0.13
Gd-EOB-DTPA-enhanced MRI findings

Arterial phase findings, high 38 (75%) 47 (78%) 0.69

Hepatobiliary phase findings, low 49 (96%) 54 (90%) 0.14

Tumor margin in the hepatobiliary phase, non-smooth 37 (73%) 19 (32%) <0.001
Type of hepatectomy, anatomical 38 (75%) 42 (70%) 0.59
Gross type, SN with EG or CM 34 (67%) 21 (35%) <0.001
Histological grade, poorly differentiated 19 (37%) 10 (17%) 0.017

Values are presented as number of patients (percentage)

ICGR15, indocyanine green retention rate at 15 min; AFP, alpha-fetoprotein; AFP-L3, Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein;
DCP, des-y-carboxy prothrombin; Gd-EOB-DTPA, gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid; MRI, magnetic resonance imaging;
SN with EG, simple nodular with extranodular growth type; CM, confluent multinodular type

cancerous liver tissue was inspected for evidence of
cirrhosis. Liver cirrhosis was defined as grade 4 fibrosis
on pathologic examination of the specimen.

Statistical Analysis

Continuous variables are presented as median (range)
and were compared using the Mann—Whitney U test.
Categorical variables were compared using Fisher’s ex-
act probability method or x? tests. A logistic regression
model was used for multivariate analyses of factors re-
lated to MVI and to calculate the odds ratio (OR) and
95% confidence interval (95% CI). The cut-off value of
the predictive score was calculated using a receiver op-
erating characteristic (ROC) curve. The ROC curve is a
plot of sensitivity versus 1 — specificity for all possible
cut-off values. All P values were derived from two-
tailed tests, and P <0.05 was considered statistically sig-
nificant. All statistical analyses were performed using
the JMP 12 software package (SAS Institute Inc.,
Cary, NC, USA).

@ Springer

Results

Patient Characteristics

Table 1 shows the clinicopathological characteristics and MRI
findings of the 111 patients enrolled in this study. The 111
patients included 75 men (68 %), with a median age of 73 years
(range, 42—88 years). The median maximum tumor size was
30.2 mm (range, 10.4-50.0); 101 patients had a single HCC
lesion, 6 patients had 2 HCC lesions, and 4 patients had 3
HCC lesions. With respect to the surgical procedures, 80 pa-
tients (72%) underwent anatomical hepatectomy: 11
underwent hemihepatectomy, 26 underwent sectionectomy,
and 43 underwent segmentectomy. Partial hepatectomy was
performed in 31 patients (28%).

Univariate Factors Associated with MVI

Table 2 shows the clinicopathological characteristics and MRI
findings submitted to univariate analysis for prediction of
MVI. Of the 111 patients, 51 patients (46%) had MVI (49
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Fig. 2 Receiver operating characteristic curve of a AFP, b AFP-L3, ¢ DCP, and d tumor size for the prediction of microvascular invasion

with portal vein invasion, 1 with hepatic vein invasion, and
1 with portal and hepatic vein invasion). With respect to
preoperative factors, univariate analysis revealed that hepa-
titis B virus positivity (P =0.047), hepatitis C virus positiv-
ity (P=0.029), the serum AFP level (P=0.002), the serum
AFP-L3 level (P=0.043), the serum DCP level (P<0.001),
the tumor size (P<0.001), and the tumor margin in the
hepatobiliary phase on Gd-EOB-DTPA-enhanced MRI
(P<0.001) were statistically significant predictors of MVIL.
The serum AFP level, serum AFP-L3 level, serum DCP
level, and tumor size were used to plot the ROC curve
for predicting MVI (Fig. 2). The areas under the curve
(AUCs) of the serum AFP level, serum AFP-L3 level, se-
rum DCP level, and tumor size were 0.657, 0.631, 0.734,
and 0.782, respectively. The best cut-off values calculated
from ROC analysis were as follows: serum AFP level,
95 ng/mL; serum AFP-L3 level, 10%; serum DCP level,

55 mAU/mL; and tumor size, 2.8 cm. With respect to
postoperative pathological factors, gross type (P<0.001)
and histological grade (P=0.017) were significantly asso-
ciated with MVL

Independent Predictors of MVI According
to Multivariate Analyses

Multivariate analysis of preoperative factors revealed the fol-
lowing independent predictive factors for MVI (Table 3): a
serum AFP level of >95 ng/mL (OR, 9.87; 95% CI, 2.24—
56.8; P=0.002), serum DCP level of >55 mAU/mL (OR,
5.50; 95% CI, 2.09-15.4; P<0.001), tumor size of >2.8 cm
(OR, 6.10; 95% CI, 2.07-20.0; P<0.001), and non-smooth
tumor margin in the hepatobiliary phase on Gd-EOB-DTPA-
enhanced MRI (OR, 5.34; 95% CI, 1.84-16.9; P =0.002).
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Table 3  Multivariate analysis for predictors of microvascular invasion

Characteristic OR 95% CI P value
Hepatitis B virus, positive 2.71 0.69-13.6 0.18
Hepatitis C virus, positive 1.12 0.33-3.60 0.84
AFP, >95 ng/mL 9.87 2.24-56.8 0.002
AFP-L3, > 10% 1.50 0.47-5.00 0.49
DCP, > 55 mAU/mL 5.50 2.09-15.4 <0.001
Maximum tumor size, >28 mm 6.10 2.07-20.0 <0.001
Tumor margin in the hepatobiliary phase, non-smooth 5.34 1.84-16.9 0.002

AFP, alpha-fetoprotein; AFP-L3, Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein; DCP, des~y-carboxy prothrombin; OR, odds ratio; CI,

confidence interval

Scoring System for the Prediction of MVI

A clinical scoring system for predicting MVI before curative
treatment was developed using four variables: a serum AFP
level of >95 ng/mL, a serum DCP level of >55 mAU/mL,
tumor size of > 2.8 cm, and a non-smooth tumor margin in the
hepatobiliary phase on Gd-EOB-DTPA-enhanced MRI, giv-
ing a total score of 0 to 4 points. Figure 3a shows the relation-
ship between the score and the prevalence of MVI. An in-
creasing score was correlated with an increasing prevalence
of MVI. The prevalence of MVI was 4.5% (1/22) with a score
of 0, 24.0% (6/25) with a score of 1, 45.5% (15/33) with a
score of 2, 91.7% (22/24) with a score of 3, and 100% (7/7)
with a score of 4 (P <0.001). The AUC of the scoring system
was 0.865 based on the ROC curve analysis of the prediction
score (Fig. 3b). The OR for MVI with a score of 0, 1, 2, and 3—
4 was 1, 6.63 (95% CI, 1.01-131; P=0.049), 17.5 (95% ClI,
3.08-332; P<0.001), and 304.5 (95% CI, 38.3-7336;
P <0.0001), respectively (Table 4).

Discussion

The current study revealed four independent preoperative fac-
tors for predicting M VI in patients with HCC within the Milan
criteria: a serum AFP level of > 95 ng/mL, a serum DCP level
of > 55 mAU/mL, tumor size of > 2.8 cm, and a non-smooth
tumor margin in the hepatobiliary phase on Gd-EOB-DTPA-
enhanced MRI. Based on these four predictive factors, we
established a scoring system for the prediction of MVI that
could enable us to more accurately diagnose the presence of
MVI before curative treatment.

In various studies, the preoperative predictive factors for
MVI included tumor size, tumor markers, gross type, and
tumor differentiation.® '" Tumor size was considered to be a
strong predictor for MVI in several studies, while the risk of
MVI continues to rise as the tumor size increases.”** The
current study revealed that tumor size was still a significant
predictor of MVI, even within the Milan criteria, with a cut-off
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value of 2.8 cm obtained from ROC analysis. Tumor markers
for HCC, such as AFP, AFP-L3, and DCP, were assessed as
predictors of MVI rather than detectors of HCC in recent
studies. Additionally, we previously reported that double- or
triple-positive tumor markers were associated with malignant
potential and a poor prognosis in patients with HCC within the
Milan criteria.® An elevated DCP level is reportedly the
strongest predictor of MVI among the three tumor
markers.”*?> The present study also demonstrated that DCP
is a significant predictive factor for MVI by multivariate anal-
ysis. AFP is the most widely used tumor marker for HCC; an
elevated AFP is correlated with higher malignant potential of
HCC as well as a higher incidence of HCC.?*2” In the present
study, the AFP level itself was not associated with MVI (AUC
of 0.657 for AFP). In contrast, an AFP level of >95 ng/mL
was a significant predictor of MVI. The cut-off value of 95 ng/
mL was obtained by the ROC curve for predicting MVI. Mild
elevation of AFP is sometimes found in patients with chronic
hepatitis or liver cirrhosis, but a higher elevation of AFP (>

95 ng/mL) is highly suggestive of the presence of MVI.

Gross type was also associated with M VI in previous stud-
ies, although the gross type cannot be determined before he-
patic resection.''?® Therefore, determining the gross type by
preoperative imaging is important in predicting MVI. Several
recent studies have suggested that the hepatobiliary phase of
Gd-EOB-DTPA-enhanced MRI is useful for evaluation of the
gross type and the presence of MVL'*?? In the present study, a
non-smooth tumor margin in the hepatobiliary phase of Gd-
EOB-DTPA-enhanced MRI was also found to be a significant
predictive factor of MVI, which is in accordance with a pre-
vious study.'*

We designed a scoring system using the serum AFP
level, the serum DCP level, tumor size, and tumor margin
in the hepatobiliary phase on Gd-EOB-DTPA-enhanced
MRI to predict MVI before curative treatment. To maxi-
mize clinical utility, only variables known preoperatively
were included. Therefore, although the gross type and
histological grade were associated with MVI in the uni-
variate analysis, they were not included in the multivariate
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Fig. 3 a Relationship between a
microscopic vascular invasion (%)
(MVI]) and our scoring system. b 100

Receiver operating characteristic

curve of our scoring system 90

1T P<0.0001 -

80

Score 1 Score 2

Score 0
122 6/25 1533

analysis. Using this proposed scoring system, we identi-
fied a group of patients (score of 3 or 4) who certainly
had MVI [91.7% (22/24) or 100% (14/14), respectively].
In contrast, few patients with 0 points had MVI [4.5%
(1/22)]. The AUC of this scoring system was 0.865,
which was much higher than each single predictive factor,
suggesting that this scoring system can predict MVI much
more precisely.

Our proposed scoring system could be useful for selecting
the appropriate treatment modalities. Several recent studies
have shown that RFA is not recommended as a curative treat-
ment for patients with HCC with the potential of MVI or poor
differentiation because of the high risk of local recurrence or
intrahepatic dissemination.'*>"'” Although the presence or ab-
sence of MVI could not be determined in patients with RFA,
the incidence of M VI in patients with RFA would be similar to
that of patients with hepatic resection.'” Patients with a score
of 0 points using our scoring system could be recommended to
undergo RFA because the possibility of MVI is quite low.
However, patients with a score of > 1 point using our scoring
system should not be recommended to undergo RFA; instead,
they should undergo hepatic resection. Although the preva-
lence of MVI was 24% with a score of 1 (i.e., either larger

Table 4 The odds ratio for microvascular invasion in our scoring
system

Score OR 95% CI P value
0 1

6.63 1.01-131 0.049
2 17.5 3.08-332 <0.001
34 304.5 38.3-7336 <0.0001

OR, odds ratio; CI, confidence interval

100 %
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tumor size or elevated tumor marker levels), Imamura et al.
reported that larger tumor size and elevated tumor marker
levels were the surrogate markers for poor differentiation as
well as MVI, while these were the risk factors of neoplastic
seeding after RFA.'® In addition, poorly differentiated carci-
noma itself was shown to be an independent predictor of
MVL.? Based on these findings, we recommend hepatic resec-
tion even for patients with a score of 1 point using our scoring
system.

Among hepatic resection, anatomical resection for HCC
with MVI was recommended with the finding that anatomical
resection theoretically involved systemic removal of the seg-
ment to which the MVI might spread in several previous
studies.'®**3! Anatomical resection is recommended when a
patient has good liver function, especially when they have 3 or
4 points in our scoring system, because of the extremely high
prevalence of MVI. In contrast, previous retrospective cohort
studies revealed that almost all areas of MVI or intrahepatic
metastasis were localized within 1 cm of the tumor margin in
patients with HCC of <3 ¢cm.****> When patients have inade-
quate liver function for anatomical resection, partial hepatec-
tomy with a wide tumor margin of > 1 cm would be permitted
for relatively small HCC lesions.

There were some limitations in this study. First, this study
was a retrospective study involving only patients who
underwent hepatic resection, meaning that selection bias
may have occurred. Second, due to the small sample size
and single-institution review, we were unable to perform a
validation of our prediction model. Nevertheless, we hope that
our simple clinical scoring system can be informative for
predicting MVI and determining the optimal therapeutic mo-
dality for patients with HCC within the Milan criteria. Future
studies to validate our scoring system should be performed in
other larger populations.
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