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patients with macroscopic vascular invasion were
excluded from this study. Further, 20 patients had
microvascular invasion {MVI positive group), and the
remaining 147 patients did not have micro- or
macrovascular (portal or/and hepatic vein) invasion
{MVI negative group). Thus, 167 patients who under-
went curative resection for solitary HCC were analyzed
in this study. The medical records of 167 patients were
reviewed through May 2012. The median follow-up
period in this series was 46 months.

Surgical indication and procedure

The criteria for liver resection included undetectable/
controllable (by diuretics) ascites and serum total bili-
rubin level less than 2.0 mg/dL. The resection volume
was decided based on Makuuchi's criteria.’” The details
of the surgical procedure have been reported previ-
ously. An ultrasonic dissector (SonoSurg system;
Olympus, Tokyo, Japan) was used for parenchymal
transection, and small vessels were coagulated using
the VIO soft-coagulation system (VIO 300D; ERBE
Elektromedizin, Tibingen, Germany). Vascular chan-
nels were ligated using a synthetic absorption string or
clips. Liver inflow was occluded before liver resection in
major hepatectomy, but the methods of occlusion
varied (Pringle maneuver, selective hemihepatic vascu-
lar occlusion, or none) in minor hepatectomy. The
abdominal cavity was irrigated with 4 L of warm saline.
A drain was not inserted.

Patient follow-up

Afier discharge, the patients were followed-up at 2
months after surgery and then every 1-2 months. All
patients were screened for the tumor marker, alpha-
fetoprotein (AFP) and protein induced by vitamin K
absence or antagonist II (PIVKA II) every 1-2 months
and underwent abdominal ultrasonography or
enhanced computed tomography (CT) every 3-4
months. If recurrence was suspected, the lesion was con-
firmed by hepatic angiography, enhanced magnetic
resonance imaging {MRI), a lung CT and/or a bone
scintigram. After detecting recurrence, appropriate
therapeutic modalities were administered, and the same
surveillance was performed.

Data collection

To identify factors for detecting MVI preoperatively and
to investigate clinicopathologic factors related to the
postoperative disease-free survival of HCC patients with
MVI, 37 variables were assessed for each patient. Preop-
erative factors included patient age, gender, preoperative

©® 2013 The Japan Society of Hepatology
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transcatheter arterial chemoembolization {TACE), hepa-
titis B virus, hepatitis C virus, use of antiviral therapy,
history of rupture, diabetes mellitus, body mass index
(BMI), American Society of Anesthesiologists (ASA),
Child-Pugh dassification, serum albumin, total biliru-
bin (TB), prothrombin time (PT), aspartate aminotrans-
ferase {AST), alanine aminotransferase {ALT), platelet
count, ICG R15, collagen type IV, and hyaluronic acid
(HA). Tumor-related factors included AFP, PIVKA-I],
fucosylated AFP (L3-AFP), and tumor size. Surgical
factors included resected liver volume, blood transfu-
sion, resection procedure, surgical time, surgical bleed-
ing, and surgical margin. Surgical margin was defined by
the macroscopically measured distance between the
tumor and the cut end of the liver. MVI was defined as
microscopic tumor invasion identified in portal or
hepatic vein of the surrounding liver tissue, which was
contiguous to the tumor.”” Intrahepatic micrometastasis
(im) was defined as satellite micronodules in the sur-
rounding liver tissue, isolated from the main tumor,
according to the General Rules for the Clinical and
Pathological Study of Primary Liver Cancer (5th Edition,
revised version, Liver Cancer Study Group of Japan).'®
The other invasive gross type, extent of tumor differen-
tiation, tumor capsule invasion {fc-inf), and back-
ground liver histology were pathologically diagnosed in
accordance with the Liver Cancer Study Group of Japan
by two special pathologists, too. Curative resection was
defined as an operation in which all tumors were
removed macroscopically and in which there was no
residual tumor in the remnant liver or abdominal cavity
after clinical and ultrasonographic examination.

In this study, cut-off value of tumor size was set to
3 am because the indication of Radio Frequency Abla-
tion (RFA) in our institution was <3 cm in tumor size
and cut-off value of PIVKA-II was obtained from a
receiver operating characteristic (ROC) curve and
Youden index {AUC = 0.8027, specificity = 0.6593, sen-
sitivity = 0.8421).

Statistical analysis

Continuous variables are expressed as medians. Con-
tinuous variables were compared using Student’s t-test.
Statistical comparisons between the two groups were
made using the % test, Fisher’s exact test, and the Mann-
Whitney U-test for nonparametric data. Factors that
were found to be significant on univariate analysis were
also subjected to multivariate logistic regression analysis
to determine adjusted odds ratios. Overall survival rates
were calculated by the Kaplan-Meier method using the
log-rank test to analyze differences. All analyses were
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performed using the JMP version 9.0 software package
(SAS Institute, Cary, NC, USA) on Mac OS X. Values of
P < 0.05 were considered significant.

RESULTS

EAN AGE OF the 167 patients {129 males, 38

females) in this study was 67 years (range, 33 to
83 years), and median duration of follow-up after hepa-
tectomy was 46 months (2 to 12 years). Of the 167
patients, 20 patients (12%) had microvascular invasion
(MVI).

In this study, the cut-off value for tumor size was
sel to 3 cm according o our institutional criteria for
indication of Radio Frequency Ablation (RFA) therapy.
On the other hand, with respect to PIVKA-II, the
cut-oft value for PIVKA-II (2150) was obtained
using receiver operating characteristic {ROC) curve and
Youden index (AUC=0.8027, specificity=0.6593,
sensitivity = 0.8421; Fig. 1)

The clinical characteristics of the 167 patients with
solitary HCC are sumumarized in Table 1. The MVI posi-
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Figure 1 The receiver operating characteristic (ROC) curve
of protein induced by vitamin K absence or antagonist 11
(PIVKA-1I). We analyzed PIVKA-1l and the presence of micro-
vascular invasion using a ROC curve and Youden index
(area under the curve [AUC|=0.8027). The PIVKA-Il = 150
mALl/mL was suggested to be the best cut-off value for pre-
dicting the presence of microvascular invasion (specific-
ity = 0.6593, sensitivity = 0.8421).
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tive group maintained better background liver function
than the MVI negative group in terms of serum albumin
level and Child-Pugh classification. With respect to
preoperative tumor-related factors, univariate analysis
revealed that positive L3-AFP (P=0.0001), PIVKA-II
2150 mAU/mL (P <0.0001) and tumor size >3 cm
(P=0.0013) were associated with positive MVI. Con-
cerning surgical factors, such as surgical time, surgical
bleeding, intraoperative transfusion rate, and surgical
margin, there was no significant difference between the
two groups. Concerning pathological factors, the MVI
positive group showed features of advanced tumor
more frequently, such as positive fc-inf (80 vs. 43%;
P=0.0032), intrahepatic metastasis (40 vs. 8%; P=
0.0005), and invasive gross type (60 vs. 29%; P=
0.0091) when compared with the MVI negative group.
Multivariate analysis of preoperative factors showed that
independent predictors of positive MVI were PIVKA-II
2150 mAU/mL {odds ratio [OR], 95% confidence inter-
val [95% CI}, sensitivity, specificity and global accuracy;
5.19, 1.44-24.87, 0.85, 0.68, and 0.7, respectively) and
positive L3-AFP (odds ratio, 95% Cl, sensitivity, speci-
ficity and global accuracy; 3.47, 1.19-10.75, 0.65, and
0.77, respectively) (Table 2).

The median disease-free survival was significantly
shorter in the MVI positive group than the MVI negative
group {432 vs. 760 days; P=0.0243; Table 1). Recur-
rence rates at 1, 2, and 3 years after hepatectomy in the
MVI positive group were 44%, 59%, and 59%, respec-
tively, and were significantly worse than those (29%,
40%, and 48%) in the MVI negative group (P = 0.0361;
Fig. 2).

Figure 3 shows the disease-free survival curve strati-
fied according to surgical margin (SM)> 10 mm or
<10 mm in the MVI negative group. The 1-, 2- and
3-year disease-free survival rates in patients with SM
<10 mm were similar to those with SM 210 mm in the
MVI negative group.

In contrast, in the MVI positive group, the 1-, 2- and
3-year disease free survival rates in patients with SM
210 mm (mean+SD: 13.2:+4.37 mm) were signifi-
cantly better than those of patients SM < 10 mm
{mean + 8D: 2.2 £ 2.35 mm) (78%, 58%, and 58% vs.
38%, 29%, and 29%, respectively, P=0.0263; Fig. 4).

DISCUSSION

HE PRESENT STUDY demonstrated that the pres-
ence of MVI is a significant risk factor affecting
disease-free survival of patients with solitary HCC after
curative hepatectomy. Therefore, it is important to

© 2013 The Japan Society of Hepatology
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Table 1 Comparison of dlinical characteristics with and without microvascular invasion (MV1) after curative hepatectomy in

solitary hepatocellular carcinoma (HCC) patients

Factors MVI positive (n=20) MVI negative (n=147) DP-value
Background characteristics
Gender (Male/Female)t 17/3 112/35 0.5704
Age (years) 66 (33-78) 68 {49-83) 0.2503
Preoperative TACE (yes)# 6 (30%) 61 (42%) 0.4665
Viral infection (yes)# 17 (85%) 126 (86%) 1.0000
HCV infection# 10 (50%) 84 (57%) 0.6333
Antivirus therapy# 6 (30%) 31 (21%) 0.3928
Rupture (yes)# 1 (5%) 6 (4%) 0.5977
Child-Pugh B# 2 (10%) 28 (19%) 0.5342
Diabetes mellitus# 4 (20%) 35 (24%) 1.0000
Body mass index# 21 (17-27) 22 (17-32) 0.1978
ASA (23)% 2 (10%) 16 (11%) 1.0000
Albumin {g/dL) 4.3 (3.4-4.8) 4.0 (1.8-4.8) 0.0525
Total bilirubin (mg/dL) 0.6 (0.4-1.2) 0.7 (0.2-6.0) 0.2474
Prothrombin time (%) 97 (87-131) 90 (36-125) 0.0941
AST (1U/L) 43 (16-222) 38 (10-174)% 0.5339
ALT (1U/L) 40 (8-257) 36 (8-209) 0.3417
Platelet {(x10*/uL) 20.1 (9.5-51) 14.6 (2.9-78)% 0.1538
ICG R15 (%) 12.4 (4.0-28) 16.3 (2.2-50) 0.4652
Collagen type IV (ng/mL) 198 (112-343) 169 (73-477) 0.3778
HA (ng/mL) 80 (9-493) 119 (9-740)% 0.1804
Tumor related factors
AFP (ng/mL) 121 (2-33 241) 13 (2-18 514) 0.2310
L3 (positive)# 13 (65%) 31 (21%) 0.0001
PIVKA-Il (mAL}/mL) 1080 (21-37 100) 47 (1-40 200) 0.0002
>150% 17 (85%) 47 (32%) <0.0001
Tumor size (cm) 4,6 (1.5-21) 3(1.0-12) 0.0075
231 18 (90%) 75 (51%) 0.0013
Surgical factors
Anatomical resection} 13 (65%) 64 (44%) 0.0941
Surgical time {min) 335 (195-930) 290 (120-860) 0.3388
Surgical bleeding (mL) 675 (40-5 845) 493 (30-4 540) 0.0557
Surgical margin (mm) 8 (0-20) 5 (0-30) 0.5012
Blood transfusion# 7 (35%) 30 (20%) 0.1555
Resected liver volume (g) 226 (55-1 560) 110 (10-900) 0.0817
Pathological factors
Poorly differentiated# 2 (10%) 6 (4%) 0.2780
Fe-inft 16 (80%) 61 (43%) 0.0032
Intrahepatic metastasis$ 8 (40%) 12 (8%) 0.0005
Invasive gross typet 12 (60%) 42 (29%) 0.0091
Pathological cirthosis# 6 (30%) 59 (40%) 0.4683
Disease-free survival (days) 432 (63-2 890) 760 (54-6 550) 0.0243

Median with range, unless specified.
+Number of patients.
$Data are no. (%) of patients.

AFP, alpha-fetoprotein; ALT, aspartate aminotransferase; ASA, American Society of Anesthesiologists; AST, alanine aminotransferase;
Fc-inf, Infiltration into capsular formation; HA, hyaluronic acid; 1CG R15, indocyanine green retention rate at 15 minutes; invasive
gross type, single nodular type with extranodular growth or confluent multinodular type; 13, Lens culinaris agglutinin-reactive fraction of
AFP; PIVKA-II, protein-induced vitamin K absence-1I; TACE, transcatheter arterial chemoembolization.

© 2013 The Japan Society of Hepatology
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Table 2 Predictors of microvascular invasion by preoperative factors in solitary hepatocellular carcinoma (HCC) patients

Factors

PIVKA-I1 = 150 (mAU/mL)
L3: positive
Tumor size 23 cm

Multivariate Odds ratio 95% Cl
0.0109 5.19 1.44-24.87
0.0229 3.47 1.19-10.75
0.0616

CI, confidence interval; L3, Lens culinaris agglutinin-reactive fraction of AFP; PIVKA-1I, Protein-induced vitamin K absence-1I.

Figure 2 Recurrence curves of patients
with microvascular invasion (MVI)
(n=20) and without MVI (n=147)
in solitary hepatocellular carcinoma
(HCC). Recurrence rates at 1, 2, and 3

years after hepatectomy in the MVL

positive group were significantly worse
than those in the MVI negative group
(44%, 59%, and 59%, vs. 29%, 40%,
and 48%, respectively, P=0.0361).
—, MVI (+) (n=20); ---, MVIL (=)
(n=147).

Figure 3 Disease free survival curves of
patients without microvascular inva-
sion (MVI) in solitary hepatocellular
carcinoma (HCC) with surgical margin
(SM) 210 mm (n=55) and surgical
margin (SM) < 10mm (n=92). There
is no disease free survival impact of sur-
gical margin for MVI negative group
in solitary HCC. —, SM > 10 mm; - - -,
SM <10 mm.
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Number at risk 38%, 29%, and 29%, respectively,
—— SM=10mm 10 8 7 [} 6 6 P=0.0214). —, SM 210 mm; - - -, SM
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predict the presence of MVI prior to treatment, such
as hepatectomy. However, since MVI is a microscopic
finding, preoperative diagnosis is often impossible.
Thus, the purpose of this study was: (i) to predict
the presence of MVI preoperatively, to help facilitate
treatment decisions; and (ii) to optimize the surgical
approach and perioperative management for patients
with MVI.

Several studies have reported that HCC patients with
macro- and/or microvascular invasion have unfavorable
‘prognoses.®*! The presence of macroscopic vascular
invasion is detected relatively easily using routine
imaging examination before treatment; in contrast, due
to its histopathological nature, it is difficult to diagnose
MVI even with the latest imaging procedures, such as
ultrasonography, CT and MRI. Moreover, the presence
of microvascular invasion is consistently reported as a
risk factor for early recurrence.®***

Some studies have reported that preoperative predic-
tors of MVI included large tumor size, multiple tumor
number, poor differentiation, invasive gross type, age
(<65 years) and high level of PIVKA-IL." But there was
no correlation among most factors aforementioned in
the present study because patients who were concomi-
tant with a multiple number and/or macroscopic
vascular invasion were excluded. The present study dem-
onstrated that PIVKA-II {150 mAU/mL), positivity of
L3-AFP and tumor size (23 cm) were significant risk

© 2013 The Japan Society of Hepatology

factors for MVI by univariate analysis, among which the
former two were identified as independent risk factors
on the multivariate analysis. Many studies have reported
that PIVKA-II and L3-AFP reflect unfavorable biological
behavior and a worse histological grade of tumors,
such as poor differentiation, tendency for rapid growth,
early invasion, and intrahepatic micrometastasis.®
Koike er al** demonstrated that PIVKA-IT was more spe-
cific than AFP in terms of predicting portal vein invasion
in a prospective study. With respect to the significance of
L3-AFP, Zang etal classified patients afier curative
partial hepatectomy into three groups according to
changes in pre/postoperative L3-AFP. Success of AFP-L3
conversion to negativity was an indicator for successful
treatment of HCC but failure of AFP-L3 conversion to
negativity or further elevation of AFP-L3 was a warning
sign and was significantly correlated with tumor recur-
rence, particularly for distant metastases. The high speci-
ficity of AFP-L3 positivity makes it a desirable marker for
patient follow-up after therapy.

Recent studies have reported that preoperative CT-
imaging and diffusion-weighted MRI can be used to
detect intrahepatic micrometastasis,® MVI,*-* and poor
differentiation of HCC.**?® Thus, in the future, tumor
malignancy will likely be diagnosed more accurately by
combining preoperative imaging and tumor markers.

Anatomical resection or partial hepaticresection with a
wide tumor margin is recommended to eradicate MV
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Anatomical resection can, in theory, ideally eradicate
MVI confined to tumor-bearing portal tributaries. 1Inex-
pectedly, anatomical resection in this series was not
shown to impact disease-free survival in patients with
solitary HCC. However, the disease-free survival rate
associated with SM > 10 mm was significantly better
than that associated with S$M < 10 mm in MVI-positive
patients. Nakashima et al.®® reported that the distance
from intrahepatic micrometastasis to the tumor margin
was 10 mm or shorter in 118 (79.2%) of 149 HCC of
size <3 cm. Therefore, hepatectomy with a wide tumor
margin of 210 cm is recommended for local control of
MVI, as MVI was associated with intrahepatic micro-
metastasis in approximately 40% of cases in this
study.

The results from several recent studies, including ran-
domized controlled trials or meta-analysis, have led to
the consideration of RFA as an effective altenative to
resection in patients with smaller HCCs. Although there
were only a few cases with MVI in patients with solitary
HCC< 3 cm in this study, Yamashita et al.*® reported
that even the tumor size <2 an was accompanied by
MVI in up to 29% in their cases. Thus, ablation therapy
should be decided by considering not only the tumor
size and the number, but also the tumor status, espe-
cially with reference to MVI. However, since this was a
single-institution study, more data must be accumulated
from a multi-center study in the future.

Qur results suggest that PIVKA-II=150 mAU/mL
and positive L3-AFP are useful and reliable parameters
of the presence of microvascular invasion of solitary
HCC.
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x£ 4 ORI Surgical site infections (SSIs) & IR R YE

TP A Y ERUEIFEY R

P-value

(n=42) (n=147) (n=52) a) vsb), a) vsc). b) vsc)
FHTERAL %G (SSIs)
Superficial or deeb 7 (15790) 3 (54%) 3 (58%) P=002, N.D, N.D
incisional SSIs
Organ/space SSIs 7 (16.7%) 12 (82%) 2 (38%) P=004, N.D, N.D
I 25 B B E 2 (48%) 9 (6.1%) 2 (5.8%) N.D, N.D, N.D
R G E 1 (23%) 3 (20%) 1 (19%) N.D, NND. N.D
B 7 &Y E 1 (23%) 7 (47%) 2 (33%) N.D, ND, N.D
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xR 6 FHABAEDIWERENICBY 2B PHEE & SSI OREER
FFEI B WP EREL L 7z JBH A SSI DR E Type of SSI*
1 61F Left hepatectomy E. coli, Bacteroides sp. E. coli 0
2 51 M Left hepatectomy Enterococcus sp., Klebsiella sp.  Enterococcus sp., MRSA 0
3 42 M Lateral sectionectomy Klebsiella sp., Bacteroides sp. Klebsiella sp. 0
4 54 M Lateral sectionectomy E. coli Enterobacter sp., MSSA 0
5 65F Right hepatectomy Enterococcus sp., Klebsiella sp. Enierococcus sp., Klebsiella sp. 0
6 46 F Lateral sectionectomy Enterococcus sp., E. coli Enterococcus sp S
7 55 F Lateral sectionectomy E. coli E. coli, S. epidermidis S
8 67F Right hepatectomy Serratia sp. Pseudomonas sp. S
9 72M Left hepatectomy E. coli, Bacteroides sp. E. coli S
10 69 F Left hepatectomy Pseudomonas sp. Pseudomonas sp. S

*0 : organ/space SSI, S : superficial or deep SSI
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