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Abstract

Purpose The aim of this study was to evaluate anatomical resection (AR) versus non-AR for primary solitary hepatocellular
carcinoma (HCC) with predicted microscopic vessel invasion (MVI) and/or microscopic intrahepatic metastasis (MIM).
Methods This retrospective study included 358 patients who underwent hepatectomy and had no evidence of MVI and/or
MIM on preoperative imaging. The predictors of MVI and/or MIM were identified. The AR group (n=222) and the non-AR
group (n=136) were classified by number of risk factor, and the survival rates were compared.

Results Microscopic vessel invasion and/or MIM were identified in 81 (22.6%) patients. A multivariate analysis showed that
high des-gamma-carboxy prothrombin concentration [odds ratio (OR) 3.35], large tumor size (OR 3.16), and high aspartate
aminotransferase concentration (OR 2.13) were significant predictors. The 5-year overall survival (OS) in the patients with
zero, one, two, and three risk factors were 97.4%, 73.5%, 71.5%, and 65.5%, respectively. The OS of AR is superior to that
of non-AR only in patients with one or two risk factors.

Conclusion The present findings suggest that AR should be performed for patients with one or two risk factors, and that AR

may prevent recurrence, as these patients are at risk of having MVI and/or MIM.

Keywords Hepatocellular carcinoma - Anatomical resection - Microscopic vessel invasion - Microscopic intrahepatic

metastasis - Risk factor

Introduction

Hepatocellular carcinoma (HCC) is the fifth leading cause of
cancer-related death in Japan [1]. Although the development
of surgical techniques and perioperative management has
achieved an overall survival (OS) rate of 40-60% at 5 years
after hepatectomy, HCC is still difficult to cure due to its
high recurrence rate [2—4]. Even when HCC is completely
surgically removed, it often recurs due to microscopic intra-
hepatic metastasis (MIM) via microscopic vascular invasion
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(MVI), as HCC has a high propensity for invading intrahe-
patic vessels [5-9].

Anatomical resection (AR) is the complete excision of
the tumor-bearing portal tributaries [10], and this proce-
dure may prevent MIM by preventing the dissemination of
hepatic parenchymal cells via the portal vein. A previous
propensity score-matched study reported that AR is not
superior to non-AR regarding the rates of local recurrence,
0OS, and relapse-free survival (RFS) in patients with solitary
HCC [11].

However, AR may be superior to non-AR in patients with
MVI, which is difficult to detect on preoperative imaging
in the absence of macroscopic vascular invasion [12, 13].
Preoperative risk factors have previously been reported for
the presence of MVI [14] and MIM [15]. The final goal of
the present study was to identify the patients who would
benefit from AR in terms of prognosis. We identified the
risk factors for the presence of MVI and/or MIM in patients
with a solitary HCC based on previous studies [14, 15], and
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compared the outcomes of AR versus non-AR in accordance
with the number of risk factors for MVI and/or MIM.

Patients and methods

A total of 403 patients with a primary solitary HCC under-
went hepatectomy with curative intent at the Division of
Hepato-Biliary-Pancreatic Surgery, Shizuoka Cancer Center
Hospital, between September 2002 and June 2017. We ret-
rospectively reviewed the hospital database records until
September 2019.

The present retrospective study was approved by the Insti-
tutional Review Board of Shizuoka Cancer Center (Approval
Number: J2019-60) and conformed to the ethical guidelines
of the World Medical Association Declaration of Helsinki-
Ethical Principles for Medical Research Involving Human
Subjects. Written informed consent was obtained for surgery
and use of the patients’ clinical data.

All included patients had undergone computed tomogra-
phy (CT) preoperatively. The methods used for CT imaging
and judging the presence of macroscopic vessel invasion
and/or intrahepatic metastasis have been described previ-
ously [14, 15]. The presence of macroscopic vessel inva-
sion and/or intrahepatic metastasis was judged based on the
radiology report.

All patients underwent preoperative blood examinations,
such as viral serological testing, assessment of tumor mark-
ers and laboratory assessment of liver function. Liver func-
tion was assessed using the Child—Pugh classification [16].
The diagnosis of HCC was histopathologically confirmed in
all patients. The typical part of the resected specimens was
cut into serial 2-3 mm thick slices and fixed in 10% formalin
for histopathological examinations. Based on the pathologi-
cal report, MVI was defined as the presence of either micro-
scopic portal vein invasion or venous invasion, while MIM
was defined as the presence of microscopic intrahepatic
metastatic tumors [14, 15]. The tumor stage was assessed on
the basis of the 7th edition of the Union Internationale Con-
tra le Cancer classification [17]. The details of the surgical
strategy and procedure have been previously reported [11].
Briefly, AR was performed for HCC in patients with hepati-
tis B virus or no hepatitis infection if possible, whereas non-
AR was performed in patients with hepatic C virus infection.
The types of hepatectomies were defined in accordance with
the Brisbane 2000 terminology [18]. In the present study,
AR was defined as more than a resection of liver paren-
chyma dominated by the third-order subsegmental portal
venous branches. In non-AR, liver resection was performed
to secure a surgical margin of at least 5 mm, if possible;
when this was impossible, liver resection was performed
without exposing the tumor surface on the parenchymal
transection.
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Patients underwent physical examination and blood
testing every 3 months postoperatively. Serial CT or liver
ultrasonography was performed in each patient every
3—6 months. When HCC recurrence was detected, the most
appropriate therapy was applied, after considering the
patient’s liver function and tumor factors; therapy options
included repeat hepatectomy, transcatheter arterial chem-
oembolization, radiofrequency ablation, or sorafenib.

Statistical analysis

Continuous variables are presented as the median and range
and were compared using the Mann—Whitney U test. Cat-
egorical variables were compared using the chi-squared test
or Fisher’s exact test, as appropriate. All factors that were
found to be significantly associated with the presence of
MVI and/or MIM (P < 0.05) according to univariate analyses
were entered into a multivariate analysis. The cut-off val-
ues of continuous variables were determined using receiver
operating characteristic (ROC) curves and Youden’s index.
The multivariate analysis was performed using the logis-
tic regression method with a backward stepwise selection
model. The survival period was defined as the time between
the day of surgery and the event date (all-cause death for the
OS, and recurrence for the RFS). The remaining patients
were censored at the last follow-up visit in September 2019.
The cumulative RFS and OS curves were analyzed using
the Kaplan—Meier method, and were compared using the
log-rank test. There were significant differences between
the AR and non-AR group in liver-related factors, tumor-
related factors, and etiology of liver disease. A propensity
score matching (PSM) analysis was performed to remove
any potential confounders which could lead to selection bias.
All statistical analyses were performed using the SPSS 24.0
software program (SPSS, Inc., Chicago, IL, USA). Two-
tailed P values of <0.05 were considered to be significant.

Results
Patient characteristics

Among the 403 patients with HCC, 44 were excluded from
the present study due to the presence of macroscopic ves-
sel invasion and/or intrahepatic metastasis on preoperative
imaging, while one was excluded due to a lack of histopatho-
logical results. The remaining 358 patients were included in
the present study. The patient characteristics are shown in
Table 1. Among 358 patients, 222 patients (62.0%) under-
went AR and there were 81 patients (22.6%) with MVI and/
or MIM.



Surgery Today (2021) 51:1429-1439 1431
Table 1 Clinicopathological characteristics
Characteristics All (N=358) AR (N=222) Non-AR (N=136) P
Age (years)” 70 (39-87) 71 (41-87) 68 (39-83) 0.231
Sex (men/women) 285/73 180/42 105/31 0.418
Etiology of liver disease (viral/non-viral) 204/154 105/117 99/37 <0.001
HBsAg-positive (%) 57 (15.9) 32 (14.4) 25(18.4)
Anti-HCV Ab-positive (%) 145 (40.5) 72 (32.4) 73 (53.7)
Both HBsAg-positive and anti-HCV Ab-positive (%) 2 (0.6) 1(0.5) 1(0.7)
Albumin (g/L)* 41 (23-56) 41 (23-56) 41 (29-51) 0.957
Total serum bilirubin (mg/dL)* 0.6 (0.2-2.3) 0.6 (0.2-1.1) 0.7 (0.2-2.3) 0.004
AST (IU/L)* 34 (16-143) 33 (17-135) 36 (16-143) 0.244
ALT (IU/LY* 33 (5-281) 31 (5-185) 37 (11-281) 0.014
Prothrombin time (%)* 88 (55-130) 89 (55-130) 87 (55-118) 0.057
Alpha-fetoprotein (ng/mL)* 9.6 (1.2-214,812) 7.9 (1.2-214,812) 11.8 (1.4-43,934) 0.569
Des-gamma-carboxy prothrombin (mAU/mL)* 132 (11-446,000) 392 (11-446,000) 46 (1-87,000) <0.001
Cirrhosis (present) 85 of 352 (24.1) 31 0f219 (14.2) 55 of 133 (41.4) <0.001
Child-Pugh classification (B) 6 (1.7) 3(1.4) 3(2.2) 0.678
Type of hepatectomy

Partial hepatectomy 136 (37.9) 0 136 (100) <0.001

Segmentectomy 46 (12.8) 46 (20.7) 0

Sectionectomy 89 (24.9) 89 (40.1) 0

Hemihepatectomy 77 (21.5) 77 (34.7) 0

Trisectionectomy 10 (2.8) 10 (4.5) 0
Tumor diameter (mm)* 35 (7-180) 50 (7-180) 25 (9-160) <0.001
Surgical margin (mm)* 5(0-43) 5(0-43) 5 (0-27) 0.248
MVI (present) 61 (17.0) 44 (19.8) 17 (12.5) 0.083
MIM (present) 43 (12.0) 33 (14.9) 10 (7.4) 0.044
MVI and/or MIM (present) 81 (22.6) 60 (27.0) 21 (15.4) 0.013
Tumor differentiation (well/moderately/poorly) 61/284/13 37/176/9 24/108/4 0.846
Tumor stage (I/II/I1I) 298/53/7 179/37/6 119/16/1 0.172

Values are presented as n (%) unless otherwise indicated

AR anatomical resection, HBsAg hepatitis B surface antigen, HCV hepatitis C virus, Ab antibody, AST aspartate aminotransferase, ALT alanine
aminotransferase, M VI microscopic vessel invasion, MIM microscopic intrahepatic metastasis

#Values represent the median (range)

RFS and OS after AR versus non-AR in patients
with MVI and/or MIM and those without MVI and/
or MIM

The 5-year RFS and OS rates in the patients with MVI
and/or MIM who underwent AR (23.4% and 52.3%,
respectively) did not significantly differ from the rates in
the patients with MVI and/or MIM who underwent non-
AR (20.0% and 94.7%, P=0.598 and P =0.082, Fig. 1a, b,
respectively). Furthermore, the 5-year RFS and OS rates
in the patients without MVI and MIM who underwent AR
(40.2% and 81.1%, respectively) did not significantly dif-
fer from the rates in the patients without MVI and MIM
who underwent non-AR (42.3% and 73.6%, P =0.543 and
P=0.067, Fig. lc, d, respectively).

Uni- and multivariate analyses performed
to identify the predictors of MVI and/or MIM
in primary HCC

There were significant differences between the patients
with and without MVI and/or MIM regarding four preop-
erative factors (Table 2). To convert these continuous vari-
ables to categorical variables, a ROC curve analysis was
performed. In the multivariate analysis, the following fac-
tors remained significant independent preoperative predic-
tors of MVI and/or MIM in patients with primary solitary
HCC: des-gamma-carboxy prothrombin (DCP) > 51 mAU/
mL, tumor diameter > 37 mm, and aspartate aminotrans-
ferase (AST) > 32 IU/L (Table 3).
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Fig. 1 Relapse-free survival curve (a) and overall survival curve (b)
after anatomical resection or non-anatomical resection in patients
with hepatocellular carcinoma with microscopic vessel invasion and/
or microscopic intrahepatic metastasis. The relapse-free survival

Table 2 Preoperative factors in
patients with primary solitary
hepatocellular carcinoma with
MVI and/or MIM and without
MVI and MIM
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curve (c¢) and overall survival curve (d) after anatomical resection or
non-anatomical resection in patients with hepatocellular carcinoma
without microscopic vessel invasion and/or microscopic intrahepatic

metastasis

With MVI and/or MIM  Without MVI and MIM P

n=81 n=277
Age (years)? 71 (42-83) 70 (39-87) 0.919
Sex (men/women) 68/13 217160 0.347
Etiology of liver disease (viral/non-viral)  43/38 161/116 0.446
Albumin (g/L)* 41 (23-56) 42 (29-51) 0.166
Total serum bilirubin (mg/dL)* 0.6 (0.3-1.1) 0.6 (0.2-2.3) 0.493
AST (U/L)* 40 (17-143) 33 (16-128) 0.001
ALT (IU/L)* 35 (5-281) 33 (7-191) 0.633
Prothrombin time (%)* 85 (55-130) 89 (55-125) 0.038
Alpha-fetoprotein (ng/mL)* 19.1 (1.4-199,133) 8.7 (1.2-214,812) 0.063
DCP (mAU/mL)* 433 (13-446,000) 91 (1-198,000) <0.001
Cirrhosis (present) 15 (18.5) 71 (25.6) 0.186
Tumor diameter (mm)* 56 (11-175) 33 (7-180) <0.001

Values are presented as n (%) unless otherwise indicated

MVI microscopic vessel invasion, MIM microscopic intrahepatic metastasis, AST aspartate aminotrans-
ferase, ALT alanine aminotransferase, DCP des-gamma-carboxy prothrombin

#Values represent the median (range)
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Table 3 Pred.ictors. of MV.I Variables Univariate analysis Multivariate analysis
and/or MIM in patients with
primary solitary hepatocellular Odds ratio (95% confi- P Odds ratio (95% confi- P
carcinoma dence interval) dence interval)
AST (>32IU/L) 2.22 (1.31-3.77) 0.003 2.13 (1.21-3.75) 0.009
Prothrombin time (<90%) 1.62 (0.97-2.69) 0.064
DCP (>51 mAU/mL) 5.58 (2.76-11.3) <0.001 3.35(1.57-7.13) 0.002
Tumor diameter (> 37 mm) 4.70 (2.76-7.99) <0.001 3.16 (1.73-5.78) 0.002

MVI microscopic vessel invasion, MIM microscopic intrahepatic metastasis, AST aspartate aminotrans-
ferase, DCP, des-gamma-carboxy prothrombin

RFS and OS in accordance with the number of risk
factors for MVI and/or MIM

There were 48, 115, 114, and 81 patients with zero, one,
two, and three of the identified risk factors, respectively. The
incidences of MVI and/or MIM in the patients with zero,
one, two, and three risk factors were 4.2%, 9.6%, 25.7%,
and 48.1%, respectively, and the incidence of MVI and/or
MIM significantly increased as the number of risk factors
increased (P <0.001).

The 5-year RFS rates in the patients with zero, one, two,
and three risk factors for MVI and/or MIM were 63.9%,
38.2%, 31.9%, and 26.9%, respectively (Fig. 2a). The RFS
of the patients with zero risk factors was significantly better
than that of the patients with one, two, and three risk factors
(P=0.011, P=0.001, and P <0.001, respectively). The RFS
rate of the patients with three risk factors was significantly
poorer than that of the patients with zero and one risk fac-
tor (P=0.004 and P <0.001, respectively). In contrast, the
RFS rate did not significantly differ between patients with
one versus two risk factors (P =0.093), and between patients
with two versus three risk factors (P=0.119).

The 5-year OS in the patients with zero, one, two, and
three risk factors for MVI and/or MIM were 97.4%, 73.5%,
71.5%, and 65.5%, respectively (Fig. 2b). The OS of the
patients with zero risk factors was significantly better than
that of the patients with one, two, and three risk factors
(P=0.001, P=0.002, and P <0.001, respectively). In con-
trast, the OS rate did not significantly differ among patients
with one, two, and three risk factors.

AR versus non-AR classified by the number of risk
factors for MVl and/or MIM

AR was performed in 18 (37.5%), 57 (49.6%), 77 (67.5%),
and 70 (86.4%) patients with zero, one, two, and three risk
factors for MVI and/or MIM, respectively. We divided
the patients into three groups with zero, one or two, and
three risk factors because the OS rates of the patients with
one and two risk factors were almost the same, and there
was a marginal difference in the OS of the patients with

one or two risk factors versus those with three risk factors
(P=0.078). The RFS and OS of the patients who under-
went AR and non-AR are shown in Fig. 3. The RFS did not
significantly differ between the patients with zero (Fig. 3a,
P=0.288), one or two (Fig. 3b, P=0.067), and three risk
factors (Fig. 3c, P=0.484). However, there was a marginal
difference in the RFS of the patients with one or two risk fac-
tors. The OS did not significantly differ between the patients
with zero (Fig. 3d, P=0.583) and three risk factors (Fig. 3f,
P=0.462). The OS of AR was superior to that of non-AR
only in the patients with one or two risk factors (Fig. 3e,
P=0.014).

Clinicopathological characteristics of the patients
with one or two risk factors

Within the group of patients with one or two risk factors,
there were significant differences between the AR and non-
AR group in liver-related factors, tumor-related factors, and
etiology of liver disease (Table 4). The one-to-one PSM
selected 51 patients in each group. After PSM, there were
no significant differences in RFS (Fig. 4a, P=0.908) and
clinicopathological characteristics between the AR and non-
AR groups (Table 4). The OS of AR was still superior to that
of non-AR after PSM (Fig. 4b, P=0.034).

Discussion

The present study showed that the significant predictors of
the presence of MVI and/or MIM in patients with primary
solitary HCC were the preoperative DCP and AST levels,
and tumor diameter, and that AR was useful for patients with
one or two of these risk factors.

It remains controversial as to whether AR or non-AR is
better for HCC. Some studies report that AR is oncologically
superior to non-AR [10, 19-27], whereas others report that
AR does not have superior outcomes to non-AR and thus
recommend non-AR for HCC with cirrhosis to preserve liver
function [11, 28-32]. A randomized controlled study is cur-
rently being performed to evaluate the impact of AR on the
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Fig.2 The relapse-free survival A

curve (a) and overall survival 1.0-
curve (b) in accordance with the
number of risk factors for the
presence of microscopic vessel
invasion and/or microscopic
intrahepatic metastasis
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oncological outcomes of HCC (UMIN ID: C000000086).
AR is technically challenging, especially in subsegmentec-
tomy; however, it is important for surgeons to learn this pro-
cedure as one of the treatment options for HCC, regardless
of the oncological benefit.
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AR was first introduced in 1993 [10]. A study performed
in 2005 showed that the OS and RFS of AR were superior
to those of non-AR; however, the patient background char-
acteristics significantly differed between the AR and non-
AR groups, especially regarding liver function [19]. A study
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Fig. 3 The relapse-free survival curve (a—c) and overall survival curve (d—f) of anatomical resection and non-anatomical resection classified by
number of risk factors (zero, one or two, and three) for the presence of microscopic vessel invasion and/or microscopic intrahepatic metastasis
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Table 4 Clinicopathological characteristics in the patients with one or two risk factors

Characteristics Before matching After matching
AR Non-AR P AR Non-AR P
n=138 n=91 n=51 n=51
Age (years)” 71 (41-83) 68 (45-83) 0.205 70 (44-83) 71 (50-83) 0.634
Sex (men/women) 115/23 71/20 0.387 37/14 38/13 1.000
Etiology of liver disease (viral/non-viral)  66/72 22/69 <0.001 37/14 33/18 0.522
HBsAg-positive (%) 20 (14.5) 11 (12.1) 10 (19.6) 7(13.7)
Anti-HCV Ab-positive (%) 46 (33.3) 58 (63.7) 27 (52.9) 26 (51.0)
Albumin (g/L)* 42 (23-48) 41 (32-51) 0.181 42 (33-48) 42 (34-49) 0.896
Total serum bilirubin (mg/dL)* 0.6 (0.2-1.1) 0.7 (0.3-1.5) 0.002 0.6 (0.3-1.1) 0.6 (0.3-1.3) 0.369
AST (U/L)* 29 (17-99) 42 (17-143) <0.001 34 (18-99) 36 (17-77) 0.784
ALT (U/L)* 28 (7-150) 44 (11-281) <0.001 40 (13-150) 37 (11-83) 0.507
Prothrombin time (%)* 90 (38-130) 85 (55-118) 0.005 90 (59-117) 87 (64-118) 0.627
Alpha-fetoprotein (ng/mL)* 7.0 (1.6-214,812)  13.8 (1.543,934) 0.010 8.0 (1.6-24,781) 9.9 (1.5-2,813) 0.941
DCP (mAU/mL)* 209 (11-86,400) 56 (8-20,300) <0.001 120 (13-8,840) 63 (10-20,300)  0.089
Cirrhosis (present) 22 of 135 (16.3) 42 of 89 (47.2) <0.001 150f49 15 of 49 1.000
Child—Pugh classification (B) 2(1.4) 1(1.0) 1.000 1(2.0) 0 0.495
Tumor diameter (mm)* 40 (14-160) 25 (9-80) <0.001  30(14-115) 28 (10-80) 0.256
Surgical margin (mm)* 4(0-42) 5(0-27) 0.069 5(0-42) 5 (0-27) 0.919
MVI (present) 21(15.2) 11 (12.1) 0.563 8 (15.7) 5(9.8) 0.554
MIM (present) 11 (8.0) 5(5.5) 0.600 2(3.9) 1(2.0) 1.000
MVI and/or MIM (present) 28 (20.3) 12 (13.2) 0.213 9(17.6) 5(9.8) 0.389

Values are presented as n (%) unless otherwise indicated

AR anatomical resection, HBsAg hepatitis B surface antigen, HCV hepatitis C virus, Ab antibody, AST aspartate aminotransferase, ALT alanine
aminotransferase, DCP des-gamma-carboxy prothrombin, MVI microscopic vessel invasion, MIM microscopic intrahepatic metastasis

#Values represent the median (range)

performed 10 years later showed that complete removal of
the tumor-bearing portal territory, namely AR, decreases
local tumor recurrence and improves RFS [26]. In contrast
to the earlier study [19], this study showed that AR did
not result in a superior OS compared with non-AR [26].
In 2015, a study published by a group of authors from the
same department as the authors who performed the above-
mentioned studies [10, 19, 26] showed that the performance
of three or more repeat hepatectomies has the same effect
on the outcome as the performance of a second hepatectomy
[33]. However, although the outcomes of AR and non-AR
were equivalent, the authors emphasized the importance of
performing AR in the first hepatectomy to obtain a good
outcome after repeat hepatectomy, even if the repeat hepa-
tectomy comprised non-AR [33]; this seems to contradict
their opinion regarding the equivalence of AR and non-AR.

Overall, the findings of earlier studies related to AR seem
to suggest that the outcome does not depend on the operative
procedure (AR or non-AR), but rather depends on the treat-
ment strategy of each facility [19-32]. Namely, it remains
possible that the outcome after non-AR is poorer than that
after AR because non-AR is only performed for patients
with poor liver function in facilities where AR is performed
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to the extent allowed by liver function. It is possible that
the outcome after non-AR is actually comparable to that
after AR, as the non-AR group includes the patients with
adequate liver function in facilities where the preferred sur-
gical procedure is not AR.

In theory, the outcome of the patients without MVI
and/or MIM should be equivalent after AR or non-AR,
as the outcome depends on the liver function rather than
on the operation procedure. In contrast, the outcome of
patients with MVI and/or MIM should be improved by
performing AR to completely remove the tumor-bearing
portal territory. This theory is supported by a study in
which AR significantly improved the RFS in patients
with MVI [27], but is contradicted by a study in which
AR for HCC with microscopic portal invasion (vpl) did
not affect the RFS or OS [34]. This discrepancy between
studies may be due to differences in the background viral
status; the former study included numerous patients with
the hepatitis B virus [27], while the latter study included
numerous patients with the hepatitis C virus [34]. Patients
with the hepatitis C virus often experience multi-centric
recurrence. The present study also showed that AR did not
affect the RFS or OS of patients with MVI and/or MIM in
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comparison with non-AR, similar to the outcomes of the
latter study published by a Japanese group [34]. Although
the present study showed that AR achieved a superior
OS but not RFS in the patients with one or two risk fac-
tors, even after PSM, the concept of AR means that AR
contributes to the improvement of RFS rather than OS.

Although we have no clear explanation for this discrep-
ancy, the present study included numerous patients with
the hepatitis C virus (40.5%), so several recurrences in the
non-AR group before PSM may have been multi-centric
recurrences that could not be prevented by AR because
the non-AR group had significantly poorer liver-related
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factors and a significantly higher rate of hepatitis C virus
infection than the AR group. After PSM, the RFS curves
of the AR and non-AR groups were similar because of the
low incidence of multi-centric recurrence in the non-AR.
However, it is difficult to determine the clear reason for the
better OS in the AR group than the non-AR group in the
present study. We therefore need to verify the reproduc-
ibility of the present results in an external validation set
or in a prospectively study.

The present study identified three factors that were sig-
nificant predictors of the presence of MVI and/or MIM in
patients with primary solitary HCC, and showed that the
outcome of patients with zero risk factors was significantly
better than that of patients with risk factors, whereas the
outcome of the patients with all three risk factors was
worse than that of the patients with zero, one, and two
risk factors. Among these patients, AR only affected the
OS in patients with one or two risk factors. The present
results suggest that AR is not needed in patients with none
of these three risk factors, as the incidence of MVI and/
or MIM in such patients is extremely low. In contrast, the
outcome of patients with all three risk factors was sub-
stantially worse than that of patients with less than three
risk factors, and even AR cannot prevent recurrence in
patients with all three risk factors. This fact suggests that
HCC may become systemic once the tumor has infiltrated
the vasculature, and so AR might not prevent recurrence.

The present study is associated with several limita-
tions. First, the retrospective single-center design may
have resulted in selection bias. Therefore, we performed
the PSM analysis to exclude the selection bias as much
as possible. However, further prospective multi-institu-
tional studies are needed to objectively validate the pre-
sent results. Second, although the ORs slightly differed
among the risk factors, the analyses were performed
without considering the relative weight or importance of
each of the three predictors for the presence of MVI and/
or MIM. Finally, the incidence of MVI and/or MIM in
the patients with one or two risk factors whose prognosis
were improved by AR was quite low (17.5%). The pos-
sible reason for the low incidence of MVI and/or MIM in
the current study depended on the fact that not all of the
specimens were cut into the slide, and then we might miss
the presence of MVI and/or MIM in some patients. Such
patients therefore may have higher incidence of MVI and/
or MIM than that in the current value if all the specimens
were cut into the slides.

In conclusion, the present findings suggest that AR
should be performed for patients with one or two risk fac-
tors for the presence of MVI and/or MIM, and that AR
may prevent recurrence because these patients have a cer-
tain risk of MVI and/or MIM.
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