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Abstract. Aim: The aim of this study was to investigate
the prognostic factors associated with extrahepatic
metastasis of primary hepatocellular carcinoma (HCC).
Patients and Methods: We retrospectively analyzed 559
patients with HCC who underwent curative hepatectomy.
We divided the patients into no recurrence (NoR),
intrahepatic early recurrence (IHER), intrahepatic late
recurrence (IHLR), and extrahepatic recurrence (EHR)
groups. We compared the non-metastatic group (IHLR and
NoR) with the metastatic group (IHER and EHR) and also
compared IHER with EHR to determine risk factors for
EHR. Results: There were 252, 163, 109, and 35 patients
with NoR, IHER, IHLR, and EHR, respectively. For the
EHR group, the independent risk factor was vascular
invasion. The EHR group had better liver function and
worse tumor factors. Conclusion: Vascular invasion is
predictive of extrahepatic metastasis of HCC.

Hepatocellular carcinoma (HCC) is the most common
primary liver cancers. The majority of patients with HCC
develop metastases after curative resection. Most HCC cases
develop intrahepatic metastases and intrahepatic recurrence
is classified into early and late intrahepatic recurrence
because of the differences in the recurrence pattern (1-3).
The rate of extrahepatic metastasis is much lower, only 6.7%
to 13.5% (4, 5), but the prognosis of patients with
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extrahepatic metastasis of HCC is extremely poor because
once distant metastases occur, effective treatment is limited.

Adjuvant therapy such as oral chemotherapeutic agents
and acyclic retinoid acid after curative resection has been
proposed to prevent postoperative recurrence of HCC. Some
studies found improvement in tumor-free survival and
postoperative survival (6, 7), but other studies did not
identify any effectiveness of adjuvant therapy (8-10). These
studies included all patients after curative resection of HCC
but it is important that suitable patients are chosen after
consideration of the risk of recurrence for adjuvant therapy.
A limited number of studies have reported on the risk factors
of intrahepatic early recurrence (IHER), intrahepatic
recurrence, and extrahepatic recurrence (EHR).

In the present study, in order to establish indications for
adjuvant chemotherapy, we investigated the prognostic factors
that predict recurrence after resection of the primary tumor.
In addition, we investigated the clinicopathological features
related to extrahepatic metastases of HCC versus IHER.

Patients and Methods

This study retrospectively reviewed 559 consecutive patients with
primary HCC who underwent curative hepatic resection in our
hospital between January 2003 and December 2012. Curative
resection was defined as complete macroscopic removal of the
tumor and no exposure of the tumor cells on the cut surface or
vascular invasion. These patients were followed-up closely until
March 31, 2015.

In the present study, we divided the patients after curative
hepatectomy into no recurrence (NoR), IHER, intrahepatic late
recurrence (IHLR), and EHR. Among cases of intrahepatic
recurrence, it has been reported that most IHERs are caused by
intrahepatic metastasis and most cases of IHLR are caused by
multicentric carcinogenesis (2, 11). Therefore, we defined a
‘metastatic’ group combining IHER and EHR, and a ‘non-
metastatic’ group combining NoR and IHLR. In this study, IHER
and IHLR were defined as a recurrence within 2 years and more
than 2 years after hepatectomy, respectively.
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Clinicopathological variables including age, sex, presence of
hepatitis B virus surface antigen (HBs-Ag) and hepatitis C virus
antibody (HCV-Ab), presence of diabetes mellitus (DM),
preoperative liver function tests, Child—Pugh class, and preoperative
alpha-fetoprotein (AFP) and des-y-carboxy prothrombin (DCP)
levels were obtained. Indications for hepatic resection and the
operative method were determined based on tumor progression and
Makuuchi’s criteria (12, 13). Tumor characteristics, according to the
Liver Cancer Study Groups of Japan and pathological findings of
the resected specimen, were obtained and analyzed (14). Data on
liver cirrhosis, microscopic vascular invasion, and intrahepatic
metastasis were obtained by performing histological examination of
the resected specimens. Surgical complications were classified
according to the Clavien-Dindo classification (15, 16). This study
was approved by the local Institutional Review Board (Epd-1137).

All patients were followed-up for postoperative recurrence with
clinical physical examinations, blood chemistry tests, and
measurements of the tumor markers including AFP and DCP every
month for 2 years and every 3 months thereafter. Patients underwent
abdominal ultrasonography (US), dynamic contrast-enhanced
computed tomography (CT), and magnetic resonance imaging
(MRI) every 3-6 months. Disease-free survival (DFS) was defined
as the interval between the hepatectomy and the date of the
diagnosis of the first recurrence or the last follow-up. Overall
survival (OS) was defined as the interval between hepatectomy and
the date of death or the last follow-up.

Categorical variables were compared using the chi-square test.
Overall survival (OS) rates were calculated using the Kaplan—-Meier
method. Differences between curves were assessed according to the
log-rank test. Independent prognostic factors were assessed using
the multivariate logistic regression model among the variables found
to be significant on univariate analysis. Differences of p<0.05 were
defined as significant. All statistical analyses were performed using
the JMP 10 for Windows software package (SAS Institute Japan).

Results

Clinicopathological features. The median follow-up duration
after initial curative hepatectomy was 43.5 months
(range=3.1-131.6 months). A total of 307 out of 559 patients
(54.9%) experienced recurrence, including 163 (29.2%)
patients with IHER, 109 (19.5%) patients with IHLR, and 35
(6.3%) patients with EHR; the other 252 patients had no
recurrence. In addition, there were 198 patients in the
metastatic group”and 361 patients in the non-metastatic
group (Figure 1A). Figure 1B shows the number of patients
after hepatectomy in each group.

Comparison of clinicopathological characteristics of patients
in the metastatic group with those of the non-metastatic
group. The distribution of selected characteristics based on
recurrence (metastatic vs. non-metastatic groups) among
patients with HCC is shown in Table I. The percentage of
patients who had stronger hepatic inflammatory activity
(defined based on the serum aspartate aminotransferase
[AST] level), poor liver functional reserve (platelet count),
higher tumor markers including AFP and DCP, and multiple
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Figure 1. A: Flow chart demonstrating hepatectomy, site, and time
patterns of recurrences. B: Number of patients with recurrence of
hepatocellular carcinoma after hepatectomy based on the distribution
of the time to recurrence after hepatectomy. The intrahepatic early
recurrence (IHER) group included the patients with recurrence within
2 years after hepatectomy and the intrahepatic late recurrence (IHLR)
group included the patients with recurrence at over 2 years after
hepatectomy. EHR: Extrahepatic recurrence.

primary tumors were significantly higher in the metastatic
group than in the non-metastatic group.

The OS rate of the non-metastatic group was significantly
higher than that of the metastatic group (3- and 5-year
survival rates of 92.5% and 85.4% versus 68.3% and 46.6%,
respectively) (Figure 2). Table II summarizes the results of
the multivariate logistic regression analysis of predictive
variables of the metastases after hepatectomy in patients with
HCC. Albumin level <4.0 g/dl (p=0.047), serum aspartate
aminotransferase (AST) =40 IU/l (p=0.005), vascular
invasion (p<0.001), and multiple primary tumors (p<0.001)
were independent prognostic factors for metastasis after
hepatectomy in patients with HCC.

Comparison of clinicopathological characteristics of patients
with HER and IHER. The distributions of selected
characteristics based on recurrence site (EHR vs. IHER)
among those in the metastatic group are shown in Table III.
The percentages of patients who were male, with a higher
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Table 1. Comparison of clinicopathological characteristics between non-metastatic and metastatic groups.

Metastatic

group
(n=198), n (%)

Characteristic Non-metastatic p-Value

group
(n=361), n (%)

Metastatic

group
(n=198), n (%)

Characteristic Non-metastatic p-Value

group
(n=361), n (%)

Age, years 0.859
<70 107 (54.0) 191 (52.9)
>70 91 (46.0) 170 (47.1)

Gender 0.616
Male 149 (72.3) 264 (73.1)
Female 49 (24.8) 97 (26.9)

HBYV surface antigen 0.649
Positive 34 (17.2) 68 (18.8)
Negative 164 (82.8) 293 (81.2)

HCV antibody 0.151
Positive 126 (63.6) 207 (57.3)
Negative 72 (36.4) 154 (42.7)

Diabetes mellitus 0.768
Yes 54 (27.3) 104 (28.8)
No 144 (72.7) 257 (71.2)

Platelet count, x103/m3 0.037
<15 134 (67.7) 211 (58.6)
=15 64 (32.3) 149 (41.1)

Total bilirubin level, mg/dl 0.166
<1.0 136 (68.7) 268 (74.4)
>1.0 62 (31.3) 92 (25.6)

AST, TU/l <0.001
<40 85 (42.9) 242 (67.4)
>40 113 (57.1) 117 (32.6)

ALT, 1U/1 <0.001
<40 104 (52.5) 251 (69.7)
>40 94 (47.5) 109 (30.3)

Albumin level, g/dl 0.001
<40 116 (58.6) 158 (43.9)
>4.0 82 (41.4) 202 (56.1)

Prothrombin time, % 0.003
<80 51 (25.8) 55 (15.3)
>80 147 (74.2) 304 (84.7)

level of HCV antibodies, weaker hepatic inflammatory
activity [values of serum AST and alanine aminotransferase
(ALT)], had better liver functional reserve (platelet count,
albumin level, and prothrombin time), higher tumor marker
levels (including DCP), larger tumors, and more microscopic
vascular invasion were significantly higher in the EHR group
than in the IHER group.

There were no significant differences between the OS rate
of the EHR group and that of the IHER group (3- and 5-year
survival rates of 50.4% and 33.4% versus 72.0% and 49.4%,
respectively) (Figure 3). Table IV summarizes the results of
the multivariate logistic regression analysis of predictive
variables of EHR after hepatectomy in patients with HCC.
Vascular invasion (p=0.047) was an independent prognostic
factor for EHR after hepatectomy in patients with HCC.

ICG-R, % 0.658
<15 99 (50.3) 189 (52.2)
=15 98 (49.8) 171 (47.5)

AFP, ng/ml 0.001
<20 95 (48.2) 225 (62.7)
>20 102 (51.8) 134 (37.3)

DCP, mAU/ml 0.034
<40 85 (42.9) 188 (52.4)
>40 113 (57.1) 171 (47.6)

Background liver 0.563
Normal liver,
chronic hepatitis 120 (64.5) 224 (67.1)

Liver cirrhosis 66 (35.5) 110 (32.9)

Number of tumors <0.001
single 107 (54.0) 277 (76.7)
multiple 91(45.0) 84 (23.3)

Tumor size, mm 0.307
<35 124 (62.6) 242 (67.0)
>35 74 (67.0) 119 (33.0)

Tumor differentiation 0.671
Well 24 (12.9) 37 (11.4)
Moderately, poorly 162 (87.1) 287 (88.6)

Microscopic vascular invasion 0.002
Positive 51 (25.9) 46 (12.9)

Negative 146 (74.1) 312 (87.2)

Complication* 1.000
<2 183 (92.4) 332 (92.0)
>3 15 (7.6) 29 (8.0)

HBV/HCYV: Hepatitis B/C virus, AST: aspartate aminotransferase, ALT:
alanine aminotransferase, ICG-R: indocyanine green retention test, AFP:
a-fetoprotein, DCP: Des-y-carboxy prothrombin. *Clavian-Dindo
classification.

Discussion

In this study, we investigated the incidence of metastases in
a cohort of 559 patients with HCC after curative hepatectomy.
The independent risk factors for metastasis after hepatectomy
were albumin level <4.0 g/dl, AST =40 IU/1, vascular
invasion, and multiple primary tumors. Among the groups
with metastasis, the independent risk factor for the EHR
group was vascular invasion. The EHR group had better liver
function and worse tumor factors than the IHER group.

In this study, the metastatic group (IHER and EHR) also
had worse tumor factors but better liver functional reserve
than the non-metastatic group (IHLR and NoR). This result
is consistent with the results of other studies (1, 2, 17, 18).
Prior studies have identified risk factors for early recurrence,
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Figure 2. A: Prognosis of the patients in the non-metastatic group [no
recurrence (NoR) + intrahepatic late recurrence (IHLR)] and the
metastatic group intrahepatic early recurrence (IHER) + extrahepatic
recurrence (EHR)] who underwent liver resection. Kaplan—Meier curves
of overall survival (OS) after hepatectomy. OS rates of the non-
recurrence group at 3 and 5 years (92.5% and 85.4%, respectively)
were significantly higher than those of the metastatic group at 3 and 5
years (68.3% and 46.6%, respectively) (p<0.001). B: Prognosis of the
patients in the IHER group and the EHR group who underwent liver
resection. Kaplan—Meier curves of the OS rates after hepatectomy. OS
rates of the IHER group at 3 and 5 years (72.0% and 49.4%,
respectively) were significantly higher than those of the HER group at
3 and 5 years (50.4% and 33.4%, respectively) (p=0.1348).

including vascular invasion, multiple tumors, high DCP
level, high AFP level, intrahepatic metastasis, and Milan
criteria status. Recently, Schulze et al. reported that
circulating tumor cells had an important function in
extrahepatic metastasis and macroscopic angioinvasion (19)
and Fan et al. (20) reported that blood cancer stem cell
density predicted recurrence after hepatectomy in HCC.

We investigated the pattern of recurrence among those
with early recurrence, because the early recurrence of HCC
after curative hepatectomy indicates a poor prognosis.
Moreover, predicting the pattern of metastasis in the early
recurrence group is important for selecting the appropriate
treatment strategy. Our study showed that tumor factors were
worse in the EHR group than in the IHER group, and in
particular, vascular invasion was significantly worse than in
the IHER group. Seanthan Senthilnathan et al. reported that

2628

Table II. Multivariate logistic regression analysis of variables predictive
of metastasis after hepatectomy.

Factor Relative 95% p-Value
risk Confidence
interval
AFP =20 ng/ml 1.16 0.78-1.72 0.463
ALT =40 TU/l 1.24 0.75-2.04 0.390
Platelet count =15x103 /m3 145 0.94-2.19 0.094
DCP =40 mAU/ml 1.42 0.94-2.12 0.091
Prothrombin time <80% 1.52 093-2.46 0.089
Albumin level <4.0 g/dl 1.51 1.00-2.27 0.047
AST =40 1U/1 1.43 1.24-3.39 0.005
Vascular invasion Positive 2.53 1.53-4.23 <0.001
Number of tumors; multiple 2.71 1.81-4.05 <0.001

AFP: o-Fetoprotein, ALT: alanine aminotransferase, DCP: des-y-
carboxy prothrombin, AST: aspartate aminotransferase.

multivariate analyses in HCC identified age <65 years, AFP
>200 ng/ml, and vascular invasion as risk factors for
extrahepatic metastasis (21). Yang et al. reported that
extrahepatic metastases were more common in patients with
vascular invasion, intrahepatic metastases, and more
advanced tumor stage (22). Our results are consistent with
these regarding the pattern of recurrence among those with
early recurrence.

Interestingly, our study also showed that liver function in
the EHR group tended to be better than that in the IHER
group. As Table III shows, the EHR group had a higher
platelet count, albumin level and prothrombin time, and lower
AST and ALT levels. Liver function related to the pattern of
metastasis for patients with HCC has rarely been reported. A
few clinical studies that focused on the background of the liver
in patients with distant metastasis of HCC have been reported.
Ochiai et al. reported that the clinicopathologic features of the
EHR group had better indocyanine green retention test and the
rate of cirrhosis was lower compared with the IHER group
(23). Li Jun et al. showed that the liver function of the EHR
group was better than that of the no-HER group (24). Our
results for liver function in patients with distant metastasis of
HCC are consistent with these results.

After we reviewed these results, we considered that one
of the causes is related to the difference
microenvironment arising from liver inflammation. Mikuriya
et al. reported that liver with hepatitis and liver cirrhosis
promoted metastasis by releasing inflammatory cytokines
from hepatic stellate cells (25). Nishikawa et al. reported
oxygen radicals promoted metastasis and cancer invasion
(26). Agopian et al. reported that 117 patients were found to
have recurrent HCC among 865 liver transplant patients, the
most frequent sites being the lungs (59%), abdomen/pelvis

in liver
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Table III. Comparison of clinicopathological characteristics between extrahepatic recurrence (EHR) and intrahepatic early recurrence (IHER) groups.

Characteristic EHR IHER p-Value Characteristic EHR IHER p-Value
(n=35), (n=163), (n=35), (n=163),
n (%) n (%) n (%) n (%)

Age, years 0.461 ICG-R, % 0.187
<70 21 (60.0) 86 (52.6) <15 21 (61.8) 78 (47.6)
>70 14 (40.0) 77 (47.2) =15 13 (38.2) 85 (52.2)

Gender 0.016 AFP, ng/ml 1.000
Male 32 (914) 117 (71.8) <20 17 (48.6) 78 (48.2)
Female 3 (8.6) 46 (28.2) >20 18 (51.4) 84 (51.9)

HBYV surface antigen 0.145 DCP, mAU/ml 1.000
Positive 9(25.7) 25 (15.3) <40 8 (22.9) 77 (47.2)
Negative 26 (74.3) 138 (84.7) >40 27 (77.1) 86 (52.8)

HCV antibody 0.001 Background liver 0.072
Positive 13 (37.1) 113 (69.3) Normal liver,
Negative 22 (62.8) 50 (30.7) chronic hepatitis 26 (78.8) 94 (61.4)

Diabetes mellitus 0.093 Liver cirrhosis 7(21.2) 59 (38.6)
Yes 14 (40.0) 40 (24.5) Number of tumors 0.713
No 21 (60.0) 123 (75.5) Single 20 (57.1) 87 (53.4)

Platelet count, x103/m3 0.005 Multiple 15 (42.9) 76 (46.6)
<15 15 (45.7) 118 (72.4) Tumor size, mm <0.001
>15 19 (54.3) 45 (27.6) <35 12 (34.3) 112 (68.7)

Total bilirubin level, mg/dl 1.000 =35 23 (65.7) 51 (31.3)
<10 24 (68.6) 112 (68.7) Tumor differentiation 0.085
>1.0 11 (31.4) 51 (31.3) Well 1(2.9) 23 (15.1)

AST, IU/l 0.001 Moderately, Poorly 22 (97.1) 129 (84.9)
<40 24 (68.6) 61 (37.4) Microscopic vascular invasion <0.001
>40 11 (31.4) 102 (62.6) Positive 19 (54.3) 32 (19.8)

ALT, 1U/1 0.016 Negative 16 (45.7) 130 (80.3)
<40 25(714) 79 (48.5) Complication* 0310
>40 10 (28.6) 84 (51.5) <2 31 (88.6) 152 (93.3)

Albumin level, g/dl 0.008 =3 4 (11.4) 11 (6.8)
<40 13 (37.1) 103 (63.2)
=4.0 22 (62.9) 60 (36.8) HBV/HCV: Hepatitis B/C virus, AST: aspartate aminotransferase, ALT:

Prothrombin time, % 0.034 alanine aminotransferase, ICG-R: indocyanine green retention test, AFP:
<80 4(114) 47 (28.8) a-fetoprotein, DCP: Des-y-carboxy prothrombin.*Clavian-Dindo
>80 31 (88.5) 116 (71.2) classification.

(38%), and the liver (35%) (27). Taken together with
circulating tumor cells, the presence of which is an
independent risk factor for metastasis (19), these results may
indicate that implantation and metastasis are more likely to
occur because of inflammatory cytokines in patients with
poor liver function; in contrast, implantation and metastasis
in a healthier liver is difficult and therefore recurrence
appears as distant metastasis. The possibility cannot be
excluded that tumors from multicentric carcinogenesis are
included in cases of early recurrence and HCC is less likely
to arise from normal liver than HCC developing in the
setting of hepatitis and liver cirrhosis. In any case, based on
these results, we propose that it is necessary to pay more
attention to the possibility of extrahepatic recurrence than
intrahepatic recurrence in the case of patients at high risk of
recurrence with good liver function.

Table IV. Multivariate logistic regression analysis of variables
predictive of extrahepatic metastasis after hepatectomy.

Factor Relative 95% p-Value
risk Confidence
interval
ALT <40 U/l 1.44 0.47-4.41 0.522
HCV antibody-negative 1.38 0.53-3.54 0.501
DCP =40 mAU/ml 1.51 0.57-4.21 0.404
Albumin level =4.0 g/dl 1.54 0.57-4.21 0.372
Male sex 2.18 0.61-10.37 0.241
AST <40 TU/1 2.12 0.72-6.55 0.172
Prothrombin time =80% 2.58 0.81-10.17 0.113
Tumor size =35 mm 2.35 0.93-6.10 0.069
Vascular invasion 2.50 1.01-6.20 0.047

ALT: Alanine aminotransferase, HCV: hepatitis C virus DCP: des-y-
carboxy prothrombin, AST: aspartate aminotransferase.

2629



ANTICANCER RESEARCH 37: 2625-2631 (2017)

Our search of the literature revealed the strategy used for
applying adjuvant chemotherapy after hepatectomy for
advanced HCC. Generally, sorafenib has been shown to
extend survival in patients with advanced disease (28).
Several studies have reported the survival benefits of hepatic
arterial infusion chemotherapy (HAIC) for advanced HCC
(29, 30). In general, HAIC is thought to be more effective in
cases of intrahepatic metastasis in HCC and sorafenib in
cases of distant metastasis. Based on the results of our study,
sorafenib for adjuvant chemotherapy might be a better
treatment than HAIC for patients who have good liver
function and a high metastatic risk based on the presence of
factors such as vascular invasion.

This study has several limitations to consider. Firstly, it
was a single-institution study and was retrospective in
nature. Secondly, we divided intrahepatic recurrence into
two groups (IHER and THLR) for distinguishing between
multicentric carcinogenesis and metastasis from a primary
tumor. However, it is difficult to differentiate these two

types accurately, and tumors from multicentric
carcinogenesis may have been included in our IHER
group.

In conclusion, we found the independent risk factors of
metastasis after hepatectomy to be an albumin level
<4.0 g/dl, AST =40 IU/l, vascular invasion, and multiple
primary tumors. For the metastatic group, we found the
independent risk factor of EHR to be vascular invasion.
Interestingly, the EHR group had worse tumor factors but
better liver functional reserve than did the IHER group.
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