Surg Today (2014) 44:1900-1905
DOI 10.1007/s00595-013-0792-1

ORIGINAL ARTICLE

High risk of lung metastasis after resection of hepatocellular
carcinoma more than 7 cm in diameter

Takamichi Ishii - Etsuro Hatano - Kentaro Yasuchika -
Kojiro Taura - Satoru Seo - Shinji Uemoto

Received: 25 July 2013/ Accepted: 21 October 2013 /Published online: 22 November 2013

© Springer Japan 2013

Abstract

Purpose The relationship between the tumor size and
organs of recurrence was analyzed to identify a high-risk
group for the extrahepatic recurrence of hepatocellular
carcinoma (HCC) after resection.

Methods A total of 544 patients with HCC underwent
primary surgical resection for HCC between 2001 and
2010. Of these, 293 patients had a solitary tumor but no
macroscopic vascular invasion. The prognostic factors for
the overall survival and relapse-free survival were analyzed
among these 293 patients. The recurrent organs and fre-
quency of recurrence were also examined.

Results  The analysis of the 293 patients showed that both
the overall and relapse-free survival rates of the patients
with a large tumor (>7 cm in diameter) were significantly
worse than those of the patients with a tumor <7 cm. The
incidence of lung metastasis was remarkably high in the
group of patients with tumors more than 7 cm (24.0 %), in
comparison to those with tumors <7 cm. A multivariate
analysis revealed that the tumor size was the only inde-
pendent risk factor for lung metastasis.

Conclusions The patients with large HCC tumors more
than 7 cm in diameter were at high-risk for a poor prog-
nosis due to a high percentage of lung metastasis, even if
there was no macroscopic vascular invasion.
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Introduction

Hepatocellular carcinoma (HCC) is the most common pri-
mary liver cancers. Surgical resection is the mainstay for HCC
treatment if the liver function and performance status are
sufficient to allow it [1]. Hepatectomy is the only potentially
curative treatment, especially for large HCC tumors, because
large HCCs are not assumed to be an indication for liver
transplantation or radiofrequency ablation (RFA) due to high
rates of recurrence [2—4]. However, some reports showed that
patients with huge HCCs have poor clinical outcomes because
of early recurrence and extrahepatic metastasis [5-7].
Sorafenib is currently the only therapeutic agent available for
treating distant metastasis and/or extrahepatic lesions of HCC;
it is difficult to obtain a complete response to therapy using
sorafenib [8]. Therefore, it is important to predict a poor
prognostic group before resection to select the patients who
need adjuvant therapy after surgery.

The most important prognostic factors are the tumor size,
tumor marker expression and vascular invasion [2, 5, 6]. In
particular, macrovascular invasion and multiple tumors are
well-known factors associated with the poor prognosis of
HCC. However, there have been no reports of the relation-
ship between the tumor size and extrahepatic metastasis after
resection. Therefore, to determine whether the tumor size
itself is a predictive factor for a poor prognosis, this study
analyzed the clinical outcomes of the patients with solitary
HCC tumors without macroscopic vascular invasion. Fur-
thermore, the study examined their type of recurrence to
clarify the risk factors for extrahepatic metastasis after
resection.
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Methods
Patients

Five hundred and forty-four patients with HCC underwent
surgical hepatic resection at Kyoto University Hospital
between February 2001 and October 2010, after excluding
the patients who underwent surgery for hepatic recurrence.
Written informed consent was obtained from all patients in
accordance with the ethics guidelines of Kyoto University
Hospital. All patients were evaluated preoperatively using
a chest X-ray, abdominal ultrasonography and contrast-
enhanced computed tomography (CT) of the chest and
abdomen. Additional studies, including magnetic reso-
nance imaging (MRI) and positron emission tomography,
were performed as needed. Laboratory blood tests,
including those for the hepatitis B surface antigen, anti-
bodies to hepatitis C, serum alpha-fetoprotein (AFP), des-
gamma-carboxy prothrombin (DCP), serum albumin, total
bilirubin, aspartate aminotransferase, alanine aminotrans-
ferase and the prothrombin time, were obtained. The liver
functions were assessed by the Child—Pugh classification
and by the indocyanine green test. In our institute, preop-
erative transcatheter arterial chemoembolization (TACE)
has not been routinely performed except for cases of rup-
tured HCCs.

Hepatic resection was usually performed by means of a
Mercedes incision. The abdominal cavity was searched
during the operation for the extent of local disease, extra-
hepatic metastases and peritoneal seeding. The liver was
mobilized, and intraoperative ultrasound was performed to
assess the number and size of the lesions, and to detect
other lesions. An intermittent Pringle maneuver, or selec-
tive vascular clamping if necessary, was applied to occlude
the blood inflow of the liver. Hepatic parenchymal resec-
tion was performed using CUSA and a bipolar cautery
device equipped with a channel for water dripping [9].

A pathological examination was performed for the
tumor and the background liver. The tumor size, tumor
number, vascular invasion, serosal invasion, surgical mar-
gin invasion and tumor differentiation were determined
histopathologically.

This study defined major vascular invasion as tumor
invasion to the primary or secondary branches of the portal
veins, and/or invasion to the main trunks of the hepatic
veins or the inferior vena cava. The micro-vascular inva-
sion was defined as tumor invasion to tertiary or more
peripheral branches of the portal and/or hepatic veins.

Follow-up strategy

All patients were followed up by evaluating the serum
tumor markers (AFP and DCP) and contrast-enhanced CT

Table 1 The clinicopathological features of the 293 patients with a
solitary tumor and no major vascular invasion

Gender

Male 217 (74.1 %)

Female 76 (25.9 %)
Age 66.1 £ 10.0
Preoperative AFP (ng/ml)

<1000 255 (87.0 %)

>1000 38 (13.0 %)
Preoperative DCP (mAU/ml)

<400 93 (31.7 %)

>400 198 (67.6 %)

Unknown 2 (0.7 %)
Child-Pugh classification

A 271 (92.5 %)

B/C 22 (7.5 %)
HBYV infection

Positive 61 (20.8 %)

Negative 230 (78.5 %)

Unknown 2 (0.7 %)
HCV infection

Positive 152 (51.9 %)

Negative 140 (47.8 %)

Unknown 1 (0.3 %)
Tumor size (cm)

<7 243 (82.9 %)

>7 50 (17.1 %)
Serosal invasion

Positive 21 (7.2 %)

Negative 272 (92.8 %)
Surgical margin invasion

Positive 20 (6.8 %)

Negative 271 (92.5 %)

Unknown 2 (0.7 %)

Micro-portal vein invasion
237 (80.9 %)
56 (19.1 %)

Positive
Negative
Micro-hepatic vein invasion

Positive 275 (93.9 %)

Negative 18 (6.1 %)
Tumor differentiation

Well 45 (15.4 %)

Moderately 190 (64.8 %)

Poorly 37 (12.6 %)

Others 21 (7.2 %)

HBYV hepatitis B virus, HCV hepatitis C virus, AFP alpha-fetoprotein,
DCP des-gamma-carboxy prothrombin

or MRI every 3 months. Recurrent tumors were treated by
surgical resection, TACE, RFA, percutaneous ethanol
injection therapy, hepatic arterial chemotherapies, systemic
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chemotherapies or best supportive care depending on the
number, size and location of the recurrent tumors, as well
as the liver function. All recurrent organs and sites were
registered during the entire follow-up period.

Statistical analysis

Survival curves were calculated by the Kaplan—Meier
method. The survival analyses were performed using the
Gehan—-Breslow-Wilcoxon test. The recurrence rate was
analyzed using a Chi-square test. A P value <0.05 was
considered to be statistically significant. A multivariate
analysis was performed using a logistic regression analysis,
or using Cox proportional hazard models. The Prism and
SPSS software packages were used for all statistical
analyses.

Results

The pathological examination revealed that 293 of the 544
patients had a solitary tumor and had no major vascular
invasion. The clinicopathological features of these 293
patients are summarized in Table 1. All further analyses
were based on these 293 patients with a solitary tumor and
no major vascular invasion to clarify the impact of the
tumor size on the survival and recurrence.

Prognostic factors for survival and recurrence
among the 293 patients

The 5-year overall survival (37.3 %) and 5-year relapse-
free survival (30.1 %) rates of the patient with tumors more
than 7 cm in diameter were significantly worse than those
of the patients with HCC tumors 7 cm or smaller in
diameter (64.1 and 32.7 %, respectively; P = 0.008 and

Fig. 1 The left panel shows the
Kaplan—Meier curve for the
overall survival, and the right
panel shows that for the relapse-
free survival between the
patients with HCC tumors

>7 cm (red line) and those with
tumors <7 cm (blue line). The
Gehan—Breslow-Wilcoxon tests
revealed a value of P = 0.008
for the overall survival and

P = 0.051 for the relapse-free
survival analyses (color figure
online) 204
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P = 0.051). This indicated that the patients with large
tumors had a poorer prognosis and higher risk of recur-
rence (Fig. 1).

The outcomes of the univariate analysis of the prog-
nostic factors for the overall survival and relapse-free
survival are summarized in Table 2. The prognostic factors
for the overall survival were the Child—Pugh score, pre-
operative AFP value, preoperative DCP value, tumor size,
serosal invasion, surgical margin invasion, micro-portal
vein invasion and micro-hepatic vein invasion. The prog-
nostic factors for the relapse-free survival were the Child—
Pugh score, serosal invasion, surgical margin invasion,
tumor size and micro-portal vein invasion. The multivari-
ate analyses using Cox proportional hazard models were
performed using these factors, and the results are also
summarized in Table 2. Serosal invasion and surgical
margin invasion were extracted as independent prognostic
factors for relapse-free survival, whereas there were no
independent prognostic factors for overall survival among
the factors included in the analyses.

Organs affected by HCC recurrence

The 293 patients with a solitary tumor and no major vas-
cular invasion were further divided into three groups: a
group of patients with tumors <2 cm in diameter, a group
of patients with tumors 2—7 cm in diameter and a group of
patients with tumors more than 7 cm in diameter. The rate
of lung metastasis was significantly higher in the group of
patients with tumors larger than 7 cm (P = 0.0001, Chi
square test; Table 3), whereas the rate of lung metastasis
remained approximately constant in the patients with
tumors <7 cm in diameter (Supplemental fig. 1). However,
there were no significant differences among the three
groups in the rates of recurrence in other organs, including
the liver, bone and lymph nodes.

Relapse-free survival
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Years after operation
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Table 2 The results of the univariate and multivariate analyses of prognostic factors for the overall and relapse-free survival among the 293

patients with a solitary tumor and no major vascular invasion

Overall survival

Relapse-free survival

Univariate Multivariate (hazard ratio) Univariate Multivariate (hazard ratio)
Gender (male vs. female) P = 0.407 P =0.621
Child-Pugh classification (A vs. B + C) P = 0.004* P = 0.951 (0.980) P = 0.040* P = 0.244 (0.701)
HBV infection (positive vs. negative) P = 0.340 P = 0.955
HCYV infection (positive vs. negative) P =0.221 P =0.189
Preoperative AFP (<1000 vs. >1000 ng/ml) P = 0.001* P = 0.882 (1.000) P = 0.083
Preoperative DCP (<400 vs. >400 mAU/ml) P = 0.046* P = 0.163 (1.000) P =0.070
Tumor size (>7 vs. <7 cm) P = 0.008%* P = 0.428 (1.016) P = 0.051 P = 0.509 (1.016)
Serosal invasion (positive vs. negative) P < 0.0001*% P =0.944 (0.977) P <0.0001* P < 0.001* (2.943)
Surgical margin invasion (positive vs. negative) P = 0.0003* P = 0.180 (1.596) P =0.021* P = 0.029* (0.503)
Micro-portal vein invasion (positive vs. negative) P <0.0001* P =0.448 (1.191) P =0.0042* P = 0.159 (0.740)
Micro-hepatic vein invasion (positive vs. negative) P = 0.0061* P = 0.628 (1.186) P =0.8229
Tumor differentiation P =0.0814 P =0.7625

HBYV hepatitis B virus, HCV hepatitis C virus, AFP alpha-fetoprotein, DCP des-gamma-carboxy prothrombin

* P <0.05

Table 3 The recurrence rate and sites of recurrence after primary
surgery among the 293 patients with a solitary tumor and no major
vascular invasion

Table 4 The results of the univariate and multivariate analyses of
prognostic factors for lung metastasis among the 293 patients

Factor Univariate Multivariate
Recurrent Tumor size
organ P P Odds 95 %
<2 cm >2, <7 cm >7 cm ratio confidence
(n = 43) (%) (n = 200) (%) (n = 50) (%) interval

Liver 37.2 47.0 40.0 Age 0.166 0.293 0976 0.933-1.021
Lung 9.3 5.0 24.0 Gender 0.905 0.830 1.114 0.418-2.970
Bone 4.7 5.5 4.0 Child-Pugh score  0.419 0.619 0.691 0.161-2.967
Adrenal 4.7 1.5 4.0 Preoperative AFP  0.889 0.448  1.000  0.999-1.000

gland Preoperative DCP  0.456 0.987  1.000  1.000-1.000
Lym(l;h 7.0 25 4.0 HBV infection 0.196 0.181 0435  0.129-1.473
B“‘? ¢ . s » HCV infection  0.541 0584 0746  0.261-2.134
orim . ‘o 20 Tumor size 0.001*  0.001%* 1.184  1.068-1.312

thers : : Serosal invasion  0.913 0971 1031  0.195-5.446
* P <0.05 Surgical margin  0.913 0.869  0.871  0.169-4.484

invasion
The univariate and multivariate logistic regression  Micro-portal vein  0.119 0419 0653  0.233-1.834
analyses were performed to examine the prognostic factors l,nvaswn )
. . Micro-hepatic 0.613 0.337  3.006 0.318-28.454

for lung metastasis of HCC. The tumor size was revealed to vein invasion
be 'the only independent predlctlve'factor for lung metas- Tumor 0786 0705 0886  0.475-1.655
tasis among all of the factors examined (Table 4). differentiation

Discussion

The tumor size is assumed to be one of the most important
prognostic factors for HCC [10, 11]. Several reports have
shown that patients with huge HCC tumors have poor
clinical outcomes due to early intrahepatic recurrence and
distant metastasis [12—14]. Large tumors have a tendency

HBYV hepatitis B virus, HCV hepatitis C virus, AFP alpha-fetoprotein,
DCP des-gamma-carboxy prothrombin

* P <0.05

to be multinodular and to invade into major vessels. These
tumor factors were also risk factors for poor outcomes, thus
the 293 patients with solitary HCC tumors but no macro-
scopic vascular invasion were analyzed in this study to
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provide clinical risk stratification based on just the size of
the tumors. The results showed that large tumors (>7 cm in
diameter) were associated with poor clinical outcomes in
terms of both the overall survival and relapse-free survival
rates, even if they were solitary and did not invade into
major hepatic vessels. Large HCC tumors also showed a
higher frequency of lung metastasis after hepatectomy in
comparison to tumors <7 cm in size. This cutoff value was
determined using the ROC analysis, which revealed that
the sensitivity was 46.2 % and the specificity was 85.8 %
(Supplemental fig. 2). Although a tumor size cutoff value
of 5 cm is currently used in several staging systems for
HCC, there were no significant differences between
patients with tumors >5 and <5 cm in the incidence of lung
metastasis in our study (data not shown). Interestingly,
there was no significant difference in the hepatic recurrence
rate associated with the tumor size. This might be partially
because hepatic recurrence develops not only as intrahe-
patic metastasis, but also due to the multicentric carcino-
genesis of HCC [15, 16].

Although the exact reason for the high frequency of lung
metastasis in patients with large HCC tumors was not
elucidated in this study, it is possible that lung microme-
tastases may have already been present before resection, or
that the surgical procedures performed during hepatic
resection could have disseminated tumor cells systemically
via the hepatic veins and the inferior vena cava [17-19].
Careful and skillful surgical manipulations are necessary to
avoid touching tumors during surgery. Liver mobilization
is often required during conservative hepatectomy. On the
other hand, liver mobilization is preceded by hepatic
resection and ligation of both the hepatic inflow and out-
flow in hepatectomy by the anterior approach. Therefore,
the anterior approach for hepatectomy might be helpful to
reduce lung metastasis in patients with huge HCC tumors
[20-22].

Sorafenib is currently the only agent that has been sci-
entifically demonstrated to be effective as systemic therapy
for HCC [8, 23]. In other words, the therapeutic options for
HCC patients with lung metastasis are either sorafenib or
palliative treatments [1, 24-26]. The indications for sur-
gery are very limited, because lung metastases usually
show multiple loci. The current findings suggested that
patients with huge tumors should be recognized as a high-
risk group for lung metastasis after hepatic resection.
Although there is no evidence that sorafenib is as effective
as an adjuvant therapy after HCC surgery at present, so-
rafenib could be used for postoperative adjuvant chemo-
therapy [26, 27]. Further studies should be performed to
explore the possibility of using sorafenib as adjuvant
therapy in high-risk patients.

In conclusion, this study described the relationship
between the tumor size and presence of lung metastasis

@ Springer

after HCC surgery as determined by a retrospective single
institution analysis. We found that tumors larger than 7 cm
in diameter were a risk factor for lung metastasis, even
when they were solitary and did not invade major vessels,
thus resulting in a poor prognosis in the patients with large
HCCs. These findings suggest the necessity of using the
anterior approach for hepatectomy for large HCC tumors,
and postoperative adjuvant chemotherapy with agents such
as sorafenib.
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