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Fig. 4 a Comparison of disease-free survival after resection of a
solitary HCC >5 cm in the greatest diameter among patients
receiving preoperative selective TACE (selective group, n = 11, thin
solid line), patients receiving preoperative TACE plus whole-liver
chemolipiodolization (whole-liver group, n = 10, thick solid line),
and patients without preoperative TACE (control group, n = 16,
dotted line). There were no significant differences in disease-free
'survival among the three groups (P = 0.8650). b Comparison of
overall survival after resection of a solitary HCC >5 cm in the
greatest diameter among the selective group (n = 11, thin solid line),
the whole-liver group (n = 10, thick solid line), and the control group
(n = 16, dotted line). There were no significant differences in overall
survival among the three groups (P = 0.7264)

2-8 cm in diameter. In contrast, it was reported that
downstaging or total necrosis of the tumor was achieved by
preoperative TACE in 62% of 103 HCC patients with
cirrhosis, leading to an improvement of disease-free sur-
vival after liver resection and liver transplantation [13].
Thus, the value of preoperative TACE is still controversial.

A meta-analysis including seven randomized clinical
trials was undertaken in the late 1990s to investigate the
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usefulness of TACE for treating unresectable HCC, which
demonstrated an improvement in 2-year survival (odds
ratio 0.53, P = 0.017) compared with control patients who
were treated conservatively or received suboptimal man-
agement [27]. This established the role of TACE as the
standard care for unresectable HCC, whether as palliative
therapy or to improve resectability [27]. Subsequent
investigations were directed towards the preoperative use
of TACE as neoadjuvant therapy to prevent recurrence. To
assess the clinical efficacy of preoperative TACE for
resectable HCC, two randomized trials were conducted in
1995 and 1996 [15, 17] (Table 4). Both of these trials
found no improvement in disease-free survival following
neoadjuvant TACE, and Wu et al. [17] reported worse
overall survival in the TACE group. In 2009, a randomized
trial of neoadjuvant TACE for large resectable HCC was
reported [18]. The results were similar, with no difference
in disease-free survival or overall survival between the
groups with or without TACE (Table 4). The present study
is the fourth randomized trial to compare the long-term
prognosis after the resection of HCC in patients with or
without preoperative TACE. However, it is difficult to
simply compare these trials. Zhou et al. [18] and Wu et al.
[17] enrolled patients with large HCCs, whereas Yamasaki
et al. [15] and the current trial enrolled patients with
smaller HCCs. In the trial reported by Wu et al. [17],
patients who received TACE underwent surgery a mean of
17.9 weeks after the detection of HCC, which was signif-
icantly longer than those not receiving TACE, who
underwent resection 2.3 weeks after the detection of HCC
(P = 0.009). In this study, patients in all groups underwent
surgery in 20-23 days. Differences in the conclusions of
the different trials could be attributed to the differences in
the study designs or background characteristics.

We found no significant differences in disease-free
survival or overall survival between the entire TACE group
(selective and whole-liver groups) and the control group, or
among the whole-liver, selective, and control groups, even
among patients with tumor size >5 cm (Figs. 2, 3, and 4).
The extrahepatic recurrence rate was significantly lower in
the selective and whole-liver groups compared with the
control group. However, even though preoperative TACE
induced complete tumor necrosis, there were no significant
differences in the pattern of intrahepatic recurrence or the
time until recurrence among the three groups.

In conclusion, preoperative selective TACE or TACE
plus whole-liver chemolipiodolization neither reduced the
incidence of postoperative recurrence nor prolonged sur-
vival in patients with resectable HCC. Thus, despite its
safety and feasibility, we cannot recommend preoperative
TACE as a routine procedure before hepatectomy in
patients with resectable HCC.
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Table 4 Results of randomized controlled trials on neoadjuvant transarterial chemoembolization and non-transarterial chemoembolization

before hepatectomy for resectable hepatocellular carcinoma (HCC)

Study Year Total (TACE/non-TACE) Percentage of HBV ~ Percentage of HCV Percentage of
patients (n) patients (7) (TACE/mon-TACE) (TACE/non-TACE) Child—Pugh class A
(TACE/non-TACE)
This study 124 81/43 12/26 73/53 88/91
Zhou et al. [18] 2009 108 52/56 98/98 0/0 84/89
Yamasaki et al. [15] 1996 97 50/47 NR NR NR
Wu et al. [17] 1995 52 24/28 75/68 NR 92/86

Study Mean preoperative Cytotoxic agent TACE sessions Complete necrosis (%)
tumor size (cm) per patient (n) (TACE/non-TACE)
(TACE/non-TACE)
This study 4.1/5.0 EPI 1 21/0
Zhou et al. [18] 9.0/9.5 SFU, CDDP 1.5 15/0
Yamasaki et al. [15] 3.1/3.3 DOX 16/NR
Wu et al. [17] 14.3/14.5 DOX 3 NR/NR
Study Morbidity (%) Mortality (%) 3-year disease-free 3-year overall survival
(TACE/non-TACE) (TACE/non-TACE) survival (%) (%) (TACE/non-TACE)
This study 10/19 12 28/32 75/60
Zhou et al. [18] Adhesions and longer 0/0 26/21 40/32
operating time
in TACE group
Yamasaki et al. [15] NR 6/9 54/42 91/88
Wu et al. [17] NR 477 40/50 33/60

Significant differences are shown in bold. The number of patients receiving TACE in this study was 81 (42 patients in the selective group and 39

patients in the whole-liver group)

TACE transcatheter arterial chemoembolization, NR not reported, HBV hepatitis B virus, HCV hepatitis C virus, EPI epirubicin, SFU 5-fluo-

rouracil, CDDP cisplatin, DOX doxorubicin
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References

1. Bosch FX, Ribes J, Borras J. Epidemiology of primary liver

cancer. Semin Liver Dis. 1999;19:271-285.

. Taylor-Robinson SD, Foster GR, Arora S, Hargreaves S, Thomas
HC. Increase in primary liver cancer in the UK, 1979-94. Lancer.
1997;350:1142-1143.

. El-Serag HB, Mason AC. Rising incidence of hepatocellular
carcinoma in the United States. N Engl J Med. 1999;340:
745-750.

. Kotoh K, Sakai H, Sakamoto S, et al. The effect of percutaneous
ethanol injection therapy on small solitary hepatocellular carci-
noma is comparable to that of hepatectomy. Am J Gastroenterol.
1994;89:194-198.

. Seki T, Wakabayashi M, Nakagawa T, et al. Ultrasonically gui-
ded percutaneous microwave coagulation therapy for small
hepatocellular carcinoma. Cancer. 1994;74:817-825.

. Chen MS, Li JQ, Zheng Y, et al. A prospective randomized trial
comparing percutaneous local ablative therapy and partial hepa-
tectomy for small hepatocellular carcinoma. Ann Surg. 2006;
243:321-328.

. Tung-Ping Poon R, Fan ST, Wong J. Risk factors, prevention, and
management of postoperative recurrence after resection of
hepatocellular carcinoma. Ann Surg. 2000;232:10-24.

— 417 —

1.

12.

13.

14.

15.

. Nakamura H, Tanaka T, Hori S, et al. Transcatheter embolization

of hepatocellular carcinoma: assessment of efficacy in cases of
resection following embolization. Radiology. 1983;147:401-405.

. Sakurai M, Okamura J, Kuroda C. Transcatheter chemo-embo-

lization effective for treating hepatocellular carcinoma. A histo-
pathologic study. Cancer. 1984;54:387-392.

. Harada T, Matsuo K, Inoue T, et al. Is preoperative hepatic

arterial chemoembolization safe and effective for hepatocellular
carcinoma? Ann Surg. 1996;224:4-9.

Lu CD, Peng SY, Jiang XC, Chiba Y, Tanigawa N. Preoperative
transcatheter arterial chemoembolization and prognosis of
patients with hepatocellular carcinomas: retrospective analysis of
120 cases. World J Surg. 1999;23:293-300.

Sugo H, Futagawa S, Beppu T, Fukasawa M, Kojima K. Role of
preoperative transcatheter arterial chemoembolization for
resectable hepatocellular carcinoma: relation between postoper-
ative course and the pattern of tumor recurrence. World J Surg.
2003;27:1295-1299.

Majno PE, Adam R, Bismuth H, et al. Influence of preoperative
transarterial lipiodo! chemoembolization on resection and trans-
plantation for hepatocellular carcinoma in patients with cirrhosis.
Ann Surg. 1997;226:688-703.

Uchida M, Kohno H, Kubota H, et al. Role of preoperative
transcatheter arterial oily chemoembolization for resectable
hepatocellular carcinoma. World J Surg. 1996;20:326-331.
Yamasaki S, Hasegawa H, Kinoshita H, et al. A prospective
randomized trial of the preventive effect of pre-operative
transcatheter arterial embolization against recurrence of

@ Springer



1412

Dig Dis Sci (2012) 57:1404-1412

16.

17.

19.

20.

hepatocellular carcinoma. Jpn J Cancer Res. 1996;87:206—
211.

Nagasue N, Kohno H, Tachibana M, Yamanoi A, Ohmori H, El-
Assal ON. Prognostic factors after hepatic resection for hepato-
cellular carcinoma associated with child-turcotte class B and C
cirrhosis. Ann Surg. 1999;229:84-90.

Wu CC, Ho YZ, Ho WL, Wu TC, Liu TJ, P’eng FK. Preoperative
transcatheter arterial chemoembolization for resectable large
hepatocellular carcinoma: a reappraisal. Br J Surg. 1995;82:122~
126.

. Zhou WP, Lai EC, Li AJ, et al. A prospective, randomized,

controlled trial of preoperative transarterial chemoembolization
for resectable large hepatocellular carcinoma. Ann Surg. 2009;
249:195-202.

Kaibori M, Tanigawa N, Matsui Y, Kwon AH, Sawada S,
Kamiyama Y. Preoperative chemolipiodolization of the whole
liver for hepatocellular carcinoma. Anticancer Res. 2004;24:
1929-1933.

Oken MM, Creech RH, Tormey DC, et al. Toxicity and response
criteria of the Eastern Cooperative Oncology Group. Am J Clin
Oncol. 1982;5:649-655.

21. Kwon AH, Ha-Kawa SK, Uetsuji S, Inoue T, Matsui Y,
Kamiyama Y. Preoperative determination of the surgical procedure
@ Springer

— 418 —

22.

23.

24.

25.

26.

27.

for hepatectomy using technetium-99m-galactosyl human serum
albumin (99mTc-GSA) liver scintigraphy. Heparology. 1997,25:
426-429.

Strasberg SM, Belghiti J, Clavn P-A, et al. The Brisbane 2000
terminology of liver anatomy and resection. Terminology Com-
mittee of the International Hepato-Pancreato-Biliary Association.
HPB. 2000;2:333-339.

Couinaud C, ed. Le Foie: Etudes Anatomiques et Chirurgicales.
Paris: Masson; 1957.

Sobin LH, Wittekind C, eds. TNM Classification of Malignant
Tumours. 5th ed. New York: Wiley; 1997.

Yamada R, Sato M, Kawabata M, Nakatsuka H, Nakamura K,
Takashima S. Hepatic artery embolization in 120 patients with
unresectable hepatoma. Radiology. 1983;148:397-401.

Sato Y, Fujiwara K, Ogata 1, et al. Transcatheter arterial embo-
lization for hepatocellular carcinoma. Benefits and limitations for
unresectable cases with liver cirrhosis evaluated by comparison
with other conservative treatments. Cancer. 1985;55:2822-2825.
Llovet JM, Bruix J. Systematic review of randomized trials
for unresectable hepatocellular carcinoma: chemoembolization
improves survival. Hepatology. 2003;37:429-442.



ELSEVIER

Stimulation of Liver Regeneration After Hepatectomy in Mice by
Injection of Bone Marrow Mesenchymal Stem Cells via the Portal Vein

M. Kaibori, Y. Adachi, T. Shimo, M. Ishizaki, K. Matsui, Y. Tanaka, M. Ohishi, Y. Araki, T. Okumura,

M. Nishizawa, and A.H. Kwon

ABSTRACT

Aim. To investigate whether mouse bone marrow mesenchymal stem cells (BMC)
stimulate liver regeneration after partial hepatectomy.

Methods.

Isolated BMCs were purified by density gradient centrifugation. We per-

formed a 70% hepatectomy in male BALB/c mice followed by injection of BMCs into the
portal vein (PV-BMC group), or the tail vein (IV-BMC group), or of saline into the portal

vein (control group).

Results. The wet weight of the liver remnant increased significantly in the PV-BMC
group at 3 and 5 days after hepatectomy compared with the IV-BMC and control groups.
The Ki-67 labeling index revealed that the increase to result from stimulation of DNA
synthesis. The constitutive interleukin-6 and hepatocyte growth factor mRNAs in the
remnant liver tended to increase in the PV-BMC group at 3 days after hepatectomy.

Conclusions.

These results demonstrated that BMC injection into the portal vein

-enhanced liver growth after partial hepatectomy in mice.

UTOLOGOUS BONE MARROW MESENCHY-
MAL STEM CELL (BMC) therapy has shown great
promise to enhance tissue regeneration in a range of acute
and chronic diseases. Prospects for enhanced cardiac re-
generation after myocardial infarction have received the
greatest attention. The recent 5-year outcome data of BMC
transplantation after myocardial infarction demonstrated
long-standing improvement in cardiac performance and
mortality.> BMC therapy has been shown to enhance he-
patic regeneration in acute and chronic settings in both
preclinical studies and pilot clinical investigations.>* The
administration of BMCs following liver resection has not
been investigated as yet. Autologous BMC therapy may
provide an effective treatment option to facilitate regener-
ation after liver resection. Administration of autologous
BMCs offers a clear advantage over nonautologous cell
therapies, as it avoids the requirement for immunosuppres-
sion and the risk of sensitization. In this study, we aimed to
clarify the role of BMCs in liver regeneration after massive
hepatectomy.

MATERIALS AND METHODS
Animals

C57BL/6 (B6) mice were purchased from Shimizu Laboratory
Supplies (Shizuoka, Japan). All mice were kept in a pathogen-free

© 2012 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710

Transplantation Proceedings, 44, 1107-1109 (2012)

room, and 8- to 10-week-old male mice were used in the present
study. The university’s Committee for Animal Research approved
all experiments. BMCs were harvested from the femoral, tibial, and
pelvic bones of the mice and suspended in phosphate-buffered
saline (PBS). The BMCs were then filtered through a 70-m nylon
wool mesh (Bectone Dickinson Labware, Franklin Lakes, NJ,
USA) and centrifuged at 1500 rpm for 7 minutes at 4°C. After
centrifugation, the BMCs were suspended and adjusted to 3.0 X
10? cells/mL in PBS containing 2% fetal calf serum.

Seventy percent hepatectomy was performed as previously de-
scribed by Higgins and Anderson.’ Briefly, the left lateral, left
median, and right median lobes were removed with a single ligature
under pentobarbital anesthesia. The mice were divided into three
groups: in one group BMCs (3.0 X 107) were injected into the
portal vein immediately after hepatectomy (PV-BMC group); in
one group BMCs (3.0 X 107) were injected into the tail vein

From the Departments of Surgery (M.K., M.I, KM.,, Y.T., M.O,,
Y.A., T.O,, AH.K) and Pediatrics (T.S.), Kansai Medical Univer-
sity, Osaka, Japan; Division of Clinical Pathology (Y.A.), Toyooka
Hospital, Hyogo, Japan; and Department of Biomedical Sci-
ences (M.N.), College of Life Sciences, Ritsumeikan University,
Shiga, Japan.

Address reprint requests to M. Kaibori, Department of Sur-
gery, Kansai Medical University, 2-3-1 Shinmachi, Hirakata,
Osaka 573-1191, Japan. E-mail: kaibori@hirakata.kmu.ac.jp

0041-1345/-see front matter
doi:10.1016/j.transproceed.2012.01.088

1107

— 419 —



1108

immediately after hepatectomy (IV-BMC group); in one group
saline was injected into the portal vein immediately after hepatec-
tomy (control group). The livers were excised, weighed, and
preserved at 1, 3, or 5 days after hepatectomy (n = 7-10 animals
per group for each time point) for subsequent molecular and
histological analysis.

Assessment of Liver Regeneration

The weight of regenerated liver was used to calculate the growth of
the residual liver lobes, using the formula: weight of regenerated
liver/preoperative liver weight X 100 (%). The preoperative liver
weight was assumed to be the resected liver weight at hepatectomy X
100/70.

Histology of Liver Tissue

To assess the number of hepatocyte mitoses, liver sections were
stained with hematoxylin-eosin, and the percentage of hepatocytes
undergoing mitosis was calculated. Liver sections were also incu-
bated with Ki-67 antibody (Novocastra Laboratories Ltd, UK) and
the ratio of Ki-67 positive/total hepatocytes was calculated.

mRNA Analysis of Liver Tissue

Total RNA from 50 mg of liver tissue was isolated using TRIzol
Reagent (Life Technologies, Rockville, Md, USA) according to the
manufacturer’s instructions. RNA concentration was determined
spectrophotometrically. cDNA was prepared by reverse transcrip-
tion of 1 mg of total RNA using oligo (dT)18 primer (Biolabs,
Frankfurt am Main, Germany) and Superscript II RNaseH-
Reverse Transcriptase (Invitrogen, Karlsruhe, Germany). Mouse
hepatocyte growth factor (HGF) and interleukin-6 (IL-6) were
amplified by polymerase chain reaction (PCR) for 35 to 40 cycles
using Taq polymerase (Perkin-Elmer, Rodgau-Jugesheim, Ger-
many). In a comparable assay, RNA integrity and cDNA synthesis
were tested using mouse elongation factor (EF)-1a as a housekeep-
ing gene. PCR products were separated by electrophoresis on 2.0%
agarose gels. Ethidium-bromide-stained bands were visualized by
UV illumination and desitometrically quantified (TotalLab). The
data represent expression of HGF and IL-6 gene product in
relation to EF-1a.

Statistical Analysis

All data are expressed as the mean * standard deviation of
samples. Statistical analyses were carried out with one-way analysis
of variance and significant data were examined by Bonferroni-
Dunn multiple comparisons post hoc test. In all cases, a P value <
.05 was considered significant.

RESULTS
Liver Regeneration and Ki-67 Labeling Index

Figure 1 shows liver regeneration, expressed as a percent-
age of the calculated original liver weight. Liver weight
increased in the control and IV-BMC groups, reaching
about 65% and 70% of the prehepatectomy weight on day
S, respectively. Portal vein injection of BMCs resulted in an
approximately twofold increase in weight regeneration over
the control and IV-BMC groups on days 3 and 5. The
mitotic index was significantly higher in the PV-BMC group
than in the control and IV-BMC groups on day 3 after
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Fig 1. The effect of bone marrow mesenchymal stem cell
(BMC) injection on liver regeneration. Liver regeneration in the
control group (o), portal vein BMC group (=), and tail vein BMC
group mice are shown as the mean * standard deviation
{n = 7-10). POD, postoperative day. *P < .05 versus control;
#P < .05 vs tail vein BMC group.

hepatectomy (control, 1.9% **1.9%; PV-BMC, 14.1% =+
5.8%; IV-BMC, 6.1% * 3.0%; P = .0002 between the
PV-BMC and control groups, P = .0072 between the
PV-BMC and IV-BMC groups). The Ki-67 labeling index
was also significantly higher in the PV-BMC group than in
the control and IV-BMC groups. These results indicate that
portal vein injection of BMCs accelerates liver regeneration
in the early period after hepatectomy (control, 9.3% =
4.7%; PV-BMC, 45.4% = 17.9%; 1V-BMC, 22.8% =
18.2%; P = .0002 between PV-BMC and control groups,
P = 0371 between PV-BMC and IV-BMC groups).

Growth Factors

We analyzed IL-6 and HGF expression by reverse transcrip-
tase PCR in the three groups after hepatectomy. Expression
of these growth factors was significantly up-regulated in the
PV-BMC group on days 1 and 3 compared with the
IV-BMC and control groups (data not shown).

DISCUSSION

The liver has a large capacity for regeneration after resec-
tion. However, below a critical level of remnant liver
volume, partial hepatectomy is accompanied by a significant
increase in postoperative liver failure.® Evidence that BMCs
contribute to liver regeneration is accumulating.”® Am
Esch et al reported that portal vein administration of
autologous CD133* BMCs accelerated liver regeneration
after clinical portal vein embolization, providing a novel
therapy to support hepatic regeneration.” Terai and
Sakaida reported nine liver cirrhosis cases that underwent
autologous bone marrow cell infusion (ABMI) via a periph-
eral vein and followed their progress for 24 weeks.® After
ABMI therapy, liver function and Child-Pugh Score were

~ significantly improved at 4 and 24 weeks. There are few
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reports describing the administration of BMCs following
liver resection. In this study, we evaluated whether injection
of BMCs into the portal vein was effective in stimulating
liver regeneration after 70% hepatectomy in mice. Our
results showed that BMCs stimulated DNA synthesis in
hepatocytes and increased the weight of the remnant liver
after hepatectomy. We speculate that injection of BMCs
into the portal vein accelerates the production of hepato-
poietic factors such as IL-6 and HGF in the early period
after hepatectomy. The mechanisms by which BMCs may
repopulate the regenerating liver are still under discussion.
Conversion to liver cells via cell fusion®® or via transdif-
ferentiation without fusion! may occur. BMCs may also be
a potential source of intrahepatic oval cells, which support
liver regeneration.’? Oval cells are assumed to act as
intrahepatic BMCs with the capacity to differentiate into
both hepatocytes and bile duct cells.”>** In the near future,
autologous BMCs may provide a targeted therapy to en-
hance hepatic regeneration following liver resection, poten-
tially reducing the risks of the procedure.
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non-C hepatitis virus hepatocellular carcinoma after

hepatectomy

Masaki Kaibori, M.D.*, Morihiko Ishizaki, M.D., Kosuke Matsui, M.D.,

A-Hon Kwon, M.D.

Department of Surgery, Hirakata Hospital, Kansai Medical University, 2-3-1 Shinmachi, Hirakata, Osaka 573-1191,

Japan
. KEYWORDS: Abstract
" Liver éancér‘; . BACKGROUND: A substantial population of hepatocellular carcinoma (HCC) patients is negative for
Hepatectomy; markers of hepatitis B virus and hepatitis C virus (HCV) infection (non-B non-C hepatitis virus [NBC]).
‘Non-B non-C METHODS: Clinicopathologic data and outcomes were compared retrospectively for HCC patients
hepatocellular with hepatitis B virus, HCV, and NBC who had undergone hepatectomy.
carcinoma: = RESULTS: The TNM stage was significantly higher, and the prevalence of cirrhosis was signifi-
Des-gamma-carboxy cantly lower, in the NBC group compared with the HCV group. Among patients with a maximum tumor
- prothrombin diameter of 5 cm or less, the survival rates were significantly higher in the NBC group than in the HCV

group. Multivariate analysis revealed that preoperative serum des-gamma-carboxy prothrombin (DCP)
level was a prognostic factor for survival in NBC-HCC patients. The DCP/tumor size ratio was
significantly higher in NBC-HCC patients with normal liver histology than in patients with hepatitis or

cirrhosis.

CONCLUSIONS: NBC-HCC patients had more advanced tumors compared with HCV-HCC pa-

tients, but significantly higher survival rates. Measurement of DCP potentially is significant for early
diagnosis of NBC HCC, which may increase the chance of curative therapy without recurrence.

© 2012 Elsevier Inc. All rights reserved.

Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer worldwide.! Although most HCC cases are still
found in Asia and Africa, recent studies have shown that the
incidence of HCC, and mortality resulting from HCC, are
increasing in North America and Europe.” Evidence shows
that 50% of all cases of HCC worldwide are associated with
hepatitis B virus (HBV) infection, with a further 25% as-
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sociated with hepatitis C virus (HCV).*~® Some recent
reports have shown that the primary risk factor for devel-
oping HCC is cirrhosis.*~® The annual incidence rates of
HCC in patients with cirrhosis resulting from HBV and
HCV are reported as 1% to 8% and 1% to 15%, respec-
tively.®~® The oncogenic mechanisms and the clinicopath-
ologic characteristics of HCC strongly are influenced by
HBV or HCV infection.’~"' For example, patients with
HBV-related HCC have a shorter history of infection and
better liver function reserve than those with HCV-related
HCC. HCV antibody (HCVAb)-positive HCC accounts for
more than 80% of all cases of HCC in Japan, and these
patients are characteristically older and have more severe
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cirrhosis than those with hepatitis B surface antigen
(HBsAg)-positive HCC. The prognosis of HCV Ab-positive
HCC is worse than that of HBsAg-positive HCC® because
multicentric carcinogenesis is more common in patients
with HCV infection than in patients with HBV infec-
tion,'%!%13 and the outcome after resection differs between
patients with HBV and HCV infection,'*~'®

Although most HCC is associated with viral infection,
there is a substantial population of HCC patients (5%—15%)
who are negative for markers of HBV and HCV infection
(non-B non-C hepatitis virus [NBC]) in Japan and Tai-
wan.'%!' 11722 Although several studies have compared the
clinicopathologic features of patients with NBC HCC and
viral-related HCC, controversy remains about the liver
function of NBC-HCC patients, the biological behavior of
their tumors, and the outcome after surgical treatment. In
the present study, we retrospectively analyzed NBC-HCC
patients who had undergone potentially curative resection to
determine the risk factors for recurrence after hepatectomy
and to help clarify the appropriate treatment for this type of
HCC.

Materials and Methods

Subjects

Between February 1992 and January 2009, a total of 534
patients with HCC underwent curative resection (defined as
macroscopic removal of all tumor) at our institution. Of
these, 19 patients died before hospital discharge and the
remaining 515 were followed up as outpatients. We ex-
cluded 7 patients with both HBsAg and HCVADb, 1 patient
with autoimmune hepatitis, 1 patient with primary biliary
cirrhosis, and 10 patients with alcoholic cirrhosis. The re-
maining 496 patients were divided into the following 3
groups: the HBV-HCC group (n = 85), which were positive
for HBsAg and negative for HCVAb; the HCV-HCC group
(n = 351), which were negative for HBsAg and positive for
HCVADb; and the NBC-HCC group (n = 60), which were
negative for both HBsAg and HCVAb.

Clinicopathologic variables and surgery

Before surgery, each patient underwent conventional
liver function tests, measurement of the indocyanine green
retention rate at 15 minutes (ICGR15), and technetium-
99m-diethylenetriamine-pentaacetic acid-galactosyl-human
serum albumin liver scintigraphy.®* Hepatitis virus screen-
ing was performed by measurement of HBsAg and HCVAD.
a-fetoprotein (AFP) and des-gamma-carboxy prothrombin
(DCP) levels were measured in all patients. Surgical proce-
dures were classified according to the Brisbane terminology
proposed by Strasberg et al.>* Anatomic resection was de-
fined as resection of the tumor together with the related
portal vein branches and corresponding hepatic territory,

and was classified as hemihepatectomy (resection of half of
the liver), extended hemihepatectomy (hemihepatectomy
plus removal of additional contiguous segments), sectionec-
tomy (resection of 2 Couinaud subsegments), or segmen-
tectomy (resection of 1 Couinaud subsegment). All other
procedures were classified as limited resection, which fre-
quently was performed for peripheral or central tumors.
Peripheral tumors and those with extrahepatic growth were
treated by partial hepatectomy because this procedure
achieved a sufficient surgical margin. Central tumors lo-
cated near the hepatic hilum or major vessels were treated
by enucleation only because it was too difficult and/or
dangerous to remove enough liver tissue to obtain an ade-
quate margin. One senior pathologist reviewed all speci-
mens for histologic confirmation of the diagnosis. The
width of the surgical margin was measured as the distance
from the tumor edge to the resection line.

Follow-up evaluation

Perioperative and postoperative complications and
deaths were recorded to determine morbidity. and mortality
after hepatectomy.

All patients who survived were followed up at least
every 3 months after discharge. Follow-up evaluation in-
cluded physical examination, liver function tests, chest ra-
diographs to check for pulmonary metastases, and ultra-
sonography, computed tomography, or magnetic resonance
imaging to check for intrahepatic recurrence. Chest com-
puted tomography was performed if the chest radiograph
showed any abnormalities. Bone metastases were diagnosed
by bone scintigraphy.

When recurrence of HCC was detected by changes in
tumor markers or on imaging, recurrence limited to the
remnant liver was treated by transarterial chemoemboliza-
tion, lipiodolization, re-resection, or percutaneous local ab-
lative therapy such as radiofrequency ablation. When extra-
hepatic metastases were detected, active treatment was
undertaken in patients with good hepatic functional reserve
(Child—Pugh class A or B) and good performance status (0
or 1), whereas other patients were given only radiation
therapy to relieve symptoms of bone metastases. Surgical
resection was undertaken in patients with a solitary extra-
hepatic metastasis and no intrahepatic recurrence.

Prognostic factors

We performed univariate and multivariate analyses of
30 clinicopathologic factors to identify independent vari-
ables related to postoperative disease-free survival and
overall survival of NBC-HCC patients. The patient fac-
tors we investigated were sex, age, body mass index,
alcohol abuse, the presence or absence of diabetes mellitus,
and liver function (including albumin, total bilirubin, aspar-
tate aminotransferase, alanine aminotransferase, prothrom-
bin time, cholinesterase, platelet count, alkaline phospha-
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tase, ICGR15, maximal removal rate of GSA, and Child-
Pugh class). The tumor factors investigated were AFP level,
DCP level, histologic features (including tumor diameter,
differentiation, microscopic capsule formation, surgical
margin, and vascular invasion), the number of tumors, and
stage according to the TNM classification.® The surgical
factors investigated were surgical time, blood loss, periop-
erative blood transfusion, surgical procedure, and compli-
cations. All the variables that were significant according to
univariate analysis then were examined with a Cox propor-
tional hazards model to identify variables that had an inde-
pendent influence on disease-free survival or overall sur-
vival.

Statistical analysis

Continuous variables are presented as mean * standard
deviation. The significance of differences among the 3
groups was assessed by the chi-square test, the Mann—
Whitney U test, or the Kruskal-Wallis test as appropriate.
Correlations between various tumor factors and the DCP/
tumor size ratio were determined by the Pearson correlation
coefficient analysis. The Kaplan—Meier method was used to
calculate the disease-free survival rate and overall survival
rate as of June 2009, and the significance of differences in
survival rates was estimated with the generalized log-rank
test. The Cox regression model (stepwise method) was used

for multivariate analysis. In all analyses, a P value less than
.05 was considered statistically significant.

Results
Preoperative characteristics

Table 1 summarizes the preoperative characteristics of
the 3 groups of HCC patients. Patients in the NBC-HCC
group had a significantly higher body mass index and a
higher prevalence of diabetes mellitus than patients in the
HBV-HCC and HCV-HCC groups. The mean age of the
patients in the HBV-HCC group was significantly lower
than that of the NBC-HCC and HCV-HCC groups. There
were no significant differences in the prevalence of preop-
erative alcohol abuse among the 3 groups. The NBC-HCC
and HBV-HCC groups had significantly better preoperative
liver function (serum albumin, alanine aminotransferase,
platelet count, and ICGR15) than the HCV-HCC group.
The NBC-HCC and HBV-HCC groups had significantly
higher AFP and DCP levels than the HCV-HCC group.

Perioperative parameters and pathologic findings

Table 2 shows that surgical time, blood loss, and blood
transfusion did not differ significantly among the 3 groups.

NBC—HCC group -
(n=60) '

Preoperatlve chmcal charactenstlcs of the 3 groups of HCC patlents

lIﬂHBV—HCC group ' HCV;HCCg‘m’up

52/8
66.6 = 13.3

_ Albumin level, g/d
~ Prothrombin time, %

: 3755*“9726

454 +3, 250*’t

4655+ 12,379 | 1,527 * 6,464%%

 Data. represent the mean * standard deviation or the number of pahents :

ALT = - alanine ammotransferase, BMI = body mass mdex e

*F = 0006 and <. 0001 versus NBC-HCC and HCV—HCC patlents.
tP.= .0108 and < 0001 versus HBV-HCC and HCV-HCC patients..
1P = .0307 and .0024 versus HBV—HCC and HCV-HCC patients.
8P = .0388 and <.0001 versu NBC HCC and HBV-HCC patients:
lp< .0001 and <.0001 versus NBC-HCC nd HBV HCC patlentSQ g
qr= 0480 versus NBC~HCC pahents

~HCC and HBV—HCC pahents =
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Table 2 Intraoperatwe and postoperatwe charactenshcs of the 3 groups of HCC patlents
/ NBC-HCC group HBV HCC group ; 'HCV HCC group,
e : (n=160)" (n = 85) (=351
Surgical time, min = 319+ 119 1305 £ 114 288 111
Surgical blood loss, mL 1,498 * 1,450 -1,538 = 2,410 : 1,465 * 1,736
Blood transfusion, + 28 (47%) 37 (44%) o 145 (41%) -
Surgical pr gdure . S S
. Limited resection ; - 40(67%) 47 (55%) 290 (83%)*
~Anatomic resection 220:(33%) 38 (45%) : L - 61(17%)
Pahents with comphcatxons, = 10.(17%) 7 (8%) - 86 (25%)"
Tumor size, cm LA 5.57 * 4. 58, 543+ 4.03 3. 55 = 248
,Tumor dlfferentlahon o - E :
Well or moderate 56 (93%) - T4(87%) o 304 (87%) ;
Poor or necrosis b (T%) 11 (13%) - 4T7(13%)
M1croscop1c surglcal margin, + 3 (5%) 12 (14%) 38 (11%)
nvasmn, + 26 (43%) - 48 (56%) - 154 (44%).
Singe 50 (83%) 59 (69%) 262 (75%)
~ Multiple 10 (17%) ' 26 (31%) 89 (25%)N
Underlymg hver h1stology . . . .
: 24 (40%) : 11 (13%) i 14 (4%) ,
21 (35%) 51 (60%) 181 (52%) -
,15 (25%) 23 (27%)¢ 156 (44%)“ L
32 (53%) ; 43 (51%) 249 (71%) -
28 (47%) 42 (49%)- 102 (29%)7

pata represent the mean =+ standard dewatwn or the number of patients.

- NS = - not 519mﬁcant -

: : 0001 versus NBC—HCC and HBV—HCC patlents

: BV-HCC patients.

: :l:P < 0001 and < 0001 versus NBC—HCC and HBV-HCC pahents
8P = .0005 versus. NBC—HCC patients.

P< 0001 and .0004 versus NBC=HCC and: HBV=HCC pahents
QIP = 0067 and 0003 versus NBC—HCC and HBV-HCC pahents

The NBC-HCC and HBV-HCC groups had a lower per-
centage of limited resection cases than the HCV-HCC
group. On pathologic examination, tumor size was signifi-
cantly larger and TNM stage was significantly more ad-
vanced in the NBC-HCC and HBV-HCC groups than in the
HCV-HCC group. Normal liver histology was significantly
more common in the NBC-HCC group than in the other 2
groups.

Outcome

The disease-free survival and overall survival rates of all
496 patients were 35% and 73% at 3 years, 22% and 57%
at 5 years, and 11% and 26% at 10 years, respectively (Fig.
1). There were significant differences in disease-free sur-
vival rates between the NBC-HCC or HBV-HCC groups
and the HCV-HCC group (45% in NBC—, 41% in HBV—,
and 33% in HCV-HCC patients at 3 years; 35%, 32%, and
17% at 5 years; and 30%, 29%, and 11% at 7 years, respec-
tively; P = .0395), although there were no significant dif-
ferences in overall survival rates among the groups (75% in
NBC, 66% in HBV, and 74% in HCV-HCC patients at 3
years; 62%, 53%, and 57% at 5 years; and 58%, 37%, and

44% at 7 years, respectively; P = .2123). Among patients
with a maximum tumor diameter of 5 cm or less, disease-
free survival rates were significantly higher in the NBC—
HCC and HBV-HCC groups than in the HCV-HCC group
(P = .0003 and P = .0073, respectively) (Fig. 2A), and

100 4
o 807
=
2 60 i
© Qverall survival
i 4
g 40
£
":, 20 - '-..
a Disease-free survival
0 24 48 72 96 120 144 168 192 216
Number at isk Months after surgery
Overall sutvival = qa8 247 204 122 &9 18 7 4 2
Disease-free survival .- 496 188 88 a2 17 7 2 ] 0

Figure 1 Disease-free and overall survival rates in all 496 pa-
tients after hepatectomy for HCC.
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whereas the factors associated with lower overall survival
A 1004 w — ﬁggzgg :T""’“ were serum albumin level, total bilirubin level, prothrombin
- ] By HOV.HCG . Ltwn time, DCP level, and complications. Table 3 shows the
Eo- %1 results obtained by multivariate analysis (Cox proportional
S ol hazards model) of factors with an influence on disease-free
E survival or overall survival rates. A serum albumin level
" 40 less than 3.9 g/dL, a DCP level of 300 mAU/mL or greater,
2 and multiple tumors were identified as independent prog-
é 20 nostic indicators of disease-free survival, whereas a serum
b albumin level less than 3.9 g/dL and a DCP level of 300
g 0 . : . . . . . mAU/mL or greater had an independent influence on overall
Q 24 48 72 96 120 144 168 survival.
) Months after surgery
HmmerairEe Correlations between tumor factors and

::5:52 - oo DCP/tumor size ratio or underlying liver histology

HOVEHOG o 288 122 a8 18 4 2z o in NBC—HCC patients
B 100 —NBC-HCC Ty There were significant correlations between tumor size
3 hxt!‘ - :g\\’/:‘ég wrasts and both AFP and DCP levels in our 496 patients (AFP: r =
= 804 T 347, P < .0001; DCP: r = .562, P < .0001). We divided
s 60 1 % the AFP and DCP levels by tumor diameter to calculate
E ’ tumor marker/tumor size ratios. The DCP/tumor size ratio
% 40- was correlated positively with tumor stage (r = .34; P =
B .0091), number of tumors (r = .392; P = .0026), tumor
3 20 histology (r = .42; P = .0018), and microvascular invasion
MV (r = .546; P < .0001), whereas the AFP/tumor size

S ] ratio was not (data not shown).

0 24 48 72 96 120 144 168 192 216 Correlations between perioperative factors and underly-
Months after surgery ing liver histology were analyzed in the NBC-HCC group
Number at isk (normal histology, n = 24; hepatitis, n = 21; or cirrhosis,
NBGC-HCC ==2¢ 26 m o 82 100 n = 15). There were significant correlations between MVI
HBV-HCC — 2 0 e 8 4210 and normal histology (MVI with normal histology, n = 17;
HCV-HCC ---288 220 10 78 &8 @ 2 2 hepatitis, n = 5; and cirrhosis, n = 4; P = .0021), and
Figure 2 Comparisons of disease-free survival and overall sur- between anatomic resection and normal histology (anatomic

vival rates after hepatectomy among patients in the HBV-HCC,
HCV-HCC, and NBC~-HCC groups with a maximum tumor di-
ameter of 5 cm or less. (A) Disease-free survival. The survival rate
of HCV-HCC patients (dotted line) was significantly lower than
that of NBC-HCC (unbroken thick line, P = .0003) or HBV-HCC
patients (unbroken thin line, P = .0073). (B) Overall survival. The
survival rate of NBC-HCC patients (unbroken thick line) was
significantly better than that of HCV-HCC patients (dotted line,
P = .0075). The numbers of patients at risk are shown below each
graph.

there was also a significant difference in overall survival
rate between the NBC-HCC group and the HCV-HCC
group (P = .0075) (Fig. 2B).

Factors affecting disease-free survival and overall
survival rates

Univariate analysis showed that the factors associated
with lower disease-free survival in the NBC-HCC group
were sex, serum albumin level, DCP level, number of tu-
mors, microscopic vascular invasion, and TNM stage,

resection with normal histology, n = 16; hepatitis, n = 4;
and cirrhosis, n = 0; P < .0001). There were no significant
correlations between histology and blood loss, blood trans-
fusion, tumor stage, number of tumors, or tumor differen-
tiation.

Correlations between tumor marker/tumor size
ratios and underlying liver histology

The AFP/tumor size ratio in the NBC-HCC group was
316 £ 918 ng/mL/cm, 50 = 101 ng/mL/cm, and 842 * 581
ng/mL/cm with normal histology, hepatitis, and cirrhosis,
respectively. The AFP/tumor size ratio in the HBV-HCC
group was 3,175 = 3,241 ng/mL/cm, 1,774 *= 4,346 ng/
mL/cm, and 394 + 691 ng/mL/cm with normal histology,
hepatitis, and cirrhosis, respectively. The AFP/tumor size
ratio in the HCV-HCC group was 43 * 89 ng/mL/cm,
107 = 537 ng/mL/cm, and 73 * 160 ng/mL/cm with normal
histology, hepatitis, and cirrhosis, respectively. There were
no significant correlations between the AFP/tumor size ratio
and underlying histology in the NBC-HCC, HBV-HCC, or
HCV-HCC groups.
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Table':'3 Prognoshc factors for d1sease free survwal ancl overall surv1val 1den’uﬁed by multwanate analysis in' NBC-HCC pa’uents
Variable ~~Coefﬁc1ent ' Standard error . Relatwe nsk : P value
Dlsease free survival’ S e Gl s e
Albumin level, <3.9 g/dL S "1 110 . '._4141 o 03,0340 0 0 .0074

~ DCP, =300 mAU/mL - s 396 2959 0063

~ Multiple tumors . e 749;, 446 3 802 .. . . .0028

Overall survival -~ i - L .
Albumin level, <3.9g/dL 1360 647 s 0159
DCP =300 mAU/mL S ez 541

SRJI8 - .0389

The DCP/tumor size ratio in the NBC-HCC group was
757 * 1,142 mAU/mL/cm, 146 = 270 mAU/mL/cm, and
132 = 153 mAU/mL/cm with normal histology, hepatitis,
and cirrhosis, respectively. The DCP/tumor size ratio in the
HBV-HCC group was 719 = 867 mAU/mL/cm, 692 *
1,734 mAU/mL/cm, and 489 * 654 mAU/mL/cm with
normal histology, hepatitis, and cirrhosis, respectively. The
DCP/tumor size ratio in the HCV-HCC group was 363 =
464 mAU/mL/cm, 301 = 934 mAU/mL/cm, and 135 = 756
mAU/mL/cm with normal histology, hepatitis, and cirrho-
sis, respectively. There were no significant correlations be-
tween the DCP/tumor size ratio and underlying histology in
the HBV-HCC and HCV-HCC groups. In contrast, the
DCP/tumor size ratio was significantly higher in NBC-HCC
patients with normal histology than with hepatitis or cirrho-
sis (P = .0211 and P = .0426, respectively).

Comments

Although most HCC still occurs in patients with persis-
tent HCV infection, the incidence of HCV HCC has been
decreasing over the past years because of the promotion of
anti-HCV therapy?’ and a decrease in the number of patients
with chronic HCV infection.”® In recent reports, the per-
centage of HCC patients with NBC HCC has reached as
high as 20%, and the incidence is increasing.'®'"!7-2229
These findings indicate that NBC HCC may become more
important in the near future.

We found that NBC-HCC patients were significantly
older than HBV-HCC patients, but not HCV-HCC patients,
which is consistent with a previous report by Dohmen et
al.*® It seems that although most HBV-HCC cases result
from vertical transmission of HBV in infancy, causing HCC
at a young age, NBC HCC develops over a long time period
later in life.’! Abe et al reported that the most important
etiologic factor for the development of NBC HCC is alcohol
consumption, followed by nonalcoholic fatty liver dis-
ease.”” However, we did not find a higher prevalence of
alcohol abuse among NBC-HCC patients in the present
study. Comparisons among the 3 groups found that preop-
erative liver function was best in the NBC-HCC group. The
smaller tumors and lower levels of AFP and DCP in the
HCV-HCC group may reflect periodic screening for HCC
in these patients. Normal liver histology was significantly

more common in the NBC-HCC group than in the HCV-
HCC or HBV-HCC groups. Assessment of liver histology
revealed a lower grade of inflammation and earlier stage of
fibrosis in the NBC-HCC group. The increased frequency
of anatomic resection in the NBC-HCC group may have
been related to the better liver function compared with the
HCV-HCC group.

Tumor size, multiple tumors, portal invasion, and curative
resection with an adequate surgical margin have been reported
as prognostic indicators in NBC-HCC patients undergoing
resection.”>*> In the present study, we found that a lower
serum albumin level and a higher DCP level were independent
predictors of disease-free survival and overall survival in the
NBC-HCC group. There has been no previous report that the
preoperative serum DCP level is a prognostic indicator for
NBC HCC. According to Yamamoto et al,** although both
AFP and DCP increase with tumor growth, DCP is a more
accurate tumor marker. In most NBC-HCC patients, the tumor
is discovered at an advanced stage'’** because these patients
have milder hepatic dysfunction and fewer symptoms com-
pared with HBV-HCC and HCV-HCC patients owing to the
absence or mildness of underlying chronic liver disease. Be-
cause they have fewer symptoms, NBC-HCC patients visit the
hospital less frequently than HBV-HCC or HCV-HCC pa-
tients, and thus undergo imaging studies less frequently. NBC
HCC usually is not discovered until the tumor is large enough
to cause abdominal pain and distension.

We found significant differences in disease-free survival
rates, but not overall survival rates, among the 3 groups.
However, both disease-free and overall survival rates of
NBC-HCC patients after hepatic resection were signifi-
cantly higher if the maximum tumor diameter was 5 cm or
less. Several studies have indicated that large tumors, espe-
cially those greater than 5 cm in size, have a significantly
higher risk of recurrence.>**® The influence of size is at-
tributed to the increased invasiveness of larger tumors, as
shown by a higher incidence of intrahepatic metastases and
portal venous invasion.>**° Therefore, in HCC patients with
larger tumors, survival depends on progression of the tumor
itself (including its size and/or number of lesions) irrespec-
tive of the type of underlying hepatitis virus infection.
Although NBC-HCC patients with normal liver histology
often had advanced tumors with microvascular invasion,
these patients showed higher survival rates owing to cura-
tive anatomic resection and good residual liver function. We
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also found that measurement of DCP level in the perioper-
ative and postoperative periods may be a useful prognostic
indicator. If measurement of DCP level in NBC-HCC pa-
tients could lead to earlier diagnosis of the primary tumor or
of recurrence after surgical resection, the use of DCP levels
for screening may improve prognosis.

In conclusion, we found that the DCP/tumor size ratio of
NBC-HCC patients was correlated positively with several
tumor factors, including tumor stage, the number of tumors,
- tumor histology, and microvascular invasion. NBC-HCC
patients had significantly higher survival rates after hepatic
resection than HBV-HCC or HCV-HCC patients because
they generally had milder hepatic dysfunction. The DCP/
tamor size ratio was significantly higher in NBC-HCC
patients with normal histology than those with hepatitis or
cirrhosis. These findings should be considered when treat-
ing NBC-HCC patients. Further prospective studies are
required to fully evaluate the significance of DCP level in
NBC patients with potentially curable HCC.
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Abstract

Background The present study aimed to clarify the clin-
icopathologic features of long-term disease-fee survival
after resection of hepatocellular carcinoma (HCC).
Methods This retrospective study identified 940 patients
who underwent curative resection of HCC between 1991
and 2000 at five university hospitals. Seventy-four patients
with 10 years of recurrence-free survival were identified
and followed up. They were divided into two groups, 60
recurrence-free and 14 with recurrence after a 10-year
recurrence-free period.

Results Overall survival rates of recurrence and non-
recurrence groups were 68 and 91 % at 16 years, and 34
and 91 % at 20 years (p = 0.02), respectively. There were
five (36 %), and two deaths (3 %), respectively, after 10
recurrence-free years. A second resection for recurrence
was performed in four patients (29 %), and mean survival
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was 15.3 years after the first hepatectomy. Although three
patients in the non-recurrence group (5 %) developed
esophageal and/or gastric varices, seven patients in the
recurrence group (50 %) developed varices during 10 years
(p <0.0001). In multivariate analysis, preoperative and
10-year platelet count was identified as a favorable inde-
pendent factor for maintained recurrence-free survival after
a 10-year recurrence-free period following curative hepatic
resection of HCC.

Conclusions Recurrence of HCC may occur even after a
10-year recurrence-free period. Long-term follow-up after
resection of HCC is important, and should be life-long.
Patients with higher preoperative and 10-year platelet
counts are more likely to have long-term survival after
resection. A low platelet count, related to the degree of
liver fibrosis, is a risk factor for recurrence and survival of
HCC after curative resection.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide [1]. Although the incidence of HCC is
highest in Asia and Africa, recent studies have shown that
the incidence and mortality rates of HCC are also rising in
North America and Europe [2, 3]. There has been an
increase in the number of reports of nonsurgical therapeutic
options for small HCC, such as percutaneous ethanol
injection therapy [4], microwave coagulation therapy [5],
and percutaneous radiofrequency ablation (RFA) [6], but
there is ongoing controversy regarding the best method to
treat small tumors. In Japan, liver transplantation is not a
practical option for most HCC patients, because the
national health insurance scheme only covers transplanta-
tion for patients with decompensated cirrhosis whose
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tumors fit the Milan criteria. Resection is therefore gener-
ally the first-line treatment for patients with small tumors
and underlying chronic liver disease, but the long-term
survival rate after potentially curative resection of HCC is
still unsatisfactory because of the high rate of recurrence
[7]1. To improve prognosis, it is important to prevent the
recurrence of HCC after its initial resection, but standard
therapy for intrahepatic metastasis has not yet been
developed. Therefore, the number of reports on long-term
survivors after the initial hepatectomy remains small,
especially on the basis of long-term (>10 years) observa-
tion of patients, with or without recurrence [8-12]. Fur-
thermore, there are few reports regarding the characteristics
of patients who survive without recurrence for at least
10 years after curative liver resection. In the present study,
we retrospectively analyzed patients with long-term sur-
vival and compared them with patients who had recurrence
of HCC after a 10-year disease-free period, in order to gain
insight into the demography and biological behavior of
HCC, and to identify the prognostic factors associated with
survival.

Materials and methods
Subjects

Between 1991 and 2000, a total of 940 patients with HCC
underwent curative resection (defined as macroscopic
removal of all tumors) at five participating university
hospitals. Thirty two patients died in the hospital and the
remaining 908 were followed up as outpatients. Seventy-
four patients (8 %) with 10-year recurrence-free survival
after initial hepatectomy were included in this study. The
median and mean duration of follow-up for the maximum
time or until death was 12.6 and 13.3 years (range:
10.0-21.0 years). The median age of the patients at the
initial hepatectomy was 59 years (range: 26—77 years). The
74 patients were stratified into a recurrence group and a
recurrence-free group.

Clinicopathologic variables and surgery

Before surgery, each patient underwent conventional liver
function tests, measurement of the indocyanine green
retention rate at 15 min (ICGR15), and measurement of
serum type IV collagen 7S. Hepatitis virus screening was
done by measurement of hepatitis B surface antigen
(HBsAg) and hepatitis C virus antibody (HCVAD). The
levels of alpha-fetoprotein (AFP) and protein induced by
vitamin K absence/antagonism-II (PIVKA-II) were also
measured in all patients. Surgical procedures were classi-
fied according to the Brisbane terminology proposed by
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Strasberg et al. [13]. Accordingly, anatomic resection was
defined as resection of the tumor together with the related
portal vein branches and the corresponding hepatic terri-
tory, and was classified as hemihepatectomy (resection of
half of the liver), extended hemihepatectomy (hemihepa-
tectomy plus removal of additional contiguous segments),
sectionectomy (resection of two Couinaud subsegments
[14]), or segmentectomy (resection of one Couinaud sub-
segment). All of the non-anatomically designated proce-
dures were classified as limited resection, and were
performed in patients with peripheral or central tumors and
moderate liver dysfunction [15]. Patients with peripheral
tumors and those with extrahepatic growths were treated by
partial hepatectomy because this procedure achieved a
sufficient surgical margin. In contrast, central tumors
located near the hepatic hilum or major vessels were only
treated by enucleation because it was too difficult and/or
dangerous to remove enough liver tissue to obtain an
adequate margin. A senior pathologist at each of the five
participating university hospitals reviewed each specimen
for histologic confirmation of the diagnosis. The width of
the surgical margin was measured as the distance from the
tumor edge to the resection line. The tumor stage was
defined according to the TNM classification [16]. Histo-
logic staging of fibrosis and grading of necroinflammation
in the underlying liver was performed using the Knodell
histologic activity index (HAI) [17] at the initial operation
and at the second operation for those requiring repeat
hepatectomy.

Follow-up

Perioperative/postoperative complications and deaths were
recorded to determine the morbidity and mortality of
hepatectomy. All surviving patients were followed up after
discharge, with physical examination, liver function tests,
ultrasonography, computed tomography (CT), or magnetic
resonance imaging being performed at least every
3 months to check for intrahepatic recurrence, with chest
radiographs obtained to detect pulmonary metastasis. A
chest CT was performed if a chest radiograph showed any
abnormalities. Bone metastases were diagnosed by bone
scintigraphy.

When recurrence of HCC was detected from changes in
tumor markers or from imaging findings, recurrence limited
to the remnant liver was treated by transarterial chemo-
embolization (TACE), lipiodolization, second resection, or
percutaneous local ablative therapy such as radiofrequency
ablation (RFA). After detection of extrahepatic metastases,
active treatment was performed in patients with a good
hepatic functional reserve (Child-Pugh class A or B) and
good performance status (0 or 1), while other patients were
only given radiation therapy for bone metastases to relieve
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symptoms. Surgical resection was performed in patients
with a solitary extrahepatic metastasis and no intrahepatic
recurrence. In addition, all patients underwent endoscopy to
evaluate the severity of esophageal and/or gastric varices
before surgery and at 10 years after surgery.

Prognostic factors

We performed univariate and multivariate analysis of 28
clinicopathologic operative factors to identify independent
variables related to the postoperative recurrence of HCC in
patients with 10-year recurrence-free survival after curative
hepatic resection. The factors investigated were gender,
presence or absence of hepatitis C virus (HCV), and liver
function (including albumin, alanine aminotransferase
[ALT], and platelet count). The tumor factors studied were
alpha fetoprotein (AFP), vitamin K absence or antagonist 11
(PIVKA-II), and histologic features (including tumor
diameter, differentiation, vascular invasion, and associated
liver disease). The operative factors that we assessed were
operative blood loss, perioperative blood transfusion, and
surgical procedure. All of the variables that were signifi-
cant according to univariate analysis were then examined
with a Cox proportional hazards model to identify variables
that were independently associated with recurrence.

We also performed univariate and multivariate analysis
of six clinical factors to identify independent variables
related to postoperative recurrence of HCC more than
10 years after curative hepatic resection. The factors
investigated were 10-year liver function (including albu-
min, aspartate aminotransferase [AST], ALT, and platelet
count). The tumor factors studied were AFP and PIVKA-IL

Statistical analysis

Continuous variables are presented as mean - standard
deviation. The significance of differences between the
recurrence-free and recurrence groups was assessed by the
Chi square test or the Mann—Whitney U-test, as appropri-
ate. The Kaplan—-Meier method was used to calculate the
recurrence rate and overall survival rate as of December
2010, and the significance of differences in survival was
estimated with the generalized log-rank test. The Cox
regression model (stepwise method) was used for multi-
variate analysis. In all analyses, p < 0.05 was considered to
indicate statistical significance.

Results
Preoperative and postoperative characteristics

Table 1 summarizes the preoperative characteristics of
recurrence-free and recurrence groups. No difference was

Table 1 Preoperative and 10-year clinical characteristics of hepato-
cellular carcinoma (HCC) recurrence and non-recurrence groups

Variable Non- Recurrence p value
recurrence group
group (n=14)
(n = 60)
Gender, male/female 47113 13/1 0.21
Age, years 584 £ 9.8 58.9 + 8.8 0.85
HBsAg (+) 16/44 3/11 0.69
HCVAD (+) 23/37 3/11 0.23
Child-Pugh class: A/B 5713 13/1 0.75
Alcohol abuse (+) 19/41 5/9 0.77
Preoperative TACE (%) 36/24 9/5 0.77
ICGR15, % 119 £ 5.6 148 +59 0.16
Albumin, g/dL 4.1 £03 39403 0.08
Albumin (10 years), g/dL. 4.1 £ 0.3 39+04 0.10
Total bilirubin, mg/dL 0.79 £0.38 0.80 = 0.24 091
Total bilirubin (10 years), 0.75 =+ 0.20 0.90 + 0.60 0.81
mg/dL
Prothrombin time, % 100 &+ 18 105 + 28 0.54
Prothrombin time 102 + 14 99 + 19 0.90
(10 years), %
Platelet count (x104/uL) 192 4+173 133 + 34 0.02
Platelet count (10 years) 155 £ 4.1 12.1 + 42 0.03
(x10%puL)
AST, IU/L 48 + 44 38 + 11 0.48
AST (10 years), IU/L 41 £ 26 55 + 35 0.23
ALT, IU/L 57 £ 56 46 + 26 0.56
ALT (10 years), IU/L 39 £27 63 £+ 50 0.08
Type IV collagen 7S 493 +£0.84 758 £0.79 0.002
(10 years), ng/ml)?
AFP, ng/ml 311 £ 1198 918 + 1646  0.12
AFP (10 years), ng/mL 93 £ 11.7 56.1 + 104.1 0.04
PIVKA-II (mAU/mL) 601 4 1626 38 + 44 0.40
PIVKA-II (10 years), 25 £+ 29 47 + 61 0.21

mAU/mL

Data presented as mean + standard deviation (SD) or the number of
patients. HBsAg hepatitis B surface antigen; HCVAD hepatitis C virus
antibody; TACE transcatheter arterial chemoembolization; ICGRI5
indocyanine green retention rate at 15 min; AST aspartate amino-
transferase; ALT alanine aminotransferase; AFP o-fetoprotein; PIV-
KA-II protein induced by vitamin K absence/antagonism-II

? Indicated data were not available for all patients. The number of
patients with the measurement was 34 and 6 in the non-recurrence and
recurrence groups, respectively

detected between the two groups with respect to gender,
age, HBsAg, HCVADb, Child-Pugh class, alcohol abuse,
preoperative TACE, ICGRI15, and serum albumin, total
bilirubin, prothrombin time, AST, ALT, AFP, or PIVKA-
II. Postoperative characteristics at 10 years after surgery
for each group are listed in Table 1. No difference was
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Table 2 Changes in gastric and/or esophageal varices after 10 years of recurrence-free survival following curative hepatic resection

Recurrence group (n = 14)

Non-recurrence group (n = 60)

10 years after surgery: FO F1 F2 F3 FO F1 F2 F3
Before surgery

FO 7 (50 %) 5 (36 %) 0 0 54 (90 %) 365 %) 0 0
Fl1 0 0 1(7 %) 0 0 3(5 %) 0 0
F2 0 0 0 17 %) 0 0 0 0

detected between the two groups with respect to serum
albumin, total bilirubin, prothrombin time, AST, ALT, and
PIVKA-II. Patients in the non-recurrence group had a
significantly higher platelet count preoperatively and at
10 years after surgery compared with those in the recur-
rence group. Patients in the non-recurrence group had
significantly lower levels of type IV collagen 7S at
10 years after surgery compared with those in the recur-
rence group. Patients in the recurrence group had higher
AFP levels at 10 years after surgery compared with those
in the non-recurrence group. Table 2 shows the changes in
esophageal and/or gastric varices after 10 years of recur-
rence-free survival following hepatic resection. Seven
patients in the recurrence group (50 %) developed varices
during the 10 years, while only three patients in the non-
recurrence group (5 %) developed varices (p < 0.0001).

Surgical results and pathologic classification

The operating time, blood loss, blood transfusion require-
ment, procedures, and complications attributable to surgery
did not differ significantly between the two groups. The
pathologic features of each group are presented in Table 3.

The number of tumors, tumor diameter, histology, associ-
ated liver disease, incidence of positive microscopic capsule
formation, surgical margins, vascular invasion, and TNM
stage did not differ significantly between the two groups.

Factors that influence recurrence of HCC after curative
hepatic resection

Table 4 shows univariate and multivariate analyses of
potential operative risk factors associated with recurrence
of HCC in patients after a 10-year recurrence-free period
following curative resection. Variables significantly asso-
ciated with recurrence in the univariate and multivariate
analyses were preoperative albumin <4.0 g/dL. (odds
ratio = 17.86; 95 % confidence interval (CI) = 1.64-42.0;
p = 0.02), and preoperative platelet count <15 x 10%/mL
(odds ratio = 37.48; 95 % CI = 2.25-52.0; p = 0.01).
Table 5 shows univariate and multivariate analyses of
potential 10-year risk factors associated with recurrence of
HCC in patients after 10 years of recurrence-free survival
following curative hepatic resection. Univariate and mul-
tivariate analyses showed that only platelet count <15 x
10*mL at 10 years after surgery (odds ratio = 12.92;

Table 3 Intraoperative and
postoperative characteristics of
the two groups

Variable Non-recurrence group Recurrence group p value
(n = 60) n=14)

Operating time, min 261 £ 77 284 £ 87 0.38

Operative blood loss, mL 1,095 £ 1129 1,508 + 1,545 0.26

Blood transfusion (&) 18/42 4/10 0.92

Surgical procedure

(Anatomic/limited resection) 32/28 5/9 0.24

Number of tumors (single/multiple)  55/5 13/1 0.88

Tumor size, cm 4.48 & 3.98 3.16 + 1.65 0.23

Histology (good/moderate/poor/ 11/30/15/4 3/5/3/3 0.70
necrosis)

Microscopic capsule formation (£)  50/10 13/1 0.37

Surgical margin (+) 8/52 0/14 0.60

Microscopic vascular invasion (+£) 16/44 1/13 0.15

Associated liver disease

(normal/fibrosis or hepatitis/cirrhosis) 21/31/8 3/8/3 0.55

TNM stage (I or IVIII or IV) 48/12 12/2 0.62

Morbidity (+) 8/52 2112 0.93

Data presented as mean & SD

or the number of patients
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Table 4 Preoperative and operative risk factors predicting HCC recurrence in patients after 10 years of recurrence-free survival following

curative hepatic resection

Variable Univariate analysis Multivariate analysis
Odds ratio 95 % CI p value Odds ratio 95 % CI p value

Male gender 3.60 0.43-20.1 0.24 - - -
HCV Ab 058 0.14-2.48 0.46 - - -
Albumin <4.0 g/dL 8.64 1.01-44.62 0.049 17.86 1.64-42.0 0.02
Platelet <15 x 10%mL 10.75 1.25-60.11 0.03 37.48 2.25-52.0 0.01
ALT >41 IU/L 2.50 0.55-11.11 0.24 - - -
AFP >10 ng/ml 133 0:41-4.31 0.63 - - -
PIVKA-II >40 mAU/mL 6.25 0.68-30.0 0.10 - - -
Operative blood loss >800 mL 3.85 0.15-14.67 0.26 - - -
Blood transfusion 3.90 0.85-17.82 0.08 9.56 0.68-33.61 0.09
Limited resection 2.51 0.74-8.48 0.14 - - -
Tumor size >3.4 cm 3.23 0.92-11.11 0.07 6.67 0.51-50.0 0.15
Vascular invasion 4.95 0.60-11.67 0.14 - - -
Poorly differentiated 0.90 0.22-3.71 0.88 - - -
Cirrhosis 0.67 0.13-3.39 0.63 - - -

CI confidence interval

Table 5 Risk factors at 10 years predicting HCC recurrence in patients after 10 years of recurrence-free survival following curative hepatic

resection
Variable Univariate analysis Multivariate analysis

Odds ratio 95 % CI p value Odds ratio 95 % CI p value
Albumin <4.0 g/dL 4.50 0.89-22.75 0.07 7.69 0.70-43.33 0.10
Platelet <15 x 10%mL 6.06 1.11-33.33 0.04 12.92 1.08-63.91 0.04
AST >46 IU/L 1.46 0.34-6.35 0.62 - - -
ALT >47 IU/L 1.79 0.40-7.91 0.45 - - -
AFP >23 ng/mL 8.57 0.76-26.54 0.08 15.22 0.49-68.99 0.12
PIVKA-TI >48 mAU/mL 7.29 0.64-32.64 0.11 - - -

95 % CI = 1.08-63.91; p = 0.04) was an independent
predictor of recurrence of HCC.

In the non-recurrence group, the platelet count
decreased at 1 year after curative hepatic resection, but
there was no further marked decrease thereafter (Fig. 1).
On the other hand, the platelet count in the recurrence
group gradually decreased at 5 years after surgery. Patients
in the non-recurrence group had a significantly higher
platelet count preoperatively and at 7 and 10 years after
surgery compared with those in the recurrence group.

Recurrence and survival
Figure 2 shows the recurrence status and therapeutic

modalities used for disease recurrence in the 14 patients
who had recurrence after a 10-year disease-free period.

Intrahepatic disease recurrence with fewer than three
nodules and intrahepatic disease recurrence with more than
three nodules were observed in 11 patients (79 %) and three
patients (21 %), respectively. None of the patients were
found to have an extrahepatic recurrence as the primary
recurrence. The median and mean disease-free survival in
the 14 patients with HCC recurrence was 11.0 and 11.6 years
(range, 10.2-15.7 years), respectively, after the first hepa-
tectomy (Fig. 3). The therapeutic modalities used included
repeat hepatectomy in four patients (29 %), RFA in two
patients (14 %), TACE in seven patients (50 %), and best
supportive care in one patient (7 %). The HAI score in the
underlying liver of these four patients changed from
1.0 £ 1.2 at first hepatectomy to 7.8 & 1.3 at second
resection (p = 0.02).

In the recurrence group, there were five deaths (36 %),
four of which could be attributed to recurrence of HCC.
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Fig. 1 Platelet count of recurrence and non-recurrence groups after
hepatic resection. Data are shown as the mean =+ SD. *p < .05 versus
the recurrence group at the corresponding time
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Fig. 2 Hepatocellular carcinoma (HCC) recurrence status and ther-
apeutic modalities for treatment of recurrence in the 14 10-year
disease-free survivors in whom late disease recurrence was detected.
RFA percutaneous radiofrequency ablation; BSC best supportive care
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Fig. 3 Recurrence rate in patients with recurrence of HCC. The
median and mean disease-free survival in the 14 patients with late
disease recurrence was 11.0 and 11.6 years (range: 10.2-15.7 years)
after the first hepatectomy
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Fig. 4 Comparison of overall survival after hepatectomy in patients
with or without recurrence of HCC. The survival rate of the
recurrence group (dotted line) was significantly poorer than that of
the non-recurrence group (unbroken thin line; p = 0.02). The number
of patients at risk is shown below the graph

A second resection was performed in four patients, none of
whom died, and median and mean survival was 15.0 and
15.3 years (range, 10.9-20.2 years), respectively, after the
first hepatectomy. In the non-recurrence group, two of the
60 patients (3 %) died, with one death attributable to lung
cancer at 11.9 years and the other to bile duct cancer at
14.7 years, respectively, after surgery. The overall survival
rates of the recurrence and non-recurrence groups were 91
and 97 % at 12 years, 68 and 91 % at 16 years, and 34 and
91 % at 20 years, respectively (Fig. 4). There were sig-
nificant differences (p = 0.02) in survival between the two
groups.

Discussion

The recurrence rate of HCC after surgical resection is high,
ranging from 50 to 100 % after 5 years in high-volume
specialty centers worldwide [18-21]. Recently, close
postoperative follow-up to detect recurrent HCC at an early
stage, and various management strategies for recurrent
HCC (including repeat resection, local ablative therapy,
and/or TACE) have contributed to prolonged survival after
initial hepatectomy [22-24]. Numerous studies to date have
reported cumulative 5-year survival rates of approximately
40-50 %, based largely on relatively short-term follow-up
[18, 22, 23, 25-27], and only a few reports of long-term
follow-up of more than 10 years have been reported to
date. Shimada et al. [11] reported 105 10-year survivors
(21.8 %), including 42 disease-free survivors (8.7 %),
among 578 patients. Fukuda et al. [12] reported that 29 of
250 patients survived for more than 10 years after initial
hepatectomy, and 9 of those patients survived without
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