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Abstract :

Background/Aims Osteopontin (OPN) is s1gn1ﬁcant1y overexpressed in a variety of malignancies. However, little is known
concemning the significance of OPN expression in human cancers. Thus, the aim of this study was to” determine the
relationship between the degree of OPN expression, the proliferative activity of cancer cells, and the clinicopathological
findings for surgically resected gastric cancer. :

Methodology We evaluated the immunochistochemical expression of OPN in 85 specimens of cancer. Additionally, we
investigated a cancer cell proliferative index using an anti-MIB-1 antibody and terminal deoxynucleotidyl transferase-
mediated dUTP biotin nick end labeling staining. Levels of OPN expression in gastric cancers were classified into three
groups. To compare the relationship between OPN expression and clinicopathological findings, the features of cancer
lesions were classified using the TNM Classification of Malignant Tumors, 6th Edition.

Results Immunohistochemical examination of OPN expression in gastric cancer revealed diffiuse granular staining in the
cytoplasm. High OPN expression was observed in 37 of 85 carcinomas. Strong OPN expression was significantly
associated with a low apoptotic index, a high proliferative index, depth of invasion, lymphatic invasion, and venous
invasion. Pathologically, intestinal type carcinoma showed strong expression of OPN.

Conclusions These data suggested that OPN may play an important role in the invasiveness and the progressive nature of
gastric cancer.
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Introduction

Advanced gastric cancer remains one of the most
common neoplasms in Japan and has a poor prognosis.
Even when curative surgery is performed, a considerable
number of patients will die from cancer, with recurrence

- such as distant metastasis, lymph nodes metastasis, and

carcinomatous peritonitis, Osteopontin (OPN) is a non-
collagenous acidic bone matrix glycoprotein, which is
sialated and phosphorylated, and has a cell-binding
peptide sequence of glycine-arginine-glycine-aspartate-
serine. OPN has been demonstrated in a limited number
of organs such as bone; kidney, lung, breast, smooth
muscle, and stomach.'”* OPN is also a cytokine that is
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associated with a rapid T-cell-dependent response to
bacterial infection.?

With respect to cancer metastasis, it has been suggested
that OPN exhibits both cell attachment and cell signaling
functions through integrin-mediated signal transduction,*
although the function of OPN in tumor cells remains poorly
understood. A correlation between OPN expression and
clinicopathological findings has been previously shown in
gastric cancer.>® In vitro, Song et al. showed that the anti-
apoptotic activity of OPN in gastric cancer cells was
mediated, in part, through the PI3-K/Akt pathway via alpha
v beta 3 integrins,’ while Zhao et al. reported that OPN may
‘facilitate tumorigenesis and metastasis through prevention
of tumor cell apopto sis.® However, the exact role of OPN in
regulating proliferative activity in gastric cancer is not fully
- understood.

Thus, the aim of the present study was to determine whether
the expression of OPN in gastric cancer prevents apoptosis and
correlates with clinicopathological characteristics.

Materials and Methods

Specimens were obtained from 85 patients (59 males and
26 females, mean age 60.9 years, 29 to 87 years old) with
gastric cancer resected between 1998 and 2005 in our
department at the time of operation. " Freshly obtained
cancerous and non-cancerous tissues were fixed with 4%
paraformaldehyde in 0.1 M PBS at 4°C overnight,
dehydrated in graded alcohols, and then embedded in
paraffin. Next, 4-um thick serial sections were processed
for immunohistochemistry, in addition to routine hematox-
ylin and eosin staining. The depth of tumor invasion,
lymphatic invasion, venous invasion, lymph node metasta-
sis, and stage were determined according to the TNM
Classification of Malignant Tumors, 6th Edition criteria.
Gastric cancer was also classified as intestinal or diffuse
type using the Laurens system.

Immunohistochemistry

Monoclonal antibodies against human OPN antibody and
Ki-67 antigen (MIB-1; DAKO Corporation, Carpinteria,
CA, USA) were evaluated. The OPN antibody was
developed by M. Solursh and A. Franzen and was
obtained from the Developmental Studies Hybridoma
Bank developed under the auspices of the NICHD and
maintained by the University of Iowa (Department of
Biological Sciences, Iowa City, IA, USA). Sections were
deparaffinized in xylene, dehydrated through graded
ethanols, and treated with 3% H,O, in methanol for
30 min at room temperature to eliminate endogenous
peroxidase activity. After blocking nonspecific binding

@ Springer

with 10% normal goat serum in PBS for 30 min at room
temperature, reaction with the primary antibodies (OPN
1:100; MIB-1 1:50) was carried out at 4°C overnight. The
sections were then incubated with EnVision™ (DAKO
Corporation) for 60 min, in place of biotinylated goat anti-
rabbit IgG secondary antibody and the streptavidin-
peroxidase conjugate.g Color development was performed
by incubation with 0.5% 3,3-diaminobenzidine solution
containing 0.01% H,0, in 0.05 M Tris-HCl buffer
(®H 7.2) for two to 10 min as requ1red for optimal
staining. Sections were assessed and photographed under a
light microscope. Control staining was performed with
normal rabbit serum without the appropriate primary
antibody.

Terminal Deoxynucleotidyl Transferase-Mediated dUTP
Biotin Nick End Labeling Staining

To evaluate the incidence of apoptotic ¢ells in gastric
cancer, we used the terminal deoxynucleotidyl
transferase-mediated dUTP biotin nick end labeling
technique'® using the TaKaRa In Situ Apoptosis Detection
Kit (TaKaRa, Shiga, Japan). In brief, the deparaffinized
and rehydrated 4-pum thick sections were digested with
proteinase K (20 pg/ml; Sigma-Aldrich, St. Louis, MO,
USA) for 20 min at room temperature. The slides were
then washed in distilled water and immersed in'2% H,O»
in distilled water for 10 min to block endogenous
peroxidase activity. The sections were washed in PBS
(pH 7.4) and then incubated in equilibration buffer for
10 min at room temperature. The control sections were
prepared in parallel with substitution of distilled water
instead of TdT enzyme.

TImmunohistochemical Evaluation

OPN immunoreactivity was evaluated in three areas of
each slide for cormrelation and confirmation of the tissue
diagnosis. The number of tumor cells with cytoplasmic
staining of OPN was counted, and OPN expression was
classified as follows: weak or focal expression (&),
moderate expression with focal strong expression (1+),
and strong expression (2+). OPN expression was
evaluated by two of the authors without any prior
knowledge of the patient’s clinical information. If
different grades were assigned, final agreement was
obtained after careful review of the images on the same
digital monitor screen.

Evaluation of Apoptotic and Proliferating Cells

For quantitation of apoptotic and proliferating cells, more
than several hundred cancer cells from all patients were
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Figure 1 Innnunoreactivity of Osteopontin in cancerous tissue. Fine
and rough granular immunoreactivity was observed in the cytoplasm
of cancer cells. x40 magnification.

counted under a light microscope (x40 objective) within the
arbitrary area. The ratio (%) of apoptotic- or proliferating-
positive cells per 1,000 cancer cells were calculated and
were termed the apoptotlc index (AI) and the MIB-1 index

(MD, respectlvely
Statistical Analyses
Statistical analyses were performed usmg Stat View® (SAS

Institute Inc., Cary, NC, USA). The X2 test was used to
analyze the association between OPN expression and

clinicopathologic features of gastric cancers. The relation-

ship between OPN expression and the MI or the Al was
evaluated by the student ¢ test. A difference of P<0.05 was
considered significant.

Figure 2 Intense immunoreactivity of OPN was seen in lymphatic
invading cancer cells. x40 magnification.

Table 1 Association between Osteopontin Expression and Clinico-
pathological Characteristics of Gastric Cancer

Variables OPN OPN OPN P value
+ 1+ 2+
Depth of invasion
Tis 13 (15) 10 (12) 6(7) <0.05
T1 : 3(4) 6 (7) 4(5)
T2 ‘ 5(6) 1) 15 (18)
T3 2(2) 6(7) 78)
T4 1 1D 5(6)
Lymph node metastasis
NO o 1821 16 (19) 13 (15) <0.05
N1 3(4) 34 13 (15)
N2 0 2(2) 6 (7
N3 34 34 5(6)
Histological type
Intestinal type 7(8) 10 (12) 24 (28) <0.05
Diffuse type 17 (20) 14 (16) 13 (15)
Lymphatic invasion
Lo 20 24 15 (18) 8% <0.05
L1 45 9 (1) 29 (34)
Venous invasion
\%! 21 (25) 23 27) 23 (27) <0.05
A7 3@ 1@ 13@)
TNM stage
0 13 (15) 10 (12) 6 (M . <0.05
1A 2Q) 4(5) - 2(2)
1B 34 3@ 6 (7
2 1@ 1(1) 5(6)
3A 0 (0) 0 (0) 5 (6)
3B 0 0(0) 0(0)
4 5 (6) 6(7) 13 (15)

Figures in parentheses are percentage
OPN osteopontin

- + = P<0.0S

Figure 3 Osteopontin (OPN) expression in gastric cancer and
apoptotic index (4/).
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P<0.05

Figure 4 Osteopontin (OPN) expression in gastric cancer and
proliferating index (PI).

Results
Specificity of Immunohistochemical Staining

The negative control sections incubated with the normal
mouse immunoglobulin G showed no reaction products.
Both smooth muscle cells and macrophages expressed
intense OPN immunoreactivity.

Immunoreactivity of OPN in Normal Gastric Mucosa

In the area of the fundic gland, OPN immunoreactivity in
normal gastric mucosa was mainly in the chief cells, with
expression in some mucous neck cells. In the area of the
pyloric gland, OPN immunoreactivity - was observed in
some mucous neck cells and pyloric gland cells.

Immunoreactivity of OPN in Gastric Cancer Tissue

" OPN immunoreactivity in gastric cancer showed fine and

rough granular immunoprecipitates in the cell cytoplasm
(Fig. 1). Cancer cells invading in the lymphatic vessel
revealed strong immunoreactivity (Fig. 2). A few inflam-
matory cells, mainly macrophages, also showed OPN
immunoreactivity; in particular, macrophages in the tumor
stroma expressed intense OPN immunoreactivity. At the
area of the tumor invasion, both cancer cells and macro-
phages showed strong OPN immunoreactivity. However,
the ‘degree  of macrophage infiltration in the- cancerous
tissue exhibited no relationship with the clmlcopathologlcal
findings of the cancer.

There was an obvious correlation between the degree of
OPN expression in cancer cells and the depth of invasion,
lymph node metastasis, histological type, lymphatic inva-
sion, venous invasion, and conclusive stage grouping
(Table 1). ’

Apoptotic and MIB-1 Indices

The Al of cancer cells in the % group, the 1+ group, and the
2+ group were 10.4+3.5, 82£3.6, and 5.7£2.1, respec-
tively, with a significant difference between the £ group
versus the 1+ group (P<0.05) and the 1+ group versus the
2+ group (P<0.05; Fig. 3). The MI of cancer cells in the £
group, the 1+ group, and the 2+ group were 14. 9+5.1,25.9+
7.1, and 36.8+8.9, respectively, with a significant difference
between the + group versus the 1+ group (P<0.05) and the
1+ group versus the 2+ group (P<0.05; Fig. 4). Finally, in
gastric carcinoma, there was a significant negative correla-
tion of Al -with MI (Fig. 5; y=—2.9009x+50.089;
R?=0.7894; P<0.05).

Figure 5 There was a signifi- 501 ¢
cant negative correlation of A/ |
with MI in gastric carcinoma %
(y=—2.9009x+50.089; R*= a0k
0.7894; P<0.05 )
) as | y =-2.8000x + 50,089
RP=07894
w -
20
15
10
St *
0 " + "
0 5 10 15 20 %
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Discussion

OPN is a calcium-binding phosphoprotein believed to play
an important role in several different and apparently distinct
cellular processes. Recently, expression of OPN has been
linked to (tumorigenesis12 and metastasis'® in several
experimental animal models and human studies. In a
previous study of OPN expression in human cancer tissue,
including the colon, stomach, and duodenum, both cancer
cells and macrophages were reported to show OPN
immunoreactivity, while only macrophages exhibited OPN
mRNA signals.! These findings suggest that OPN secreted
by macrophages might bind cancer cells to each other via
the alpha v beta 3 integrin. Moreover, the presence of OPN
mRNA in macrophages was only observed at the front of
tumor invasion, suggesting that OPN from macrophages
affects cell adhesion, tumor cell invasion, and metastasis.'*
However, there are only a few reports describing the exact
relationship between OPN expression and the clinicopath-
ological features of gastric cancers. In one study, OPN
protein expression was shown to be significantly associated
with age, tumor depth, histological grade, and hematoge-
nous metastasis, but there was no correlation with the
development of lymph node metastasis.’. However, a
correlation between OPN expression and depth of invasion,
lymph node metastasis, and distant metastasis was reported
for gastric cancer.® '

In the present study, we examined the expression of
OPN in 85 resected carcinomas of the:stomach using
immunohistochemical staining and compared the degree of
OPN expression with the pathological features, Al, and MI
of gastric cancers. Intense OPN immunoreactivity was
detected in 37 of 85 cases (43.5%). The level of OPN
immunoreactivity correlated with depth of invasion, lym-
phatic invasion, venous invasion, lymph node metastasis,
and conclusive stage grouping. Gastric cancer cells that
invaded lymphatic vessels showed intense OPN immuno-
reactivity and had a low apoptotic index and high
proliferating index. There are confradictery data on the
relationship between AI and MI Kupnicka et al.'® and
Ikeguchi et al.'® demonstrated a significant correlation
between Al and MI in gastric carcinoma, while Lu et al.l?
and Shinohara et al.'® found no significant correlations.

OPN can bind both extracellular matrix components
such as collagen'® and cell surface receptors. The promi-
nent OPN-cell surface receptor interaction studied is that of
arg-gyl-asp, as OPN receptors are alpha v beta 3, alpha v
beta 1, and alpha v beta 5 mtegrms.2°’21 Certain variants of
the hyaluronic receptor CD44 have also been shown to be
receptors for OPN.?? The signaling pathway for prolifera-
tion and apoptosis involves an early interaction of OPN
with specific cell surface receptors.”’**> Lin et al. demon-
strated that in a synergistic reaction with GM-CSF, OPN

stimulates growth of both the proB cell line Ba/F3 and IL-
3-dependent mouse bone marrow cells via an interaction
with CD44.%* In endothelial cells, the interaction of surface-
bound OPN with the alpha v beta 3 integrins has been
shown to activate' the NF-xB pathway and to inhibit
apoptosis in these cells.”® Potentially, in gastric carcinoma
some surface receptors including CD44, alpha v beta 3
integrins, or other receptors are involved in cell prolifera-
tion or apoptotic reactions., Thus, these data suggest that
OPN secreted from gastric cancer cells may play an
important role in metastasis. In support of this; in the
present study, expression of OPN was significantly associ-
ated with low AI and high MI in gastric carcinoma.
Additionally, there was a significance negative correlation
between Al and MI. '

Recent studies have shown that OPN is a potential target
for anticancer tlfxeratpy.z6 The expression of OPN can be
inhibited at both the transcription and the RNA message
levels, while OPN protein can be blocked with antibodies
or synthetic peptides. Furthermore, OPN receptors can be
targeted; CD44 has been widely applied as a cytotoxic and
immunological therapeutic target, while integrin alpha v
beta 3 is being investigated as a therapeutic target using
small molecular inhibitors as drug candidates.”” The results
of the present study provide further support for the targeting
of OPN as a potential thetapeutic strategy for prevention of
cancer through induction of apoptosis and inhibition of cell
proliferation. Moreover, it was also concluded that inves-
tigating the expression of OPN from preoperative tumor
biopsy specimens obtained by endoscopy could lead to a
way to tailor therapy.

Conclusion

We investigated OPN immunoreactivity in gastric cancer
cells. The expression of OPN was correlated with depth of
invasion, lymphatic invasion, lymph node metastasis, and
conclusive stage. Because expression of OPN can reduce
apoptosis and increase proliferation, OPN inhibitors may be
a useful strategy for increasing apoptosis and inhibiting
proliferation of gastric cancer cells.
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Abstract

Background and aims Whether or not a synchronous
resection of liver metastases from gastric cancer provides
a survival benefit has been a key issue. We identify the
significant prognostic factors and clarify the beneficial
effect on the survival of liver surgical treatment.

Materials and methods We teviewed 72 patients who
underwent a gastrectomy for gastric cancer with synchro-
nous liver metastases and classified the liver metastases
into three grades, such as Hl: metastases were limited to
one of the lobes, H2: there were a few scattered metastases
in both lobes, and H3: there were numerous scattered
metastases.

Results H1, 2 metastases and an absence of peritoneal
dissemination (PO) were significantly independent prognos-
tic factors for liver metastases of gastric cancer. In addition,
the cumulative 1 and 5-year survival rates of liver surgical
treatment (hepatic resection and/or microwave coagulation
therapy) were 80.0% and 60.0%, whereas the survival rates
for non-hepatic surgical treatment were 36.4% and 0% in
26 patients with H1, 2, and P0. In those patients, the radical
operation, the solitary metastatic liver tumor, and no-distant
. lymph node metastases were independent prognosuc
determinants of survival.
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Conclusion The radical operatlon mcludmg the surgical
freatment for metastatic liver tumors should be performed
to improve the prognosis in gastnc,cancer patients with

~ synchronous H1, 2, and PO.

Keywords Gastric cancer- Synchronous liver metastases -
Prognostic factors for survival - Hepatic surgical treatment

Introduction

Gastric cancer is the second most common cancer world-
wide and has a substantial mortality for distant metastases
in the liver, peritoneum, or extensive lymph nodes despite
technical advances in surgery and the use of adjuvant

_ therapy [1]. Of all patients with gastric cancer, 2-9% have

synchronous liver metastases that are a frequent and crucial
problem [2-5] because patients with metachronous metas-
tases have a longer survival (5-year survival, 29%) than
those with a synchronous disease (5-year survival, 6%) [6],
and a synchronous resection of metastatic liver tumors does
not contribute to a survival benefit [7]. In fact, a lot of
studies have reported that the effect of hepatic resection for
gastric liver metastases on survival was dubious [8-11],
whereas some reports have demonstrated that only a hepatic
resection for liver metastases with gastrectomny was able to
obtain a long-term survival when both the primary tumor
and metastatic lesions were potentially respectable [7, 12—
14]. Tt is, thus, a key question whether or not a synchronous
resection of liver metastases provides a survival benefit.
The reason for this is that patients with liver metastases
from gastric cancer often have other simultaneous or future
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incurable factors, such as peritoneal dissemination, wide-
spread lymph node metastases, and direct invasion to
adjacent organs. [7, 13, 14]. In addition, the clinicopatho-
logical characteristics related to the prognosis of gastric
cancer with synchronous liver metastases have not been
comprehensively identified. Therefore, the surgical indica-
tions for synchronous liver metastases from gastric cancer
are very important and must be carefully determined.

In this study, we retrospectively reviewed 72 patients
who underwent gastrectomy for gastric cancer with syn-
chronous liver metastases during the last 15 years and
identified which population of the patients obtained a
clinical benefit from multimodality treatment for synchro-
nous metastases.

Materials and methods

At the Second Department of Surgery of Wakayama
Medical University Hospital, 1,602 gastric cancer patients
were surgically treated between January 1991 and Decem-
ber 2005. Of these patients, 81 patients (5.1%) had
synchronous liver metastases, which were found with
routine abdominal computed tomography before gastrecto-
my. Among these 81 patients, we retrospectively reviewed
the records of 72 patients (88.9%) who underwent a
gastrectomy for primary gastric carcinoma. The group
consisted of 58 men and 14 women ranging from 25 to
85 years of age (median 67.0 years). None of the patients
died of postoperative complications, and the follow-up and
outcome of all of the patients were completed by clinical
visits, telephone interviews, or correspondence until De-
cember 2006.

The classifications of the degree.of liver metastases
(F1: metastases were limited to one of the lobes, H2: there
were a few scattered metastases in both lobes, and H3: there
were numerous scattered metastases in both lobes), which were
determined from the first English edition of the Japanese
Classification of Gastric Carcinoma [15], were used for a
prognostic estimation in the gastric cancer patients with
synchronous liver metastases. It is thought that the radical
operation would be possible against H1 and H2 metastases,
and we defined H2 metastases as the number of metastases
which was less than five in this study. The following
clinicopathological risk factors were also examined for
prognostic influence: age, gender, histological differentia-
tion, tumor size, tumor depth of invasion, lymphatic
invasion, venous invasion, lymph node metastases, the
absence (P0) or presence (P1) of peritoneal dissemination
based on gross intraoperative finding and peritoneal
cytology, serum carcinoembryonic antigen (CEA), and
serum carbohydrate antigen 19-9 (CA-19-9) level before
operation. The pathological diagnosis and classification of
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the resected specimens were performed according to the
General Rules for Gastric Cancer Study and Pathology in
Japan [16].

Overall survival was analyzed from the date of surgical
treatment to the date of death or the last follow-up and was
estimated according to the Kaplan-Meier method and
compared using the log-rank test. A multivariate analysis
was performed to identify the significant contributors that
were independently associated with the prognosis among
the factors that were found to be significant in the
univariate analysis using the Cox proportional hazards
model. Statistical significance was defined as a p value of
less than 0.05. All statistical analyses were performed with
the Statview software program (Version 5.0; Abacus
Concepts Inc., Berkeley, CA, USA).

Table 1 ndopathological characteristics of gastric cancer patients
with synchronous liver metastases (n=72)

Characteristics Total Hl, 2 H3
n=72) (%) @=34) (©n=38)
Age (years) <65 29 (40.3) 15 14
265 43 (59.7) 19 24 .
Gender Male 58 (80.6) 27 31
: Female 14 (19.4) 7 7
Histologic Diffe. 46 (63.9) 34 23
differentiation Undiffe. 26 (36.1) 11 15
Tumor size (cm) <5 15 (20.8) 7 8
>5 52 (72.2) 24 28
Unknown 5 (7.0) 3 2
Tumor depth of T1,2 27 (37.5) 14 13
inversion T3,4 45 (62.5) 20 25
Lymphatic invasion  1y0,1 13 (18.1) 10 3
1y2,3 56 (71.8) 21 35
Unknown 3 (4.1) 3 0
Venous invasion V0,1 22 (30.6) 15 7
V23 46 (63.9) 16 30
Unknown 4 (5.5) 30
Lymph node No,1 22 (30.6) 14 8
metastases N2,3 46 (63.9) 19 27
Unknown 4 (5.5) 1 3
Peritoneal PO 50 (69.4) 26 24
dissemination Pi 22 (30.6) 8 14
CEA level (ng/ml) <5 .23 (33.0) 12 11
25 46 (63.9) 21 25
Unknown 3 (4.1) 1 2
CA19-9 level <37 34 (47.2) 19 15
(ng/m}) 237 32 (44.9) 11 21
Unknown 6 (8.4) 4 2
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Fig. 1. The overall survival curve for 72 gastric cancer patients with
H1, H2, and H3 metastases. Comparison of actuarial survival rates
(Kaplan-Meier) for H1 group (#=18) vs. H2 (n=16): P=0.0120 (log-
. _rank test); H1 group vs. H3 group (n=38): p<0 0001; H2 group vs.
H3 group: p—O 0005 o

Results

Clinicopathological data in 72 gastric cancer patients
with synchronous liver metastases

The clinicopathological characteristics of 72 gastric cancer
patients with synchronous liver metastases are summarized
iy Table 1. Of the patients, 34 (47.2%) had H1 or H2
metastases, whereas 38 (52.8%) patients had H3 metasta-
ses. Tumor size, tumor depth of invasion, extent of lymph
node metastases, and lymphatic and venous invasion of the
primary gastric cancer were high grade in more than 60%
of all patients. Twenty-two patients (30.6%) were positive
for peritoneal dissemination, and 63.9% and 47.2% of the
patients had abnormally elevated CEA and CA19-9 levels,
respectively. In addition, the median survivals of the HI,
H2, and H3 groups were 16.6, 10.2, and 4.4 months, and
the difference in these groups’ curves was. statistically
significant (p<0.02), as shown in Fig. 1.

Univariate and multivariate analyses of prognostic factors

The univariate analysis was performed for all the clinico-
pathological factors in Table 1 to further elucidate the
prognostic factors. As shown in Table 2, degree of liver
metastases (H1, H2/H3), tumor depth of invasion, lymphat-
ic invasion of primary gastric cancer, lymph node metas-
tases, absence (P0) or presence (P1) of peritoneal
dissemination, and CA19-9 level were found to be
univariately related to patient survival (p<0.05). Next, a
multivariable apalysis was performed to determine the
independent prognostic factors among those six factors that
were found significant on the univariate analysis, as shown
in Table 2. It was demonstrated that the degree of liver
metastases (p<0.0001) and the presence of peritoneal
dissemination (p=0.0033) were significantly high risk
factors for liver metastases of gastric cancer.

Treatment methods of hver metastases in patients with H1,
HZ and PO

The treatment methods for the 26 patlents with H1, 2, and
PO are summarized in Table 3. Twelve patients underwent a
hepatic resection in the same time of gastrectomy, and a
radical operation was performed in 11 of these patients. Of
these 12 patients, five patients received hepatic artery
infusion (HAI) chemotherapy afier the operation, and two
patients with H2 metastases were additionally treated with

‘microwave coagulation therapy (MCT) [17, 18].. Three

patients received MCT+HAI, and of these three, two
patients also received a radical operation.

The overall survival curves of the liver surgery (hepatic
resection and/or MCT) group (n=15) and the non-liver
surgery group (n=11) are shown in Fig. 2. The cumulative
1, 2, and 5-year survival rates of the liver operation group
were 80.0%, 60.0%, and 60.0%, whereas the 1-year
survival rate of the non-hepatic treatment group was only
36.4%, and the patients in this group did not survive for
more than 2 years. The difference in these survival curves

Table 2 Univariable and multivariate analyses of the risk factors for a prolonged overall survival

Risk factors Univariable analyses Multivariable analyses

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
Tumor depth T1,2/T3,4 1.710 (1.008-2.900) 0.0466 1.149 (0.547-2.413) 0.7137
Lymphatic invasion 1y0,1/1y2,3 3.654 (1.644-8.129) 0.0015 2.036 (0.731-5.677) 0.1739
Lymph node metastases NO,1/N2,3 2.228 (1.240-4.002) 0.0074 1.385 (0.701-2.739) 0.3489
Liver metastases H1,2/H3 4.102 (2.386-7.053) <0.0001 3.819 (2.004-7.278) <0.0001
Peritoneal dissemination PO/P1 3.121 (1.777-5.482) <0.0001 3.070 (1.454-6.479) 0.0033
CA19-9 level <37/237 ng/ml 1.718 (1.018-2.898) 0.0426 0.845 (0.415-1.723) 0.6436
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Table 3 Therapeutic methods of patients with Hl, 2, and without
peritoneal dissemination ’

Liver treatment Total Liver Radical
metastases operation
H1 n RO R1
Hepatectomy 12 9 3 11 1
~ Lobectomy 4 4 0
Segmentectomy 1 1 0
Partial resection 7 4 3
Combination of HAI 5 4 1
Hepatectomy + MCT = 2 0 2
MCT+HAI 3 1 2 2 1
HAI alone 5 2 3 0
No treatment 6 1 5 0 6

MCT microwave coagulation therapy, HAI hepatic artery infusion
chemotherapy

was statistically significant (p=0.001). In addition, these 26
patients were divided to four groups: liver surgery + HAI
group (n=38), liver surgery alone group (n=7), HAI alone
group (n=>5), and non-hepatic treatment group (n=6), and
the overall survival curves are shown in Fig. 3. The
cumulative 1, 2, and S-year survival rates of the liver
surgery + HAI group were 87.5%, 75.0%, and 75.0%,
whereas those of the liver surgery alone group were 57.1%,
42.9%, and 42.9%, respectively. The difference between
these two groups was not statistically significant (p=
0.2255). The 1-year survival rates of the HAI alone and
non-hepatic treatment groups were 60.0% and 16.7%, and
the HAI alone group had a tendency toward better survival

100
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Fig. 2 The overall survival for the 26 patients with H1 or H2
metastases without peritoneal dissemination. A comparison of the
actuarial survival rates (Kaplan-Meier) for liver surgery including
hepatic resection and/or microwave coagulation therapy (MCT; n=15)
vs. non-liver surgery at the operation (n=11): p=0.001 (log-rank test)
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Fig. 3 The overall survival for the 28 patients with H1 or H2
metastases without peritoneal dissemination. Comparison of actuarial
survival rates (Kaplan-Meier) for hepatic resection and/or microwave
coagulation therapy (Liver surgery) + hepatic artery infusion chemo-
therapy after the operation (HAI n==8) vs. liver surgery alone (n=7):
P=0.2255 (log-rank test); liver surgery + HAI vs. HAI alone (n=>5):

=0.0113; liver operation + HAI vs. non-hepatic treatment (n=6): p=
0.0009; liver surgery alone vs. HAI alone: p=0.1317; liver surgery
alone vs. non-hepatic treatment: p=0.0380; HAT alone vs. non-hepatic
treatment: p=0.4309

than the non-hepatic treatment group; however, the differ-
ence between those two groups was not statistically
significant (p=0.4309). These results suggested that only
liver surgery, but not HAI, could significantly prolong the
survival period of patients with H1, 2, and PO0. '

Analysis of risk factors for prolonged overall survival
in patients with H1, 2, and PO

To examine the risk factors for prolonged overall survival
in patients with Hl, 2, and PO, univariate and multivariate
analyses using the Cox proportional bazards model were
performed as shown in Table 4. The radical operation (p=
0.0133), the solitary metastatic liver tumor (p=0.0224), and
NO, 1 of lymph node metastases (p=0.0260) were inde-
pendent prognostic determinants of survival

* Characteristics of patients who survived more than 5 years

Furthermore, we reviewed the data on five patients who
survived more than 5 years after operation and are alive at
present as shown in Table 5. In all of the patients, a radical
operation for primary gastric cancer and liver metastases
had been performed, and the maximum size of the liver
metastases was less than 3 cm. Interestingly, two of the five
patients received only MCT and not hepatic resection for
liver metastases, and HAI had not been performed after the
radical operation in one of the five patients.
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Table 4 Univariable and multivariate analyses of the risk factors for a prolonged overall survival in patients with H1, 2, and without peritoneal

dissemination
Characteristics Number Univariable analyses Multivariable analyses
HR (95% CD P value HR (95% CI) P value
Radical operation RO 13 9.693 (2.685-34.989) 0.0005 33.339 (2.073-536.269) 0.0133
R1 13
Treatment method . :
Hepatic resection ) 14 3.304 (1.141-9.569) 0.0276 0.375 (0.047-2.982) 0.354
€] 12 '
MCT ()] 21 0.839 (0.240-2.925) 0.7825
® 5 ' .
HAI -) 13 1.916 (0.727-5.052) 0.1885 0.576 (0.185-1.795) 0.3414
.M 13
Systemic chemotherapy ) 6 1.422 (0.500-4.044) 0.5092
o S 20
Liver metastases
" Number of liver tumor Solitary 11 4.364 (1.390-13.700) 0.0116 7.218 (1.323-39.370) 0.0224
Multiple 15 '
Size of liver tumor (cm) <3 11 6.696 (1.878-23.870) 0.0034 1.884 (0.378-9.403) 0.4398
>3 15
Gastric carcinomas ]
Histologic differentiation Diffe. 20 0 0.4823
Undiffe. 5
Unknown 1 } o
Tumor size (cm) ] 6 1.358 (0.433-4.260) 0.5999
' 25 18
Unknown 2
Tumor depth of inversion T1,2 ' 13 1.759 (0.665-4.651) 0.2548
T3,4 13
Lymphatic invasion 1y0,1 10 2.801 (0.887-8.846) 0.0792 2.010 (0.676-5.971) 0.209
1y2,3 © 14
. Unknown 2.
Venous invasion v0,1 12 0.649 (0.233-1.807) 0.4084
v2,3 12 '
Unknown 2
Lymph node metastases No,1 12 2.296 (0.825-6.392) 0.1115 8.159 (2.076-32.076) 0.026
‘ N2,3 12 '
Unknown 1
Discussion factors of the primary tumor may be not directly related to

the prognosis and the surgical indications of a hepatic
resection. We have demonstrated that the degree of liver
metastases (H1, 2) and the absence of peritoneal dissemi-

The clinicopathological factors of primary gastric cancer
may influence survival in gastric cancer patients with liver

‘metastases. It was previously reported that the pathological
factors associated with the primary tumor, such as serosal
invasion and lymphatic and venous invasion, are significant
prognostic factors [14, 19]. However, the impact of these
factors was not significant in this study, although tumor
depth of invasion (<T2) and lymphatic invasion (<lyl) were
picked up for the predictor of survival by a univariate
analysis. Most authors have reported that these are not
predictive factors for the prognosis of patients with liver
metastases [3, 5, 6, 13]. Therefore, the clinicopathological

nation (P0) were significant prognostic factors for survival
after surgery in patients with liver metastases according to a
multivariate analysis. These results emphasize that the
indication of the surgical treatment for synchronous liver
metastases from gastric cancer is H1, 2 metastases, and PO,
and of course, the curative operation for primary and
metastases tumors should be treated. We have also found
that in those patients, the number of liver metastases
(solitary versus multiple) and lymph node metastases (NO,
1 versus N2, 3) were independent prognostic factors of
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