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Introduction

Liver metastasis of gastric cancer significantly worsens
the prognosis. Many studies have attempted to deter-
mine the mechanism by which such metastasis develops
[1–4]. The most widely accepted theory is that the first
step is the invasion and isolation of cancer cells from the
primary tumor; the second step is intravasation; the
third step is intravascular migration to the metastatic
site; the fourth step is colonization in the blood vessel at
the metastatic site; the fifth step is extravasation; and
the sixth step is proliferation at the metastatic site. Re-
cent technological advances in molecular biology seem
to support this theory of the pathogenesis of liver me-
tastasis [1–4]. However, liver metastasis of gastric can-
cer without venous invasion has been recognized. Some
investigators have reported no relationship between
liver metastasis and venous invasion [5,6]. It has been
reported that lymphatic involvement is closely linked
with liver metastasis [7,8]. We have previously reported
that, in models of mesenteric lymph vessel obstruction
in rats, we observed lymphaticovenous communication
[9]. This suggested that cancer cells metastasized to
the liver by a lymphatic route. In the present study,
we investigated the relationship between lymphatic in-
volvement and liver metastasis in patients with gastric
cancer by examining resected specimens. In particular,
extranodal invasion was examined in terms of retention
of lymph flow caused by lymphatic obstruction.

Patients and methods

From 1985 to 1997, 380 consecutive patients with gastric
cancer underwent gastric resection with lymph node
dissection at the Department of Surgery, Toyosu Hospi-
tal, Showa University. There were 178 patients with
early carcinoma (T1) and 202 with advanced carcinoma
(T2 or deeper invasion into the gastric wall). One hun-
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Abstract
Background. We have previously reported that, in models
of mesenteric lymph vessel obstruction in rats, we observed
lymphaticovenous communication. This suggested that cancer
cells metastasized to the liver by a lymphatic route. In the
present study, we investigated the relationship between liver
metastasis and lymphatic involvement in gastric carcinoma by
examining resected specimens.
Methods. Twenty gastric cancer patients who had synchro-
nous liver metastasis and 17 who developed metachronous
liver metastasis after gastrectomy, performed between 1985
and 1997, were included in this study. They were compared
with 44 advanced gastric cancer patients who had neither
synchronous nor subsequent liver metastasis, and who sur-
vived with a disease-free course for more than 5 years. We
compared the patients’ clinicopathological features; in par-
ticular, we investigated extranodal invasion in the resected
lymph nodes. This invasion was classified according to the
pattern of extranodal cancer invasion, with or without rupture
of the lymph node capsule.
Results. Liver metastasis was more frequent in patients with
extranodal invasion than in those without extranodal invasion
(P < 0.002). Multivariate analysis revealed that the correla-
tion between extranodal invasion and liver metastasis was
significant (P < 0.024); the odds ratio was 4.412. Metastasis to
the lymph nodes was the next most significant risk for liver
metastasis.
Conclusion. We consider that the lymphatic system is closely
related to the establishment of liver metastasis; in particular,
extranodal invasion is a significant risk factor for liver me-
tastasis in patients with gastric cancer.
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dred and five patients underwent total gastrectomy, 263
had subtotal distal gastrectomy, and 12 had various
other operations, including proximal gastrectomy. The
extent of lymph node dissection was: grade D3 (ex-
tended lymph node dissection) in 45; grade D2 (stan-
dard lymph node dissection) in 219; and grade D1
(perigastric lymph node dissection) in 116. Of these 380
patients, 20 patients who had synchronous liver me-
tastasis and 17 patients who developed metachronous
liver metastasis after surgery with gastric resection were
included in this study (Table 1). We compared the clini-
copathological features and behavior of lymph node
metastasis (in particular, extranodal invasion) in these
37 patients with the findings in 44 patients who under-
went resection for advanced gastric carcinoma during
the same period and who survived with a disease-free
course for more than 5 years. These 44 patients had no

synchronous metastasis, nor did they develop metach-
ronous metastasis. Extranodal invasion was classified
according to patterns of lymph node capsule rupture.
We classified extranodal invasion into three types, as
follows: in type 1 there is rupture of the capsule of the
metastatic lymph node, followed by infiltration around
the lymph node; in type 2 there is infiltration around the
metastatic lymph node and associated lymph vessels
without rupture of the capsule; and in type 3 there
is infiltration around a non-metastatic lymph node
(Fig. 1). For histopathologic staining, we used hema-
toxylin-eosin (H&E), and on some samples, Victoria
blue plus H&E double-staining.

In our statistical analysis we used the coded �2 test
to compare categorical variables, Student’s t-test for
univariate analysis, and the logistic regression model for
multivariate analysis. Differences at P � 0.05 were con-

Table 1. Clinicopathological features of patients with liver metastasis

Synchronous Metachronous
liver liver

Factors metastasis metastasis P value

Sex
Male 15 12 0.7633
Female 5 5

Age (years)
Average 65.0 � 10.7 65.7 � 10.4 0.8560

Tumor location
Upper 7 6 0.9992
Middle 6 5
Lower 7 6

Tumor size (mm)
�50 mm 5 7 0.2949
�50 m 15 10

Tumor type
Circumscribed 5 10 0.0368
Infiltrative 15 7

Histology
Differentiated 8 9 0.4312
Undifferentiated 12 8

Tumor depth
sm,mp 0 3 0.1307
ss 3 3
se~ 17 11

Lymph node metastasis
Positive 19 14 0.4818
Negative 1 3

Lymphatic involvement
Positive 16 14 0.8111
Negative 4 3

Vascular involvement
Positive 6 4 0.9440
Negative 14 13

Extranodal invasion
Positive 9 6 0.5490
Negative 11 11

sm, Invasion to submucosa; mp, invasion to muscularis propria; ss, invasion to subserosa; se~,
invasion to serosa, or exposed and adjacent



152 K. Kumagai et al.: Liver metastasis via a lymphatic route

sidered significant. The description of gastric cancer was
in accordance with the Japanese classification of gastric
carcinoma [10].

Results

Comparison of synchronous and metachronous groups

We compared the clinicopathological features of the
synchronous group, who had liver metastasis at the time
of surgery, with those of the metachronous group, in
whom liver metastasis, detected by relaparotomy, com-
puted tomography (CT), and/or magnetic resonance
imaging (MRI) occurred postoperatively. There were
no significant differences between these two groups
with respect to sex, age, tumor location, tumor size,
histopathologic type, tumor depth, lymph node me-
tastasis, lymphatic involvement, venous involvement, or
extranodal invasion; tumor type based on gross mor-
phology was significantly different between the groups
(Table 1).

Comparison of liver metastasis and control groups

We compared the clinicopathological features of the
liver metastasis group (patients with liver metastasis)
with those of the control group (patients without liver
metastasis). We found no significant differences in sex,
age, tumor location, tumor type, histopathologic type
(differentiated or undifferentiated), lymphatic involve-
ment, or venous involvement between the two groups.
However, univariate analysis of the clinicopathological
features showed that liver metastasis occurred signifi-
cantly more frequently in the following patients: those
with lesions more than 50mm in diameter (P � 0.028),
those with lymph node metastasis (P � 0.009), and
those with lesions that had extranodal invasion (P �
0.002) (Table 2).

These significant factors were subjected to multivari-
ate analysis. The results revealed that extranodal inva-
sion was a significant factor in liver metastasis (P �

0.024); the odds ratio was 4.412 (Table 3). We then
excluded extranodal invasion and analyzed the other
factors. We found that metastasis to the lymph nodes
was the next most significant risk for the development
of liver metastasis (P � 0.047); the odds ratio was 3.712
(Table 4).

Extranodal invasion

We defined the patterns of extension of cancer cells
around the lymph node. The situation in which cancer
cells do not invade around the lymph nodes was termed
“extranodal negative”. Those lesions in which cancer
cells had invaded around the lymph nodes were termed
“extranodal positive”. We classified the forms of
extranodal positive lesions into the three types men-
tioned above. In our study group of 37 patients with
liver metastasis and 44 patients without liver metastasis,
we recognized extranodal growth in 19 patients. The
incidence of extranodal invasion in patients with either
synchronous or metachronous liver metastasis was
higher than that in patients without liver metastasis
(45.0%, 35.3%, and 9.1%, respectively) (Tables 1, 2). In
patients with liver metastasis, we recognized 4 with type
1 invasion, and 11 with type 2 (Table 5). Thus, type 2
invasion, i.e., infiltration around a metastatic lymph
node and its associated lymph vessels, was found in the
majority of cases.

Discussion

Although the prognosis for gastric carcinoma has im-
proved with earlier diagnosis and radical regional lym-
phadenectomy, the prognosis for gastric cancer with
liver metastasis remains poor. Concerning the mecha-
nism by which liver metastasis develops, the most gen-
erally accepted theory is that this metastasis occurs by
the hematogenous route. This mechanism of liver me-
tastasis has been supported by both clinicopathological
analyses of resected specimens, showing a relationship
between venous invasion and liver metastasis [11], and

Fig. 1. Classification of extranodal inva-
sion: Circles indicate lymph nodes; gray
areas indicate cancer cell invasion
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by recently developed techniques in molecular biology
(elucidation of, for example, adhesion molecules and
angiogenetic factors) [1–3]. Venous invasion is consid-
ered to be closely related to liver metastasis [11,12],
although occasionally venous invasion cannot be identi-

fied in the surgical specimens of patients with liver
metastasis. The significance of blood vessel invasion has
been debated. Maehara et al. [7,8] reported that they
had found the concomitant presence of lymph node
metastasis with liver metastasis, and they suggested that

Table 2. Comparison between liver metastasis group (patients with liver metastasis)
and control group (patients without liver metastasis)

Liver metastasis- Liver metastasis-
Factors positive negative P value

Sex
Male 27 25 0.1309
Female 10 19

Age (years)
Average 65.3 � 10.3 60.8 � 6.9 0.561

Tumor location
Upper 13 17 0.1943
Middle 11 19
Lower 13 8

Tumor size (mm)
�50 mm 12 25 0.0282
�50 m 25 19

Tumor type
Circumscribed 15 15 0.5493
Infiltrative 22 29

Histology
Differentiated 17 15 0.2770
Undifferentiated 20 29

Tumor depth
sm,mp 3 10 0.1051
ss 6 10
se~ 28 24

Lymph node metastasis
Positive 33 27 0.0095
Negative 4 17

Lymphatic involvement
Positive 24 21 0.1221
Negative 13 23

Vascular involvement
Positive 10 6 0.1316
Negative 27 38

Extranodal invasion
Positive 15 4 0.0022
Negative 22 40

sm, Invasion to submucosa; mp, invasion to muscularis propria; ss, invasion to subserosa; se~,
invasion to serosa or exposed and adjacent

Table 3. Multivariate analysis of clinicopathological factors

Confidence
Factors P value Odds ratio interval

Depth of invasion 0.5857 1.332 0.475–3.738
Tumor size 0.5597 1.416 0.44–4.553
Lymph node 0.1209 2.909 0.755–11.215

metastasis
Extranodal 0.0249 4.412 1.205–16.148

invasion

Table 4. Multivariate analysis of clinicopathological factors
except for extranodal invasion

Factors Confidence
P value Odds ratio interval

Depth of invasion 0.498 1.332 0.52–3.844
Tumor size 0.2554 1.901 0.628–5.755
Lymph node 0.0475 3.712 1.012–13.717

metastasis
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lymphatic advancement was related to liver metastasis,
and that vascular invasion was an independent risk fac-
tor for liver metastasis of gastric cancer. Other reported
findings in regard to liver metastasis have shown that
the risk factor with the greatest significance was lymph
node metastasis [5,6] and that the proportion of liver
metastasis increased with an increased degree of lymph
node metastasis. Also, liver metastasis accounted for
50% of the recurrences in early gastric carcinoma [13].
The majority of patients with early gastric cancer with
recurrence and liver metastasis had lymph node in-
volvement [14,15].

Burn [16] reported the phenomenon of lymphati-
covenous communication when a lymph vessel is
obstructed. He hypothesized that lymphaticovenous
communication occurs when cancer cells metastasize to
a lymph node or lymph vessel and obstruct the flow of
lymphatic fluid. He referred to the possibility of liver
metastasis occurring by a lymphatic route. In our previ-
ous study, we confirmed the formation of lymphatico-
venous communication, using mesenteric lymphatic
obstruction in rats, and reported the possibility that
liver metastasis occurred by a lymphatic route [9]. From
these findings, we considered that tumor cell obstruc-
tion in lymph vessels led to the establishment of liver
metastasis, and, therefore, we studied extranodal inva-
sion in resected specimens. There have been many re-
ports of extranodal invasion, but few related to gastric
cancer. It is well known that extranodal invasion is an
important indicator of poor prognosis in cancers of the
pharynx, larynx, thyroid, lung, and breast [17–21].

It has been reported that extranodal invasion is an
indicator of distant metastasis in patients with head,
neck, or vaginal cancers [19,22]. Concerning gas-
trointestinal cancers, it has also been reported that
extranodal invasion indicates a poor prognosis and a
risk of local recurrence in patients with rectal cancer
[23]. In our present study, 15 of 37 patients with liver
metastasis (41%) had extranodal invasion (P � 0.002).
The odds ratio for extranodal invasion was 4.412. As
stated above, we classified extranodal invasion into

Table 5. Frequency of the type of extranodal invasion

Type of Synchronous Metachronous
extranodal liver liver
invasion metastasis metastasis Control

Type 1 3 1 1
Type 2 6 5 2
Type 3 0 0 1

Control, Patients without liver metastasis; type 1, rupture of the meta-
static lymph node capsule followed by infiltration around the lymph
node; type 2, infiltration around the metastatic lymph node and asso-
ciated lymph vessels without rupture of the capsule; type 3, infiltration
around a non-metastatic lymph node

three types: type 1, in which the capsule of the meta-
static lymph node ruptured, leading to infiltration
around the lymph node (this occurred in 26.7%); type 2,
in which there was infiltration around a metastatic
lymph node and its lymph vessels (this occurred in
73.3%). The extranodal invasion seen in type 2 seems to
indicate the retention of lymph and the elevation of
endolymphatic pressure behind the obstruction. In the
rat model, it seemed likely to be a mechanism of
lymphaticovenous communication. Smith and Basu [24]
demonstrated that neovascularization of the rabbit cor-
nea after the injection of India ink led to the appearance
of ink particles in the ipsilateral lymph nodes. These
findings indicate that lymph-capillary anastomoses are
present, and/or that angiogenesis correlates with the
formation of new lymphatic vessels. In the situation in
which there is lymph vessel obstruction by lymph node,
or lymph vessel cancer involvement, we presume that
the lymphaticovenous communication from the periph-
ery to the main lymph system was patent. Although the
complicated mechanisms of liver metastasis cannot be
completely explained only by extranodal invasion,
we found that extranodal invasion was the most highly
significant risk factor for the development of liver
metastasis, and was an indicator of poor prognosis. Thus
it would appear that decisions regarding postoperative
therapy for patients with extranodal invasion are both
important and problematic.

Conclusion

We investigated the relationship between liver metasta-
sis and lymphatic involvement in gastric carcinoma. We
found that the lymphatic system was closely related to
the establishment of liver metastasis; in particular, we
found that extranodal invasion was a significant risk
factor for liver metastasis. We discussed the mechanism
of liver metastasis in gastric cancer, in terms of its rela-
tionship to lymph vessel obstruction and lymphati-
covenous communication.
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