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prognosis of patients with primary gastric carcinoma [1–
3]. In cases of advanced gastric cancer with invasion of
the serosa, even when there is no clinicopathological
evidence of metastasis to regional lymph nodes and to
distant sites, many patients still die of recurrence of the
tumor during follow-up. Recent studies have demon-
strated that patients with stage II gastric cancer benefit
significantly from D2 lymphadenectomy [4]. In theory,
it seems unlikly that patients with no metastasis to
lymph nodes would experience postoperative recur-
rence of the tumor and should benefit from surgical
resection of large numbers of uninvolved lymph nodes.
Recent advances in histochemical and molecular bio-
logical techniques now allow identification of so-called
occult involvement of lymph nodes in cases of breast
and colorectal cancers that is generally not detected
after standard hematoxylin and eosin (H&E) staining
[5–10]. In this study, we tried to determine the extent
of such occult involvement in lymph nodes by
immunostaining of cytokeratin with the CAM 5.2
monoclonal antibody. We then evaluated the clinico-
pathological significance of such immunostaining in im-
proving the accuracy of diagnosis and the prediction
of prognosis for patients with locally advanced gastric
cancer.

Patients and methods

A total of 83 patients with stage II gastric cancer who
had undergone surgery in our hospital from 1976 to
1992 were included in this study. Patients were sub-
jected to curative total (29 cases) or subtotal (54 cases)
gastrectomy with D2 lymphadenectomy, which in-
cluded the resection of group 1 and group 2 lymph
nodes. Group 1 consists of all perigastric nodes. Group
2 consists of the nodes along the left gastric artery, along
the common hepatic artery, around the celiac artery, at
the splenic hilum, and along the splenic artery. Clinico-
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Introduction

Metastasis to regional lymph nodes is one of the most
important predictive factors in establishment of the
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pathological diagnosis had been made after standard
H&E staining of primary tumors and regional lymph
nodes, on the basis of the General Rules for the Gastric
Cancer Study in Surgery and Pathology in Japan [11].
All the tumors were diagnosed as being associated with
serosal invasion of the gastric wall without apparent
metastasis to regional lymph nodes and to distant sites
(pT3N0, M0), and all were classified as stage II. Accord-
ing to their clinicopathological characteristics, tumors
were grouped by size and location, as determined by
gross pathology; by histological type and the extent of
lymphatic invasion, as determined by histopathological
examination after H&E staining; and by the extent of
vascular invasion, as determined after Weigert’s fibrin
staining.

Twenty-three patients had died of recurrence of the
cancer by the end of 1997, with an available follow-up of
4–21 years. Lymph node metastases and/or peritoneal
dissemination were detected in 19 cases and hema-
togenic metastases were detected in 4 cases, according
to clinical findings and, in some cases, an autopsy.
Another 4 patients, who died within 30 days of surgery as
a result of postoperative complications, were excluded
from the statistical analysis of survival of the patients.

A total of 2310 lymph nodes were dissected from 83
gastrectomized patients with a median number of 28
nodes (range, 6–52) per patient. All samples were fixed
in formalin and embedded in paraffin. Two consecutive
sections of 4µm in thickness were prepared from each
block of resected lymph node. One section was stained
with H&E and one was subjected to cytokeratin-specific
immunostaining so that we could compare the results
obtained by the two methods in adjacent sections of
each lymph node. Conventional H&E staining and im-
munohistochemical staining were limited to one section
per lymph node, respectively, to simulate the condition
of routine histological examination. All 83 primary
tumors and 10 lymph nodes in which metastases had
been found by H&E staining were used as positive con-
trols. In addition, sections of 12 normal lymph nodes
obtained from patients with benign diseases were used
as negative controls.

Immunohistochemical staining was performed by the
streptavidin-biotin (SAB) immunoperoxidase method
with the murine monoclonal antibody CAM 5.2 (Becton
Dickinson, San Jose, CA, USA), which specifically rec-
ognizes intracellular cytokeratin component numbers 8
and 18, an intermediate filament representing the intra-
cellular network of the cytoskeleton that is expressed in
simple epithelia and apparently nowhere else [10,13]. In
brief, dewaxed and dehydrated sections were heated in
a microwave oven (700W) for 10min for retrieval of
antigens in the specimens. Endogenous peroxidase was
blocked by incubation of the samples with 3% hydrogen
peroxide in 100% methanol. The tissue sections were

then incubated with the primary murine monoclonal
antibody CAM 5.2 at 25 µg/ml overnight at 4°C. The
second antibodies, biotinylated antibodies against
mouse immunoglobulin, were applied next and were
followed by peroxidase-labeled streptavidin. The reac-
tion products were visualized with diaminobenzidine as
the chromogen, and sections were counterstained with
methyl green, which stains lymphocytes. Tris-buffered
saline was used instead of the primary antibody for
negative controls.

The H&E-stained slides were first assessed for the
presence of metastases by an experienced pathologist
at a magnification of 3200 without the knowledge of
sample groupings and previous diagnosis. Then,
immunostained slides were examined and the results
were compared with those obtained from H&E-stained
slides. Occult involvement in lymph nodes was re-
cognized when tumor cells were detected only by
cytokeratin-specific immunostaining, having been over-
looked after ordinary H&E staining. Occult involve-
ment was expressed in terms of microinvolvement and
micrometastases. Microinvolvement was defined as the
presence of discrete or isolated tumor cells in the sinus
or medulla of the lymph node. By contrast, the presence
of one or more aggregates or clusters of more than two
tumor cells was classified as micrometastasis. The pa-
tients were classified as having microinvolvement when
microinvolvement, but no micrometastasis, was found
in any of their lymph nodes. If only micrometastasis was
detected in any of the lymph nodes, the patient was
classified as having micrometastases.

Statistical analysis was performed by Student’s t-test
to examine the association between the number of
lymph nodes with occult cancer cells and the clinico-
pathological characteristics of the primary tumor. The
chi-square test was used to examine the relationships
between microinvolvement and micrometastases in
lymph nodes with occult cancer cells. The Kaplan–
Meier method was used for construction of cumulative
survival curves, and the generalized Wilcoxon test was
used for tests of the statistical significance of differ-
ences. Multivariate survival analysis was performed
using Cox’s proportional hazards model. A P value less
than 0.05 was considered an indicator of stastistical
significance.

Results

Characteristics of occult involvement

As shown in Table 1, 299 of 2310 (13%) lymph nodes
contained cancer cells that were immunopositive for
cytokeratin. Microinvolvement was recognized in 82 of
these nodes (27%) and micrometastases in 217 (73%).
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Micrometastases were more frequent when occult
cancer cells were found not only in group 1 but also in
group 2 lymph nodes.

Fifty-four of 83 patients (65%) had immunohis-
tochemically detectable occult cancer cells in their
resected lymph nodes that had been overlooked after
routine staining with H&E. Microinvolvement was
found in 18 (33%) of these patients, and microme-
tastases in 36 (67%). Twelve of 22 patients (33%) with
occult cancer cells limited in group 1 lymph nodes and
24 of 32 patients (61%) with occult cancer cells in group
2 lymph nodes were determined to have microme-
tastases (Table 1). Moreover, 20 of 24 (83%) patients
with micrometastases in group 2 lymph nodes were
found to have micrometastases already in their group 1
nodes (P , 0.001; Table 2).

All 83 primary tumors were found to immunoreact
consistently with the monoclonal antibody against
cytokeratin. Moreover, all 10 sections of lymph nodes
with metastases that were detectable by conventional
H&E staining contained immunoreactive cancer cells.
By contrast, no immunopositive cells were found in the
12 sections of normal lymph nodes.

Relationship between occult involvement and
clinicopathological characteristics

Analysis of the relationships between the mean number
of lymph nodes with occult cancer cells and the charac-
teristics of the tumor revealed a statistically significant
increase in the incidence of microinvolvement or
micrometastases in cases of poorly differentiated

tumors as compared with well-differentiated tumors (P
, 0.05) and in cases of larger tumors more than 7cm in
diameter as compared with smaller tumors 7 cm or less
in diameter (P , 0.001; Table 3).

We found no significant relationship between the
number of lymph nodes with occult involvement and
other clinicopathological features of the primary tumor,
such as patient’s age, sex, location of the tumor, and
lymphatic or vascular invasion.

Relationship between occult involvement and prognosis

The overall 5-year survival rate of the 79 patients who
did not die of postoperative complications was 72%.
None of the 27 patients without occult involvement died
of recurrence of the tumor during follow-up. Survival
analysis using the Kaplan–Meier method demonstrated
the shorter survival of the patients with microinvol-
vement and the patients with micrometastases in less
than 10% of resected nodes (5-year survival, 81%), as
compared with the patients without occult cancer cells
in lymph nodes (P , 0.05). However, the former group
had significantly better survival than patients with
micrometastases in 10% or more of their resected nodes
(5-year survival, 42%; P , 0.01; Fig. 1). Our data also
showed that patients with occult involvement in group 2
lymph nodes had a significantly poorer prognosis (5-
year survival, 47%), than those with occult involvement
limited to the group 1 lymph nodes (5-year survival,
75%; P , 0.05; Fig. 2). Sixteen of 23 (70%) patients in
whom micrometastases were found in group 2 lymph
nodes died of recurrence of the tumor, while only 2 of

Table 1. Frequency of microinvolvement and micrometastasis in lymph nodes of 83 patients with pT3 gastric cancer

No. of No. of
Cancer cells in No. of resected involved

No. of involved nodes (%) No. of patients (%)

lymph nodes patients nodes nodes (%) G1 only G2 only G1 & G2 G1 only G2 only G1 & G2

Negative 29 742 0 0 0 0 0 0 0
Microinvolvement 18 579 82 (14) 37 (6) 0 45 (8) 10 (56) 0 8 (44)
Micrometastases 36 989 217 (22)* 39 (4) 7 (0.7) 178 (18)† 12 (33) 2 (6) 22 (61)‡

Total 83 2310 299 (13) 299 22 (26) 32 (39)

G1 & G2, group 1 and group 2 lymph nodes
*, †, ‡ Difference between microinvolvement and micrometastasis: *, P , 0.0005; †, P , 0.0001; ‡, not significant

Table 2. Characteristics of group 1 node involvement in 32 patients with group 2 lymph node involvement

Occult involvement
Occult involvement in group 1 nodes (%)

in group 2 nodes No. of patients Negative Microinvolvement Micrometastasis P

Microinvolvement 8 0 8 (100) 0
Micrometastasis 24 2 (8) 2 (8) 20 (83) ,0.001
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Table 3. Number of lymph nodes with occult cancer cells and clinicopathological
characteristics of the primary tumor

No. of lymph nodes
No. of patients with occult cancer cells

Variable (n 5 83) (mean 6 SD) P

Gender
Male 46 3.59 6 4.42
Female 37 3.62 6 3.89 NS

Age (years)
,60 44 3.65 6 3.80
^60 39 3.54 6 4.60 NS

Tumor location
Upper 14 3.36 6 3.78
Middle 47 3.74 6 4.74
Lower 22 3.50 6 3.13 NS

Maximum diameter (cm)
%7 43 1.91 6 2.59
.7 40 5.42 6 4.77 ,0.001

Histology
Differentiated 19 2.05 6 2.48
Undifferentiated 64 4.06 6 4.46 ,0.05

Lymphatic invasion
Negative 44 3.27 6 3.55
Positive 39 3.97 6 4.79 NS

Vascular invasion
Negative 39 2.92 6 3.67
Positive 44 4.21 6 4.52 NS

NS, not significant

Fig. 1. Kaplan–Meier postoperative survival curves for 79
patients with pT3 gastric cancer. a The 5-year survival of 27
patients with no occult cancer cells in lymph nodes (100%). b
The 5-year survival of 17 patients with microinvolvement and
4 patients with micrometastases in less than 10% of resected
lymph nodes (81%). c The 5-year survival of 31 patients with
micrometastases in 10% or more of resected lymph nodes
(42%). Generalized Wilcoxon test: a vs. b, P , 0.05; b vs. c, P
, 0.01

Fig. 2. Kaplan–Meier postoperative survival curves for 79
patients with pT3 gastric cancer. a The 5-year survival of 27
patients with no occult cancer cells in lymph nodes (100%). b
The 5-year survival of 20 patients with occult cancer cells
limited to the group 1 lymph nodes (75%). c The 5-year
survival of 32 patients with occult cancer cells in group 2
lymph nodes (47%). Generalized Wilcoxon test: a vs. b, P ,
0.05; b vs. c, P , 0.05
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12 (17%) patients with micrometastases limited to
group 1 lymph nodes died of recurrence of the tumor
(P , 0.005).

The independent prognostic factors that were identi-
fied by multivariate survival analysis are given in Table
4. Survival was independently correlated with only two
factors: occult cancer cells in lymph nodes and the size
of the primary tumor.

Discussion

Microinvolvement and micrometastases in regional
lymph nodes of patients with gastric cancer have been
the focus of increasing interest in recent years because
of their significance in determination of the extent of
lymphadenectomy and in prediction of the prognosis of
patients.

Recently published studies [4,12,13] have demon-
strated the presence of isolated tumor cells or small
clusters of such cells in lymph nodes of patients with
early and advanced gastric cancer. These cells probably
affected the prognosis of the patients. However, only a
few cases of locally advanced cancers (pT3) were in-
cluded among the cases studied. We examined suffi-
ciently large numbers of 83 patients with a subgroup of
pT3N0 gastric cancer and 2310 resected lymph nodes in
the present study, using cytokeratin-specific immunos-
taining with the CAM 5.2 monoclonal antibody. We
found that a large percentage of patients (65%) who
had been diagnosed as being free of lymph node me-
tastases by routine H&E staining had in fact immu-
noreactive cancer cells in their regional lymph nodes.

It is still unclear whether these occult cancer cells
can proliferate and cause recurrence of the tumor or
whether some of them are removed by the host’s im-
mune response [12]. However, it is of interest that the
patients with only microinvolvement in the form of dis-
crete or isolated cancer cells in lymph nodes had better
survival, while patients with micrometastases in the
form of small clusters of cancer cells in their lymph

nodes had a significantly poorer prognosis. These
findings are comparable with Siewert’s results [4].
Moreover, we found that the group 2 lymph nodes
were more likely to contain occult cancer cells when
group 1 lymph nodes contained micrometastases. Pa-
tients with occult involvement in group 2 nodes had a
significantly poorer prognosis. The lymphatic system
thus plays a crucial role in the spread of primary gastric
cancer. These results appear to explain why patients
in whom no metastases have been found in lymph
nodes after routine H&E staining still tend to die of
recurrence of the tumor. If these findings, that occult
involvement in lymph nodes detected by cytokeratin-
immunostaining can strongly affect the prognosis of
the patients, could be confirmed in a large population
of patients in further studies it might contribute to
a more individual tailoring of future multimodal
therapies.

The major risk factors for metastasis to lymph nodes
are generally considered to be large size, poor differen-
tiation, and deep invasion of the primary tumor [14–16].
In the present study, we also found that occult cancer
cells were more frequent in lymph nodes of patients
with large tumors more than 7 cm in diameter and
with undifferentiated tumors. Moreover, the frequency
(65%) of occult involvement in our patients with pT3
gastric cancer was significantly higher than the fre-
quency (40%) reported by Ishida et al. for a group of
patients with advanced gastric cancer [12] and than the
frequency (23.5%) reported by Maehara et al. for a
group of patients with early gastric cancer [13]. The
deep invasion by pT3 gastric cancer in our group of
patients might explain the high frequency of occult in-
volvement that we detected.

The failure to detect microinvolvement and microme-
tastases in lymph nodes is clearly a drawback of conven-
tional H&E staining. The accuracy of such staining
might well be improved by examination of a large num-
bers of lymph nodes from each patient and of multiple
sections of each node, as well as by using a panel of
monoclonal antibodies against tumor-associated anti-
gens. However, such procedure would not be practical
for a routine histopathology service [9]. A sensitive
supplementary tool, for use in addition to standard
H&E staining, would be most useful for improvement
of clinical diagnoses. The predictive value of current
molecular genetic methods for detecting occult involve-
ment, which exploit the polymerase chain reaction or
mutant allele-specific amplification, has been suggested
[7,8]. However, it is hard to avoid false-positive results
in many cases, even though these methods reveal occult
involvement with so-called supersensitivity. Immuno-
staining with the cytokeratin-specific monoclonal anti-
body CAM 5.2 has been suggested to be the most useful
method for detecting discrete or small clusters of tumor

Table 4. Multivariate analysis of independent prognostic
factors in 79 patients with pT3 gastric cancer

Variable Relative risk P

Gender 0.96 0.93
Age 1.88 0.21
Maximum diameter of 3.47 0.02

the primary tumor
Histological type 0.50 0.30
Lymphatic invasion 1.62 0.37
Vascular invasion 0.86 0.77
Occult cancer cells in 4.09 0.001

lymph nodes
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cells in lymph nodes [12,17]. In this study, we found that
all primary tumors and all lymph nodes with metastases
that has been detected by H&E staining were immu-
noreactive. By contrast, none of the normal lymph
nodes removed from patients with benign diseases was
immunostained. Among resected lymph nodes with no
evidence of metastasis by H&E staining, 13% were
found to contain occult cancer cells when only one sec-
tion of each node was immunostained. The results indi-
cate that immunostaining with the cytokeratin-specific
monoclonal antibody CAM 5.2 is an accurate and sensi-
tive method for detecting occult cancer cells in lymph
nodes. Such immunostaining would seem to be a useful
supplement to standard H&E staining especially in
cases of patients with high-risk factors, such as large,
poorly differentiated, and deeply invasive tumors.

It has been reported that patients with stage II gastric
cancer benefit from D2 lymph node dissection [1,4]. In
the subgroup of patients with pT3N0 gastric cancer, it
would seem surprising that removal of large numbers of
apparently uninvolved regional lymph nodes should
have an impact on prognosis. Our results provide a
persuasive explanation for this phenomenon. More-
over, we also found that when group 1 lymph nodes
contained micrometastases, group 2 lymph nodes were
more likely to contain cancer cells. Patients in whom
with group 2 lymph nodes contain occult cancer cells
had a 5-year survival of only 47%. Removal of these
nodes might have improved the prognosis of these pa-
tients. Thus, systematic radical D2 lymphadenectomy
should always be included in the treatment of these
patients with pT3 gastric cancer.
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