
• GASTRIC CANCER •

Prognostic implication of isolated tumor cells and micrometastases
in regional lymph nodes of gastric cancer

Hye Seung Lee, Min A Kim, Han-Kwang Yang, Byung Lan Lee, Woo Ho Kim

ELSEVIER

PO Box 2345, Beijing 100023, China                                                                                                                                                          World J Gastroenterol  2005;11(38):5920-5925
www.wjgnet.com                                                                                                                                                                                                                                                                              World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                                       © 2005 The WJG Press and Elsevier Inc. All rights reserved.

Hye Seung Lee, Department of Pathology, Seoul National
University Bundang Hospital, Gyeonggi 463-707, Korea
Min A Kim, Woo Ho Kim, Department of Pathology and Cancer
Research Institute, Seoul National University College of Medicine,
Seoul 110-799, Korea
Han-Kwang Yang, Department of Surgery and Cancer Research
Institute, Seoul National University College of Medicine, Seoul,
Korea
Byung Lan Lee, Department of Anatomy, Seoul National University
College of Medicine, Seoul, Korea
Supported by a grant (FG03-11-02) from the 21C Frontier
Functional Human Genome Project from the Ministry of Science
and Technology of Korea
Correspondence to: Dr. Woo Ho Kim, Department of Pathology,
Seoul National University College of Medicine, 28 Yongon-dong,
Chongno-gu, Seoul 110-799, Korea.  woohokim@snu.ac.kr
Telephone: +82-2-7408269    Fax: +82-2-7655600
Received: 2005-02-24    Accepted: 2005-05-12

AbstractAbstractAbstractAbstractAbstract
AIM: To determine the prognostic significance of isolated
tumor cells (ITCs) and lymph node micrometastases in
gastric cancer.

METHODS: Hematoxylin and eosin-stained slides of lymph
node dissections of 632 consecutive gastric cancers were
reviewed. Cytokeratin immunostaining was performed in
280 node-negative cases and 5 cases indefinite for lymph
node metastases. Lymph node metastases were divided
into ITCs, micrometastases, or macrometastases, according
to the sizes of tumor deposits in largest dimension. ITCs
were further classified into four groups according to
metastasis pattern.

RESULTS: Lymph node metastases were identified by
immunostaining in 58 of 280 node-negative cases (20.7%)
and were not significantly associated with patient survival
(P = 0.3460). After cytokeratin immunostaining, 196 cases
were classified as pN1, which consisted of 20 cases with
micrometastases detected by immunostaining (pN1mi(i+)),
34 cases with only micrometastases (pN1mi), and 142
cases with pN1 with one or more macrometastases (pN1).
Cases with pN1mi and pN1mi(i+) had a significantly better
prognosis than the cases with pN1 (P = 0.0037). ITCs
were found in 38 of these 58 cases, and could be divided
into four groups: 12 cases with only a single cell pattern,
7 cases with multiple individual cells, 5 cases with single
small cluster, and 14 cases with multiple small clusters.
Among these four groups, cases with ITCs of multiple
individual cell pattern showed the worst survival (median
survival: 28 mo, P<0.0001).

CONCLUSION: Both size and pattern of lymph node
metastases can give prognostic information on the survival
of gastric cancer patients.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION
The most important prognostic factor in patients with gastric
cancer is the presence of a regional lymph node metastasis[1].
Some patients with histologically node-negative gastric cancer
will die as a result of local or distant tumor recurrence, even
though their primary tumor is curatively resected. Adjuvant
chemotherapy benefits some patients with node-negative
gastric cancer, but the treatment of all node-negative patients
is unnecessary, as most node-negative patients will never have
recurrence after surgery. Therefore, additional markers would
be helpful for predicting patients at risk of a poor prognosis.

For the above purpose, histological evaluations of
multiple serial sections of lymph nodes at many levels have
been undertaken by several investigators[2,3]. Although serial
sectioning can increase the detection of occult lymph node
metastases, it is also labor-intensive and expensive for routine
diagnostic practice. Furthermore, a single cell or minute
cluster cannot be detected even by an expert pathologist.
Recent advances in immunohistochemistry and molecular
biology allow the identification of  discrete and occult tumor
cells, which are undetectable by standard hematoxylin and
eosin (HE) staining, in the lymph nodes of patients with
breast[4,5], esophageal[6,7], and colorectal cancers[8,9]. Many
investigators have correlated patient prognosis with the
presence of metastases detected by immunostaining, but
controversy remains over the importance of single cell or
cluster of cancer cells in regional lymph nodes.

Recently, regional lymph node metastasis was further
classified into isolated tumor cells (ITCs), micrometastases,
or macrometastases according to the size of tumor deposits
in largest dimension in patients with breast cancers[10]. ITCs
are defined as single cells or small clusters not greater than
0.2 mm in largest dimension, usually with no histologic



evidence of malignant activity. Cases with only ITCs are
designated as pN0(i+) and categorized into pN0 by AJCC[10].
Single cells and small ill-defined clusters in lymph node
metastasis, classified as ITCs, are not uncommon in gastric
cancer, since cancer cells in diffuse type cancer frequently
loose intercellular adhesion molecules, which represents a
critical event of the metastatic cascade[11-13]. However, the
clinical importance of size or pattern of metastatic tumor
deposits in lymph node metastases is not defined in gastric
cancer patients. To clarify the prognostic impact of  ITCs
and micrometastases on regional lymph nodes, we investigated
632 consecutive gastric cancers resected during one year in
the aspect of number, size, and patterns of lymph node
metastases and examined their clinical significance.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS
Specimens
The files of 659 surgically resected primary gastric cancer
cases examined at the Department of  Pathology, Seoul
National University College of Medicine over a period of
1 year (January 1, 1995-December 31, 1995) were examined
in order to evaluate their lymph node metastasis status. Of
these 659 cases, 632 cases (95.9%) were available for slide
review and immunohistochemical staining of lymph nodes.
The series consisted of 280 cases of pN0 stage, 183 cases
of pN1 stage, 113 cases of pN2 stage and 56 cases of
pN3 stage. Mean age of the patients was 54.5 years, and
92.9% of the patients had undergone curative resection
(R0 according to the AJCC guideline). The study included
409 advanced gastric carcinomas and 223 early gastric
carcinomas. No patient had received preoperative chemo- or
radiotherapy. Glass slides were reviewed to determine
histologic types according to WHO classification[11]. The
clinical outcomes of the patients were followed from the
date of surgery to either the date of death or December 1,
2000, resulting in a follow-up period ranging from 1 to
72 mo (mean: 55 mo). Those cases who lost their follow-up
and those who ended in death due to a cause other than
gastric cancer were regarded as censored data during
survival rate analysis.

Review of HE-stained slides of lymph node dissection
HE-stained slides of lymph node dissection of 632
consecutive gastric cancers (31 421 lymph nodes) were
reviewed. In contrast to original report, metastatic nodules
in the fat adjacent to a gastric carcinoma without evidence
of residual lymph node tissue were regarded as regional
lymph node metastases by the AJCC guideline. Lymph node
metastases were subdivided into three groups according to
the AJCC guidelines using the maximum size of tumor
deposit, i.e., ITCs are not greater than 0.2 mm in diameter,
micrometastases are greater than 0.2 mm but not greater
than 2 mm in diameter, and macrometastases are greater
than 2 mm in diameter[10]. Lymph nodes with ITCs were
not regarded as lymph node metastases, and cases with only
micrometastases (not greater than 2 mm in diameter) were
classified as pN1mi.

Immunohistochemistry
Immunohistochemical staining was performed on 280

gastric cancer cases (9 604 lymph nodes) without regional
lymph node metastasis (pN0) by conventional HE staining,
and on an additional 5 cases, who were originally reported
as pN1 but were indefinite for metastasis by reviewing
HE-stained slides. A single serial section (4 μm) was cut
from each paraffin block, deparaffinized and dehydrated.
Immunostaining with antibodies against cytokeratin (mAb
anti-human cytokeratin clone MNF116, DAKO, Glostrup,
Denmark) at 1:100 dilution was performed using a
streptavidin peroxidase procedure after an antigen retrieval
process using microwaves. Cells were considered to be occult
lymph node metastases, if they were immunoreactive mainly
in their cytoplasmic membranes, were found within the
substance of the lymph nodes and were morphologically
consistent with cancer cells. Immunohistochemically detected
lymph node metastases were also subdivided into three
groups: ITCs, micrometastases, or macrometastases,
according to the size of tumor deposits in the largest
dimension. Tumor deposits in lymph nodes with histologic
evidence of  malignant activity, such as gland formation or
stromal reaction, were defined as micrometastases even if
they were smaller than 0.2 mm in maximum dimension.
ITCs were subdivided into four groups according to
metastasis pattern (single cell, multiple individual cells, single
cluster and multiple clusters, Figure 1). The number of
lymph nodes containing tumors and the total number of
tumor cells or clusters in a lymph node were recorded.

Statistical analysis
Either the χ2 test or Fisher’s exact test (two-sided) was
performed to determine the correlation between lymph
node metastasis and clinicopathologic parameters. Survival
curves were estimated using the Kaplan-Meier product-limit
method, and the significance of  differences between survival
curves was determined using the log-rank test. Results were
considered to be statistically significant when P values were
less than 0.05. All statistical analyses were conducted using
the SPSS 11.0 statistical software program (SPSS, Chicago,
IL, USA).

RESULRESULRESULRESULRESULTSTSTSTSTS
Reclassified pN stage after immunohistochemistry and
reviewing HE-stained slides
Occult lymph node metastases were identified by cytokeratin
immunostaining in 58 (20.7%) of 280 cases or in 157 of
9 604 lymph nodes (1.63%), which were originally reported
as pN0. Of the 58 cases with positive occult lymph node
metastasis, macrometastasis was found in one case,
micrometastases in 19 cases (pN1mi(i+)), and ITCs in 38
cases (pN0(i+)). Four cases, who were originally reported
as pN1, were reclassified as pN0, and one case was
reclassified as pN1mi(i+) after cytokeratin immunostaining.

The pN stage, after immunostaining for cytokeratin
and reviewing HE-stained slides, was reclassified as pN0 in
264 cases, pN1 in 196 cases, pN2 in 113 cases, and pN3 in
59 cases. The reclassified pN stage was found to be
significantly associated with patient survival (Figure 2A).

Subgroups of pN1
One hundred and ninety-six cases with pN1 were subdivided

Lee HS et al. ITCs and micrometastases in gastric cancer                        5921



into three groups: 20 cases with pN1mi(i+), 34 cases with
pN1mi, and 142 cases with pN1 with one or more
macrometastases. Cases with pN1mi, including pN1mi(i+),
showed a significantly better prognosis than the 142 cases
with macrometastases (P = 0.0037, Figure 2B). Furthermore,
pN1mi detected by HE staining only was significantly
associated with better survival than macrometastases (P =
0.0218, Figure 2C). No significant difference was observed
between the survival of  cases with pN1mi(i+) and pN1mi
(P = 0.3305, Figure 2B). When compared to pN0(i-) cases,
pN1mi cases showed significantly poorer survival (P = 0.0104,
Figure 2C), but pN1mi (i+) and pN0(i-) cases did not show
a survival difference (P = 0.6738).

Isolated tumor cells (ITCs)
Cases with lymph node metastases detected by immunoh-
istochemistry (pN0(i+) and pN1(i+)) did not show a different
survival when compared to cases without lymph node
metastases (P = 0.3460, Figure 2D). Patients with immunoh-
istochemically detected metastases had poorly differentiated
adenocarcinomas more frequently than those without
metastases (P = 0.019, Table 1).

Four groups of  ITCs included 12 cases with a single cell
pattern, 7 cases with multiple individual cells, 5 cases with a
single cluster and 14 cases with multiple clusters. Among
them, cases with multiple individual cells showed the poorest
survival (median survival: 28 mo, P<0.0001, Figure 2E),

Figure 1  Immunohistochemical staining against cytokeratin. A: Single cell only (×400); B: single small cluster (×400); C: multiple small clusters (×200); D: multiple
individual cells (×400); E: HE-stained slides of multiple individual tumor cells in lymph nodes (the same area of D, ×400); F: micrometastasis (×400).

Table 1  Pathologic findings according to the size and pattern of lymph node metastasis after cytokeratin staining in pN0 cases on initial
examination

  ITCs
                 Negative           Micro     Macro   P

    meta-stases          meta-stases
               Single cell            Multiple cells             Single cluster             Multiple clusters

WHO (%)                   0.019
    1W/D, M/D                 112 (50.5) 6 (50.0) 0 (0)    1 (20)          6 (42.9)           8 (42.1)          0 (0)
    2P/D 54 (24.3) 4 (33.3) 7 (100)    2 (40)          5 (35.7)           8 (42.1)          1 (100)
    Mucinous   9 (4.0) 0 (0) 0 (0)    1 (20)          0 (0)           2 (10.5)          0 (0)
    3SRC 47 (21.2) 2 (16.7) 0 (0)    1 (20)          3 (21.4)           1 (5.3)          0 (0)
Depth (%)                <0.001
    Mucosa 97 (43.7) 4 (33.3) 0 (0)    2 (40)          1 (7.1)           3 (15.8)          0 (0)
    4SM 72 (32.4) 2 (16.7) 1 (14.4)    1 (20)          4 (28.7)           5 (26.3)          1 (100)
    5PM 21 (9.5) 1 (8.3) 0 (0)    0 (0)          1 (7.1)           2 (10.5)          0 (0)
    Subserosa 28 (12.6) 5 (41.7) 3 (42.8)    2 (40)          7 (50)           4 (21.1)          0 (0)
    Serosa   4 (1.8) 0 (0) 3 (42.8)    0 (0)          1 (7.1)           5 (26.3)          0 (0)
Total (%)                 222 (100)                 12 (100) 7 (100)    5 (100)                          14 (100)        19 (100)          1 (100)

1Well and moderately differentiated tubular adenocarcinoma, 2poorly differentiated tubular adenocarcinoma, 3signet-ring cell carcinoma, 4submucosa, 5proper
muscle.
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and had poorly differentiated non-solid type adenocarcinomas
with infiltrative border. Lymphatic invasion was not found
in these cases. Histologically, cytokeratin-positive individual
cells were found in the sinus of lymph nodes, and these
could not be recognized by routine HE staining (Figure 1).
In four of seven cases with multiple individual cells, the
maximum number of tumor cells in a single lymph node
exceeded 20 (Table 2), and prognosis was grave especially
in these four cases. By Cox regression analysis, the pattern
of metastasis was found to be a significant prognostic factor
independent of pT stage and histologic type (P = 0.018,

Table 3). Two of  the seven patients with multiple individual
cells had stage IV disease, and the pattern of multiple
individual cells was associated with poor survival even after
the patients with stage IV disease were deleted (P = 0.0018,
Figure 2F).

Thirty-five of thirty-eight cases with ITCs had one to
five positive metastatic nodes. The remaining cases had six
or more positive metastatic nodes (9, 11, and 19 metastatic
lymph nodes, respectively). Cases with ITCs in six or more
lymph nodes showed a significantly poorer prognosis than
those with ITCs in 1-5 lymph nodes (P<0.0001, Figure 2G).

Figure 2  Survival curves using the Kaplan-Meier method. A: Patient survival according to reclassified pN stage; B: survival curve of cases with pN1 with one or
more macrometastases, pN1mi, and pN1mi(i+); C: survival curve of the cases with pN0 stage, pN1mi(i+), pN1mi, and pN1; D: prognostic impact of lymph node
metastases as detected by immunostaining; E: survival curves according to the pattern of ITCs; F: survival curves according to the pattern of ITCs deleting patients
with stage IV disease; G: survival curves according to the number of positive nodes.
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DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION
When examining gastric cancer and related material, the
pathologist aims to achieve as simply and reliably as possible,
a comprehensive diagnosis and prognosis of therapeutic
relevance. The routine histologic examination of lymph
nodes has long been the gold standard for identifying
metastases to regional lymph nodes resected as part of the
staging procedure for tumors in diverse locations, including
the stomach. However, this method has an inherent
limitation, the potential for sampling error. Serial sectioning
has been employed to scrutinize metastases[14], but it is
impractical for routine surgical pathology practice. In this
study, we performed immunohistochemical staining against
cytokeratin on routine sections in the cases with original
diagnosis of  pN0. We found that micrometastases or
macrometastases were overlooked in 20 of 280 node-negative
cases (7.14%), and ITCs were found in 38 cases (13.6%).

The prognostic impact of lymph node metastases
detected by immunohistochemistry remains controversial
in gastric cancer. Some authors have reported an insignificant
correlation between lymph node metastasis detected by
immunostaining and patient survival[15-17], but others have
reported a significant impact on patient survival[18-21]. In
contrast to previous reports, we subdivided lymph node
metastases according to the size of tumor deposits, and
then subdivided cases with ITCs into four groups according
to the pattern of tumor deposits. In this large scale study,
lymph node metastases as detected by immunostaining were
not significantly associated with patient survival.

Ishida et al.[21], have classified lymph node metastases
into five groups according to the pattern of metastasis (single
cell vs cluster), but did not analyze the implications on patient
survival. Fukagawa et al.[17], demonstrated that the pattern
of micrometastases (single cell vs cluster) does not affect
the survival curve. In the present study, ITCs were classified
into four groups: single cell, multiple individual cells, single

cluster, and multiple clusters. Among ITCs, only cases with
multiple individual cells comprised the poor prognosis group.
Tumors with a pattern of  multiple individual cells showed
non-solid poorly differentiated type adenocarcinoma and
had infiltrative border. Although the pattern of multiple
individual cells was very uncommon (7 of 280 pN0, 2.5%),
this pattern had a significant impact on patient survival and
showed a distinct histologic feature. Therefore, cytokeratin
immunostaining is recommended in node-negative gastric
cancers especially in non-solid poorly differentiated type
adenocarcinoma with infiltrative border, to identify occult
metastasis with multiple individual cell pattern.

According to the cancer staging of AJCC, micrometastases
are defined when the size of tumor deposits in largest
dimension is greater than 0.2 mm and not greater than
2 mm in diameter, and cases in which only micrometastases
are detected are defined as pN1mi in breast cancer.
However, in previous reports on gastric cancer[17-21],
micrometastases are defined as lymph node metastases
detected by immunohistochemistry, not according to the
size of tumor deposits. In the present study, micrometastases
were defined according to cancer staging method
recommended by AJCC. Cases with pN1mi including
pN1mi(i+) showed a significantly better prognosis than cases
with pN1 with macrometastases (P = 0.0037), and pN1mi
by only HE staining was also significantly associated with
better survival than macrometastases (P = 0.0218). Therefore,
we recommend that pN1mi should be defined in gastric
cancer as is currently done in breast cancer. Furthermore,
the survival of  patients with pN1mi(i+) was not significantly
different from that of patients with pN0. Therefore, we
also recommend classifying pN1mi(i+) separately from
pN1mi.

Several lines of evidence support the interpretation that
keratin-positive cells in lymph nodes represent metastatic
carcinoma, though occasional normal constituents of  lymph
nodes may be stained positively for cytokeratin. Other than
cancer cells, undesirable cytokeratin has been reported both
in plasma cells[22,23] and in interstitial reticulum cells[22,24].
Cytokeratin-positive metastatic cells have an epithelial
morphology, in contrast to the dendritic process appearance
of keratin-positive reticulum cells. Plasma cells show weak
and cytoplasmic expression of cytokeratin and have their
characteristic features. Cells are considered as occult node
metastases only when they show strong and membranous
expression of cytokeratin, reside within the substance of
the lymph nodes, and exhibit epithelial morphology.

Table 2  Clinicopathologic findings in seven cases with ITC with multiple scattered single cell pattern

Case     1F/U             1F/U months        Sex          Age (yr)   Tumor size   WHO        Depth               Stage     Number of           Number of tumor
          (cm) positive nodes       cells in a lymph node

202   Alive 14               2M                 67             2.0      4P/D                   5SM Ia             4        2
409   Alive 69             M                 40             4.5     P/D                   6SS Ib             1        4
437   Died 20               3F                 35             6.0     P/D                    SS Ib             19     >50
726   Died 33             F                 40           14.0     P/D                   7SE II             3     >30
737   Died 28             F                 30             3.0     P/D                    SE IV             9     >20
829   Died 28             M                 46             6.0     P/D                    SE IV             2       45
850   Alive 63             M                 49             5.0     P/D                    SS Ib             1        8

1Follow-up, 2male, 3female, 4poorly differentiated tubular adenocarcinoma, 5submucosa, 6subserosa, 7serosa.

Table 3  Multivariate analysis of predictive factors for survival in
pN0 using Cox regression model

Prognostic factor             Hazard ratio (95%CI)                 P

Pattern of ITCs                 0.018
    Multiple individual cells vs others 4.09 (1.28–13.10)
PT stage               <0.001
    II–IV vs I 8.77 (2.89–26.32)
Lauren’s classification                 0.276
    Diffuse vs intestinal 1.73 (0.65–4.61)
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In conclusion, immunohistochemical staining against
cytokeratin can detect occult metastases in regional lymph
nodes of patients with gastric cancer, and the presence of
immunohistochemically detected ITCs does not affect
patient survival, except for a subset of  cases with metastasis
of multiple individual cells. pN1mi or pN1mi(i+) is distinct
from pN0 or pN1 in the aspect of  patient survival.
Therefore, the size and pattern of lymph node metastases
can provide prognostic information in gastric cancer.
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