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Detection of Sentinel Lymph Node—OQbservation
with Infrared Ray
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Tomoki Koyama®*, Norio Mitsumori®,
Hideyuki Kashiwagi®* and Katsuhiko Yanaga®

Compared to the conventional dye method, SNNS
with infrared ray observation allows easy, much im-
proved identification of SN. With this technique, the
usefulness of combining ESD techniques and laparos-
copic surgery is expected.

Key words : early gastric cancer, indocyanine green,
infrared ray laparoscopy system, laparos-
copic surgery, sentinel lymph node naviga-
tion surgery
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Morphological Distribution of Metastatic Foci in Sentinel
Lymph Nodes with Gastric Cancer
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Hideo Arima, MD, Tsutomu Kozono, MD, Katsuhiko Ehi, MD, Takaaki Arigami, MD,
Hiroshi Higashi, MD, PhD, and Takashi Aikou, MD, PhD

Department of Surgical Oncology and Digestive Surgery, Field of Oncology, Course of Advanced Therapeutics. Kagoshima
University Graduate School of Medical and Dental Sciences, Kagoshima, Japan

Background: The TNM classification defines micrometastasis (MM) and isolated tumor
cells (ITC) in lymph nodes (LN). Sentinel node (SN) navigation surgery has been introduced
in gastrointestinal cancer. Few reports have examined the morphological distribution of MM
and ITC of SN in gastric cancer. The purpose of this study was to clarify the clinical signif-
icance of the morphological distribution of cancer cells in SNs according to metastasis (MA),
MM, and ITC.

Methods: All dissected LNs obtained from 160 consecutive patients with mapped SNs
arising from ¢T1-2 NO tumors were examined. Metastasis in these LNs was examined by
histology and cytokeratin staining. The distribution of MA, MM, and ITC was classified as
marginal sinus (MS), intermediate sinus (IS), parenchymal (PA), and diffuse types (DF).

Results: Nodal metastases were detected in 65 SNs from 30 patients and MA, MM, and
ITC accounted for 53.9%, 21.5%, and 24.6%, respectively. MS, IS, PA, and DF accounted for
57%, 6%, 17%, and 20.0%, respectively. Patients with metastasis of non-MS had more nodal
metastasis in non-SNs (P = .025) and had nodal metastasis in second tier (£ = .009),
compared with the patients with metastasis of MS. The incidence of metastasis in non-MS was
higher in tumors larger than 40 mm than those smaller than 40 mm (P = .011).

Conclusion: When performing SN navigation surgery in gastric cancer, we should keep in
mind that the patients with tumor larger than 40 mm in size and nodal metastasis of non-M§

may have non-SN metastasis and nodal metastasis in second tier.

Key Words: Micrometastasis—Isolated
node—Gastric cancer.

tumor

classification—Sentinel

cells—TNM

Lymph node metastasis is one of the most impor-
tant prognostic factors in gastric cancer, even at the
early stage.'” Almost all lymph node metastasis
occurs in the regional nodes. Lymph nodes play key
roles as mechanical and biological barriers against
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migrating cancer cells in experimental rat model.**
The presence or absence of lymph node metastasis is
clinically important for selecting the treatment strat-
egy. If no nodal metastasis is found before or during
surgery, less invasive surgery such as endoscopic
mucosal resection and reduction of lymphadenec-
tomy are applied in early-stage gastric cancer. The
concept of sentinel nodes (SNs) and isolated tumor
cells (ITCs) was recently introduced in the Sixth
TNM classification,” which separates lymph node
metastases according to size as follows: metastasis
(MA) (> 2 mm), micrometastasis (MM) (0.2-2 mm),
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and ITC (<0.2 mm). Although lymph node MM has
been detected by immunohistochemistry or reverse
transcription-polymerase chain reaction, the clinical
significance remains controversial.

Several groups have applied SN navigation surgery
to melanoma and breast cancer.® * According to this
concept, a sentinel node is the first lymph node to
receive lymphatic flow from the primary tumor and is
therefore the initial site of lymph node metastasis.
Thus, MM and ITC are probably located in SNs at
the first step of lymph node metastasis.”'" We pre-
viously described lymph node micrometastasis in SNs
of gastric cancer.'""'” Recently, the microanatomic
distribution of metastasis within SNs predicts the
non-SNs metastasis in melanoma.'’ We investigated
the relationship between microanatomic distribution
of SN metastasis and clinicopathologic factors in
gastric cancer. The goal of the present study is to
clarify the clinical significance of the morphological
distribution of cancer cells in SNs according to MA,
MM, and ITC based on the TNM classification.

PATIENTS AND METHODS

Patients

We enrolled 160 consecutive patients with gastric
cancer, who were preoperatively diagnosed with clini-
cal T1-T2 (cTI, 127 patients; cT2, 33 patients) and
cNO. Written, informed consent was obtained from all
of the patients based on a document approved by our
institutional ethics committee. The patients were clin-
ically diagnosed before surgery based on gastrointes-
tinal fiberscopy, double contrast gastrography,
endoscopic ultrasonography, and computed tomog-
raphy. All underwent curative gastrectomy with lym-
phadenectomy at the Department of Surgical
Oncology and Digestive Surgery, Kagoshima Univer-
sity Hospital, between 2001 and 2006. Patients with
endoscopic mucosal resection were not enrolled in this
study. None of the patients had undergone preopera-
tive radiation therapy or chemotherapy.

Identification of Sentinel Lymph Node

One day before surgery, 3 mCi (2mL) of
% mTechnetium (** ™Tc)-tin colloid was endoscopi-
cally injected into the submucosa of the gastric wall at
four sites (0.5 mL each) around the tumor using a
disposable 23-gauge needle (MAIJ-75, Olympus,
Japan). Curative surgery then proceeded according to
the Japanese classification of gastric cancer.'*

Radioisotope (RI) uptake during surgery was mea-
sured in individual lymph nodes using Navigator
GPS (TYCO HEALTHCARE, Ltd., Tokyo, Japan).
SNs were defined as individual lymph nodes with
10-fold greater RI uptake than background. SNs
were separately removed during surgery. After sur-
gery, all dissected lymph nodes were mapped and Rl
uptake was measured again.

Evaluation of Lymph Node Metastasis by
Hematoxylin-Eosin and Immunohistochemical
Staining

We examined 3945 lymph nodes from 160 patients.
The mean number of dissected lymph nodes per pa-
tient was 20 (range, 9-69). All lymph nodes were
stained with hematoxylin-eosin (HE) and immuno-
histochemically using a monoclonal anticytokeratin
(CK) antibody cocktail (AEI/AE3, DAKO Corpo-
ration, Carpinteria, CA, USA) that reacts with a
broad spectrum of human CKs. The sections were
deparaffinized in xylene, rehydrated with a graded
series of ethanol, and then endogenous peroxidase
activity was blocked by a 5-min incubation in 3%
hydrogen peroxide in methanol. The sections were
then immersed in proteinase K (DAKO Corporation,
Carpinteria, CA, USA) to activate the antigen and
incubated with CK monoclonal antibody diluted
1:200 for 30 min. After two 5-min washes with
phosphate-buffered saline (PBS), the avidin-biotin
complex and immunoperoxidase were applied (ABC
method; VECTASTAIN ABC Kit, Vector Labora-
tories, Inc., Burlingame, CA, USA). Cells positive for
CK were visualized using diaminobenzidine tetrahy-
drochloride, and the sections were lightly counter-
stained with hematoxylin. The negative controls
consisted of sections processed in the same manner
but without the primary antibody. Consistently CK-
positive normal gastric mucosa and primary tumor
specimens were used as positive controls. All immu-
nohistochemical stained slides were evaluated by
three independent observers (S.Y, S.N, and Y.U).

Based on the Sixth TNM classification, lymph node
metastases were separated according to size: MA
(>2 mm), MM (0.2-2 mm), and ITC (<0.2 mm). SN
metastasis was classified into three types in the mea-
surement of metastatic foci: cluster type in which
grouping tumor cells were seen in single site (Fig. 1a),
multiple cluster type in which grouping tumor cells were
seen in multiple sites (Fig. 1b), and diffuse type in which
scattered tumor cells were seen (Fig. Ic). Among these,
we measured maximal size of metastatic foci in the
cluster type, the sum of the maximal size of metastatic
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foci in the multiple cluster type, and the maximal size of
the area including cancer cells in the noncluster type
(Fig. 1). We classified the distribution of metastatic
cancer cells in lymph nodes into four types: marginal
sinus type in which tumor cells were present in marginal
sinus alone (Fig. 2a), intermediate sinus type in which
tumor cells were present in intermediate sinus alone
(Fig. 2b), parenchymal type in which tumor cells were
seen in parenchyma (Fig. 2c), and diffuse type in which
tumor cells were scattered in lymph node (Fig. 2d).

Statistical Analysis

StatView statistical software version 5.5 (SAS
institute, Cary, NC, USA) performed all statistical
calculations. Data were statistically compared using
the ¥* test. A P value of <.05 was considered sta-
tistically significant.

RESULTS
Detection of Sentinel Lymph Nodes and Lymph Node

Metastasis, Including Micrometastasis

The mean number of SN in 158 of 160 patients
(99.7%) was 4.4 (range, 1-17). The rate of detection

Ann. Surg. Oncol. Vel 15, No. 3, 2008

FIG. 1. Mcasurcment cri-
teria for metastatic foci in
lymph nodes. Criteria:
maximal size of metastatic
foci in cluster type. sum of
maximal sizes of
metastatic foci in multiple
cluster type and maximal
size of area including
cancer cells in noncluster
types. (a) Cluster type
(400x). (b) Multiple clus-
ter type (100x). (c) Diffuse
type (40x).

was 100% and 93.9% (31 of 33) in patients with 127
cT1 and cT2 tumors, respectively.

Lymph node metastasis in SNs was found in 18
of 160 patients (11.9%) by routine histological HE
staining. A total number of nodal metastasis was
29. Furthermore, among 142 patients without
metastasis by HE staining, CK staining detected 36
metastases in SNs from 12 patients. Accordingly,
the total numbers of patients and metastases in SNs
were 30 and 65, respectively. Since one patient had
false negative result in our SN mapping, sensitivity
was accordingly 96.7% (29 of 30) and accuracy rate
was 99% (157 of 158).

According to the Japanese Classification of Gastric
cancer,'* 83.3% of patients (25 of 30) had nodal
metastasis in first tier and 16.7% of patients (5 of 30)
in second tier. Nine patients (30.0%) had nodal
metastasis in both SN and non-SN.

Lymph Node Metastasis According to TNM
Classification

In 65 nodal metastases, the incidences of MA,
MM, and ITC diagnosed by HE staining and CK
staining were 53.9% (35 of 65), 21.5% (14 of 65), and
24.6% (1665), respectively (Table 1).
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FIG. 2. Classification of
distribution of metastatic
foci. (a) Marginal sinus t-
ype (400x). (b) Intermedi-
ate sinus type (400x).

(c) Parenchymal

type (100x). (d) Diffuse
type (100x).

TABLE 1. Distribution of the metastatic foci and morphology

Marginal sinus type

N

Intermediate sinus type

P
L

Parenchymal type

oM

UJ

Diffuse type

G

Nonmarginal sinus type

Type

Incidence 37 (57%) 4 (6%) 11 (17%) 13 (20%)
MA (n = 35) 16 (46%) 1 (3%) 7 (20%) 11 (31%)
MM (n = 14) 10 (72%) 1 (7%) 1 (7%) 2 (14%)
ITC (n = 16) 11 (69%) 2 (12%) 3 (19%) 0

MA., macrometastasis; MM, micrometastasis; ITC, Isolated tumor cell.

Morphological Distribution of Metastatic Foci in
Sentinel Nodes

The ratios of marginal sinus, intermediate sinus,
parenchymal, and diffuse types of metastatic foci in
65 SNs were 56.9%, 6.2%, 16.9%, and 20.0%,
respectively. In the marginal sinus type, the ratio of
MA was 43.2%, MM was 27.0%, and ITC was 29.7%.
Of metastatic foci, 57% were located in the marginal
sinus of SNs (37 of 65 nodes) (Table 1). The
remaining 28 nodes were classified as intermediate
sinus (n = 4), parenchymal (n = 11), and diffuse

(n = 13) types. In MA, 54% of SN metastasis was
nonmarginal sinus type. On the other hand, the rate
of nonmarginal sinus type in MM and ITC was 28%
and 31%, respectively (Table 1).

Correlation between Clinicopathological Factors and
Sentinel Node Metastasis

Clinicopathological factors were analyzed between
patients with SN metastasis alone and those with SN
and non-SN metastasis. The patients with tumor

Ann. Surg. Oncol. Vol 15, No. 3, 2008
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larger than 40 mm had significantly more non-SN
metastasis, compared with patients with tumor
smaller than 40 mm (P = .006). Furthermore, the
incidence of non-SN metastasis was significantly
higher in patients with nonmarginal sinus type than
in those with marginal sinus type (P = .025)
(Table 2).

Correlation between Clinicopathological Factors and
Distribution of Metastatic Foci in Sentinel Nodes

Nonmarginal sinus type was more frequently
found in the patients with tumor larger than 40 mm
(P = .011). According to the Japanese Classification
of Gastric Carcinoma,'® although the patients with
marginal sinus type had no lymph node metastasis in
second tier, 36% of patients with nonmarginal sinus
type had lymph node metastasis in second tier
(P = .009) (Table 3).

DISCUSSION

Lymphatic flows into the afferent lymphatics that
connect to the marginal, intermediate, and medullary

TABLE 2. Correlation between clinicopathological factors
and SN metastasis

Characteristic SN mctastasis Non-SN mctastasis P value

Gender 389
Male 15 5
Female 6 4
Age .285
260 10 5
<60 11 4
Tumor size 006
<40 mm 16 2
240 mm 5 7
Clinical T 469
cT1 11 6
cT2 10 3
Pathological T 091
pTl 14 3
pT2-3 7 6
Gross type 523
Elevated 1 |
Depressed 21 8
Histology 593
Differentiated type 3 2
Undifferentiated type 18 7
Lymphatic invasion 139
Positive 13 8
Negative 8 1
Venous invasion .690
Positive 10 5
Negative 11 4
SN status 025
Marginal sinus type 14 2
Nonmarginal sinus type 7 7

Ann, Surg. Oncol. Vol 15, No. 3. 2008

TABLE 3. Correlation between clinicopathological factors
and distribution of SN metastatic foci

Marginal Nonmarginal

Total sinus sinus

Characteristic No.  type type ? P value

Gender 796
Male 119 11 (55%) 9 (45%)

Female 4] 5 (50%) 5 (50%)

Age .696
<60 57  8(57%) 6 (43%)

260 103 8 (50%) 8 (50%)

Tumor size .011
<40 mm 111 13 (72%) 5 (28%)

240 mm 49 3 (25%) 9 (75%)

Clinical T 431
cTl 127 8 (47%) 9 (53%)
cT2 33 B (62%) 5(38%)

Pathological T 153
pTI 134 11 (65%) 6 (35%)
pT2-3 26 5(38%) 8 (62%)

Pathological N 009
pNI 25 16 (64%) 9 (36%)
pN2 5 0 5 (100%)

Gross type 118
Elevated 8 0 2 (100%)
Depressed 152 16 (57%) 12 (43%)

Histology 743
Differentiated type 74 3 (60%) 2 (40%)
Undifferentiated type 86 13 (52%) 12 (48%)

Lymphatic invasion 338
Positive 39 10 (48%) 11 (52%)

Negative 121 6 (67%) 3 (33%)

Venous invasion 464
Positive 23 7 (47%) 8 (53%)

Negative 137 9 (60%) 6 (40%)

“ Nonmarginal sinus type: intermediate, parenchymal, and dif-
fusc type.

sinuses and then finally reaches other lymphatics via
the efferent lymphatic vessels. Cancer cells detached
from the primary tumor flow into intramural
lymphatics and enter lymph nodes in the same man-
ner as lymph itsell. The SN concept is to detect the
first lymph node metastasis using dye and RI colloid.
The detection rate of SN in gastric cancer has ranged
from 71% to 100%.'° ** In contrast, we detected
100% and 93.9% of SNs from cT1 and cT2 tumors,
respectively. Thus, the SN concept might be a useful
diagnostic tool for detecting lymph node metastasis
in early gastric cancer.

The concept of MM and ITC has been introduced
in the Sixth Edition of the TNM classification. Since
the method of measurement of cancer foci was not
defined in this source, we propose considering cancer
foci as cluster and noncluster types. Few investigators
have examined morphological distribution according
to TNM classification as MA, MM, and ITC.
Understanding this morphological distribution of
metastasis seems to be important for SN navigation
surgery. Nagata et al. indicate that migrant cancer
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cells are initially arrested in the marginal sinus, where
they evoke a biological response in a rat experimental
model.” We found that 57% of metastases in SNs of
gastric cancer were located in the marginal sinus with
the remainder in the nonmarginal sinus. Our data
based on the SN concept indicated that more than
half of metastases were initially trapped in the mar-
ginal sinus, irrespective of metastatic modes (MA,
MM, and ITC). However, some cancer cells were
detected in the nonmarginal sinus. An examination of
multiple sections of nodal metastasis might identify
cancer cells even in the marginal sinus. Gaps and
fragmentation of the superficial lymph node cortex
are considered to provide intranodal shunt flow be-
tween afferent and efferent vessels in abdominal and
pelvic nodes of elderly Japanese patients.™

When analyzing the relationship between micro-
anatomical location of metastasis and clinicopatho-
logic factors, significant correlation was found
between tumor size and the distribution of metastatic
foci in SNs. Although all patients with marginal sinus
type had nodal metastasis in first tier alone, non-
marginal sinus type was found in all patients with
pN2. Moreover, we evaluated the relationship be-
tween the distribution of metastatic foci in SNs and
the incidence of non-SN metastasis. Interestingly, the
incidence of non-SN metastasis was higher in the
patients with SN metastasis of nonmarginal sinus
type than in those with metastasis of marginal sinus
type. Dewar et al.'? suggested that the possibility of
non-SNs involvement was extremely low in mela-
noma patients with the microanatomical location of
metastasis with only subcapsular deposits in SNs.
This result is in accord with the findings of our study.

Furthermore, CK staining during operation is
recommended?” and improves the diagnosis of SN,

In conclusion, we demonstrated the microana-
tomical distribution of cancer foci in SNs. More than
half’ of metastatic foci were located in the marginal
sinus, but if the patients had SNs metastasis with
nonmarginal sinus type, we should pay attention to
the possibility of not only SN metastasis but also
non-SN metastasis and pN2. SN navigation surgery
in gastric cancer should be carefully performed in
such patients.
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Background. The 6th edition of the TNM classification
has recently defined “sentinel nodes (SN),” “micrometas-
tasis,” and “isolated tumor cells (ITC).” The present
study examines the frequency and proliferative activity
of such metastases with focus on the SNs of gastric
cancer.

Methods. We enrolled 133 patients with ¢T1-2 tumors
(cT1: 104, cT2: 29) and mapped SNs. Lymph node metas-
tases were examined by routine histology and by immu-
nohistochemistry with anti-cytokeratin. We used the
Ki-67 antibody to detect the primary tumor and lymph
node metastases to evaluate proliferative activity.

Results. The number of patients with SNs metasta-
ses and metastatic SNs was 19 and 52, respectively.
The frequencies of macrometastasis, micrometasta-
sis, and ITC were 48%, 25%, and 27%, respectively.
Ki-67 expression in the tumor closely correlated
with lymphatic invasion (P = 0.0001), venous invasion
(P < 0.0001), and lymph node metastasis (P < 0.0001).
Cells in 96% of macrometastases, 92% of micrometasta-
ses, and 29% of ITCs were Ki-67 positive.

Conclusions. We showed that micrometastasis and
some ITCs in SNs had proliferative activity. We sug-
gest that micrometastasis and ITCs should be re-
moved, especially during SN navigation surgery, until
their clinical significance is clarified. © 2008 Elsevier Inc. All
rights reserved.
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INTRODUCTION

The incidence of early gastric cancer has recently
increased and surgeons have taken several approaches
to treat this condition, including endoscopic mucosal
and submucosal resection, laparoscopic surgery, and
reduction of lymphadenectomy. Sentinel node naviga-
tion surgery (SNNS) is among the less invasive surgi-
cal options for cancer, and it has recently been intro-
duced for the treatment of gastric cancer [1, 2]. For
SNNS to be effective, the presence or absence of lymph
node metastases, including micrometastases, must
be determined. However, the clinical significance of
lymph node micrometastasis remains controversial
[3-11]). Various types of micrometastases, such as sen-
tinel node (SN), pNX (sn), pNO (sn), and pN1 (sn) have
recently been added to the 6th edition of the TNM
classification system. Furthermore, lymph node metas-
tasis has now been subclassified into three types ac-
cording to the size of the metastatic foci: metastasis
(>0.2 em), micrometastasis (between 0.2 em and 0.2
mm), and isolated tumor cells (ITCs; <0.2 mm) (12].

The SN is the first node to receive lymphatic drain-
age from a primary tumor, leading to the notion that
micrometastasis or ITC develops first in the SN [13].
However, whether such metastatic cancer cells can
implant and proliferate remains obscure. Ki-67 expres-
sion detected by the use an anti-Ki-67 antibody is fre-
quently used to assess proliferative activity in tumor
cells because the protein is usually detectable through-
out the cell cycle except during the GO phase [14].
Moreover, Ki-67 expression closely correlates with tu-
mor progression in gastric cancer [15, 16]. The present
study uses immunohistochemistry to identify microme-
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tastasis and ITC and then elucidates the proliferative
activities of metastatic foci in SNs of gastric cancer.

MATERIAIS AND METHODS
Patients

We enrolled 133 consecutive patients with gastric cancer who had
been preoperatively diagnosed with clinical grade T1 (n = 104) or T2
(n = 29) between 2001 and 2005. All of them underwent curative
gastrectomy with lymphadenectomy and provided written, informed
consent to participate based on a document approved by our institu-
tional ethics committee.

Identification of SNs

We mapped SNs as described [17-19]. In brief, 3 mCi (2 mL) of
*®mtechnetium-tin colloid was endoscopically injected into the sub-
mucosa of the gastric wall at four sites around the tumor 1 d before
surgery. During surgery, radioisotope uptake in each lymph node
was measured using Navigator GPS (TYCO Healthcare, Ltd., Tokyo,
Japan). All dissected lymph nodes were mapped after surgery and
radioisotope uptake was measured once again. Lymph nodes with
signals that were 10-fold above background were considered to be
SNs.
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FIG. 1. Subclassification of metastases. Metastatic foci: >0.2 em,

macrometastasis (A); 0.2 em to 0.2 mm, micrometastasis (B);, <0.2
mm, ITCs (C).

Diagnosis of Lymph Node Metastasis

Lymph nodes were cut at the plane of the largest dimension, fixed
in 10% formaldehyde and embedded in paraffin for sectioning. Some
of the sections (3 um) were stained with hematoxylin and eosin (H
and E) and others were immunohistochemically examined. Lymph
nodes were stained using AE1/AE3 (20:1 mixture of AE1 to AE3;
Boehringer, Mannheim, Germany), a monoclonal antibody cocktail
that reacts against a broad spectrum of human cytokeratins (CK). All
sections were incubated at 60°C overnight, deparaffinized in xylene
and rehydrated through a series of graded ethanols. The sections
were incubated in citrate buffer (pH 6.0) for 6 min under pressure,
immersed in CK monoclonal antibody diluted 1:100, and then CK
reactivity was detected using alkaline phosphatase. We classified
lymph node metastases into three categories according to the TNM
classification, (Fig. 1) as macrometastasis (>0.2 ¢cm), micrometasta-
sis (between 0.2 em and 0.2 mm), and ITCs (<0.2 mm). Three
independent observers evaluated all of the immunostained slides
(SY, SN, and YU).

Detection of Cytokeratin and the Ki-67 Antigen

After lymph node metastasis was determined by CK staining,
sections on glass slides were immersed in xylene for a few days to
remove the coverslips. The sections were then rehydrated with a
graded series of ethanols, autoclaved in 10 mM sodium citrate (pH
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FIG. 2. Proliferative activity in metastatic foci of lymph nodes
detected with Ki-67 antigen. Germinal center of the lymph node
expresses Ki-67 antigen in nuclei (red) and thus serves as positive
control. Cancer cells are framed in cytokeratin (brown) and express
nuclear Ki-67 antigen (red).

6.0) for 15 min, and cooled at room temperature. The sections were
sequentially incubated at room temperature with 1.5% bovine
serum albumin for 30 min, mouse monoclonal Ki-67 antibody
(DakoCytomation, Copenhagen, Denmark) diluted 1:50 for 60 min,
three washes with PBS for 3 min each and biotin-labeled secondary
antibody (VECTASTAIN ABC kit, Vector Laboratories, Inc., Burlin.
game, CA) diluted 1:200 for 30 min. The sABC steps (DakoCytoma-
tion) proceeded at room temperature for 30 min. Alkaline phospha-
tase (AP) was visualized using fuchsin substrate with the
endogenous AP inhibitor, levamisole. Nuclei were not stained with
hematoxylin to optimally visualize those that were Ki-67 positive.

The positive control was the germinal center of lymph nodes
expressing red nuclear Ki-67 antigen. Cancer cells were framed in
brown cytokeratin and nuclear Ki-67 antigen was stained red
(Fig. 2).

The Ki-67 labeling index (LI, Ki-67 positive cancer cells/total
cancer cells X 100) was determined by observing 1000 tumor nuclei
and all nuclei of lymph node metastases in areas of sections with the
most intense labeling. Three independent observers evaluated all
immunostained slides (SY, SN, and YU).

RESULTS

Detection of Sentinel Node and Lymph Node Metastases

We identified SNs in 131 of 133 patients (detection
rate: 98.5%), in all ¢T1 patients (n = 104; 100% detec-
tion rate) and in 27 cT2 patients (n = 29; 93% detection
rate). The number of SNs per patient ranged from 1 to
17 (mean, 4.3); we obtained 3264 lymph nodes from 133
patients (range, 13 to 69 per patient; median, 27).
Staining with H and E identified lymph node metasta-
sis in 22 SNs from 14 patients. Thirty additional met-
astatic SNs from five patients were H and E negative
but CK positive. Thus, 19 patients had lymph node
metastases, and 52 lymph nodes were positive for me-
tastases, including both micrometastases and ITCs in
SNs. The overall detection rates of SNs in ¢T1 and ¢T2
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were 100% and 90%, respectively. All patients in this
series with nodal metastasis had lymph node metasta-
sis in SNs. Thus, the detection rate (i.e., sensitivity) for
metastasis in SNs in both ¢T1 and ¢T2 was 100% and
the false-negative rate was 0%.

The incidence of macrometastasis, micrometastasis,
and ITCs according to the TNM classification was 48%
(25/52), 25% (13/52), and 27% (14/52), respectively. Of
these, 16 of 25 macrometastasis (64%), 3 of 13 micro-
metastasis (23%), and 3 of 14 ITCs (21%) were HE
positive. The remainder was CK positive.

Detection of Ki-67 Antigen in Primary Tumors
and Metastatic Foci of Lymph Nodes

A comparison of Ki-67 antigen expression and clini-
copathologic findings for primary tumors revealed sig-
nificant differences in tumor depth (P = 0.0119), lym-
phatic invasion (P = 0.0001), venous invasion (P <
0.0001), and lymph node metastasis (P < 0.0001; Table 1).
Nineteen patients had lymph node metastasis, includ-
ing micrometastasis and ITCs. Cells were Ki-67 posi-
tive in 96% of macrometastases (Fig. 3A), 92% of mi-
crometastases (Fig. 3B), and 29% of ITCs (Fig. 3C). In
addition, Ki-67 positivity was significantly more fre-
quent in macrometastasis and micrometastasis than in
ITCs (P < 0.001; Table 2).

DISCUSSION

Recently, SNNS has been introduced in gastrointes-
tinal intestinal tract cancer, and “sentinel nodes”, “mi-
crometastasis,” and “isolated tumor cells” have been
included in the 6th edition of the TNM classification
[20]). For SNNS to be genuinely helpful, lymph node
metastases, including micrometastases, must be cor-

TABLE 1

Correlation Between Expression of Ki-67 and
Clinicopathological Factors

Expression of Ki-67

Variable {mean * S.D.) P-value
Tumor depth
pT1 26.3 + 16.6 0.0119
pT2 36.9 + 17.2
Histological type
differentiated 27.1+ 169 0.7948
undifferentiated 279+ 18.0
Lymphatic invasion
negative 249+ 153 0.0001
positive 38.2+19.1
Venous invasion
negative 2522154 <0.0001
positive 46.6 = 16.8
Lymph node metastasis
negative 25:1+154 <0.0001
positive 493 + 152
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rectly diagnosed. We selected patients with ¢T1 or cT2
tumors for the present study because the SN concept
seems to be appropriate for patients without nodal
metastases [19, 21]. We mapped SNs and used CK
staining to detect sparse cancer cells. All lymph node
metastases, including micrometastases and ITCs, were
contained in SNs.

The clinical significance of lymph node micrometas-
tasis is still debatable. Some authors have described a
close relationship between micrometastasis and prog-
nosis, whereas others do not support this notion [3-11].

TABLE 2
Lymph Nodes with Ki-67-Positive Cells

Ki-67 expression

cancer cells P-value
Macrometastasis (n = 25) 96%
Micrometastasis (n = 13) 92% ] <0.001
ITCs (n = 14) 29%
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FIG. 3. Expression of Ki-67 antigen in representative metastatic

foci according to each TNM classification. Representative macrome-
tastasis (A) Ki-67 LI, 46%; micrometastasis (B) Ki-67 LI, 8%; ITCs (C)
Ki-67 LI, 50%.

Natsugoe et al. and Harrison et al. found that lymph
node micrometastasis is clinically significant (3, 4],
whereas others have found otherwise [6, 7]. However,
the definition of micrometastasis and the stages of
patients differed in each of these reports. Since micro-
metastasis and ITC have been defined in the TNM
classification. Lee et al. reported that the size and
pattern of lymph node metastases could yield prognos-
tic information [11]. Further studies are needed to
determine the prognostic significance of micrometasta-
sis and ITC.

The presence or absence of micrometastases is cur-
rently an important problem for SNNS, particularly in
early gastric cancers for which less invasive surgery is
planned (21]). Unresolved issues concerning SNs in-
clude the frequency and size of micrometastasis, as
well as the proliferative potential of small cancer foci.

Here, we found that HE staining detected metasta-
ses in 10% of 133 patients. We clustered metastases by
the size of the metastatic foci according to the 6th
edition of the TNM classification. Approximately 80%
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of micrometastases and ITCs were detected by CK
staining alone. Thus, at least an immunohistochemical
study seems to be essential for SNNS. However,
whether such cancer cells in lymph nodes have prolif-
erative potential remained to be determined. We there-
fore measured proliferative ability as Ki-67 antigen
expression, which reflects the proliferating cell cycle.
Ki-67 expression in primary tumors correlates with
various tumor progression factors such as tumor depth,
lymphatic invasion, venous invasion, and lymph node
metastasis, and our results agreed with those of others
(15, 16]. When we next examined proliferative activity
in various lymph node metastases, Ki-67 expression
was positive in 96% of metastasis, 92% of micrometas-
tasis, and in 29% of ITCs. Although proliferative activ-
ity was evident even in micrometastasis and ITCs,
whether such metastases will become embedded and
grow in lymph nodes remains unclear [22]. Yokoyama
et al. reported that ITCs in regional lymph nodes of an
animal model regressed after removal of the primary
tumor mainly via natural killer cells [23]. We suggest
that micrometastasis and ITCs be removed during less
invasive types of surgery including SNNS, from the
viewpoint of risk for recurrence, until the clinical sig-
nificance of such metastases is clarified.

Previous studies and the data presented here sug-
gest that SNNS would be an appropriate strategy with
which to treat early-stage gastric cancer [19, 24]. Pa-
tients with gastric cancer should benefit from SNNS as
the extent of both lymphadenectomy and gastrectomy
can be reduced. The goal of SNNS should be to perform
curative resection and prevent recurrence. Thus, the
detection and subsequent diagnosis of micrometasta-
ses with proliferative activity is important when con-
sidering SNNS. To help bring this about, we recently
introduced a method for rapid immunohistochemical
staining during surgery [25]. We predict that rapid
RT-PCR methods will soon be routinely applied to di-
agnose micrometastases during SNNS.

CONCLUSIONS

We identified micrometastases and ITCs and pro-
vided evidence of their proliferative activity in SNs.
Since the clinical significance of micrometastasis and
ITCs in lymph nodes remains obscure, we suggest that,
for the time being, such metastases should be removed
during the reduction of lymphadenectomy, including
SNNS.
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