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Abstract. The intraoperative examination of the sentinel nodes
(SNs) is crucial for correctly performing SN navigation surgery
(SNNS). Frozen-section diagnosis is ordinarily used; however,
when several SNs are being assessed in gastric cancer, which
has numerous regional lymph nodes, it is difficult to examine
them all correctly within the short duration of surgery. In the
present study, we aimed to determine the SNs that should be
preferentially examined during SNNS in gastric cancer. A
total of 824 SNs were examined in 113 patients with clini-
cally determined T1-2 gastric cancer and no apparent lymph
node metastasis. We focused on the accumulation of tracers
expressed by hot nodes (HNs) using the radioisotope (RI)
method and green nodes (GNs) using the dye-guided method
and measured the radioactivity count of the HNs (RI count).
We compared these parameters between 35 metastatic and
789 non-metastatic SNs. The percentage of metastasis-positive
SNs that were radioactively ‘hot’ and dyed green was higher
compared with that of the negative SNs (89 vs. 43%, respec-
tively; P<0.01). The RI counts of the metastasis-positive
SNs were higher compared with those of the negative SNs
[median (range): 361 (0-10,670) vs. 53 (0-9,931), respectively;
P<0.01]. The area under the receiver operating characteristic
curve of the RI count was 0.69 (95% CI: 0.60-0.78). Therefore,
when assessing several SNs, those with higher RI counts (HNs
and GNs) should be preferentially examined. Further accumu-
lation of cases is required to establish the cut-off value for the
diagnosis of metastasis based on the RI count.
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Introduction

After Morton et al reported the usefulness of intraoperative
lymphatic mapping for melanoma in the early 1990s (1), the
sentinel node (SN) concept has been widely accepted for
the treatment of various types of cancer, including breast,
gastric and head and neck cancer (1-5). Sentinel node navi-
gation surgery (SNNS) is currently a standard procedure for
early-stage melanoma and breast cancer. SNNS for gastric
cancer, however, is currrently in the research phase, having
been investigated at only a few institutes to date (6,7).
Furthermore, two large prospective multicenter trials in Japan
have reported conflicting results regarding the clinical applica-
tion of SN biopsies for gastric cancer (8.,9), suggesting that it
is difficult to precisely detect SNs in gastric cancer compared
with melanoma or breast cancer.

A hindrance in establishing SNNS as a standard proce-
dure in gastric cancer is the complexity of the lymphatic flow
and the numerous regional lymph nodes in the stomach. The
number of SNs in gastric cancer is higher compared with that
in melanoma or breast cancer; for example, the mean number
of SNs in melanoma or breast cancer is 1-3 (10), whereas the
mean number in gastric cancer is 4-7 (7). Moreover, when
several SNs are detected, it may be difficult to determine
which SN should be examined during surgery.

In the present study, we aimed to determine which SNs
should be preferentially examined during gastric cancer
surgery in order to detect metastatic SNs.

Patients and methods

Patients. In total, 824 SNs from 113 patients with clinically
determined T1-2 gastric cancer with no apparent lymph node
metastases were included in this study. We attempted to detect
SNs in these patients through the use of radioisotope (RI) and
dye methods during the period between November, 2002 and
August, 2011. There were a total of 35 metastasis-positive and
789 metastasis-negative SN.

SN identification. SNs were identified by a combination of
the RI and dye methods and classified as hot nodes (HNs)
and/or green nodes (GNs) as follows: In the RI method, 0.5 ml
of #™Tc-tin colloid solution was injected into each of four sites
surrounding the tumor on the day prior to surgery and HNs
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Table I. Demographic data. Table II. Number of SNs and surgical procedure.

Characteristics Patient no. (n=113)  Variables Values

Age, years Total cases, no. 113
Mean + SD 64+11 Total SN, no. 824

Gender SN no., median (range) 6 (1-22)
Male 77 HNs 4 (0-22)
Female 36 GNs 4 (0-17)

Histology HNs and GNs 2 (0-14)
Differentiated 68 SS no. (median, range) 2 (1-4)
Undifferentiated 45 Surgical procedure, no.

Depth Partial gastrectomy 9
Mucosa 52 Sleeve gastrectomy 31
Submucosa 43 Pylorus-preserving gastrectomy 22
Muscularis propria 14 Distal gastrectomy 35
Subserosa 3 Proximal gastrectomy 10
Serosa 1 Total gastrectomy 6

LN metastasis®
NO 90 SNs, sentinel nodes; HNs, hot nodes; GNs, green nodes; SSs, SN
N1 15 stations.

N2 8

Tumor size, cm

Mean + SD 32+1.6

“Japanese Gastric Cancer Association, 14th edition. SD, standard
deviation; LN, lymph node.

were defined as lymph nodes with a radioactivity of =10 counts
per 10 sec. In the dye method, 1 ml of 1.25% indocyanine
green solution was injected into each of four sites surrounding
the tumor and GNs were defined macroscopically.

Five minutes following dye injection, we attempted to
determine the SN stations (SSs) where SNs were distributed.
We then dissected the remaining lymph node stations, which
was required for the preoperatively planned dissection. The
SNs were examined on a back table in the operating room.

Tracer accumulation and radioactivity count of the HNs
(RI count). We focused on the accumulation of tracers
expressed by HNs and GNs, the RI count and the size of the
SNs. To establish a cut-off value for the RI count, we evaluated
the diagnostic characteristics from the receiver operating char-
acteristic (ROC) curve of the RI count. We also determined
the number of SNs that must be examined to detect metastatic
SNs when HNs and GNs with high RI counts are preferentially
examined.

The SN biopsies and SNNS procedures reported in
this study were reviewed and approved by the Institutional
Review Board of the National Defense Medical College
(Saitama, Japan) and written informed consent was obtained
from all the patients prior to conducting the procedures for
SN identification.

Statistical analysis. All the data were analyzed using
Dr. SPSS 1I software for Windows (SPSS Japan Inc., Tokyo,

Japan). Data are expressed as means =+ standard deviations and
median (range). The Mann-Whitney U test and Chi-square
test were used for comparisons between the metastatic and
non-metastatic groups. P-values of <0.05 were considered to
indicate statistically significant differences.

Results

Demographic data. Of the 113 patients with cT1-2 gastric
cancer, 4 (3.5%) were diagnosed as =pT3, whereas 23 (20%)
exhibited lymph node metastases (Table I).

Number of SNs and surgical procedures. A total of 824 lymph
nodes were examined. The median number (range) of SN,
HNs and GNs was 6 (1-22), 4 (0-22) and 4 (0-17), respectively
(Table II). The surgical procedures included SNNS with a
negative SN biopsy (partial gastrectomy, 9 cases; and sleeve
gastrectomy, 31 cases; Table II).

Accumulation of tracers and SN size. We compared the
accumulation of tracers and size of lymph nodes between the
metastasis-positive and metastasis-negative SNs. The ratio
of HNs in metastasis-positive SNs was significantly higher
compared with that in negative SNs (91 vs. 67%, respectively;
P<0.01). The ratio of GNs was also significantly higher in metas-
tasis-positive compared with that in negative SNs (97 vs. 76%,
respectively; P<0.01). The most significant difference between
the two groups was observed in the ratio of the combination of
HNs and GNs (89 vs. 43%, respectively; P<0.01). The RI count
of the metastatic SNs was significantly higher compared with
that of the negative SNs [median (range): 361 (0-10,670) vs.
53 (0-9,931), respectively; P<0.01]. There was no significant
difference in SN size between the two groups [median (range):
4.0 (1.7-15.0) vs. 4.0 (0.5-20.0) mm, respectively; Table III).
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Table III. Accumulation of tracers and size of SNs.

SN metastasis Positive (n=35) Negative (n=789) P-value
Hot nodes, no. (%) 32 (91) 528 (67) <0.01
Green nodes 34 (97) 601 (76) <0.01
Hot and green nodes 31 (89) 341 (43) <0.01
RI count®, median (range) 361 (0-10,670) 53 (0-9,931) <0.01
SN size (mm), median (range) 4.0 (1.7-15.0) 4.0 (0.5-20.0) 0.40
“Radioactivity count of the hot nodes. SNs, sentinel nodes; RI, radioisotope.
Table I'V. Diagnostic characteristics of the radioactivity count of the hot nodes (RI count).

Sensitivity Specificity Positive likelihood Negative likelihood
RI count (95% CI) (95% CI) ratio (95% CI) ratio (95% CI)
100 0.71 (0.53-0.85) 0.58 (0.54-0.61) 1.68 (1.31-2.16) 0.50 (0.28-0.90)
200 0.64 (0.46-0.79) 0.68 (0.64-0.71) 1.99 (1.48-2.68) 0.53 (0.32-0.87)
300 0.61 (0.42-0.76) 0.75 (0.72-0.78) 2.46 (1.78-3.40) 0.52 (0.33-0.83)

RI, radioisotope; CI, confidence interval.

ROC curve and diagnostic characteristics of the RI count.
The area under the ROC curve of the RI count was 0.69
[95% confidence interval (CI): 0.60-0.78; Fig. 1]. We set the
cut-off values at 100, 200, and 300 in view of the inflection
point of the ROC curve. The sensitivity was 71% when the
cut-off value was set at 100 and 61% when the cut-off value
was set at 300 (Fig. 1, Table IV).

Examinations required to detect metastatic SNs. There were
19 metastatic SNs cases in this study. Although there were
three cases with insufficient data (nos. 7, 9 and 15), it was
clear that, in order to detect metastatic SNs, we only had to
preferentially examine 1-2 HNs and GNs with high RI counts,
with the exception of case no. 8 (Table V).

Discussion

In this study, we attempted to determine the priority with
which SNs should be examined during SNNS for gastric
cancer. During surgery, it is difficult to examine and assess
multiple SNs promptly and accurately. Therefore, it is crucial
to determine which SNs are the best candidates for metas-
tasis based on size and the accumulation of tracers to ensure
successful SNNS in gastric cancer.

We also investigated the possibility of establishing a diag-
nosis of metastasis based on the RI count. Although metastatic
SNs exhibited higher RI counts compared with non-metastatic
SNs, the area under the ROC curve and the diagnostic char-
acteristics of the RI count were insufficient for setting firm
cut-off values; thus, further evaluation of additional cases is
required to explore this methodology (Fig. 1, Table IV). The
diagnostic role of radioactivity in SNs for breast cancer is, to a
certain degree, established (11-13); however, although the SNs
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Figure 1. Receiver operating characteristic (ROC) curve of RI counts.
The area under the ROC curve of the RI count was 0.69 (95% confidence
interval: 0.60-0.78).

with the highest counts are positive in the majority of breast
cancer patients with multiple SNs, a consistent and relatively
high RI count does not predict SN positivity in all breast
cancer patients (11-13). Similar results have been reported in
melanoma and head and neck cancer (14,15).

Although these findings indicate that it is difficult to
diagnose metastasis by RI count, RI counts may be of value
in the preferential selection of SNs. Based on the review
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Table V. Examinations required for the detection of metastatic SNs.

Case Number of examinations required
number Total SNs Metastatic SNs to detect metastatic SNs*
1 2 1 1
2 3 1 2
3 10 2 1
4 7 1 1
5 5 2 1
6 16 5 2
7 6 4 Not clear
8 8 1 7or8
9 21 1 Not clear
10 18 2 1
11 11 1 1
12 9 3 2
13 5 1 1
14 13 1 1
15 16 1 Not clear
16 3 3 1
17 6 3 1
18 1 1 1
19 7 1 1

*Preferential order, hot and green nodes with high radioactivity count of the hot nodes (RI count). SNs, sentinel nodes; RI, radioisotope.

of metastatic SN cases in the present study, we concluded that,
in order to determine the presence or absence of metastatic
SNs, only 1-2 SNs must be examined during surgery, even if
>10 SNs are detected; however, it should be noted that 3 cases
presented with insufficient data, whereas 1 case (no. 8) required
the examination of 7-8 nodes, thus contradicting this theory
(Table V). Case no. 8 had advanced gastric cancer with T2 of
the posterior side on the upper portion with a 30-mm tumor
and had metastasis with GNs in all 8 SNs (6 hot and green
nodes and 2 GNs) distributed around the right paracardial
and lesser curvature. It has not been elucidated why this case
only metastasized to the GNs; however, this suggests that it is
crucial to limit SNNS to early gastric cancer.

There has been some debate over the actual procedures for
the clinical application of SNNS in gastric cancer, including
the type of tracer to be used, the injection site, how to detect
and harvest SNs and how to detect metastatic SNs (16). As
regards the detection of metastatic SNs, researchers tend to
focus on diagnostic methods, such as molecular techniques,
rather than frozen section diagnoses with hematoxylin and
eosin (H&E), which tend to be inaccurate. We previously
reported that the one-step nucleic acid amplification (OSNA)
method, which is a semi-automated molecular-based rapid
diagnostic method, has the same diagnostic ability as the
final H&E-based histopathological examination and that
it should be applied for intraoperative diagnoses in SNNS
for gastric cancer (17). The OSNA method may be used
to diagnose SN metastasis within 30 min, although it is
difficult to simultaneously examine numerous SNs during
surgery; a maximum of 4 SNs may be examined using the

OSNA measurement equipment that is currently available.
Therefore, when assessing several SNs, we recommend that
SNs that have high RI counts with both ‘hot’ and ‘green’
status are preferentially examined.

Although multicenter trials with a larger number of cases
are required to confirm our results, we are convinced that the
prioritization described herein will speed up intraoperative
diagnosis, enabling the wider application of SNNS in clinical
practice. However, further accumulation of cases is required
to set the cut-off values for the diagnosis of metastasis based
on the RI count.
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