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Abstract

Background Sentinel node (SN) mapping using dye and

radioisotope (RI) tracer has been reported to be feasible in

cases of early gastric cancer. Because accurate diagnosis of

micrometastasis is sometimes difficult in the limited time

available during surgery, a faster and simpler method of

improving the intraoperative diagnostic precision of lymph

node metastasis is needed. The amount of tracer deposited

in an SN can be determined from its radioactivity; how-

ever, the significance of the RI count has not been fully

discussed. We investigated the clinical impact of the RI

count when used as an adjunct to conventional lymph node

dissection when diagnosing lymphatic metastasis in cases

of early gastric cancer.

Methods From 2008 to 2009, patients with clinically

diagnosed T1N0M0 gastric cancers who underwent gas-

trectomy and SN mapping were enrolled. SNs were

examined by intraoperative and postoperative pathology.

The RI count was measured for each SN with a handheld

gamma probe; the correlation between nodal metastasis

and the RI count was assessed.

Results A total of 308 SNs were harvested from 72

patients. Patients with SN metastasis had significantly

higher total RI counts than those without SN metastasis

(p = 0.007). Among cases with SN metastasis, RI counts

were also significantly elevated in metastasis-positive

nodes, stations, and basins. In these cases, the most of SNs

having the highest RI count in each case had metastasis

including isolated tumor cells.

Conclusion In early gastric cancer patients, a high RI

count from an SN was correlated with lymph node

metastasis. Therefore, RI counting may aid efficient

pathological diagnosis and focused lymph node dissection.

Keywords Gastric cancer � Sentinel lymph node biopsy �
Radioactivity

Introduction

Lymph node metastasis is one of the most important

prognostic factors in gastric cancer treatment. Clarifying

the lymphatic network and understanding the dynamic state

of lymph node metastasis are imperative for safe surgical

treatment. In recent years, sentinel node (SN) navigation

surgery for gastric cancer has attracted attention; this

technique enables the omission of unnecessary prophylac-

tic lymph node dissection through the efficient detection of

metastatic lymph nodes [1–6]. We previously conducted a

multicenter prospective trial of SN mapping for early

gastric cancer using indocyanine green (ICG) solution and

a radioisotope (RI)-labeled tracer, technetium-99m tin

colloid solution. That study yielded favorable results from

the technique, which showed high accuracy [7]. In cases

without SN metastasis, minimized gastrectomy with lim-

ited lymphadenectomy can be performed [8, 9].

Accurate and rapid pathological examination is imper-

ative for safe surgery based on the SN concept. However,

there have been several studies showing a significant

number of false-negative intraoperative lymph-node

metastasis diagnoses [10]. At present, SNs are examined

using frozen sections, and hematoxylin–eosin (HE)
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staining is performed for a few sections. In early gastric

cancer, isolated tumor cells (ITCs) are seen, or

micrometastasis (MM) involving lymph nodes is observed

infrequently [11], and these are difficult to diagnose based

on frozen sections and HE staining in the limited time

available. Detailed pathological examination, such as

multisectioning or immunohistochemical (IHC) staining, is

necessary for the accurate diagnosis of these metastatic

nodes. However, given the limited time available, such

examinations cannot be performed on all SNs harvested

during surgery.

There are few reports that detail the quantitative risk

assessment of SN metastasis. Both tracer and cancer cells

are delivered to lymph nodes along the lymphatic vessels.

A lymph node that contains a lot of tracer may have a

number of lymphatic ducts emanating from the primary

lesion. In theory, there is a risk of lymph node metastasis to

such an SN.

In the study reported in the present paper, we hypothe-

sized that the amount of RI tracer in an SN reflects the risk

of lymph node metastasis. Thus, higher RI counts indicate

a greater risk of nodal metastasis. We assessed whether the

RI count of an SN could be used to achieve a more accurate

intraoperative diagnosis of metastasis during gastric cancer

surgery.

Materials and methods

Study subjects

We enrolled cases of clinically diagnosed T1N0M0 ade-

nocarcinoma of the stomach (International Union Against

Cancer (UICC) TNM Classification, 6th edition, [12])

with a single lesion \40 mm in size that had not been

treated previously. This included endoscopic mucosal

resection or endoscopic submucosal dissection, as

described in our earlier study [7, 8]. In this study, we

enrolled patients satisfying these indications who under-

went gastrectomy with SN biopsy at Keio University

Hospital (Tokyo, Japan) in 2008 and 2009. A part of this

cohort has been previously reported [7]. We retrospec-

tively investigated the characteristics of each patient and

their nodal metastatic status.

SN biopsy and mapping techniques

RI tracer was administered in a similar manner to our

previous study [7, 8]. The tracer was mixed so that a final

dose of 6.66 mCi/2 ml was injected at noon on the day

before surgery. Furthermore, 2.0 ml of RI tracer were

injected into the quadrants of the submucosal layer around

the tumor using an endoscopic puncture needle. While

under general anesthesia and before surgery, 2 ml of 0.5 %

indocyanine green solution (dye tracer) were injected in the

same manner [9]. We diagnosed lymph nodes that were

positive for either indocyanine green (ICG) staining or RI

tracer as SNs. Because reliable tracer administration is

crucial to accurate SN mapping, we used a few well-sea-

soned operators for tracer injection to minimize handling

bias. SNs were harvested and the RI count of each SN was

measured for 10 s with a handheld gamma probe at the

right angle. For instant diagnosis, harvested SNs were

examined during surgery via frozen sections and HE

staining in a maximum sectioned surface. After surgery,

these specimens were embedded in paraffin and addition-

ally examined by HE staining and IHC examination with

cytokeratin staining.

We investigated the diagnostic accuracy of intraopera-

tive examinations of SNs as a representation of metastatic

status and also assessed the correlation of SN metastasis

with the RI count of SNs, lymphatic stations, and basins in

each case. Lymphatic basins were defined as lymphatic

areas divided according to the following 5 directions along

the main arteries, as previously described [13]: the left

gastric artery area (l-GA) consisted of lymph node stations

1 and 7 and the left two-thirds of station 3; the right gastric

artery area (r-GA) consisted of stations 5 and 8a and the

right one-third of station 3; the right gastroepiploic artery

area (r-GEA) consisted of stations 4d and 6; the left gas-

troepiploic artery area (l-GEA) consisted of stations 4sa

and 4sb; and the posterior gastric artery (p-GA) consisted

of station 11p.

Surgical procedure

In this study, we performed distal gastrectomy, proximal

gastrectomy, and pylorus-preserving gastrectomy with

D1? or D2 lymph node dissection as described in the

Gastric Cancer Treatment Guideline [14]. We performed

conventional standard gastrectomy with D2 lymph node

dissection in patients with metastatic SNs.

Relevance of the RI count and nodal metastasis

To evaluate the relevance of the RI count to nodal

metastasis, we investigated the nodal RI count, the total

nodal RI count, and the number of SNs detected in each

case. In cases with SN metastasis, we also investigated the

RI counts of the nodes, stations, and basins and calculated
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the ratios of those RI counts with the total nodal RI count,

as defined below. These RI count ratios indicate the rela-

tive amounts of tracer in SNs, stations, and basins in each

case. Furthermore, we also ordered the nodes according to

RI count and then investigated the correlation of this order

of nodes with nodal metastasis.

Nodal RI count ratio (%) =
RI counts of the SNs

Total nodal RI count for this case

� 100

Station RI count ratio (%)¼ Sum of RI counts of the stations

Total nodal RI count for this case

� 100

Basin RI count ratio (%)¼ Sum of RI counts of the basins

Total nodal RI count for this case

� 100

Informed consent

The method of identifying SNs by dye and RI was

reviewed and approved by the Institutional Review Board

of the Keio University School of Medicine. Before surgery,

informed consent was obtained from all subjects.

Statistical analysis

All statistical analyses were performed with EZR (Saitama

Medical Center, Jichi Medical University, Saitama, Japan),

a graphical user interface for R (The R Foundation for

Statistical Computing, Vienna, Austria); more precisely, it

is a modified version of the R commander with added

statistical functions that are frequently used in biostatistics.

Fisher’s exact and chi-square tests were performed to

compare differences in the characteristics of the enrolled

patients. To compare the means and medians, we per-

formed Student’s t-test assuming unequal variances, in

addition to the Mann–Whitney test. Differences were

considered significant if the p value from a two-sided test

was\0.05.

Results

Patient characteristics

A total of 308 SNs were harvested from 72 patients, and 18

nodes were confirmed as metastatic in 11 patients. Patient

characteristics are shown in Table 1. The medians of the

number of SNs detected and the total nodal RI count were 4

and 774.5, respectively.

Diagnosis of SNs and pathological examination

In 65 (90 %) of the 72 subjects, SNs were intraoperatively

diagnosed as being metastasis negative; seven patients

were SN metastasis positive by intraoperative pathological

examination (Fig. 1). Non-SN metastases were diagnosed

by postoperative pathological examination in three cases

which had SN metastases. Isolated tumor cells (ITCs) were

diagnosed in five SNs from four cases, and those ITCs were

initially diagnosed by postoperative detailed pathological

examination using IHC. Those cases did not have metas-

tases in the non-SNs. Therefore, in this study, there were no

false-negative cases as determined by SN analysis. How-

ever, when the ITCs were considered to be metastases, the

diagnostic precision of intraoperative diagnosis using fro-

zen sections and HE staining was not high. Indeed, the

sensitivity, negative predictive value (NPV), and accuracy

were 63.6 (7/11), 93.8 (61/65), and 94.4 % (68/72),

respectively.

We divided the cases into the following two groups:

those that had SN metastasis and those that did not. There

was a greater number of detected SNs (p = 0.001) and a

Table 1 Patient characteristics (n = 72 patients)

Parameter Value

Age 61.5 ± 12.7

Sex male/female 43 (60 %)/29 (40 %)

Invasion depth M/SM 28 (39 %)/44 (61 %)

Longest diameter (mm) 25.2 ± 9.71

Long axis

Upper third 11 (15 %)

Middle third 42 (58 %)

Lower third 19 (26 %)

Circumference

Lesser curvature 31 (43 %)

Greater curvature 12 (17 %)

Anterior wall 10 (14 %)

Posterior wall 19 (26 %)

Tumor differentiation

Well 17 (24 %)

Moderate 12 (17 %)

Poor 43 (60 %)

Vascular invasion

Negative 64 (89 %)

Positive 8 (11 %)

Lymphatic invasion

Negative 52 (72 %)

Positive 20 (28 %)

Number of SNs detected Median (range) 4 (1–10)

Total nodal RI count Median (range) 774.5 (0–18021)

M mucosal, RI radioisotope, SM submucosal, SN sentinel node
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significantly higher RI count (p = 0.007) in the SN

metastasis-positive group (Table 2).

The median total nodal RI count was estimated to be

774.5. In the patients with RI counts that were higher than

the median, the nodal metastasis rate was 25.0 % (9/36),

whereas the nodal metastasis rate was only 5.6 % (2/34) in

the patients with RI counts that were lower than the med-

ian. The difference between these two groups was signifi-

cant (p = 0.04). The mean RI count in the 18 SNs that

presented metastasis was 960.7 (range 27–7805), which

was significantly higher than the mean RI count in the 290

SNs that did not show metastasis (479.5; range 0–8316)

(p = 0.01).

Correlation of the RI count with nodal metastasis

among cases with SN metastasis

To identify whether quantitatively measuring the RI count

improved intraoperative diagnostic precision, we investi-

gated the correlation of the RI count and RI count ratio

with nodal metastasis (Table 3). We assessed 56 SNs from

11 cases with SN metastasis (18 SNs were metastatic in

total). The RI count ratios for metastatic SNs were sig-

nificantly higher than those for non-metastatic SNs

(p = 0.037). Furthermore, the RI count ratios of the lym-

phatic stations and basins with metastatic SNs were also

significantly higher than those without metastatic SNs.

The RI count order and the presence of metastasis in the

SNs are shown for each case with a metastatic SN in

Table 4. The SNs with metastasis had higher RI counts.

We arranged these 56 SNs from the 11 cases that had SN

metastasis in order of descending RI count for each case. In

8 cases (72.7 %) the SN with the highest RI count had

metastasis, and in 9 cases (81.8 %) the SNs with the two

highest RI counts had metastasis; 10 cases (90.9 %) had

metastasis in the SNs with the three highest RI counts.

Using detailed pathology to examine only the SN with the

highest count, we were able to diagnose metastasis with a

greater precision than the conventional detection method.

Thus, sensitivity, NPV, and accuracy were 72.7 (8/11),

95.3 (61/64), and 95.8 % (69/72), respectively. Similarly, a

more accurate diagnosis was conducted by checking the

three SNs with the highest RI counts (Table 5). RI counting

and ranking nodes based on the RI count can help to

diagnose the nodal metastases more precisely than the

conventional method of using HE staining and frozen

sections. We found nodal metastasis in the fifth of five SNs

in just one case (case 7 in Table 5); however, this meta-

static node showed macrometastasis and could be diag-

nosed by conventional intraoperative examination.

Fig. 1 Nodal metastasis status and the precision of intraoperative and

postoperative pathological diagnoses. Nodal metastases were diag-

nosed in seven cases by intraoperative examination, while four cases

that were not diagnosed intraoperatively showed ITCs in detailed

postoperative examination. Only three non-SN metastases were

found, and these three were identified in cases with SN metastases

Table 2 Comparison of the

number of SNs detected and the

total RI count between the cases

with and without SN metastasis

(total number of cases n = 72)

SN metastasis (-) SN metastasis (?) p value

n = 61 n = 11

Number of SNs detected Median (range) 3 (1–10) 5 (2–9) 0.001

Total nodal RI count Median (range) 612 (0–10679) 1983 (523–18021) 0.007

RI radioisotope, SN sentinel node

Table 3 Correlation between

metastasis and the RI count

ratios of SNs, stations, and

basins, based on 11 cases with

nodal metastasis

RI count ratio (%) p value

Metastasis (-) Metastasis (?)

Node (n = 56) Median (range) n 9.8 (1.2–57.6) 38 22.5 (0.9–73.4) 18 0.037

Station (n = 25) Median (range) n 22.6 (1.2–66.7) 12 70.7 (3.6–100) 13 0.001

Basin (n = 20) Median (range) n 22.8 (1.2–74.1) 9 91.6 (3.6–100) 11 0.003

RI radioisotope
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Incidentally, this case had a high total RI count of 7553,

which was much larger than the median value.

Discussion

For SN mapping, we administered a dye and RI tracer, and

this tracer was delivered to the lymph nodes via lymphatic

ducts. The dynamic state of the tracer is thought to reflect

the spread of cancer cells; thus, the distribution of tracer

through the SNs is assumed to resemble the network of

lymphatic flow. We hypothesized that the RI count of a

node indicates the amount of tracer deposited in that node,

and that high RI counts demonstrate greater lymphatic

drainage from the primary lesion and a higher incidence of

nodal metastasis. In this work, we investigated whether the

RI count or ratio could be used to predict the status of

lymph node metastasis in early gastric cancer cases.

In this study, 7 of 72 cases had SN metastases that were

diagnosed during surgery, and 5 SNs from 4 cases were

additionally found to harbor ITCs. All of the cases that

had metastatic non-SN lymph nodes also had metastatic

SNs. These results agree with data from other studies

assessing the SN concept of other carcinomas [1–3, 15–

17].

Regarding nodal metastasis and RI count, the number of

SNs detected and the measured RI counts in metastatic

cases were significantly higher than those in nonmetastatic

cases. This finding suggests that nodal metastasis is asso-

ciated with a high RI count in SNs.

We calculated the RI count ratios for SNs, stations, and

basins. These RI count ratios showed the distribution of the

administered tracer in each case. Our results showed that

the RI count ratios of lymph nodes, lymphatic stations, and

basins with metastases were significantly higher than those

of nonmetastatic SNs, stations, and basins. High concen-

trations of tracer were observed in SNs, stations, and basins

that were metastatic.

This study demonstrated that an uneven distribution of

tracer may be correlated with nodal metastasis. When we

arranged the SNs in order of RI count, most metastases

were found in the three nodes with the highest RI counts.

We propose that nodal metastases can be diagnosed with

greater precision by performing a detailed examination of

the three nodes with the highest RI counts in each patient.

The RI count can even highlight ITCs that are not found in

Table 4 SNs arranged in order

of descending RI count
Case RI count Total nodal RI count

SN-1 SN-2 SN-3 SN-4 SN-5 SN-6 SN-7 SN-8

1 384 139 523

2 348 (ITC) 150 58 46 (ITC) 602

3 330 225 203 27 785

4 512 343 169 22 1046

5 934 (ITC) 452 378 219 1983

6 1534 718 152 150 148 2702

7 2546 2483 1682 571 271 7553

8 7805 (ITC) 6000 2053 1298 865 18021

9 1308 317 315 (ITC) 287 281 194 148 2850

10 689 316 236 145 144 96 57 27 1710

11 8316 2532 874 854 636 600 440 178 14430

Bold italics indicate metastatic SNs

ITC isolated tumor cell, RI radioisotope, SN sentinel node

Table 5 Comparison of the diagnostic abilities of the conventional method and the RI count method of diagnosing lymph node metastasis

Method used for the diagnosis of nodal metastasis

Conventional SN with the highest RI count Two SNs with the highest RI counts Three SNs with the highest RI counts

Sensitivity 63.6 % (7/11) 72.7 % (8/11) 81.8 % (9/11) 90.9 % (10/11)

NPV 93.8 % (61/65) 95.3 % (61/64) 96.8 % (61/63) 98.4 % (61/62)

Accuracy 93.1 % (68/72) 95.8 % (69/72) 97.2 % (70/72) 98.6 % (71/72)

Conventional method involved using frozen sections and HE staining for all detected SNs

NPV negative predictive value, RI radioisotope, SN sentinel node
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conventional intraoperative examinations which use frozen

sections and HE staining of all detected SNs. Moreover, it

is possible that examining the SN with the highest RI count

could allow the metastatic status to be gauged more pre-

cisely than achieved using the conventional method.

However, not all metastatic nodes have a high RI count, so

we instead propose that the RI count can compensate for

the limitations of existing pathological diagnosis. A more

accurate diagnosis could be obtained by performing

sequential RI counting.

Regarding micrometastasis: although the significance of

an ITC is unclear, it cannot be ignored, because lymph

node metastasis is an important prognostic factor for gas-

tric cancer [18, 19]. Pathological examination by multiple

sections, IHC staining, or RT-PCR is required to detect

ITCs. However, it is difficult to perform these examina-

tions in the limited surgical period available [20, 21]. A

simpler and easier method of improving intraoperative

diagnostic precision is needed for the accurate and fast

diagnosis of SN metastasis, including ITCs. Recently,

Kumagai et al. reported that one-step nucleic acid ampli-

fication (OSNA) assay presents a diagnostic ability

equivalent to that of the postoperative 2-mm-interval his-

tological examination. This assay should prove a useful

tool for the intraoperative diagnosis of lymph node

micrometastasis in gastric cancer surgery [22].

In cases with a high RI count, station or basin dissection

should be performed to check for nodal metastasis even

when metastasis was not found in a rapid pathological

examination. In contrast, low RI counts in SNs indicate a

lower probability of metastasis. Combining sequential RI

counting with a close examination, such as 2-mm-interval

section or OSNA, will lead to a more accurate diagnosis

and greater patient safety through the minimization of

lymphadenectomy based on SN status.

Although this study showed that RI counts and count

ratios were relatively high in cases with metastasis, the

reason for this is yet to be clarified. To some extent, it

may be due to an uneven distribution of the tracer: with

or without metastasis, each case may have areas that

differ in the amount of incoming tracer. Alternatively, the

anatomic microstructure may be inadvertently modified

by metastasis, which would change the amount of

incoming tracer. To date, although there have been no

reports showing that metastasis directly increases the

number of SNs and the RI count, some reports do provide

a clue regarding this issue. Several studies have shown

that vascular endothelial growth factor (VEGF)-C or

VEGF-D produced by tumor cells enables the induction

of lymphangiogenesis but it also enhances lymphatic

metastasis to SNs [23–25]. Lymphangiogenesis in regio-

nal lymph nodes plays an early role in spreading tumor

cells though the lymphatic system to distant organs in

gastric cancer. Nagata et al. observed morphological

changes in lymph nodes during the establishment of

lymph node metastasis using a rat mesenteric SN model

[26]. Watanabe et al. reported that intranodal lymphatic

vessel density was significantly correlated with the size of

the metastasis [27]. Furthermore, peritumoral lympho-

vascular density was significantly increased in cases with

lymph node metastasis [28]. These results suggest that the

lymphatic network develops both morphologically and

immunologically in cases with lymph node metastasis.

This development of the lymphatic network may affect

the way in which the tracer drifts from the primary lesion

and may lead to the high number of SNs and high RI

counts seen in metastatic cases. To confirm this mecha-

nism, a comparison between the dynamic status of the

tracer particles and that of the metastatic cancer cells

must be performed, along with other basic studies of, for

example, the epithelial–mesenchymal transition [29]. In

this study, we showed that RI tracer is a useful tool, as it

allows us to visualize the lymphatic network and to

quantify the risk of nodal metastasis.

Limitations of this study include measurement error due

to the precision of tracer administration and a change in the

RI count caused by the decrease in radiation over time. It

was technically difficult to administer the same quantity by

endoscopic injection in every case. Furthermore, the radi-

ation half-life of technetium-99m tin colloid is 6 h, so we

cannot exclude the possibility that there is some measure-

ment error caused by the fact that the radiation emitted

depends on the time that RI counting was performed. To

minimize these errors, only a select few operators were

allowed to administer the tracer and to perform the surgery,

which was always carried out at the same fixed time after

tracer administration, and we compared RI counts using RI

count ratios. The radioactivity of the RI tracer that was

administered to the same patient would be attenuated

equally, and RI counts were measured at the same time

during the operation. Therefore, in comparison of the RI

count ratios for different cases, it is not necessary to adjust

those values for errors resulting from the decrease in

radiation over time. Using this comparison method, we can

minimize the impact of measurement errors on the results

of this study. The influence of these errors should be

inspected in a future prospective study. Furthermore, given

that they rely on only 11 patients who were SN metastasis

positive, the results of this study should be accepted with

considerable caution. Yaguchi et al. suggested that RI

counting is a feasible approach for identifying metastatic

SNs [30], and the results of the present study are similar to

their results, which would support the novel findings of that

group.

When quantitatively evaluating the radioactivity of the

RI tracer, we must account for the decrease in radioisotope
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activity over time. In our study, we employed the RI count

ratio to minimize this problem. In addition, we were able to

directly compare the relative amount of RI tracer present in

a metastatic case with the relative amount of RI tracer

present in a nonmetastatic case using the RI count ratio.

We believe that the RI count ratio allows the risk of SN

metastasis to be easily and simply estimated without the

need to adjust for the decrease in radioisotope activity over

time.

In summary, we have demonstrated that there is a close

relationship between nodal metastasis and the RI count of

an SN. In addition to conventional rapid pathology, quan-

titative RI counting could permit a more accurate intra-

operative diagnosis of lymph node metastasis, thus

enabling safe and minimized surgery for early gastric

cancer.
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