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Sentinel lymph node biopsy in gastric cancer Possible applications and limits
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Aims: To explore the feasibility and accuracy of sentinel lymph node (SLN) biopsy in gastric cancer.

Patients and Methods: Twenty-nine patients with clinical T1 and T2 N0 M0 gastric cancer less than 5 centimetres in diameter underwent SLN biopsy with the intraoperative Patent blue method. The procedure continued with radical gastrectomy and D2 lymphadenectomy. We investigated all technical aspects of the blue dye technique and determined the accuracy, sensitivity, specificity, positive predictive value, and negative predictive value of the SLN technique.

Results: SLNs were detected in 28 of 29 patients; the total number of excised SLNs was 45, with a median of two (range 1-3). Seventeen patients had metastatic SLN, with 21 lymph nodes retrieved.

Twenty-two patients had SLNs located at the first level. Four patients had SLNs at the second level, one at the first and second levels, and one at the first and third levels. Five patients had false negative SLNs. The ability of SLN biopsy to predict the status of the other lymph nodes was summarised by an accuracy of 75%, a sensitivity of 75%, a specificity of 75%, a positive predictive value of 88%, and a negative predictive value of 55%.

Conclusions:

Our study demonstrates that pick-up SLN biopsy in gastric cancer is technically feasible but has very low sensitivity. Regarding the utility of SLN navigation when attempting to detect the nodal basin, the high rate of false negative SLNs and lymph node level jumping warrant further studies with a large accrual before the method can be introduced into daily practice.

INTRODUCTION

After the pioneering works of Cabanas [START_REF] Cabanas | An approach for the treatment of penile carcinoma[END_REF] on penile cancer and Morton [START_REF] Morton | Technical details of intraoperative lymphatic mapping for early stage melanoma[END_REF] on malignant melanoma, the concept of the sentinel lymph node (SLN), which refers to the first lymph node (LN) to receive drainage from the primary tumour, has been widely discussed in the surgical oncology community. Lymphatic spread is a typical route of metastasis in almost all types of epithelial tumours and the presence and number of LN metastases are important prognostic factors, crucial for staging and establishing the indication for adjuvant therapies, so primary tumour resection is often combined with lymphadenectomy.

The techniques and results of SLN mapping are well established in melanoma and breast cancer, but the possible application and validity of the SLN concept in gastric cancer is still debated. Nodal involvement in gastric cancer depends on the depth of cancer infiltration across the layers of the stomach (TNM staging): it occurs in 2-18% of T1 and in about 50% of T2 tumours. The surgical treatment of gastric cancer, in particular concerning the extent of LN dissection, varies among centres, but in many countries, for example Italy and Germany, the standard approach includes first and second level lymphadenectomy, independent of the evidence of LN metastases or the depth of cancer infiltration [START_REF] Degiuli | Survival results of a multicentre phase II study to evaluate D2 gastrectomy for gastric cancer[END_REF][START_REF] Siewert | Prognostic relevance of systematic lymph node dissection in gastric carcinoma. German Gastric Carcinoma Study Group[END_REF]. This means that in many patients lymphadenectomy is performed unnecessarily. Furthermore, extended lymphadenectomy is associated with an increase in postoperative morbidity and mortality, as has been reported especially in Western countries [START_REF] Bonenkamp | Extended lymph node dissection for gastric cancer[END_REF].

However, accurate preoperative or intraoperative tools to predict nodal involvement are lacking [START_REF] Chen | Improvement in preoperative staging of gastric adenocarcinoma with positron emission tomography[END_REF], so theoretically the SLN might predict the status of the other LNs and could therefore serve to tailor the surgical procedure. Unfortunately, the wide lymphatic flow from the gastric layers leads to frequent skip metastases to the second level, which have been reported to occur in up to 17% [START_REF] Tsuburaya | Solitary lymph node metastasis of gastric cancer as a basis for sentinel lymph node biopsy[END_REF][START_REF] Li | Solitary lymph node metastasis in gastric cancer[END_REF].

The aim of this study was to explore the feasibility and accuracy of SLN biopsy in gastric cancer using the intraoperative blue dye injection technique.

PATIENTS AND METHODS

Patients

Between March 2004 and November 2008, 29 consecutive patients with histologically proven gastric cancer referred to the Department of Surgical Oncology of IRCCS Istituto Clinico Humanitas, Rozzano (Milan), Italy were enrolled in a prospective study for the detection of SLNs.

The study was approved by the local ethics committee.

Eligibility criteria

Preoperative clinical staging included gastroscopy and biopsy, abdominal CT scan, abdominal ultrasonography, and chest x-ray. Patients with preoperative evidence of metastatic disease, T3 and T4 tumours [START_REF] Sobin | TNM classification of malignant tumours[END_REF], metastatic LNs, or reported intolerance to Patent blue were excluded from the study. Informed consent was obtained from all patients by the principal investigator (L.C.).

Methods

Immediately after laparotomy and peritoneal washing for cytology, the surgeon performed macroscopic staging of cancer spread and the patient was excluded when the above exclusion criteria were present, when the tumour diameter was more than 5 centimetres, or when the tumour could not be palpated. After macroscopic staging, the gastro colic ligament was divided along the mesocolon to expose the omental bursa.

Patent blue was injected into the sub-serosa or muscular layer at four quadrants around the tumour with a 25-gauge needle. All injections and the search for SLNs were done by the same investigator (L.C.).

The blue dye immediately appeared on the gastric serosal surface surrounding the tumour and gradually stained the lymphatic vessels. The first stained LN was classified as the SLN, excised, and sent to the pathologist separately. LNs detected immediately after the first SLN, and no later than 5 minutes after detection of the SLN, were also excised and called second, third, etc. SLNs.

Then total gastrectomy was performed for cancers of the proximal and middle third, while subtotal gastrectomy was performed for cancers of the distal or distal middle third, but only if the tumour-free margin was at least 6 centimetres beyond the proximal resection line. In all cases, primary surgery was combined with D2 lymphadenectomy performed as reported in our previous paper [START_REF] Cozzaglio | Gastric cancer: extent of lymph node dissection and requirements for a correct staging[END_REF].

At the end of the surgical procedure, the surgeon (L.C.) dissected the removed LNs in order to give the pathologist the LN groups according to the Japanese Gastric Cancer Association classification [START_REF] Gastric | Japanese classification for gastric carcinoma. 2 nd English edition[END_REF]. Blue LNs detected during gastric resection or during dissection of the LNs on the back table were not defined as SLNs.

Pathological evaluation

The primary tumours and all removed LNs were measured by the pathologist. The nodes were then fixed in 10% formalin and embedded in paraffin; 2-µm sections were obtained (1-3 sections for each LN) and stained with haematoxylin-eosin. Carnoy's solution was used to improve the numbers of LNs detected. Further sections were obtained and immunohistochemical analysis for cytokeratin was performed on the SLN if all LNs were negative for metastases. Frozen section was never performed because it was not part of the study protocol.

Aim of the study

We investigated all technical aspects of the blue dye technique including percent successful SLN detection, millilitres of blue dye injected, time until appearance of the SLN, and number of detected SLNs. The site and pathological status of the SLN were compared with those of the other LNs.

Statistical analysis

Data were described as number and percentage, or median and range. Differences between groups were explored with chi squared test. The accuracy of the SLN technique in predicting the absence or presence of metastasis in the other LNs was evaluated according to the following definitions: accuracy, (true positive + true negative)/total patients; sensitivity, true positive/(true positive + false negative); specificity, true negative/(true negative + false positive); positive predictive value, true positive/(true positive + false positive); and negative predictive value, true negative/(true negative+ false negative). All analyses were performed with the Stata10 software (www.stata.com).

RESULTS

Twenty-nine patients were enrolled in the study, but one of them was not eligible because no SLN was detected. This patient was an overweight (BMI 29) man with cancer of the proximal third of the stomach and his pathological status was N1 with 2 positive LNs out of 45 retrieved.

Furthermore, preoperative and intraoperative staging was incorrect in four cases: at histological examination two patients were found to have T3 cancer (Table 1) and in two patients the tumour diameter exceeded 5 centimetres.

Sentinel lymph node characteristics

All SLN biopsies were carried out without any technical complications such as leakage of blue dye into the abdominal cavity, or any side effects related to Patent blue injection. The median amount of injected blue dye was 1.1 millilitres (range 0.6-2), and the median time until the appearance of the SLN was 3 minutes and 20 seconds (range 1-16 minutes).

The characteristics of the series are summarised in Table 1. The median SLN diameter was 7 millimetres, range 3-15. The diameter was similar in metastatic (SLN+) and nonmetastatic (SLN-) SLNs: 6 millimetres, range 3-15, and 7 millimetres, range 5-15, respectively. The three smallest SLNs measured 3 millimetres and all three were metastatic.

The locations of the SLNs according to the regional LN groups defined by the Japanese Gastric Cancer Association classification [START_REF] Gastric | Japanese classification for gastric carcinoma. 2 nd English edition[END_REF] are reported in Table 2. Twenty-two patients had SLNs at the first level of the regional LN group. Four patients had SLNs at the second level, one at the first and second levels, and one at the first and third levels.

Pathology of sentinel lymph nodes

Seventeen patients had metastatic SLNs, with 21 SLNs retrieved, 20 at the first and one at the second level (Table 2). Negative SLNs at the first histological analysis in two patients who had metastases in other LNs and in one patient without metastases in other LNs proved to be metastatic after analysis of further sections (range 9-20) and immunohistochemical analysis for cytokeratin. The frequency of metastases was higher in SLNs than in all retrieved LNs, 47% (21 of 45) and 13% (123 of 982), respectively (p < 0.01). Five patients had negative SLNs but metastases in other LNs (false negative 18%); three of them had only a single metastasis in non-SLNs and the other two had four metastases in non-SLNs. Tumour stage was T1 in two and T2 [START_REF] Sobin | TNM classification of malignant tumours[END_REF] in three of these patients; tumour grade was G1 in one, G2 in one, and G3/4 in three patients. In all these patients the primary tumour diameter was less than 5 centimetres, tumour location was the lower third of the stomach, and metastases were located at the first level. We did not find any correlation between false negative SLNs and histological type.

Accuracy of sentinel lymph node biopsy

The relationship between the status of the SLN and the status of the other retrieved LNs is summarised in Table 3. SLN biopsy in the present series was positive for metastases in 15/20 N+ patients, amounting to a sensitivity of 75%, and in 2/8 N-patients, providing a specificity of 75%, a positive predictive value of 88%, a negative predictive value of 55%, and an overall accuracy of 75%.

DISCUSSION

After Morton [START_REF] Morton | Technical details of intraoperative lymphatic mapping for early stage melanoma[END_REF] elaborated the SLN theory and demonstrated that in patients with melanoma the status of the SLN could predict the status of the nodal basin with 99% accuracy, SLN mapping has had a major impact on the clinical management of melanoma and later breast cancer [START_REF] Krag | Surgical resection and radiolocalization of the sentinel lymph node in breast cancer using a gamma probe[END_REF][START_REF] Giuliano | Lymphatic mapping and sentinel lymphadenectomy for breast cancer[END_REF].

The application of the SLN technique in gastric cancer began in the late 1990s, especially in Far Eastern countries. We have collected from the Medline PubMed interface over 200 papers since 1997, but less than 5% were by Western authors. Papers published on this topic mainly report single-institution experiences with a limited number of cases, different types of tracers, and different injection methods, so the results are not consistent.

Technical aspects of sentinel lymph node biopsy

Intraoperative subserosal or preoperative endoscopic submucosal injections can be used for the administration of blue dye or radioactive tracer. Identification of the SLN by means of a radiolabelled colloid and perioperative detection with a gamma probe have the disadvantage of radioactive tracing not only from LNs but also from the adjacent injection site. Most experience has therefore been gained with blue dye, but blue dye flows through and travels to the next LNs in line.

In an attempt at a more precise identification of true SLNs, avoiding confusion between SLNs and other LNs, many authors have combined the two techniques. Nevertheless, the blue dye technique used in our study has been extensively validated in previous studies [START_REF] Osaka | Is a lymph node detected by the dye-guided method a true sentinel node in gastric cancer?[END_REF][START_REF] Lee | Comparative study of the serosal versus submucosal dye injection method for sentinel node biopsy in gastric cancer[END_REF] and has proved to be easy to perform, inexpensive, and not very time-consuming.

Sentinel lymph node identification rate and false negative rate

In our series, SLNs were detected in 28 of 29 patients, confirming the difficulty to detect SLNs by the blue dye technique in overweight male patients [START_REF] Lee | Comparative study of the serosal versus submucosal dye injection method for sentinel node biopsy in gastric cancer[END_REF] with cancer located at the upper third of the stomach, where dense fat can hinder the visualisation of the SLN [START_REF] Ryu | Prediction of lymph nodes metastasis by sentinel node biopsy in gastric cancer[END_REF]. In such cases the combination of blue dye and a radioactive tracer could improve SLN identification. The results reported in the literature on SLN biopsy in gastric cancer are widely divergent. Many authors from reported an accuracy of more than 98% in particular in early stages (T1-T2) [START_REF] Uenosono | Detection of sentinel nodes and micrometastasis using radioisotope navigation and immunohistochemistry in patients with gastric cancer[END_REF], whereas in our study as well as important series from other Western countries the accuracy was about 80% [START_REF] Rabin | Sentinel node mapping for gastric cancer[END_REF][START_REF] Becher | Sentinel lymph node mapping for gastric adenocarcinoma[END_REF][START_REF] Orsenigo | Sentinel node mapping during laparoscopic distal gastrectomy for gastric cancer[END_REF], with the false negative SLN rate ranging from 15% to 20% [START_REF] Rabin | Sentinel node mapping for gastric cancer[END_REF][START_REF] Becher | Sentinel lymph node mapping for gastric adenocarcinoma[END_REF][START_REF] Orsenigo | Sentinel node mapping during laparoscopic distal gastrectomy for gastric cancer[END_REF]. In fact, although only 43% of our patients had T1 tumours, a low percentage compared to about 80% reported in studies from the Far East [START_REF] Kitagawa | Radio-guided sentinel node detection for gastric cancer[END_REF][START_REF] Miwa | Mapping sentinel nodes in patients with early-stage gastric carcinoma[END_REF][START_REF] Kim | Lymphatic mapping and sentinel node biopsy using 99mTc tin colloid in gastric cancer[END_REF][START_REF] Uenosono | Detection of sentinel nodes and micrometastasis using radioisotope navigation and immunohistochemistry in patients with gastric cancer[END_REF], false negative SLNs were detected in two patients with T1 tumours and three patients with T2 tumours, and always in tumours of less than 5 centimetres, so the difference between our results and those from the Far East cannot be explained by a selection of patients with advanced local stage in our series. This large difference between Eastern and Western results might be related to the number of harvested SLNs; in our series the median number of SLNs was two (range 1-3) per patient, while Miwa reported an average number of six SLNs [START_REF] Miwa | Mapping sentinel nodes in patients with early-stage gastric carcinoma[END_REF], and Ishizaki 6.5 [START_REF] Ishizaki | Evaluation of sentinel lymph node identification with isosulfan blue in gastric cancer[END_REF]. The difference in the number of detected SLNs can be explained by the different methods to find the SLN: we harvested only the first stained LN, as is the practice in melanoma and breast cancer, while other authors considered as SLNs all the LNs stained within 10-15 minutes of dye injection [START_REF] Rabin | Sentinel node mapping for gastric cancer[END_REF], and also those detected on the back table after full dissection of the stained lymphatic region [START_REF] Miwa | Mapping sentinel nodes in patients with early-stage gastric carcinoma[END_REF]. So we performed pick-up biopsies, while other authors performed limited lymphadenectomy, or so-called lymphatic basin dissection. If the number of SLNs is higher, their status will presumably be more representative of all regional LNs; in fact, Lee demonstrated that the false negative SLN percentage was significantly associated with the number of harvested SLNs being less than three [START_REF] Lee | Factors associated with detection failure and falsenegative sentinel node biopsy findings in gastric cancer: results of prospective single center trials[END_REF]. The concept of the SLN method is to predict the lymph node status by a simple pick-up biopsy in patients with a high risk of metastases to LNs, thereby avoiding any other LN dissection if the SLN is negative for metastasis. In basin dissection a limited lymphadenectomy is performed in patients with early cancer, who have a low risk of lymph node metastases, in an attempt at a highly accurate diagnosis of the lymph node status to allow limited gastric resection or excision [START_REF] Ichicura | Limited gastrectomy with dissection of sentinel lymph node stations for early gastric cancer with negative sentinel node biopsy[END_REF]. However, this method should not be confused with the SLN biopsy technique. Furthermore, lymphatic basin dissection is inadequate in the case of skip metastases, and in our series the SLN jumped the first lymph node level in about 20% of cases, in accordance with the results of the larger Eastern series [START_REF] Li | Solitary lymph node metastasis in gastric cancer[END_REF]. On the other hand, we have also demonstrated that LN diameter does not aid in the identification of metastatic SLNs, but an increase in the number of LN sections and the application of immunohistochemical analysis for cytokeratin can increase the detection of metastatic SLNs. However, if the SLNs are too many they cannot be examined by these methods in frozen section [START_REF] Ichicura | Limited gastrectomy with dissection of sentinel lymph node stations for early gastric cancer with negative sentinel node biopsy[END_REF] and, contrary to melanoma and breast surgery, lymphadenectomy in gastric surgery cannot be transferred in a second look. Laparoscopic experiences suggest the feasibility of SLN biopsy during staging laparoscopy, but only for distally located cancer [START_REF] Orsenigo | Sentinel node mapping during laparoscopic distal gastrectomy for gastric cancer[END_REF].

Conclusions

In conclusion, our study demonstrates that SLN biopsy in gastric cancer is technically feasible, but has very low sensitivity. The main reason for the poor accuracy could be the variability of the lymphatic routes in the gastric region, resulting in a high rate of skip metastases. Regarding the utility of SLN navigation in an attempt to detect the nodal basin, many issues are still to be resolved and further studies are recommended before this method can be introduced into daily practice. (*) Location according to the regional lymph node groups of the Japanese Gastric Cancer

Association classification [START_REF] Gastric | Japanese classification for gastric carcinoma. 2 nd English edition[END_REF]. 
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 32 Number and location of 45 sentinel lymph nodes (SLNs)

Table 1

 1 Characteristics of the patients

	Total number of patients	28
	Age (years )	62.5 (range 46 -80)
	Sex (male/female)	12/16
	Tumour location	
	Upper third	
	Middle third	
	Lower third	

Table 3

 3 Status of sentinel lymph nodes (SNL) and other lymph nodes (N)

		N+ N-Tot
	SLN+ 15 2	17
	SLN-5	6	11
	Tot	20 8	28
	SLN+ = sentinel lymph nodes with metastases
	SLN-= sentinel lymph nodes without metastases
	N+ = other lymph nodes with metastases

N-= other lymph nodes without metastases
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Number of retrieved lymph nodes