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Aim: Metastases can occur in up to 15% of all melanoma patients with negative sentinel lymph node examination (SN -). We retrospectively investigated the number of preoperatively marked sentinel lymph nodes (SNs) with lymphoscintigraphy and effectively surgically removed SNs in SN -patients with cutaneous melanoma > 1mm. Ratio of these parameters was calculated and impact of this ratio as well as impact of scintigraphic appearance time (SAT) on disease progression was studied.

Materials and Methods: Data on 122 SN -patients -70 women (58%), mean age 56.5 years -were analysed. Mean follow-up time was 58 months.

Results: Mean tumour thickness of all patients was 2.3 mm. In 51 patients (42%) the number of SNs marked in lymphoscintigraphy was higher than excised in surgery, in 47 patients (38%) the same number as marked was excised and in 24 patients (20%) a lower number was marked than excised. Metastases occurred in 17 patients (14%) after a mean time of 24.8 months. Mean tumour thickness (5.4 mm) was significantly higher in these patients than in the other patients (p=0.000). Ratio of marked and excised SNs had no influence on disease progression; the only parameter influencing outcome was tumour thickness (p=0.000). Short SAT was significantly associated with higher tumour thickness (p=0.004).

Conclusion:

Our study indicates that, in routine clinical practice, it suffices to harvest the first SN, as the ratio of marked and excised SNs has no impact on disease progression.

Introduction

Sentinel node biopsy (SNB) has become a routine surgical procedure to improve staging of patients with primary melanoma ≥ 1.0 mm tumour thickness, although some authors also suggest SNB for thinner minimally invasive melanomas. [START_REF] Morton | Technical details of lymphatic mapping for early stage melanoma[END_REF][START_REF] Garbe | Deutsche Leitlinie: Malignes Melanom[END_REF][START_REF] Zakrzewski | Meta-analysis of sentinel node positivity in thin melanoma (≤ 1 mm)[END_REF][START_REF] Zapas | The risk of regional lymph node metastases in patients with melanoma less than 1.0 mm thick : recommendations for sentinel node biopsy[END_REF][START_REF] Roulin | Prognostic value of sentinel node biopsy in 327 prospective melanoma patients from a single institution[END_REF] Positive sentinel lymph nodes (SN +) are detected in approximately 20% of patients without palpable lymph nodes; these patients have a shorter disease-free survival than those with negative sentinel lymph nodes (SN -). [START_REF] Morton | Lymphatic mapping and sentinel lymphadenectomy for early-stage melanoma: therapeutic utility and implications of nodal microanatomy and molecular staging for improving the accuracy of detection of nodal micrometastases[END_REF][START_REF] Rousseau Dl | Revised American Joint Committee on Cancer staging criteria accurately predict sentinel lymph node positivity in clinically node-negative melanoma patients[END_REF][START_REF] Berk | Sentinel lymph node biopsy for cutaneous melanoma: the Stanford experience, 1997-2004[END_REF] For the latter group of patients, tumour thickness of the primary melanoma and ulceration remain the strongest prognostic factors. 9 The course of disease in melanoma patients after negative SN biopsy has long been the subject of closer investigation, as up to 15% of SN -patients will develop disease progression. 9-14 Various theories, including primary haematogenic metastatic pathways or falsenegative SNs, have been proposed to explain this constantly reported event. [START_REF] Morton | Lymphatic mapping and sentinel lymphadenectomy for early-stage melanoma: therapeutic utility and implications of nodal microanatomy and molecular staging for improving the accuracy of detection of nodal micrometastases[END_REF][START_REF] Nieweg | What is a sentinel node and what is a false-negative sentinel node?[END_REF] Little attention has been directed to the correlation of SNs detected by lymphoscintigraphy and the number of effectively surgically removed SNs and its effect on disease progression.

The aim of our study was to compare the number of SNs marked in lymphoscintigraphy with those effectively removed during surgery in a cohort of SN -patients and to investigate the impact of this ratio on disease progression. Furthermore scintigraphic appearance time (SAT) and its possible influence on the ratio of marked and excised SNs was studied. Only patients for whom sex, age, location, melanoma type, tumour thickness in mm, special histological features including regression, ulceration, microsatellites and vascular invasion, number of SNs marked in lymphoscintigraphy and number of surgically removed SNs, and scintigraphic appearance time (SAT) were available were included for further analysis.

Analysis of follow-up comprised the occurrence of the first loco-regional or distant metastasis, time to progression and death of disease. Protocol for recurrence was identical for all patients and included regular physical examinations, sonography of the lymph nodes and abdomen and chest radiography.

Differences in number of marked (SNm) and excised (SNe) SNs were documented as ratio and patients were divided into three groups: SNm>SNe: higher number of SNs marked in lymphoscintigraphy than excised during surgical procedure, SNm=SNe: same number as marked was excised and SNm<SNe: lower number marked than excised. SAT was divided into 2 groups: ≤ 30 minutes and > 30 minutes. Ethics commission approval was obtained.

All institutional rules governing clinical investigation of human beings were strictly fol- All patients underwent the same standardized procedure. [START_REF] Alazraki | Procedure guideline for lymphoscintigraphy and use of intraoperative gamma probe for sentinel lymph node localization in melanoma of intermediate thickness 1.0[END_REF] SN lymphoscintigraphy was performed using Tc-99m nanocolloid (Nanocoll®, GE Healthcare Buchler GmbH, Braunschweig, Germany) with 0.2 ml injected 4 times (4x 37 MBq Tc-99m nanocolloid) intracutaneously around the primary tumour or excisional biopsy wound. Image acquisition (Elscint Apex SPX, GE Healthcare, Milwaukee, USA) started after 3 -5 minutes with sequential static images up to 1 hour. When SN could not be identified within 1 hour, further images were performed every 15 minutes up to 2 hours and then every hour till SN was detected.

SAT was defined as time from injection to appearance of the first lymph node in lymphoscintigraphy and measured in minutes.

One to three hours after appearance of the SN in lymphoscintigraphy, surgery was carried out by two surgeons experienced in SN biopsies. During surgery, identification of SN was performed according to the guidelines of Alazraki et al. [START_REF] Alazraki | Procedure guideline for lymphoscintigraphy and use of intraoperative gamma probe for sentinel lymph node localization in melanoma of intermediate thickness 1.0[END_REF] with injection of Patent Blue V (Bleu Patenté V Sodique Guerbet 2.5%; Guerbet, Roissy CdG, France). An intra-operative gamma-detecting probe was used to find sentinel nodes (Gamma Finder II, World of Medicine AG, Ludwigsstadt, Germany). All blue nodes, the node with the highest radioactive count and any node with > 10% count rate of the most radioactive node were harvested.

Histopathological procedure:

For histopathologic examination, the excised SNs entered pathologic SN protocol according to Cochran et al. [START_REF] Cochran | Current practice and future directions in pathology and laboratory evaluation of the sentinel node[END_REF] 1.

Characteristics of primary melanomas:

The most common sites of primary melanoma were the extremities and the trunk with no differences in age, sex and location between patients with and without progression.

Mean tumour thickness for all 122 SN -patients was 2.3 mm (SD ± 2.5 mm); 57 (46%) were Clark level IV, followed by level III, V and II in 45 (37%), 6 (5%) and 3 (3%) melanomas, respectively. Clark level was missing in 11 patients (9%). Histopathologically, ulceration was present in 20 melanomas (16%), widespread regression in 16 melanomas (13%), focal regression in 5 melanomas (4%) and 2 melanomas (2%) had microsatellites. None of the melanomas showed vascular invasion.

At time of diagnosis 25 patients (20%) suffered from melanoma clinical stage IA according to the American Joint Committee on Cancer Staging System (AJCC) criteria 18 , 55 (45%) from stage IB, 19 (16%) from stage IIA, 18 (15%) from IIB and 5 (4%) from IIC.

Melanoma characteristics in patients developing metastases:
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Melanoma metastases occurred in 17 SN-patients (14%). The mean tumour thickness was 5.4 mm (SD ± 5.4 mm), which was significantly higher than in patients without disease progression (p=0.000). Ulceration was seen in 41% of melanomas (7 patients), focal regression was present in only 6% (1 patient) of melanomas, and none of the cases showed microsatellites. In this progression group, melanomas on the trunk and upper arm prevailed in men, whereas location on the lower leg and acral sites dominated in women. A histopathologic diagnosis of primary nodular melanoma (PNM) was more common in the progression group (p=0.008) compared with patients without progression. Eight of the 17 patients with disease progression suffered from melanoma clinical stage IIB according to the AJCC criteria 18 and only 3 patients suffered from melanoma stage IIC.

First sign of metastasis and death from disease:

Mean time to progression was 24.8 months (SD ± 19.4, range from 3 to 73 months). The lungs were the most common site for metastases, followed by regional lymph node and distant lymphatic metastases (Table 1). Further metastatic sites included brain, liver, bone and abdomen. Death from disease occurred in 14 of the 17 patients after a mean time of 10.9 months (SD ± 12.8, range between 1 and 52 months).

Sentinel lymph node results:

Total numbers of SNs marked and excised are given in Table 1. In 51 patients (42%) the number of marked SNs in lymphoscintigraphy was higher than the number effectively surgically removed (SNm>SNe). In 47 patients (38%) the same number as marked was excised (SNm=SNe) and in 24 patients (20%) a lower number was marked than excised (SNm<SNe). No difference was seen in total number of SNm and SNe between SN -patients with or without metastases (p=0.943 and 0.638 respectively, Table 2).
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9 For all patients, short SAT (≤ 30 minutes) was more common than long SAT (> 30 minutes).

Patients with long SAT were significantly older than patients with short SAT (p=0.023), but SAT had no impact on the ratio of marked and excised SNs (p=0.199). However, short SAT was associated with a higher tumour thickness (p=0.004).

Comparing patients without and with progression, no differences in the ratio of marked and excised SNs or SAT were seen (Table 2). The only significant parameter associated with disease progression was tumour thickness (p=0.000).
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10 Discussion SNB has a staging and prognostic value in patients with melanoma, but to date its curative impact remains to be determined. [19][20] Although a SN -is associated with a better prognosis, it does not rule out metastases as disease progression occurs in up to 15% of patients. 9- 14 Possible reasons for this event include false-negative results related to technical limitations, errors during scintigraphic mapping or false-negative interpretation of histopathology. [21][22][23] Schmidt and al. 24 showed that the total number of removed SNs had no influence on relapse-free survival and overall survival in SN -patients. With respect to these results, we also found no association between the total number of excised SNs and disease progression, but we additionally focused on the question whether the ratio of marked and excised SNs could have an impact on the development of metastases. Although one would expect that the number of SNm is equally to those excised, we found the same number of marked and excised SNs in only 38% of our patients, while in 20% the number of marked SNs was lower, than effectively surgically removed. A reason for the latter could be the coincidental removal of small lymph nodes adjacent to the SN when removed "en bloc". Furthermore, surgeons are prone to remove all radioactive nodes without distinguishing between firsttier nodes from second-tier nodes or to excise also lymph nodes marked with blue dye without radioactivity, as it is reported to happen in 15%-30% of patients with breast cancer. [START_REF] Nieweg | What is a sentinel node and what is a false-negative sentinel node?[END_REF] More importantly, in 42% of our patients the number of surgically removed SNs was lower than those marked in lymphoscintigraphy. A possible explanation could be an inadequate timing between lymphoscintigraphy and effected surgery in the case of short SAT, in which the rapid lymphatic flow "clears" the SN even within the recommended time to surgery. This scenario is however unlikely as in all our SN -patients associated with short
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11 SAT, SAT had no impact on the total number of marked and excised SNs and on disease progression. However, we observed a prolonged SAT especially in elderly patients, suggesting an age-related lymphatic dysfunction which may play a more important role than previously considered. This is in line with a study by Conway et al. 25 who showed an inverse association between radioactive count rate in SNs and age. Interestingly despite the lower radioactive count rates in the SNs of elderly patients, the percentage of SN + patients in their cohort was 21%, which corresponds well with the rates given in the literature. [START_REF] Morton | Lymphatic mapping and sentinel lymphadenectomy for early-stage melanoma: therapeutic utility and implications of nodal microanatomy and molecular staging for improving the accuracy of detection of nodal micrometastases[END_REF][START_REF] Rousseau Dl | Revised American Joint Committee on Cancer staging criteria accurately predict sentinel lymph node positivity in clinically node-negative melanoma patients[END_REF][START_REF] Berk | Sentinel lymph node biopsy for cutaneous melanoma: the Stanford experience, 1997-2004[END_REF] The lack of influence of the ratio of marked and effectively excised SNs on disease progression in our study questions the need of re-excision in patients, in whom fewer SNs were surgically removed that marked. Despite the certainty that metastatic disease is more common in SN + patients, patterns of recurrence are similar between SN -and SN + patients with distant sites more likely to be involved. [START_REF] Dalal | Patterns of first-recurrence and post-recurrence survival in patients with primary cutaneous melanoma after sentinel lymph node biopsy[END_REF] In the light of these data, it seems plausible that some melanomas metastasize via haematogenic rather than lymphogenic routes as also discussed in the incubator hypothesis by Morton et al. [START_REF] Morton | Lymphatic mapping and sentinel lymphadenectomy for early-stage melanoma: therapeutic utility and implications of nodal microanatomy and molecular staging for improving the accuracy of detection of nodal micrometastases[END_REF] Alternatively, biologically highly aggressive thick tumours could enrich the lymph fluid with tumour cells that rapidly cross the sentinel lymph node basin, as outlined by Mahieu-Renard et al. 26 Our finding of distant metastases as the most common event in SN -patients with disease progression supports these hypotheses.

However metastases to the regional SN dissected nodal basin also occurred in 35% of our patients. This number is nearly equal to previous data 9, [START_REF] De Giorgi | Outcome of patients with melanoma and histologically negative sentinel lymph nodes: a one institutions´s experience[END_REF][START_REF] Yee | Outcome of 846 cutaneous melanoma patients from a single center after a negative sentinel node biopsy[END_REF][START_REF] Fincher | Patterns of recurrence after sentinel lymph node biopsy for cutaneous melanoma[END_REF]27 and favours the immunosuppressive theory, [START_REF] Morton | Lymphatic mapping and sentinel lymphadenectomy for early-stage melanoma: therapeutic utility and implications of nodal microanatomy and molecular staging for improving the accuracy of detection of nodal micrometastases[END_REF] which suggests that increased expression of factors resulting in immunosuppression allows sudden growth of initially silent melanoma cells in the lymph node. Finally, it seems also reasonable that melanomas could simultaneously metastasize to both the SNs and the distant sites, as proposed by the marker hypothesis. [START_REF] Morton | Lymphatic mapping and sentinel lymphadenectomy for early-stage melanoma: therapeutic utility and implications of nodal microanatomy and molecular staging for improving the accuracy of detection of nodal micrometastases[END_REF] Even in cases of recurrence of melanoma in the SN lymph node basin, differences between marked and excised SNs did not play a role in our study.

Limitations of our study are the small cohort of patients and the small number of metastatic patients. False-negative results related to technical limitations or errors during scintigraphic mapping are unlikely, as lymphoscintigraphic mapping is a well-established procedure performed according to defined protocols [START_REF] Alazraki | Procedure guideline for lymphoscintigraphy and use of intraoperative gamma probe for sentinel lymph node localization in melanoma of intermediate thickness 1.0[END_REF] for more than 10 years at our Department of Nuclear Medicine. Furthermore we routinely perform more than the usually recommended 10 serial sections by Cochran et al. [START_REF] Cochran | Current practice and future directions in pathology and laboratory evaluation of the sentinel node[END_REF] at our histopathologic laboratory as well as immunohistochemistry staining, which make false negatives related to histopathologic examination also unlikely.

In conclusion, our study supports that thickness of the primary tumour remains the most important prognostic marker for progression of patients with melanoma. From a practical point of view it seems sufficient to harvest the first SN, as the ratio of marked and excised SNs has no impact on disease progression.
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  For this retrospective study, we searched the databases of the Department of Dermatology, Medical University of Graz, Austria and two Departments of Pathology in Styria (Medical University of Graz and Leoben General Hospital) between 2001 and 2003 for records of patients with melanoma > 1mm, SN -status and a follow-up time of > 10 months. A SN -status was considered when both routine hematoxylin/eosin stains and immunohistochemistry failed to detect metastases.

  Helsinki Declaration with respect to human subjects in biomedical research was conformed.Technical procedure:Lymphoscintigraphic mapping and surgical procedure:

7 Results

 7 with a slight modification in that at least 16 serial sections instead of the M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 6 recommended ten were performed. Negativity was assessed when both routine hematoxylin/eosin stain and immunohistochemistry using S100, HMB-45 and Melan-A failed to detect macro-or micrometastases. Statistical methods Data were entered into a computerized database and analyzed. All computations yielding statistical inferences were conducted with the statistical packages SPSS for Windows (SPSS, version 15.0.1; SPSS Inc., Chicago, Illinois, USA) and SAS (SAS version 9.2; Copyright (c) 2002-2008 by SAS Institute Inc., Cary, NC, USA). The regular distribution analysis was performed according to Kolmogorov-Smirnov and to Shapiro-Wilk. To describe the relationship between the dichotomous response variable (1 = metastases; 0 = no metastases) and different explanatory variables, a Binary Logistic Regression Model was used. To explain metric but non-normal response variables a Generalized Linear Model was used. Categorical variables where calculated by Chi-Square-Test. A p-value ≤ 0.05 was considered statistically significant. M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT Patient demographics: A total of 158 sentinel node biopsies were performed from 2001-2003; they were positive in 35 patients (22.2%) and negative in 123 patients (77.8%). From the 123 SN -patients, one patient was excluded because of missing data regarding the lymphoscintigraphic protocol resulting in a total of 122 patients, 69 women (57%) and 53 men (43%), included in the study. Mean age of all 122 patients was 56.5 years (Standard deviation=SD ± 15.3, range 15-81 years). Mean follow-up time of all patients was 58 months (SD ±16.0, range 10-85 months). Patients' demographics, as well as information on their primary melanoma and SN, are summarised in Table
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