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Analysis of predictive factors for the outcome of complete lymph node dissection in melanoma patients with metastatic sentinel lymph nodes
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Abstract

Background: Sentinel lymph node biopsy (SLNB) is a widely accepted procedure to accurately stage patients with melanoma. However, there is no consensus concerning the practical consequences in case of a positive SLN. 
Objective: While a survival benefit of a complete lymph node dissection (CLND) could not be shown yet, we wondered whether a subgroup of patients with metastatic involvement of the SLN can be identified which may be excluded from the recommendation to undergo CLND.

Methods: At the Department of Dermatology at the University of Munich a total of 213 patients with metastatic SLN (24.9%) were identified among 854 patients who had undergone SLNB between 1996 and 2007. All SLN-positive patients had been recommended CLND. Survival analyses were performed using the Kaplan–Meier approach. 
Results: A total of 176 (82.6%) of 213 SLN-positive patients underwent CLND. In this group, 26 patients (14.8%) showed metastatic disease in nonsentinel lymph nodes (NSLN). The 5-year overall survival (OS) was 26.1% in NSLN-positive patients and 74% in NSLN-negative patients. SLN-positive patients who had refused CLND experienced a better prognosis than patients with CLND. Breslow tumor thickness was significantly associated with positive CLND status with higher median values in CLND positive than negative patients (3.03 versus 2.22 mm). 
Limitation: The subgroup of patients with metastatic disease in CLND may have been too small to reach statistical significance for other tumor- or patient-related parameters. Mitotic indices of the primary melanomas had not been determined in this retrospective study, and, thus a possible correlation with lymph node status could not be tested.
Conclusion: Among SLN-positive patients, the presence of metastatic NSLN is a highly significant poor prognostic factor. Tumor thickness is a significant prognostic parameter for positive CLND status and might be considered in the decision to perform CLND in case of metastatic SLN. 
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In patients with stage I/II melanomas elective lymph node dissection (ELND) of regional lymph nodes had been carried out as a standard procedure in many centres over nearly two decades. However, several trials demonstrated a lack of benefit for overall survival (OS) comparing ELND with follow-up only 1-4. In 1992, Morton and co-workers introduced the sentinel lymph node (SLN) concept as an innovative approach within oncological surgery which replaced the blind ELND 5. Since then, a variety of studies have already proven the prognostic value of the SLN concept in the management of patients with cutaneous melanoma 6-8.

However, up to now, no study could confirm a survival benefit in melanoma patients undergoing SLN biopsy (SLNB) 9. Nevertheless, the result of SLNB is the most important prognostic factor for both disease-free survival (DFS) and OS.
It is still controversial whether in case of a positive SLN a complete lymph node dissection (CLND) should always be performed regardless of the type of metastatic affection (e.g. micro- or macrometastasis) 10-13.
We, therefore, performed a retrospective study including 213 SLN-positive melanoma patients who underwent CLND or refused it. Apart from DFS and OS, patient- and tumor-related parameters were analyzed for an association with the occurrence of metastatic disease in nonsentinel lymph nodes (NSLN) as detected by CLND. 
Patients and Methods

Study population

A total of 1,049 consecutive patients with SLNB were identified at the Department of Dermatology and Allergology, University of Munich, between September 1996 and November 2007. Most of them presented with cutaneous melanoma with a Breslow tumor thickness >1mm or with other possible risk factors such as ulceration of the primary melanoma as well as Clark level IV or V 14.

In 166 patients, lack of detailed information concerning the primary melanoma, such as tumor type, tumor thickness or Clark level, or lack of further follow-up data led to the exclusion from the study. Thus a total of 854 patients with SLNB remained for further analysis. From these patients, 213 (24.9%) showed a metastatic (positive) SLN and were recommended to undergo CLND according to the current German melanoma guidelines 14. These 213 patients comprised the study population of the present analysis.

If excisional biopsy of the primary tumor had been performed elsewhere, the original slides were re-examined by an experienced dermatopathologist (M.F.) at our department. Primary tumors were removed within 4 weeks prior to SLNB or excised concurrently with SLNB. 

SLN procedure

Two to 16 hours prior to SLNB, dynamic lymphoscintigraphy was performed using 99mTechnetium-labeled human serum albumin colloid (Solco-Nanokoll, Sorin-Biomedica, Munich, Germany) in collaboration with the Department of Nuclear Medicine, University of Munich. The skin site corresponding to the hottest emission point was marked. On the day of surgery, a hand-held gamma camera (C-Trak-System, Care Wise, Morgan Hill, California, USA) was used to measure background and SLN radioactivity pre- and intraoperatively. In addition, intradermal injection of 0.5-1.0 ml of patent Blue V (Guerbet, Sulzbach, Germany) was performed 10-15 minutes preoperatively about 0.5 cm around the primary tumor or excision scar. The SLN was identified as a hot and blue-stained lymph node (LN). SLNB was performed using standard procedures. All LN exhibiting radioactive impulse rates of at least 10 % of the LN with the maximal radioactive impulse rate were also removed 15.
Histopathological evaluation

For histopathological examination, SLN were bisected along the long axis after formalin fixation. From each paraffin block, 8-12 sections were prepared for staining with hematoxylin and eosin, Giemsa as well as for immunohistochemical analysis (S100, HMB45, NKI/C3, Melan A). 

The metastatic deposit was documented for each SLN. Micrometastasis was defined as a cluster of up to 15 tumor cells. Positive SLN specimens were subdivided histopathologically into micro- or macrometastasis according to Carlson et al. 10. Primary tumors and the specimens from CLND were examined using routine histology.
Surgical and adjuvant therapies

Patients with metastatic SLN (positive SLN) were recommended for CLND of the regional basin (modified neck dissection, level II dissection of axillary lymph nodes or ilioinguinal dissection cranially up to the iliac bifurcation and caudally to the apex of the femoral triangle). 

All patients with primary melanoma ≥1.5 mm thickness as well as patients with positive SLN were considered for low-dose IFNα therapy (3 x 3 Mio IE s.c. per week). The modalities of adjuvant treatment courses were not recorded in detail in this study context, however, adjuvant treatment courses were performed according to study protocols of the German Dermatologic Cooperative Oncology Group (DeCOG) 16. The duration of adjuvant treatment varied between 18 and 60 months. 

Statistical analysis 

The association of  patient and tumor characteristics with histopathological results of CLND (positive versus negative) was assessed by the chi-square test for categorical variables and by the Mann-Whitney U test for continuous variables.. DFS and OS curves were constructed using the Kaplan–Meier product-limit method and tested for differences by the log-rank test. Deaths from other causes or unknown outcome were assessed as censored observations. The significance level was determined at p<0.05. The analyses were performed with the statistical software package SPSS, version 16.0 (Chicago, Illinois, USA).
Follow-up

The follow-up of all patients was conducted by clinical examination and ultrasound (US) analysis of regional lymph nodes at our department in intervals of 3-6 months according to the German melanoma guidelines 14,17,18. Tumor progression and live status were documented. The mean follow-up time was 43.18 months (SD 33.61) for DFS and 53.44 months (SD 32.06) for OS.
Results
A total of 176 (82.6%) out of 213 SLN-positive patients followed our recommendation for CLND. The remaining 37 patients refused further surgical intervention or had contraindications for radical lymphadenectomy. Twenty-six of 176 patients (14.8%) showed further metastases in excised NSLN. Details are given in Table 1.
In CLND-negative patients, the median tumor thickness was significantly lower (2.22 mm) in comparison to CLND-positive patients (3.03 mm) (p=0.022, Table 1). Parallel to an increasing tumor thickness an increasing risk of metastasis in NSLN could be observed. For example, at a tumor thickness ≤1 mm none of the patients showed metastatic NSLN, whereas at a tumor thickness >4 mm metastatic NSLN was found in 29.4% (10/34) of the patients. Histopathological characteristics of the primary melanoma, such as nodular tumor type, nevus association, ulceration, regression or no special tumor characteristics (NSTC) were significantly associated with positive CLND status (p=0.027). However, due to low numbers this p value should be taken with caution. In addition, no association of CLND status with sex, age, tumor site, Clark level and histological subtype could be found. 
A total of 176 (82.6%) of 213 SLN-positive patients underwent CLND. In this group, 26 patients (14.8%) showed metastatic disease in nonsentinel lymph nodes (NSLN). The 5-year OS was 26.1% in NSLN-positive patients and 74% in NSLN-negative patients. 

Macro-metastases in SLN were found in 179 (84%) of 213 patients with positive SLN. CLND was performed in 90% (161) of these cases (179 patients). Further metastases in NSLN were found in 26/161 patients (16.2%), whereas 135/161 patients (83.8%) had no metastatic involvement of NSLN. 
Micrometastases in SLN were identified in 34 (16%) of 213 patients. Of these, 44.1% (15/34 patients) underwent CLND and no further metastasis in NSLN could be detected in any of the patients (Table 2).

Progression of disease was observed in 73.1% (19/26) of NSLN-positive patients and 65.4% (17/26) died of metastatic melanoma, whereas NSLN-negative patients experienced a tumor progression in 37.3% (56/150) and died in 25.3% (38/150) within the observation period (Table 3).

Figure 1 and Figure 2 show DFS and OS of NSLN-positive patients and NSLN-negative patients, respectively. Patients who had no further metastases on CLND experienced a delayed progression of disease and death compared to patients with positive NSLN upon CLND.
A significant correlation between CLND and DFS as well as between CLND and OS could be detected (Table 4). Mean DFS of patients with positive SLN who underwent CLND was 78 months. Patients with negative NSLN had a mean DFS of 85 months (5-year DFS rate: 61.5%) and a mean OS of 100 months (5-year overall survival rate: 74%), whereas patients with positive NSLN showed a mean DFS of 32 months (5 year DFS rate: 20.3%) and a mean OS of 46 months (5-year overall survival rate: 26.1%) (Table 4). 
Patients with a positive SLN who did not undergo CLND exhibited a mean DFS of 97 months (5-year DFS rate: 71%) and a mean OS of 107 months (5-year overall survival rate: 75.9%). 

Discussion
CLND is currently recommended for melanoma patients with metastatic SLN regardless of the type and size of metastatic involvement. Only a few studies so far have investigated the importance of CLND in SLN-positive patients 14.
Hitherto conducted studies demonstrate that patients with early stages of nodal disease may especially profit from early surgical intervention 19. Kretschmer et al. reported a significant survival benefit in patients who had received complete resection of metastases by SLNB and CLND in contrast to patients who had undergone surgical excision of metastases only after clinical detection of lymph node enlargement 20.
In the MSLT I study, Morton and co-workers found a highly significant survival benefit in SLN-positive patients who had received CLND (5-year survival rate 72%) compared to SLN-positive patients who had received delayed lymph node dissection after clinical detection of lymph node metastases (5-year survival rate 52%) 9. 

Nevertheless CLND is associated with a high morbidity for patients and just a minority of SLN-positive patients experience further metastatic nodes. In the current study we found metastatic NSLN in 14.8% of SLN-positive patients. Former studies reported metastatic NSLN in 17 to 24% of the patients 21-24.
Accordingly it seems to be important to identify a subgroup of patients with increased risk of affected NSLN who may benefit from CLND. On the other hand it would be desirable to avoid CLND in patients who are at low risk of further metastatic nodal disease 24.
To identify predictive criteria for affected NSLN in CLND we analyzed its association with a variety of patient and tumor characteristics in our data. For Breslow tumor thickness, a significant association with positive CLND status could be identified. In the group of patients with tumor thickness ≤1 mm none of the patients showed metastatic NSLN which may indicate the exclusion of these patients from the recommendation to undergo CLND. 
Formerly, Breslow tumor thickness has been described as a significant prognostic parameter for CLND status by various groups 22,25,26. In our investigation, we also found a significant association between tumor thickness and positive CLND status, because patients with metastatic NSLN had a greater median tumor thickness (p=0.022). Rossi and coworkers, however, recently failed to describe any universal, reproducible and significant parameter for CLND status concerning patients or tumor characteristics 21.

Histopathological characteristics of the primary melanoma, namely nodular tumor type, nevus association, ulceration, regression and no special tumor characteristics (NSTC), were significantly associated with positive CLND status (p=0.027). However, due to low numbers this p value should be taken with caution. In addition, no association of positive CLND status with sex, age, tumor site, Clark level and histological subtype could be found. Therefore we did not perform multivariate analysis. Other published studies even failed to identify any predictive parameters on univariate analysis 27,28.
Reeves et al. showed ulceration to be an independent and significant parameter concerning the risk for metastatic deposits in NSLN using the SU score (size/ulceration) which could not be confirmed in our study population 29. 
In our study, 28.6% of the patients with regressive melanoma showed metastatic affection of NSLN. Therefore our data suggest that regression is an important predictive factor for a positive CLND status. Whether regression is a positive or rather a negative predictive factor for SLN and NSLN status has been controversially discussed in the literature and data are inconsistent 30-32.
The kind and size of metastatic involvement of the SLN also plays an important role as a risk factor for further metastases in CLND 29,33,34. 

In this context it is very remarkable that none of our patients with micrometastases in the SLN displayed further metastasis in CLND. This is in accordance with an earlier report by Glumac et al. 35. There is a need of clarification whether CLND influences outcome of patients with metastatic SLN. We, therefore, encourage all dermato-oncologic centers to participate in the clinical trial of the German Study Group for Dermato-Oncology (DeCOG) focusing on this question.
In three recent studies the association of the size of metastatic deposits in SLN and survival has been investigated 12,13,36. Van der Ploeg et al. found a significant survival benefit in patients with metastatic SLN up to a diameter of 1 mm (3-year survival rate 100%) in contrast to deposits over 1 mm (3-year survival rate 80%) 13. Ollila DW et al. divided their SLN patients into 4 groups: node-negative; <0.1 mm (submicrometastatic), 0.1 to 1.0 mm, and >1.0 mm tumor deposits. There was a statistically significant difference between patients who experienced a recurrence in the node-negative group (11%) and patients with recurrence in the <0.1 mm (submicrometastatic) group (24%) (p = 0.049). Patients with submicrometastatic disease had a statistically significant (p = 0.048) earlier recurrence than node-negative patients. These results suggest that patients with submicrometastatic SLN should not be treated as node-negative, as it appears to represent a more aggressive melanoma associated with a substantially faster time to recurrence 36.
In contrast, Jakub JW et al. found DFS and OS to be independent from the metastatic amount in 229 SLN-positive patients. In case of positive NSLN in CLND, however, DFS and OS were significantly worse. These findings also correspond very well to our findings 12.
The prognostic importance of CLND is undoubted. Patients with metastasis-free NSLN revealed a 5-year survival rate of 61.5% in contrast to 20.3% in patients with metastatic NSLN (who are obviously at increased risk for the development of distant metastases). However, patients with positive SLN who had refused to undergo CLND experienced an even better prognosis (DFS: 97 months, 5-year DFS rate 71%; OS: 107 months, 5-year OS rate 75.9%) than patients with CLND. At this point, there may be a bias in our findings attributed to the relatively high proportion of micrometastatic SLN (19/37 patients - 51.4%) as compared to macrometastatic SLN (48.6%) in the group of patients refusing CLND, whereas the overall rate of patients with micrometastatic SLN was only 16%. It remains to be discussed whether residual lymph nodes are prerequisite for continued tumor surveillance and immune response. 
On the other hand patients with positive NSLN showed a mean DFS of 32 months (5-year DFS rate: 20.3%) and a mean OS of 46 months (5-year OS rate: 26.1%).

In conclusion, besides Breslow tumor thickness we could not find any tumor- or patient-associated parameters significantly correlated with CLND status and, therefore predictive for positive CLND status associated with shorter DFS and OS. Especially the prognostic value of the amount of metastatic involvement in the SLN should be the object of further research to better identify patients who may benefit from CLND and to avoid CLND in patients in whom the disadvantages of such an invasive intervention outweigh the benefits.
Figure 1: Kaplan-Meier curve for disease-free survival of patients undergoing successful CLND. The 5-year disease-free survival was 61.5% and 20.3% for negative and positive NSLN, respectively.

Figure 2: Kaplan-Meier curve for overall survival of patients undergoing successful CLND. The 5-year disease-free survival was 74% and 26.1% for negative and positive NSLN, respectively.
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