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Abstract

:

Simple Summary


The aim of the present study was to investigate long-term outcomes of melanoma patients who had micrometastasis on sentinel lymph node (SLN) biopsy. We focused on the comparison between melanoma patients with and without complete lymph node dissection (CLND) following a positive SLN biopsy result. Patients without CLND did not significantly differ from patients with CLND in regard to age, gender, tumor thickness, tumor ulceration, capsule infiltration of SLN, and invasion level of SLN. On 10-year analysis, we did not observe a significantly increased risk for melanoma relapse or melanoma-specific death in patients who did not undergo CLND after the detection of micrometastases on SLN biopsy. On 20-year analysis, again, the patients without CLND had no significantly increased risk of melanoma relapse and worse melanoma-specific survival. Hence, our 10-year survival data confirm the current notion that waiving CLND in SLN-positive patients does not result in clinical disadvantages with respect to melanoma-specific survival. For the first time, we demonstrate on 20-year survival analysis that relapse rates and melanoma-specific survival does not significantly differ between patients with or without CLND on long-term follow-up.




Abstract


Complete lymph node dissection (CLND) following positive sentinel lymph node (SLN) biopsy has been the standard of care for decades. We aimed to study melanoma patients with an emphasis on the outcome of patients with versus without CLND following positive SLN biopsy. SLN-positive patients with or without CLND were compared regarding important prognostic clinical and histological characteristics. Ten-year and 20-year survival curves for melanoma relapse and melanoma-specific survival (MSS) were determined by the Kaplan-Meier method and Cox proportional-hazards regression. We studied 258 patients who had micrometastases in their SLN biopsy. CLND was performed in 209 of 258 patients (81%). Hence, in 49 of 258 patients (19%) with SLN micrometastases, CLND was not performed. These patients did not significantly (p > 0.05) differ from patients with CLND in regard to age, gender, tumor thickness, tumor ulceration, capsule infiltration of SLN, or invasion level of SLN. On 10-year analysis, we did not observe a significantly increased risk for melanoma relapse and worse in MSS in patients who did not undergo CLND (hazard ratio: 1.1 (95% CI 0.67 to 1.7) and 1.1 (95% CI 0.67 to 1.9), respectively). On 20-year survival analysis, we confirmed that the risk of melanoma relapse and impaired MSS does not significantly increase in patients without CLND (hazard ratio: 1.2 (95% CI 0.8 to 1.9) and 1.3 (95% CI 0.8 to 2.3), respectively). On 10-year as well as 20-year multivariable follow-up analysis (including several important prognostic factors), Cox proportional-hazards regression showed that the status of CLND did not remain in the regression model (p > 0.1). Our 10-year data give conclusive support to previous investigations indicating that waiving CLND in patients with SLN micrometastases does not affect MSS. More importantly, our long-term follow-up data confirm for the first time the 10-year survival data of previous investigations.
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1. Introduction


Cutaneous melanoma is associated with more than 55,000 deaths per annum worldwide. Despite the advent of novel effective therapies, such as immune and targeted therapy, melanoma remains a life-threatening disease once it cannot be cured by surgery alone [1,2]. Sentinel lymph node (SLN)-biopsy (SLNB) is a proven and reliable prognostic tool. As reported in the second Multicenter Selective Lymphadenectomy Trial (MSLT-2) [3,4], the 10-year melanoma-specific survival (MSS) of patients with intermediate-thickness melanomas (1.2–3.5 mm) was 85.1% for SLN-negative and 62.1% for SLN-positive patients (p = 0.0001). Currently, SLNB is performed starting at a Breslow tumor thickness of 1 mm. Moreover, thinner (0.75 mm) melanomas with ulceration, patient-age under 40 years, and increased mitosis index are also recommended for SLNB on an individual basis. In patients with thicker melanomas, 10-year MSS was 64.4% for negative SLN and 48.0% (p = 0.03) for positive SLN. Indeed, SLN-status frequently proved to be a strong predictor of MSS [1,2,3,4,5].



In many cancer centers all over the world, the clinical value of CLND for melanoma patients with SLN micrometastases has been put into perspective within the last decade. By contrast, in the current German S3-guideline for the management of melanoma, there is still no definitive statement against CLND in case of micrometastases [1]. Notwithstanding, clinical practice has changed due to recent data obtained from two randomized trials. Faries et al. [5] have shown that, on the one hand, immediate CLND increased the rate of regional disease control and provided prognostic information, but on the other hand, CLND did not increase the MSS rate when compared to the observation group [5]. Leiter et al. [6] also found no difference in survival rates of patients treated with CLND compared with observation only. Consequently, Leiter et al. [6] concluded that CLND should not be recommended in melanoma patients with SLN micrometastases of at least a diameter of 1 mm or smaller [6]. The updated results of the aforementioned trial (7-year survival data) showed similar hazard ratios compared with those at the 3-year analysis [7]. Hence, these results confirmed that immediate CLND in SLN-positive patients is not superior to observation with respect to distant metastasis-free survival, relapse-free survival, and overall survival [7]. Indeed, Bilimoria et al. [8] showed that additional micrometastases are detected only in about 20% of melanoma patients undergoing CLND, indicating that 80% of patients may have unnecessarily been put at risk of surgery complications. Furthermore, CLND is associated with considerably greater morbidity than SLNB alone (23% vs. 5%) [8]. Previous retrospective studies did also reveal that CLND for SLN-positive melanoma patients is not superior to observation [9,10]. In the present article, we report our single center long-term experience in patients who had undergone SLNB, focusing on the question of whether waiving CLND following a positive SLNB is a disadvantage with respect to melanoma relapse and MSS.




2. Materials and Methods


2.1. Patients


The present investigation was carried out at the Skin Cancer Center of the Ruhr-University Bochum (North-Rhine-Westphalia, Germany). The study was approved by the local ethics review board (Ruhr-University Bochum). We selected all melanoma patients who had undergone SLNB between 1999 and 2020 and checked their files for sufficient data with respect to time of primary surgery, SLNB and, if performed, CLND as well as tumor characteristics, such as Breslow thickness, ulceration, SLN status, CLND status, and further clinical follow-up information. Patients with available clinical history and data were included in further analyses. All melanomas were diagnosed by full primary excision with further histological examination. Predominant indication for SLNB was a Breslow tumor thickness of 1 mm or more. For tumors with a thickness between 0.75 mm and 1 mm, a SLNB was considered at presence of ulceration, increased mitotic rate, and age under 40 years. SLNB and CLND were performed in accordance with previous guidelines [1]. As in our previous study [11,12], macro-metastases in regional lymph nodes and distant metastatic disease were checked by physical examination and staging procedures, including ultrasound, computed tomography, and magnetic resonance imaging [1]. Based on previous clinical practice, patients with micrometastases in the SLN usually received CLND. Patients without micrometastases in their SLN and a primary tumor thickness of ≥1.5 mm were usually treated with adjuvant low-dose interferon alfa-2a therapy (Roferon; Roche Pharma AG, Grenzach-Wyhlen, Germany) [1]. Adjuvant high-dose interferon alfa-2b (Intron; MSD, Munich, Germany) was recommended for patients with micro-metastases in their SLN. Follow-up was performed according to the respective national guidelines: For patients with primary tumors <1 mm tumor thickness, clinical investigations were carried out every six months; patients with thicker primary melanoma had their check-ups every three months. Lymph node ultrasound and determination of serum S100B and lactate dehydrogenase were performed as well. In stage III with regional metastatic disease, whole-body imaging was usually performed in 6-month intervals; in stage IV patients, surveillance was scheduled individually [1]. Patient data was retrieved from the electronic database of the hospital; survival data were updated using chart reviews and by contacting patients, relatives, online obituary notices, resident practitioners, oncologists, and dermatologists.




2.2. Histology and Immunohistochemistry


Preparation, macroscopic examination, sampling, and microscopic examination were performed in line with the recommendations for pathologic examination of the SLN of melanoma patients as proposed by Scolyer et al. [13] All SLNs were serially sectioned and stained with hematoxylin and eosin. In addition, immunohistochemical staining was performed for S100 and Melan-A/MART-1 (Dako, Hamburg, Germany). All SLNs and nodes from CLND were assessed by two senior dermatopathologists.




2.3. Statistics


Data analysis was performed using the statistical package MedCalc® v20.008 (MedCalc Software Ltd., Ostende, Belgium). Distribution of data was assessed by the D’Agostino-Pearson test. Non-normally distributed data were expressed as medians and range. Data were analyzed using the Chi2 test and Mann-Whitney test. On univariable analysis, 10-year as well as 20-year survival regarding melanoma relapse and MSS were examined by using the Kaplan–Meier method; differences between the curves were assessed by the log-rank test including hazard ratios and its 95% confidence interval (CI). Multivariable analysis, including logistic regression and Cox proportional-hazards regression, was performed including important prognostic factors (tumor thickness, ulceration, age, gender, SLN status, CLND status, adjuvant interferon). p-values of <0.05 were considered significant.





3. Results


We identified 929 melanoma patients [males: 430 (46.3%); females: 499 (53.7%); median age was 58 years, range: 15–90 years)] who had undergone SLNB. Of these 929 patients, 258 (27.8%) had a positive SLN status. Details of demographics and results of univariable statistics regarding the SLN-positive patients (n = 258) with or without CLND are listed in Table 1. Median relapse-free survival was 72 months (1–251) and median MSS 96 months (2–251). CLND was performed in 209 of 258 patients (81%) with positive SLN status. In 54 of 209 patients with CLND (25.8%), positive lymph nodes were detected (median = 1.5 (range: 1–28)). Whereas the detected number of positive SLNs was not significantly (p = 0.39) associated with MSS, patients with more than one detected positive lymph node on CLND more frequently had unfavorable MSS (p = 0.0029). In 49 of 258 SLN-positive patients (19%), CLND was not performed. The reasons for this were diverse, including comorbidities, missing patient consent, and changes in melanoma management. As shown in Table 1, SLN-positive patients without consecutive CLND did not significantly (p > 0.05) differ from patients with CLND with respect to important prognostic parameters, including age, gender, tumor thickness, tumor ulceration, capsule infiltration of SLN, invasion level of SLN, disease relapses, and deaths.



The anatomic sites of relapses (local, regional, distant) did not significantly (p = 0.52) differ between patients with or without CLND as well. However, there was a significant (p = 0.0007) difference between both groups regarding the use of adjuvant interferon therapy, which was more frequently employed in patients with CLND (83.3% vs. 61.2%, Table 1). Overall, there were 25 (51%) relapse events in the 49 patients without CLND vs. 106 (50.7%) relapses in the 209 patients with CLND. Moreover, we observed 19 (38.8%) melanoma-specific deaths in the 49 patients without CLND vs. 75 (35.9%) melanoma-specific deaths in the 209 patients with CLND. Based on the 10-year analysis (Figure 1), there was no significantly increased risk for melanoma relapse in patients who did not undergo CLND after positive SLN biopsy as compared to patients who had undergone CLND [p = 0.78; hazard ratio: 1.1 (95% CI 0.67 to 1.7)].



Moreover, 10-year survival analysis did not reveal a significantly increased risk for impaired MSS in patients who did not undergo CLND [p = 0.64; hazard ratio: 1.1 (95% CI 0.67 to 1.9)]. On logistic regression analysis, high tumor thickness (p = 0.0004; odds ratio: 2.6, 95% CI 1.5 to 4.5) and higher age (p = 0.0013; odds ratio: 2.5, 95% CI 1.4 to 4.4) were independent predictors for melanoma relapse. With respect to the risk of dying from melanoma, high tumor thickness (p = 0.012; odds ratio: 2.2, 95% CI 1.2 to 3.9) and tumor ulceration (p = 0.032; odds ratio: 1.8, 95% CI 1.1 to 3.1) were independent predictors. Notably, positive SLN status did not remain in the regression model. Using the 10-year dataset (Table 2), low tumor thickness, ulceration, and absence of adjuvant interferon therapy remained in the Cox proportional-hazards regression model as significant predictors for melanoma relapse and MSS, respectively. CLND status did not remain in the model (p > 0.1). Using the 20-year follow-up data (Table 2), again, low tumor thickness, ulceration, and absence of adjuvant interferon therapy were the only significant predictors for melanoma relapse and MSS, respectively. The status of CLND did not remain in the regression model (p > 0.1). On 20-year analysis, Kaplan-Meier curves illustrate that there was no significantly increased risk for late melanoma relapse or Melanoma-specific death in patients who did not undergo CLND after positive sentinel lymph node biopsy (Figure 2).




4. Discussion


Melanoma surgery has been changed during the last decades. For example, safety margins in the excision of primary melanomas are currently considerably smaller than in previous times. Furthermore, the clinical value of CLND for melanoma patients with SLN micrometastases has been put into perspective within the last decade. Since about 80% of patients with SLN micrometastases have their nodal disease exclusively confined to the SLN, the majority of SLN-positive patients who are treated with CLND are exposed to potential complications of the CLND procedure when they probably cannot benefit from the additional surgical intervention. By treating with immediate CLND for SLN micrometastases, one may prevent the development of palpable metastases in the draining basin allowing for increased regional tumor control. But only patients with micrometastases beyond the SLN—which only applies to about 20% of SLN-positive cases—benefit from CLND. In contrast, patients with additional non-SLN micrometastases have worse survival rates, and thus having the knowledge about the status of non-SLN tumor load potentially provides prognostic information [14,15,16,17]. Our data confirm the relatively low number of non-SLN micrometastases detected on CLND in 25.8% of cases.



Recently, two pivotal randomized controlled trials have addressed the value of CLND in almost 2500 melanoma patients with SLN micrometastases [5,6,7]. In both of these investigations, patients with a positive SLN were prospectively randomized to performance of CLND versus ultrasound observation, and CLND only in case of later nodal recurrence. For patients with a positive SLN, these studies do not demonstrate a significant survival benefit of performing a CLND versus nodal observation [5,6,7]. As in several previously published retrospective trials [9,10,18,19,20], our patient collective from a single cancer center did not significantly differ with respect to most known prognostic factors (age, tumor thickness, ulceration). Since we did not observe significant differences between the CLND and non-CLND groups with respect to important prognostic parameters, except for adjuvant interferon, we refrained from retrospective matched-pair approaches performed by other researchers. Notably, our investigation also took a detailed analysis of important prognostic parameters in the SLN into account [15,16]. Hence, we have included in our analysis data on capsule infiltration in the SLN, tumor invasion level, and, in particular, number of positive SLN. The latter was considered only in two previous retrospective trials [9,20]. We did not observe significant differences between both groups for these important prognostic parameters. In a survey from Australia and New Zealand published in 2021, replies were received from respondents in 17 countries [17]. Of these, 97% were familiar with the pivotal clinical trials published by Faries et al. [5] and Leiter et al. [6] In the survey, 5% of respondents reported routinely recommending CLND and 55% recommend CLND in selected cases. Downs et al. [17] found that respondents were most likely to recommend CLND when multiple SLNs were positive.



In a retrospective investigation performed by van der Ploeg et al. [9] in 1174 patients with SLN-positive melanoma 1113 patients with CLND were compared to 61 patients without CLND. They observed that CLND had no positive effect on MSS in univariate and multivariate statistics. Similar data were reported in a single center study by Satzger et al. [10] who compared SLN-positive melanoma patients (n = 305) with or without immediate CLND. They found that patients with a minimum tumor burden (<0.1 mm) in the SLN did not significantly benefit from CLND. Even in patients with higher tumor load in the SLN, CLND did not turn out to be a prognostic marker in multivariate statistics [10]. In contrast, Lee et al. [20] also retrospectively studied 471 patients with positive SLN biopsy including 375 (79.6%) who underwent CLND and 96 (20.4%) who did not undergo CLND. The groups were comparable except that the CLND group was younger and had more SLN removed. Interestingly, MSS of patients in the CLND group was significantly (p = 0.015) superior to the observation group with a 10-year survival rate of 66.8 vs. 48.3%. On multivariate analysis, CLND was also associated with improved MSS (hazard ratio 0.60, 95% CI 0.40–0.89, p = 0.011) and lower nodal recurrence (hazard ratio 0.46, 95% CI 0.24–0.86, p = 0.016) [20].



Indeed, our 10-year survival data give support to the results of the two randomized trials and most retrospective observations, indicating that SLN-positive patients without immediate CLND do not perform worse with respect to MSS compared to SLN-positive patients with CLND. By contrast, we did also not observe a decreased relapse-free 10-year survival in non-CLND patients as found by other research groups [5,6] In contrast to previous studies, we also performed a 20-year survival analysis. Hence, we could confirm the 10-year survival data of the present and previous studies by long-term follow-up analysis, showing that waiving CLND did not turn out to be a significant predictor for melanoma relapse and worse MSS. Of note, patients with CLND had significantly more frequently adjuvant interferon therapy compared with the patients without CLND. The only significant factor differing between both groups studied. Moreover, our multivariable analysis revealed that absence of adjuvant interferon therapy was a significant independent predictor for worse outcomes. This observation may indicate that there is still a role for adjuvant interferon in melanoma, even though the efficacy of adjuvant interferon in this setting is considered very limited.



From an immunological point of view, one may speculate that waiving CLND is of clinical benefit [21,22,23]. The SLN status is considered as an indicator for the metastatic capacity of the tumor [21,22,23]. Melanomas may suppress immune activity not only within the tumor, but also in the draining of lymphatic tissues as is evidenced by reduced counts and/or clonality of tumor reactive cytotoxic T cells in the SLN. Thus, the immune status of the SLN seems to depend on factors transferred from the primary tumor. If immunosuppression induced by the primary tumor prevents destruction of nodal micrometastases, removal of the primary should allow subsequent reactivation toward a more active immune status that—in the best case—allows immunologic elimination of tumor cells [21,22,23]. Hence, regional lymphatic immune processes may also explain at least in part why SLN-positive melanoma patients do not perform worse without immediate CLND even though 20% of these patients likely have occult non-SLN metastases.



Nevertheless, similar to several of the aforementioned studies, there are also several limitations to the present study, which was retrospective in nature and reflects the referral bias and practice pattern of a single cancer center [20]. A selection bias for those who underwent primary observation compared to those who underwent CLND may have occurred, even though there were no significant differences with respect to important prognostic parameters. Moreover, the sample size included in the present study was relatively small and disbalanced.




5. Conclusions


Our 10-year data give support to previous investigations indicating that waiving CLND in patients with SLN micrometastases does not affect MSS. More importantly, our long-term follow-up data over a 20-year period confirm for the first time the 10-year survival data of previous investigations.
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Figure 1. On the basis of 10-year survival data, Kaplan-Meier curves show that there was no significantly increased risk for melanoma relapse (A), [hazard ratio: 1.1 (95% CI 0.67 to 1.7)] or decreased melanoma-specific survival (B), [hazard ratio: 1.1 (95% CI 0.67 to 1.9)] in patients who did not undergo complete lymph node dissection (CLND) after positive sentinel lymph node biopsy. 
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Figure 2. On the basis of 20-year survival data, Kaplan-Meier curves demonstrate that there was no significantly increased risk for late melanoma relapse (A), [hazard ratio: 1.2 (95% CI 0.8 to 1.9)] or worse melanoma-specific survival (B), [hazard ratio: 1.3 (95% CI 0.8 to 2.3)] in patients who did not undergo complete lymph node dissection (CLND) after positive sentinel lymph node biopsy. 






Figure 2. On the basis of 20-year survival data, Kaplan-Meier curves demonstrate that there was no significantly increased risk for late melanoma relapse (A), [hazard ratio: 1.2 (95% CI 0.8 to 1.9)] or worse melanoma-specific survival (B), [hazard ratio: 1.3 (95% CI 0.8 to 2.3)] in patients who did not undergo complete lymph node dissection (CLND) after positive sentinel lymph node biopsy.
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Table 1. Outcome of melanoma patients (n = 258) following sentinel lymph node (SLN) biopsy with (n = 209) or without (n = 49) immediate complete lymph node dissection (CLND) on the basis of positive SLN status.






Table 1. Outcome of melanoma patients (n = 258) following sentinel lymph node (SLN) biopsy with (n = 209) or without (n = 49) immediate complete lymph node dissection (CLND) on the basis of positive SLN status.





	
Parameters

	
CLND Not Performed (n = 49)

	
CLND Performed (n = 209)

	
p-Value (Mann-Whitney, Chi2 test)






	
Age

	

	

	
=0.45




	
<65 years

	
31 (63.3%)

	
144 (68.9%)




	
≥65 years

	
18 (36.7%)

	
65 (31.1%)




	
Gender

	

	

	
=0.81




	
F

	
23 (46.9%)

	
102 (48.8%)




	
M

	
26 (53.1%)

	
107 (51.2%)




	
Tumor thickness (mm)

	
2.4 (0.96–11)

	
2.5 (0.74–24)

	
=0.55




	
High-risk melanoma (>2 mm thickness)

	

	

	
=0.46




	
No

	
16 (32.7%)

	
80 (38.3%)




	
Yes

	
33 (67.3%)

	
129 (61.7%)




	
Ulceration

	

	

	
=0.10




	
No

	
23 (46.9%)

	
125 (59.8%)




	
Yes

	
26 (53.1%)

	
84 (40.2%)




	
More than 1 positive SLN

	

	

	
=1.0




	
No

	
44 (88.6%)

	
189 (89.4%)




	
Yes

	
5 (11.4%)

	
20 (10.6%)




	
Capsule infiltration in SLN §

	

	

	
=0.72




	
No

	
41 (89.1%)

	
188 (90.8%)




	
Yes

	
5 (10.9%)

	
19 (9.2%)




	
SLN invasion level (mm)

	
0.7 (0.1–3.4)

	
0.54 (0.05–32)

	
=0.83




	
Adjuvant interferon

	

	

	
=0.0007 *




	
No

	
19 (38.8%)

	
35 (16.7%)




	
Yes

	
30 (61.2%)

	
174 (83.3%)








§ unknown data of 5 cases not included, * statistically significant.
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Table 2. Cox proportional-hazards regression model for 10-year as well as 20-year melanoma relapse (MR) and melanoma-specific survival (MSS) in 258 patients with positive sentinel lymph node (SLN) biopsy with or without subsequent complete lymph node dissection (CLND).






Table 2. Cox proportional-hazards regression model for 10-year as well as 20-year melanoma relapse (MR) and melanoma-specific survival (MSS) in 258 patients with positive sentinel lymph node (SLN) biopsy with or without subsequent complete lymph node dissection (CLND).





	
Variables Included

	
10-Year Survival

	
20-Year Survival




	
MR

	
MSS

	
MR

	
MSS




	
HR

(95% CI)

	
p-Value

	
HR

(95% CI)

	
p-Value

	
HR

(95% CI)

	
p-Value

	
HR

(95% CI)

	
p-Value






	
Tumor thickness < 2 mm

	
0.52

(0.34–0.78)

	
=0.0018

	
0.54

(0.33–0.9)

	
=0.017

	
0.49

(0.32–0.74)

	
=0.0008

	
0.52

(0.31–0.86)

	
=0.012




	
Ulceration

	
1.46

(1.01–2.1)

	
=0.041

	
1.7

(1.1–2.7)

	
=0.012

	
1.5

(1.1–2.1)

	
=0.033

	
1.7

(1.2–2.8)

	
=0.0082




	
No adjuvant interferon

	
1.7

(1.1–2.7)

	
=0.014

	
1.8

(1.2–2.9)

	
=0.0098

	
1.9

(1.2–2.8)

	
=0.0027

	
2.1

(1.3–3.3)

	
=0.0019




	
CLND status

SLN status

Age

Gender

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.








n.a. = not applicable as the variables did not remain in the regression model (p > 0.1).
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