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Abstract Background: In melanoma treatment, complete lymph node dissection (CLND) has 
been considered the therapeutic gold standard in patients with positive sentinel lymph node 
biopsy (SLNB). This long-held approach was revised in 2017, with recent evidence questioning 
the therapeutic benefit of CLND in malignant melanoma (MM) therapy. In this study, we aimed 
to fill this knowledge gap by retrospectively analyzing the impact of CLND on MM patients’ 
survival. Methods: We retrospectively analyzed the multi-center population-based Clinical 
Cancer Registry at the Tumor Center Regensburg (TUDOK) database (2004–2020) to identify 
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Recurrence-free 
survival 

patients who had been diagnosed with SLN-positive MM and underwent (non)invasive man-
agement thereof. Patient cohorts were subdivided according to the treatment received (CLND 
and waiving CLND). Primary outcomes included overall survival (OS), recurrence-free survival 
(RFS), and cumulative recurrence rate. Results: We identified 1143 MM patients, of whom 126 
(11.0%) had positive SLN status. CLND was waived in the majority of SLN-positive MM cases 
(n = 71; 56.3%), with 55 (43.7%) patients undergoing CLND. Univariable and multivariable Cox 
regression revealed no significant advantage for CLND patients compared to non-CLND patients 
in OS (HR=0.970, p = 0.915 and HR=1.295, p = 0.479, respectively), RFS (HR=1.050, p = 0.849 
and HR=1.220, p = 0.544, respectively), and cumulative recurrence rate (HR=1.234, p = 0.441 
and HR=1.220, p = 0.544), respectively). Conclusion: We found that CLND had no significant 
impact on patient survival and MM recurrence rate, thus corroborating the validity of current 
clinical guidelines. 
© 2024 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by 
Elsevier Ltd. This is an open access article under the CC BY license (http://creative-
commons.org/licenses/by/4.0/).     

Malignant melanoma (MM) constitutes a leading cancer 
diagnosis in the developed world, creating a persisting 
public health burden. Over the past four decades, the 
global incidence of MM has increased substantially, af-
fecting more than one million patients (5-year pre-
valence).1 Especially in developed and fair-skinned 
countries, such as Germany, the number of diagnosed MM 
cases is steadily growing.2 Albeit the 5-year survival of MM 
patients has risen to over 90%, stage IV diseases are still 
associated with a dismal prognosis.3 It is, therefore, im-
perative to investigate risk factors and optimize MM 
treatment outcomes. 

Previously, the status of regional lymph nodes in MM 
patients has been identified as reliable predictor of tumor 
control and patient survival, with the presence of nodal 
disease (at initial diagnosis) being the most significant risk 
indicator for increased mortality in MM patients.4,5 In 
1992, Morton and colleagues introduced a ground- 
breaking method, aiming to detect occult regional me-
tastases.6 This so-called sentinel lymph node biopsy 
(SLNB) is commonly performed in MM with a Breslow 
thickness of more than 1.0 mm. In case of ulceration, high 
mitosis index, and patient age under 40 years SLNB is also 
recommended for MM with a Breslow thickness from 
0.8 mm.7,8 Over the last three decades, SLNB has estab-
lished as an efficient alternative to the preventive re-
moval of unsuspicious regional lymph nodes (i.e., elective 
lymph node dissection), particularly in early-stage MM. In 
this context, it is important to note that elective lymph 
node dissection is associated with a plethora of adverse 
events and essentially no therapeutic benefit.9,10 By 
contrast, SLNB is an evidence-based diagnostic procedure 
to determine the prognosis in MM. These findings were 
underscored by the Multicenter Selective Lymphade-
nectomy Trial (MSLT-I).11–14 

Originally, SLNB served as a procedure to assess pa-
tients’ eligibility for subsequent CLND. However, long- 
term clinical experience and a robust body of evidence 
revealed that most patients with metastases in sentinel 
lymph nodes (SLN) had no metastases in non-SLN, thus 
rendering CLND redundant for this specific use case. 
Recent data from the MSLT-II and the German 
Dermatologic Cooperative Oncology Group Trial 

(DeCOG-SLT), as well as the comprehensive, retro-
spective study by Bilimoria et al. validated these observations 
and led to an adjustment of the clinical practice guide-
lines.15–17 The reworked guidelines suggest continuous ob-
servation of the regional lymph nodes.14,16 

Our aim was to investigate the clinical-therapeutic value 
of CLND in a long-term multi-center study. Ultimately, this 
line of research may provide further insight into prognostic 
parameters of survival and tumor recurrence. 

Methods 

Data source and patient selection 

In this population-based multicenter cohort analysis, data 
of primarily resected MM patients were extracted from 
the Clinical Cancer Registry at the Tumor Center 
Regensburg (TUDOK), Bavaria, Germany. All included 
cases have been newly diagnosed with MM and received 
initial therapy with curative intent within a 17-year period 
between January 1st, 2004, and December 31st, 2020. The 
TUDOK database is a regional, multi-institutional, and 
high-quality catalog of tumor patients, covering a popu-
lation of around 2.3 million inhabitants of the regions 
from Lower Bavaria to Upper Palatinate. Patient data 
were collected from the University Hospital Regensburg, 
more than 50 regional hospitals, and approximately 1500 
private practices. 

Variable extraction 

Clinical and histopathological variables were extracted 
from electronic and written medical records. Patient 
characteristics included (i) patient demographics, such as 
age and gender, and (ii) other diagnostic factors, including 
the year of diagnosis, family history, and previous tumor 
diseases. Tumor characteristics were defined as tumor 
localization (i.e., International Statistical Classification of 
Diseases and Related Health Problems [ICD]-10 diagnosis), 
histological subtype, TNM classification, Union for inter-
national cancer control (UICC) stage, and tumor thickness 
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in mm. Moreover, details on (additional) treatment and 
surgical variables (e.g., resection margin) were collected. 
In terms of outcomes, follow-up data, such as actual life 
status and death certificates, were retrieved directly from 
the regional registration offices to complement the data-
bank of the Quality Management and Health Services 
Research of the University Hospital of Regensburg. Disease 
relapse was defined by local tumor recurrence or distant 
metastasis, which were diagnosed via radiological imaging 
with clinical correlation or histologic confirmation. Based 
on these follow-up variables, overall survival (OS), cumu-
lative recurrence rate (i.e., overall recurrence rate in-
cluding local, regional, and distant recurrence), and 
recurrence-free survival (RFS) were estimated. 

Cases with secondary MM, UICC stage IV, preoperatively af-
fected lymph nodes, and R1/R2-resected tumors were ex-
cluded. Patients diagnosed in 2020 were excluded from the 
study cohort because of biases caused by surgery curtailment 
during the COVID-19 pandemic. To overcome treatment bias, 
patients receiving adjuvant checkpoint-inhibitor therapy and 

targeted therapy were also excluded. Figure 1 illustrates the 
flow diagram of the screening and selection process. Tumor 
staging was performed manually and according to the eighth 
edition of the American Joint Committee on Cancer (AJCC) 
cancer staging.18 While adjuvant therapy in the form of ad-
juvant radiation, immunotherapy, and/or interferon therapy 
was administered based on the recommendation of a multi-
disciplinary tumor board, only adjuvant interferon therapy was 
included in multivariable analysis. Patient data were encoded 
via pseudonymized numbers, justifying this analysis as non- 
human subject research. 

Statistical analysis 

Data were analyzed with IBM SPSS Statistics Version 28.0 (IBM 
Corp., Armonk, N.Y., USA). Continuous variables are reported 
as means with standard deviations and were analyzed with 
Student’s t-tests in case of log-normal distribution. Otherwise, 
Mann-Whitney U-test was used. Categorical variables were 

Figure 1 Study profile (flow chart). 1180 patients were excluded from the initial study population because of the occurrence 
of multiple MM, distant metastasis at primary diagnosis, preoperative affected lymph nodes, missing identification of primary 
melanoma (i.e., T = 0), R1/R2-resected tumors, diagnosis in 2020, and receiving MEK/BRAF inhibitors, or PD-1/CTLA-4 in-
hibitors. 
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analyzed for their independence with Pearson’s Chi-square. 
Statistical significance was set at p values < 0.05. OS, RFS, and 
cumulative recurrence rates were calculated from the date of 
primary tumor resection to the date of first recurrence, the 
date of death from any cause, or the date of last survival until 
the cut-off date of December 31st, 2021. Patients, who were 
alive after the cut-off date or had missing follow-ups, are re-
ported as censored cases. Kaplan-Meier and Cox-regression 
methods were used for survival analysis. The log-rank test was 
calculated to assess differences in outcome estimates. To in-
vestigate the impact of CLND and other risk factors on OS 
and RFS, univariable and multivariable Cox regression were 
performed for the entire study cohort and subgroups. Results 
were reported as hazard ratios (HR) and 95% confidence inter-
vals (CI). 

Results 

Patient and tumor characteristics 

The study population included 1143 MM patients who un-
derwent SLNB over a 16-year review period between 2004 
and 2019. Of these, 126 (11.0%) had positive SLN status. 
CLND following a positive SLNB was performed in 55 pa-
tients, and CLND was not performed in 71 patients. More 
than one-third of MM was located at the trunk (n = 49, 
38.2%), while 51 cases were histopathologically classified as 
nodular melanoma (40.5%). The resection margin at exci-
sion of the primary tumor exceeded 1 cm in the majority of 

cases (n = 65, 51.6%). Adjuvant interferon therapy was 
given to 33 patients (26.2%). Table 1 and Table 2 present 
patient demographics and tumor characteristics of the total 
study population. 

In terms of prognostic factors (such as age, sex, family 
history), we found no significant differences between pa-
tients with versus without CLND following positive SLNB. 
CLND was performed significantly more frequently between 
2004 and 2014 than at later time stamps (p = 0.027) 
(Figure 2). 

Survival analysis 

While a total of 49 patients died during the study period, 
tumor recurrence was recorded in 54 cases. The mean 
follow-up was 5.6 years (median: 5.2 years). The 5-year 
OS was 67.1% for the CLND group and 65.2% for the non- 
CLND group (Figure 3). Multivariable Cox regression 
(HR = 1.295, 95% CI: 0.632–2.653, p = 0.479) revealed that 
CLND had no significant impact on patient survival. In 
addition, poorer OS among patients with CLND was also 
seen in the subgroup of patients diagnosed between 2010 
and 2014 (HR = 7.531, 95% CI: 1.317–43.064, p = 0.023).  
Table 4 and Table 5 present multivariable survival 
analyses of OS for MM patients according to accom-
plished CLND. 

No significant correlation between CLND performed 
and recurrence rate was found in the multivariable Cox 
regression (HR = 1.773, 95% CI: 0.858–3.666, p = 0.122). 
Analyzing recurrence rates in subgroups, patients 

Table 1 Patient characteristics according to CLND (n = 126).            

CLND  

Yes No Total X2 

Count (%) Count (%) Count (%) p  

Sex Male 39  70.9% 43  60.6% 82 65.1%  0.227 
Female 16  29.1% 28  39.4% 44 34.9%  

Age at diagnosis Median 52.397 + 14.537  57.177 + 15.656  56.252 + 15.651     
< 50 22  40.0% 23  32.4% 45 35.7%  0.748 
50–59 13  23.6% 17  23.9% 30 23.8%  
60–69 8  14.5% 10  14.1% 18 14.3%  
70+ 12  21.8% 21  29.6% 33 26.2%  

Year of diagnosis 2004–09 18  48.7% 19  51.3% 37  100%  0.027 
2010–14 26  54.2% 22  45.8% 48  100%  
2015–19 11  26.8% 30  73.2% 41  100%  

Family history Yes 14  25.5% 16  22.5% 30 23.8%  0.703 
No/unknown 41  74.5% 55  77.5% 96 76.2%  

Previous tumor diseases Yes 4  7.3% 12  16.9% 16 12.7%  0.107 
No/unknown 51  92.7% 59  83.1% 110 87.3%  
Total 55  100.0% 71  100.0% 126 100.0%    
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receiving no interferon-alpha therapy (HR = 3.317, 95% 
CI:1.187–8.289, p = 0.021) and patients diagnosed be-
tween 2010 and 2014 (HR = 3.317, 95% CI:1.187–8.289, 
p = 0.021) showed significantly higher tumor recurrence in 
multivariate analysis when they were treated with CLND. 
Furthermore, prognostic factors, such as tumor localiza-
tion (HR=18.953, 95% CI: 3.427–104.826, p  <  0.001) and 
age (HR = 3.319, 95% CI: 1.267–8.692, p = 0.015) had a 
significant impact on disease recurrence. Detailed multi-
variable survival analyses of the recurrence rate for MM 

patients (stratified by CLND performed) are listed in  
Table 4 and Table 5. 

Regarding RFS, there were no significant differences 
between patients with versus without CLND (HR = 1.220, 
95% CI: 0.641–2.322, p = 0.544). Subgroup analysis re-
vealed significantly improved RFS of patients undergoing 
CLND among patients with MM classified as histological 
subtypes other than superficial spreading and nodular 
(HR = 0.006, 95% CI: 0.000–0.208, p = 0.005). Again, 
tumor localization (HR=16.409, 95% CI: 3.630–74.170, 

Table 2 Tumor characteristics according to CLND (n = 126).            

CLND x2 

Yes No Total p 

Count (%) Count (%) Count (%)   

Localization (ICD-10) Trunk (C43.5)  21  38.2%  28  39.4%  49  38.2%  0.097 
Face/Neck (C43.0–4)  2  3.6%  6  8.5%  8  6.3%  
Upper extremities (C43.6)  15  27.3%  8  11.3%  23  18.3%  
Lower extremities (C43.7)  17  30.9%  29  40.8%  46  36.5%  

Side Left  21  38.2%  38  53.5%  59  46.8%  0.103 
Right  29  52.7%  24  33.8%  53  42.1%  
Middle/unknown  5  9.1%  9  12.7%  14  11.1%  

Histological subtype Superficial spreading  11  20.0%  19  26.8%  30  23.8%  0.815 
Nodular  26  47.3%  25  35.2%  51  40.5%  
Lentigo maligna  1  1.8%  1  1.4%  2  1.6%  
Acral-lentiginous  2  3.6%  3  4.2%  5  4.0%  
Amelanotic  3  5.5%  3  4.2%  6  4.8%  
Malignant (NOS)  12  21.8%  20  28.2%  32  25.4%  

T T1  1  1.8%  3  4.2%  4  3.2%  0.666 
T2  13  23.6%  21  29.6%  34  27.0%  
T3  25  45.5%  26  36.6%  51  40.5%  
T4  16  29.1%  21  29.6%  37  29.4%  
TX  0  0.0%  0  0.0%  0  0.0%  

N N1  38  69.1%  56  78.9%  94  74.6%  0.229 
N2  13  23.6%  11  15.5%  24  19.0%  
N3  4  7.3%  2  2.8%  6  4.8%  
NX  0  0.0%  2  2.8%  2  1.6%  

Tumor thickness (mm)  < 1  1  1.8%  2  2.8%  3  2.4%  0.498 
1–2  10  18.2%  19  26.8%  29  23.0%  
2–4  25  45.5%  24  33.8%  49  38.9%   
> 4  18  32.7%  22  31.0%  40  31.7%  
Unknown  1  1.8%  4  5.6%  5  4.0%  

Resection margin (mm)  < 5  0  0.0%  0  0.0%  0  0.0%  0.116 
5–9  0  0.0%  0  0.0%  0  0.0%   
> 10  24  43.6%  41  57.7%  65  51.6%  
Unknown  31  56.4%  30  42.3%  61  48.4%  

Number of positive SLN 1  45  81.8%  61  85.9%  106  84.1%  0.532 
2  10  18.2%  10  14.1%  20  15.9%  

Adjuvant Interferon therapy Yes  18  32.7%  15  21.1%  33  26.2%  0.142 
No  37  67.3%  56  78.9%  93  73.8%   
Total  55  100.0%  71  100.0%  126  100.0%    
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Figure 2 Proportion of cutaneous melanoma patients receiving CLND per year.  

Figure 3 Survival in melanoma patients: Kaplan Meier estimates of OS in patients with and without CLND (p = 0.915).  
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p  <  0.001) was identified to be an important predictor for 
RFS. In a ten-year analysis, Kaplan-Meier estimates in-
dicated that there was neither lower OS and lower RFS nor 
higher risk of recurrence for MM patients who did not re-
ceive CLND after positive SLNB (Figure 3 and Figure 4, and  
Figure 5). 

Discussion 

Real-world implementation of clinical guidelines 
with regard to CLND 

The management of nodal metastases in MM patients 
has changed fundamentally over the past two decades. 
At the time of this study’s completion, four years have 
passed since the DeCOG study was published, introducing 
revised guidelines on CLND, which were reaffirmed by 
the MSLT-II one year later. Interestingly, findings of 
the aforementioned trials about the efficacy of CLND 
following a positive SLNB were immediately implemented 
into the clinical workflow. In our study, one year before 
the DeCOG, CLND accounted for 53.8% (7/13). In the fol-
lowing year, however, the proportion of CLND decreased 
to 42.9% (3/7), and one year after publication of the MSLT 
II, the number of CLND eventually dropped to 14.3% (1/6). 
This trend of declining CLND rates was also noted inter-
nationally, as evidenced by studies from the United 
States, Canada, Poland, and Germany.19–21 

While numerous population-based studies investigated 
the benefits of CLND in the decade prior to the dogmatic 
shift in clinical guidelines, there is a scarcity of research 
work analyzing the impact of the guideline changes 
through a clinical lens.5,22 This study is the first multi-
center effort to address this knowledge gap by comparing 
both treatment eras. Ultimately, the herein presented 
insights may help clinicians better understand the clinical 
impact and relevance of the current guidelines. 

Insufficient therapeutic effects of CLND on survival 
and recurrence 

Consistent with the landmark trials DCOG and MSLT II, we 
found no survival benefit of SLNB-positive patients un-
dergoing CLND – both in OS and melanoma-specific 
survival (MSS) (HR=1.295, 95% CI: 0.632–2.653, 
p = 0.479).14,16 Moreover, in the DeCOG trial, no sig-
nificant differences in RFS were observed between pa-
tients with versus without CLND. In the MSLT II trial, no 
benefit was noted in terms of distant metastasis-free 
survival in the CLND arm.14,16 Our study confirmed these 
findings in a population-based setting (HR=1.220, 95% CI: 
0.641–2.322, p = 0.544). 

The assumption of lacking therapeutic value of CLND 
following positive SLNB, which was initially revealed in the 
two pivotal trials, was confirmed by recent population- 
based studies. While the analysis of clinical data is crucial in 
this context, studies are often limited by their single-center 
design or short study periods19,21,23–27 (Table 6). Compared 
to previous retrospective trials, our analysis of multicenter 
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data over 16 years corroborated previously established 
prognostic factors, including age, number of positive SLN, 
and primary site.5,24,28 

However, this study is the first to find an increased risk 
of recurrence in patients receiving no interferon-alpha 
therapy (HR=3.317, 95% CI:1.187–8.289, p = 0.021) and 
patients diagnosed between 2010 and 2014 (HR=3.317, 
95% CI:1.187–8.289, p = 0.021) undergoing CLND. 
The DeCOG-SLT suggested similar findings reporting a 
slight trend of higher distant metastasis-free survival 
(DFS) in the observation group compared to the 
CLND group. In contrast, studies by Faries et al. and Lee 
et al. show trends of improved disease-free survival 
in the CLND group.29 These outcomes remain to be con-
firmed in larger-scale studies. Theoretically, the pre-
sented findings could be due to the fact that distant 
metastases were present at the time of CLND surgery, 
not yet identified by imaging, or the long follow-up of 
67.2 months. 

In addition, we found that patients suffering from 
MM in the face and neck region and patients older than 
70 years showed an increased risk of cancer recurrence. 
This finding is notable in that previous evidence 
has shown that MM in the head and neck area is 
associated with reduced survival and higher tumor re-
currence.30,31 

Particularly, MM of the scalp are more likely to exhibit 
aggressive clinicopathological features, such as increased 
tumor thickness due to delayed diagnosis and a higher 
proportion of melanomas with rapid vertical growth (i.e., 
nodular MM, desmoplastic MM).32 

Further, head and neck MM underlie complex lymph 
drainage patterns and compact arborization in the nodal 
drainage. This fact and the higher density of sentinel lymph 
nodes in the head and neck complicate tumor control 
compared to other anatomical areas.33 

In addition, this study is the first to find survival benefit 
of CLND in MM classified as histological subtypes other than 
superficial spreading and nodular MM (HR = 0.006, 95% CI: 
0.000–0.208, p = 0.005). Besides Lentigo maligna (LMM), 
Acral-lentigious (ALM), and Amelanotic melanoma (AMM), a 
relatively large proportion of this subgroup is represented 
by Melanoma NOS. 

Recent studies on the association of patient survival 
and histological subtype of melanoma revealed that ALM 
and Amelanotic Melanomas have a generally dismal 
prognosis with a high metastasis rate.34 One may hy-
pothesize that the unique histologic characteristic of the 
acral skin as well as the molecular signature of ALM un-
derlie this increased ALM-related risk. Survival differ-
ences of Amelanotic melanomas can be explained by 
advanced stages at diagnosis. While the high rate of me-
tastasis for these subtypes may render CLND an advisable 
diagnostic approach, there has been sparse research ef-
fort to investigate metastasis patterns of LLM, ALM, 
and AMM. 

Our findings of a high percentage of melanoma NOS in 
our study correspond with previous research derived from 
population-based studies. Interestingly, one research group 
suggested that NOS might be a distinct genetic subtype 
requiring further research considering the significant asso-
ciation with clinical outcome.35 Ta
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Although CLND after positive SLNB is not recommended 
in the current guidelines, case-by-case decisions with 
individual indications for CLND remain part of the 
routine clinical practice. In MM cases with a greater 
tumor burden detected in the SLN, particularly increased 
size of the metastasis, the procedure of CLND is still in-
dicated.7 In this context, the present study help identify 
patient subgroups that can benefit particularly from 
CLND. 

Systemic adjuvant therapy in the post- MSLT-II 
/DeCOG-SLT era 

Nowadays, the surgical procedure of CLND is gradually re-
placed by the administration of systemic adjuvant thera-
pies, such as interferon alpha, MEK/BRAF inhibitors, or PD- 
1/CTLA-4 inhibitors. More specifically, MEK/BRAF inhibitors 
and PD-1/CTLA-4 inhibitors have shown promising ther-
apeutic potential even in advanced MM.36–38 

Our patient cohort represents a unique pool encom-
passing different possible combinations of MM therapies, 
thereby documenting the clinical impact of guideline up-
dates in the last 20 years. We further excluded potential 
confounders such as adjuvant PD-1/CTLA-4 inhibitors and 
MEK/BRAF inhibitors to ensure objective assessment of 
CLND effects. 

Adjuvant therapies were implemented into the clinical 
guidelines in 2017. As a consequence, there is a paucity of 
studies that specifically investigate the therapeutic ef-
fects of such novel treatments on OS. For example, Susok 
et al. found no significant difference in 10-year mela-
noma-specific survival between the non-CLND and CLND 
groups. Novel systemic therapy approaches were not 
listed as exclusion criteria, nor were they implemented 
into the survival analysis.24 Another study reported 
comparable RFS rates between the non-CLND group 
and the CLND group without positive non-sentinel 
lymph nodes. While 61.6% of patients underwent PD-1- 
inhibitor therapy and 12.1% underwent targeted therapy, 

Figure 4 Survival in melanoma patients: Kaplan-Meier estimates of the cumulative recurrence in patients with and without CLND 
(p = 0.440). 
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again, novel therapy options were not considered in 
multivariable analysis.26 However, different studies 
highlighted that novel systemic treatments can sig-
nificantly prolong patient survival.36–38 Therefore, pa-
tients treated with those medications may show improved 
survival rates even if they do not undergo CLND. Check-
point inhibitors and targeted therapy improve the sur-
vival of patients treated with both, novel systemic 
therapies and CLND. Overall, different combinations of 
these novel therapy approaches remain to be investigated 
in future randomized trials. 

Limitations 

The results of the study should be interpreted in light of its 
inherent limitations. Due to the retrospective study design, 

selection and indication biases in patient recruitment for 
CLND and adjuvant therapy represent possible confounding 
factors, which we accounted for by using multivariable re-
gression methods. In particular, we performed multivariable 
Cox regression analyses to account for the skewed dis-
tribution of nodal disease and tumor thickness in our pa-
tient population. Although there were no significant 
differences in the patient cohorts in terms of clinically re-
levant prognostic variables, there may be unbalanced fac-
tors influencing survival, that the study did not capture. A 
lack of data on specific histopathological findings, such as 
capsular infiltration of the SLN or SLN invasion level, might 
have led to possible computational gaps when statistically 
adjusting prognostic factors for survival analysis. In addi-
tion, despite the relatively large sample size, future large- 
scale prospective studies are warranted to substantiate our 
findings. 

Figure 5 Survival in melanoma patients: Kaplan-Meier estimates of RFS in patients with and without CLND (p = 0.849).  
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Conclusion 

Our multicenter 16-year analysis confirmed that waiving 
CLND after positive SLNB was not associated with worse 
outcomes in OS, RFS, or cumulative recurrence rate. 
Subgroup analysis revealed that patients receiving no in-
terferon-alpha therapy and patients diagnosed between 
2010 and 2014 showed higher rates of MM recurrence when 
undergoing CLND. Overall, we could verify the validity of 
current clinical guidelines on CLND using population-based 
clinical data. 
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