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Introduction

Advances in melanoma management have introduced new treatment paradigms for patients 

with sentinel lymph node (SLN) metastases. Two randomized surgical trials, the German 

Cooperative Dermatologic Oncology Group study (DeCOG-SLT) published in 2016 and 

the Second Multicenter Selective Lymphadenectomy Trial (MSLT-II) published in 2017, 

demonstrated the survival equivalence of nodal observation to routine completion lymph 

node dissection (CLND), prompting surgeons to reconsider the necessity of regional 

surgery for SLN-positive disease.1–3 Simultaneous publication of positive adjuvant systemic 

therapy trials showed that anti-CTLA4, anti-PD1, and BRAF/MEK inhibitors are more 

effective and less toxic than historic alternatives, providing additional treatment options 

for surgically-resected melanoma patients at high risk of recurrence and death.4–7 Based 

on these findings, the FDA approved ipilimumab in 2015, nivolumab in 2017, dabrafenib/

trametinib in 2018, and pembrolizumab in 2019 for adjuvant treatment of resected stage III 

melanoma, with subsequent approvals by the corresponding regulatory bodies in Europe, the 

United Kingdom, and Australia (Figure 1).8

These landmark trials provide evidence to omit (de-implement) regional surgery for SLN-

positive patients while simultaneously administering (implementing) new medical therapies 

to high-risk patients in the adjuvant setting.9 While there is some evidence to suggest a 

long average time to implementation for most practices, less is known about how quickly 

practices are de-implemented or reasons for variation in de-implementation practices.10,11 

Further, it is unknown how implementation of systemic therapies might influence de-

implementation of local or regional treatments such as CLND. While nodal observation 

and adjuvant systemic therapy trials were performed in parallel, neither were studied in 

combination, leaving patients and physicians with four potential treatment strategies – 

nodal observation alone, nodal observation with adjuvant systemic therapy, CLND alone, or 

CLND with adjuvant systemic therapy – with widely ranging treatment intensity, morbidity, 
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and cost. There are currently no comparative data to discern which option is optimal for each 

individual patient.

This unique scenario provides an opportunity to understand how new results are 

incorporated into practice for a single disease site and to study the dynamics of concurrent 

de-implementation of surgical treatment and implementation of adjuvant systemic therapy. 

As results from large oncologic databases are not yet mature, we used the database from 

the International High-Risk Melanoma Consortium consisting of 21 melanoma referral 

centers.12 Our objectives were to evaluate overall trends and center-level variation in 

de-implementation of CLND and implementation of adjuvant systemic therapy for SLN-

positive melanoma.

Methods

The International High-Risk Melanoma Consortium was established in 2017 and includes 

a geographically diverse network of 21 melanoma referral centers from Australia, Europe 

(including the United Kingdom), and the United States (US).12 In this retrospective cohort 

study, each participating center provided data on adult patients with SLN-positive cutaneous 

melanoma who were treated from July 1, 2017-June 30, 2019. Requirements for center 

participation included having a nodal surveillance protocol in place before study initiation, 

attainment of institutional ethics/review board approval, negotiation of a data use agreement 

with the coordinating center, Moffitt Cancer Center, and provision of de-identified patient 

data by established deadlines. There was no designated funding source for this study. 

Reporting is in accordance with EQUATOR guidelines (Supplemental File).

Data was collected during routine care of patients with clinically node negative melanoma 

who had metastatic melanoma in at least one SLN. Included patients were required to have 

margin-negative resection of the primary tumor and no evidence of distant metastases on 

staging studies performed either before or after positive SLN biopsy but prior to further 

treatment planning. Performance of nodal observation versus CLND and use of adjuvant 

systemic therapy (i.e., anti-PD1 or anti-CTLA4 immunotherapy, BRAF/MEK inhibitor) 

were determined by treating physicians and patients. Unlike prior adjuvant systemic therapy 

studies, patients were not required to undergo CLND before receiving adjuvant systemic 

treatment.

We determined center-level rates of de-implementation of CLND and implementation of 

adjuvant systemic therapy for each 3-month period (quarter) over the two years of study to 

describe change over time. We also described variation in comprehensive management for 

SLN-positive patients treated at each center including the four possible treatment strategies 

– nodal observation alone, nodal observation with adjuvant systemic therapy, CLND alone, 

or CLND with adjuvant systemic therapy. We performed a comparative analysis of treatment 

strategies by the following center-level characteristics: geographic region (Australia, Europe, 

or US), whether the center previously participated in the MLST-II trial (no DeCOG-SLT 

sites were included in this study), designation as a cancer center by the National Cancer 

Institute, the European Society of Medical Oncology, or self-designated for Australian 

centers, and number of SLN-positive patients treated (volume reported by tertile). Center-
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level adoption rates were compared using Wilcoxon rank-sum tests for variables with 

two categories and Kruskal Wallis tests for variables with more than two categories. For 

findings of significant association by Kruskal Wallis tests (alpha <0.05), Dunn’s tests with 

Bonferroni correction for multiple comparisons were used to determine which specific 

elements of each variable were associated with the treatment outcome.

To adjust for patient- and disease-specific characteristics, generalized linear mixed models 

with random intercepts for each center were used to assess variation in de-implementation 

of CLND and implementation of adjuvant systemic treatment. Separate models were created 

for each outcome (CLND and adjuvant systemic treatment). Models were adjusted for the 

following factors: primary site (head/neck, trunk, extremity), tumor ulceration, presence of 

microsatellitosis, American Joint Committee on Cancer (AJCC) 8th edition stage, size of 

largest nodal metastasis (<1 mm (millimeter) or ≥1 mm), and extranodal tumor extension. 

Values are reported as odds ratios with 95% Confidence Intervals (CI). To demonstrate 

center-level variation not explained by disease-specific factors, the models were used to 

determine the adjusted probability of CLND and adjuvant systemic treatment, respectively, 

by treating center. We evaluated the relative importance of each covariate by computing 

the Nagelkerke pseudo r-squares for each covariate alone and for all covariates except the 

covariate of focus. This enabled us to evaluate the contribution of the covariate by itself and 

its incremental effect (eTable 1).13

We also performed clinically relevant sensitivity analyses based on eligibility criteria for 

adjuvant therapy trials and pertinent treatment guidelines. As some guidelines do not 

recommend adjuvant systemic therapy for stage IIIA patients, we separately evaluated 

center-level variation in use of adjuvant systemic therapy for this group.14 Likewise, we 

examined differences in provision of adjuvant systemic therapy for patients with nodal 

tumor deposits <1 mm because eligibility criteria for clinical trials of adjuvant systemic 

therapy required a minimum nodal tumor deposit of 1 mm.4–7

Results

Temporal trends in de-implementation of CLND and implementation of adjuvant systemic 
therapy

Participating centers collectively treated 1,109 SLN-positive patients (Table 1). In the 

earliest quarter of study, which was concurrent with MSLT-II publication, 28% of patients 

underwent CLND. This was lower than previously published rates and decreased to 8% by 

the last quarter of the two-year study period. At the same time adjuvant systemic therapy use 

increased from 29% to 60% over the two-year period (Figure 1).

Center-level variation

Combining nodal management and adjuvant systemic treatment strategies, patients were 

managed with nodal observation alone (n=519, 47%), nodal observation with adjuvant 

systemic therapy (n=411, 37%), CLND alone (n=102, 9%), or CLND with adjuvant 

systemic therapy (n=77, 7%) (Figure 2). US centers treated more patients with adjuvant 

therapy than European centers during the period of study, whether doing nodal observation 
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(p=0.01) or CLND (p=0.04), while adjuvant systemic therapy use at Australian centers 

was not significantly different from US or European centers (Table 2). At the center level 

there were no significant associations between performance of CLND or use of adjuvant 

systemic therapy and melanoma patient volume, region, cancer center designation, or prior 

participation in MSLT-II (Table 2).

Multi-level models

In the multilevel models, higher odds of CLND were associated with head and neck primary 

site (relative to extremity) and nodal tumor deposit of ≥1 mm (Table 3). Accounting for 

disease-specific factors, the adjusted probability of CLND based on treating center ranged 

from 1% to 83% (median 10%) (Figure 3). Odds of adjuvant systemic therapy increased for 

nodal tumor deposit of ≥1 mm and decreased for patients with stage IIIA disease relative to 

IIIC or IIID (Table 3). Adjusted probabilities of adjuvant systemic therapy ranged from 9% 

to 87% by treating center (median 46%) (Figure 3). For both CLND and adjuvant systemic 

therapy, the most influential covariates in explaining observed variation were treating center, 

tumor size, and stage.

Sensitivity analyses

By stage, the proportion of patients receiving adjuvant systemic therapy was IIIA 28%, 

IIIB 44%, IIIC/D 55%. There were differences in adjuvant treatment for Stage IIIA versus 

Stage IIIB-D disease at the regional and center levels (Figure 4). By center, the proportion 

of stage IIIA patients who received adjuvant systemic therapy ranged from 0% to 88% 

with five centers not treating any stage IIIA patient with adjuvant systemic therapy and 

ten centers using adjuvant therapy in more than one-quarter of patients with stage IIIA 

disease. Center-level variation was similarly observed when patients were stratified by size 

of largest nodal tumor deposit. Median rates of adjuvant systemic therapy use for patients 

with nodal tumor deposits <1 mm ranged by center from 0 to 100% with 10 of 21 centers 

using adjuvant systemic therapy for more than one-quarter of their patients with nodal tumor 

deposits <1 mm.

Discussion

This study has three main findings. First, at major melanoma centers world-wide there 

has been rapid but varied incorporation of surgical trial findings into routine care for 

SLN-positive patients. Second, there has been a simultaneous increase in use of adjuvant 

therapy in SLN-positive patients. Third, while performance of CLND and administration of 

adjuvant systemic treatment were associated with disease-specific factors including primary 

tumor features and burden of SLN-positive disease, there was also significant variation in 

CLND and adjuvant systemic treatment patterns based on the center where patients received 

care.

Our data demonstrate the pace of CLND de-implementation was swift over the ensuing two 

years of study, corroborating the findings of single institution studies and demonstrating 

a much shorter time to practice change than the average 17 years often cited in 

implementation research.15–17 One contributing factor may have been a pre-existing 
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acknowledgement of the limitations of CLND. Prior to MSLT-II publication, several large 

retrospective cohort studies already suggested limited benefit of CLND, with most patients 

having no additional positive (non-sentinel) nodes in CLND specimens.18–20 At the time, 

several risk prediction tools for non-sentinel node positivity were available to support a 

decision not to perform CLND.18,21–24 Rates of CLND at this study initiation and in 

prior studies demonstrate that CLND was already being performed selectively prior to 

publication or presentation of DeCOG-SLT or MSLT-II results. At American College of 

Surgeons Commission on Cancer (CoC) participating centers in the US, the rate of CLND 

was 63% in 2012 and 50% in 2016.25 Even in the MSLT-II trial, more patients who were 

randomized to CLND did not undergo the prescribed intervention. Patients randomized to 

CLND who did not undergo node dissection had significantly lower nodal disease burdens, 

suggesting that the perceived risk of positive non-sentinel nodes influenced patients and/or 

physicians in their decision to accept the assigned treatment.1 Additional explanations for 

low baseline performance of CLND and swift de-implementation might include surgeons’ 

level of comfort with performing the procedure and the risk of potentially life-altering 

lymphedema.26

Further, MLST-II trial results were well-disseminated, with a recent survey of the Society 

of Surgical Oncology membership finding that 98% of respondents were aware of 

its findings.27 Research findings that are particularly impactful to a highly specialized 

provider group may disseminate more quickly due to the close-knit nature of subspecialty 

practitioners who routinely seek information and colleagues’ advice from outside their 

immediate practice environment. Finally, it is notable that the curves for de-implementation 

of CLND and implementation of adjuvant systemic therapy have an inverse relationship. 

While there is no available evidence to suggest that adjuvant systemic treatment is an 

effective replacement for CLND or that it confers additional regional control, patients and 

physicians may have been more comfortable forgoing additional surgery when alternative 

treatments were available to mitigate recurrence.9

Similar to trends in de-implementation of CLND, the implementation of adjuvant systemic 

therapy for SLN-positive melanoma began before the start of this study but rapidly 

escalated in a comparable timeframe. In our 21 melanoma referral centers, adjuvant systemic 

treatment increased from 29% in July 2017 to 60% in June 2019. Centers with high adoption 

used adjuvant systemic therapy in up to 92% of SLN-positive patients, including large 

proportions of patients with stage IIIA disease and nodal tumor deposits <1 mm. Other 

reports from single institution cohorts of SLN-positive patients not undergoing CLND have 

reported use of adjuvant systemic therapy in 69–75%.16,28

There are several potential reasons for the accelerated implementation of adjuvant systemic 

therapy in SLN-positive melanoma. Historically, regionally metastatic melanoma carried a 

poor prognosis, with only 28–44% of patients having recurrence-free survival at 5 years. 

Effective, well-tolerated adjuvant treatments represented a significant therapeutic advance.29 

These agents had previously been tested in the setting of stage IV and unresectable stage 

III disease, demonstrating often dramatic response rates and significant improvements in 

progression-free survival.30–32 Finally, concurrent trials of immunotherapy in other solid 

tumors increased widespread knowledge within and outside the medical community, with 
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drug companies broadly disseminating information about the medications, including direct 

to consumer advertising in the US.33

Despite overall adoption of these evidence-based practices, there remained variation both 

in de-implementation of CLND and implementation of adjuvant systemic treatment based 

on where patients were treated. Several possible reasons exist. First, unmeasured patient 

factors such as travel time to the treating center may have influenced patients’ preferences 

for both nodal observation and receiving a year of adjuvant systemic treatment. Secondly, 

while FDA approval came during the study period for several of the contemporary adjuvant 

systemic therapies, regulatory approvals were later in Europe and Australia. While the payer 

mix in US centers is quite heterogenous, all participating centers in Europe and Australia 

have some form of universal, government-run healthcare, which initially might delay or 

limit access to new, expensive adjuvant systemic treatments. Still, even within the studied 

US centers there was profound variation in both nodal observation and adjuvant systemic 

treatment rates for SLN-positive patients.

A final potential contributor to the observed variation in both CLND and adjuvant systemic 

treatment is physicians’ interpretation and application of available evidence. A recent survey 

demonstrated that most SLN-positive melanoma patients prefer to follow their physicians’ 

recommendations regarding CLND, highlighting the importance of the local context in 

which patients receive care and the constitution of patients’ treatment teams.9,34 Evidence 

from randomized trials of nodal observation and adjuvant systemic treatment have been 

informative, but several knowledge gaps remain. Adjuvant trials, for instance, mandated 

CLND prior to systemic treatment, while under 10% of nodal observation trial participants 

received adjuvant therapy. As a result, high-level evidence is lacking on outcomes of nodal 

observation in adjuvant systemic therapy recipients.1,2,5,6,35,36 Also, certain populations 

of SLN-positive patients were underrepresented in these trials. While adjuvant systemic 

therapy trials required a minimal nodal tumor deposit dimension of 1 mm, patients with 

low nodal tumor burden constituted the majority of participants in the randomized surgical 

trials of nodal observation.1,2,5,6,35,36 Despite these significant differences in the study 

populations, our data demonstrate that many treatment teams have readily integrated the 

two contemporary strategies, offering patients nodal observation with adjuvant systemic 

treatment despite a lack of randomized evidence and only limited survival data from 

observational cohorts, even in patients whose tumor and nodal burdens were not represented 

in the randomized trials.16,28,37,38

In certain cases and centers, interpretations of available evidence may have resulted in 

overuse of adjuvant systemic therapy or non-evidence-based de-implementation of CLND 

in patients who were not represented in the nodal management trials.12 For example, a 

sizeable proportion of stage IIIA patients with nodal tumor deposits of <1 mm received 

adjuvant systemic therapy despite the absence of efficacy data for patients with low nodal 

tumor burdens.14 For such patients, the risk of adjuvant systemic treatment-related adverse 

events may exceed potential benefits. The observed variation in treatment intensity for 

SLN-positive melanoma, from nodal observation alone to CLND with adjuvant treatment, 

is associated significant differences in patient morbidity, travel burden, anxiety, and cost. 
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Hence, it is critical to develop indications and understand outcomes for each of these 

combined treatment strategies.

Until national datasets mature, the experience of this multi-institutional international 

collaborative represents the best available data on de-implementation of CLND and 

implementation of adjuvant systemic therapy for SLN-positive melanoma. One limitation 

of the study is reliance on data from melanoma referral centers which may not reflect 

management in other patient populations. As location of care and specifically treatment at 

a cancer center has been found to significantly impact implementation of evidence-based 

care, trends in implementation of nodal observation and adjuvant systemic treatment at non-

referral centers may differ.39–44 In addition, while our international collaborative represents 

countries with some of the highest worldwide incidences of melanoma, it was limited to 

higher income countries with populations of predominantly European ancestry, limiting 

generalizability to other populations.45 With this retrospective study using clinical data, we 

were not positioned to study the specific reasons for CLND or adjuvant systemic therapy 

use at each center, nor could we evaluate potentially time-variant changes in barriers to 

or facilitators of implementation such as availability of adjuvant systemic treatments or 

high-quality ultrasound to perform nodal basin surveillance.

Conclusions

In an evolving treatment landscape for SLN-positive melanoma, fewer patients are 

undergoing CLND and more are receiving adjuvant systemic therapy. These changes in 

practice began prior to the publication of landmark trials of nodal observation and adjuvant 

immunotherapy and targeted therapy but accelerated dramatically at the included melanoma 

referral centers over a two-year time period post-publication. Location of care contributed 

significantly to the observed variation in de-implementation of CLND and implementation 

of adjuvant systemic treatment and was not explained by differences in patient mix. As 

there are significant differences in potential morbidity and cost of available treatment 

strategies, future work should explore how the context of care delivery and interprofessional 

interactions impact the incorporation of evidence-based findings into clinical care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Proportion of patients who underwent completion lymph node dissection and received 
adjuvant systemic therapy before and after DeCOG-SLT and MSLT-2 publication and region-
specific regulatory approvals of adjuvant immunotherapies and BRAF/MEK inhibitor therapy
*Historical rates of CLND for years 2012 and 2016 and of adjuvant systemic therapy for 

2016 for resected stage III melanoma were obtained from the National Cancer Database; 

historical rate of adjuvant systemic therapy from 2012 derived from MSLT-II and DeCOG-

SLT publications

Abbreviations: DeCOG-SLT = German Dermatologic Oncology Group Trial; MSLT-II = 

Second Multicenter Selective Lymphadenectomy Trial; FDA = United States Food and Drug 

Administration; EMA = European Medicines Agency (Europe); NICE = National Institute 

for Healthcare Excellence (United Kingdom); PBAC = Pharmaceutical Benefits Advisory 

Committee (Australia); Dab/tram = dabrafenib/trametinib
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Figure 2. Nodal management with observation versus completion lymph node dissection 
(CLND) and adjuvant systemic therapy use for patients with melanoma treated at twenty-one 
participating institutions in Australia, Europe, and the United States
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Figure 3: Probability of completion lymph node dissection (CLND) and adjuvant systemic 
treatment by treating centera

aAdjusted for primary tumor site, ulceration, AJCC 8th edition stage, size of largest nodal 

tumor deposit, microsatellitosis, and extranodal tumor extension; models contained random 

intercept to account for clustering of patients within facility.
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Figure 4. Nodal management and adjuvant systemic therapy for AJCC 8th Edition Stage IIIA 
(A) versus Stage IIIB-D (B) melanoma patients based on region of treating center
AJCC = American Joint Committee on Cancer; CLND=completion lymph node dissection; 

USA =United States of America
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