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Sentinel lymph node biopsy (SLNB) is a widely accepted procedure for melanoma staging

and treatment. The development of lymphatic mapping and SLNB, which was first

introduced in 1992, has enabled surgeons to detect microscopic nodal metastases and

stage-negative regional nodal basins with low morbidity. SLNB has also facilitated the

selective application of regional lymph node dissection for patients with microscopic

nodal metastases, enabling unnecessary lymph node dissection. In contrast, recent

major randomized phase III trials (DeCOG-SLT and MSLT–II trial) compared the clinical

benefit of early completion lymph node dissection with observation after detecting

microscopic nodal disease. The results of those studies indicated that there was

no significant difference in the survival between the two groups, although regional

control was superior after early completion lymph node dissection compared to that

obtained after observation. Thus, the role and value of early completion lymph node

dissection worldwide are currently very limited for patients with microscopic nodal

disease. However, the use of SLNB is still controversial. In addition, the recent approval

of adjuvant therapy using novel agents, such as anti-programmed death-1 antibodies,

and molecular targeted therapeutics may influence the skipping of complete lymph

node dissection in patients with micrometastatic nodal disease in a real-world setting.

Furthermore, modern neoadjuvant therapy, which is now under investigation, may have

the potential to change the surgical procedure used for nodal disease. Herein, we

describe the current role and value of SLNB and completion lymph node dissection and

discuss the major controversies as well as the favorable future outlook.

Keywords: melanoma, lymphatic metastasis, sentinel lymph node biopsy, completion lymph node dissection,

observation, adjuvant therapy

INTRODUCTION

Malignant melanoma is among the most common types of cancer, with an increasing
incidence rate of 7.9 per 100,000 people in 1975 to 25.8 per 100,000 people in 2015 (1).
Approximately 7% of patients are diagnosed with stage III disease, who have a 5 year
survival rate was 60.8% (2). The treatment approach for stage III patients is crucial because
cutaneous melanoma often metastasizes first to the regional lymph nodes and the sentinel
lymph node (SLN) is the first lymph node to receive lymphatic drainage from the primary site.
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The surgical approach for treating regional lymph node
metastasis has continued to develop, particularly considering
sentinel lymph node biopsy (SLNB). Although most patients
with melanoma have no clinical nodal disease at the first visit,
some patients have clinically undetectable micrometastasis in
the regional lymph node. The main controversy is whether
completion lymph node dissection (CLND) improves the
overall or disease-specific survival of patients with SLN
micrometastasis. Furthermore, the advent of promising systemic
therapies, confirmed in recent clinical trials, and the results of
several trials, confirming the efficacy of SLNB and immediate
CLND in patients with positive SLN, may drastically change
the conventional methods used for surgical control of the
regional lymph nodes by using CLND for all patients with a
positive SLNB.

APPLICATION OF SLNB

SLNB is the most appropriate technique for accurate staging
of clinical stage I and II disease. The main risk variables
associated with higher SLN metastasis are Breslow thickness
(BT), ulceration, and a number of mitoses. Per the 8th edition
cancer staging guidelines recommended by the American Joint
Committee on Cancer (AJCC) (3), SLNB is generally not
recommended for melanoma patients with a BT of <0.8mm
without ulceration because the probability of a positive SLN
is <5%. However, SLNB should generally be considered for
melanoma patients with clinical stage IB or II disease, with the
following considerations:

1. T1b (BT of <0.8mm with ulceration or BT of 0.8 mm−1 mm
with or without ulceration) or T1a lesions with BT < 0.8mm
with other adverse features [e.g., very high mitotic index
≤2/mm2 (particularly in young patients), lymphovascular
invasion, or a combination of these factors], because the
probability of a positive SLN is 5–10%. SLNB should be
considered for these patients after discussion.

2. Stage IB (T2a) or II (BT of >1mm with any feature), because
the probability of a positive SLN is >10%. SLNB should be
offered SLNB for these patients after discussion.

No globally accepted protocols are available for processing
SLNs. However, small metastases are overlooked in conventional
processing, which involves the examination of a single routine
hematoxylin-eosin (HE)-stained section obtained by bivalving
the SLN along the long axis (4, 5). In another procedure, the SLN
is sectioned serially along the short axis (breadloaf technique)
to increase the amount of subcapsular tissue in the HE-stained
sections (6). When routine H&E staining does not reveal SLN
metastases, immunohistochemistry (IHC) for S100, HMB-45,
and MART-1/Melan-A is useful for detecting additional SLN-
positive patients (7, 8). Reverse transcription-polymerase chain
reaction (RT-PCR) and cell culture can increase the detection
rates of positive SLN even when there are only a few metastatic
melanoma cells in the SLN (9); however, these molecular biology
techniques are not widely used in most institutions.

MANAGEMENT OF PATIENTS WITH
POSITIVE SLN: RESULTS OF RECENT
STUDIES AND THE ROLE OF SLNB

When patients show positive results for SLN metastasis, CLND
has traditionally been indicated. However, the findings of recent
studies regarding the therapeutic value of SLNB and immediate
CLND after positive SLNB have resulted in a change in this
traditional strategy.

DERMATOLOGIC COOPERATIVE
ONCOLOGY GROUP-SENTINEL LYMPH
NODE TRIAL (DECOG-SLT)

TheDermatologic Cooperative OncologyGroup-Sentinel Lymph
node Trial (DeCOG-SLT), conducted in Germany, was the first
phase III randomized clinical trial to evaluate the efficacy of
immediate CLND in patients with melanoma on the trunk and
limbs with BT of ≥1.0mm and positive SLN (10). The patients
were randomly assigned to the immediate CLND group (n =

240) or the observation group (n = 233; patients underwent
delayed CLND only if regional metastasis was suspected on
ultrasonography performed every 3 months). There were no
significant differences in the distant metastasis-free survival,
recurrence-free survival, and overall survival (OS) between the
two groups. In this study, most patients (n = 311) had SLN
tumor burdens of ≤1.0mm. This high proportion of SLN
micrometastasis leads to the high probability of negative non-
SLN in both groups. There was no significant difference in distant
metastasis-free survival between the two groups in this cohort.
Therefore, distant metastasis-free survival in the cohort with
SLN tumor burdens of >1.0mm was also analyzed. There was
no significant difference in the distant metastasis-free survival
between the two groups, but the sample size was small in
each group (n = 62 in the CLND group and n = 59 in
the observation group). The authors concluded that immediate
CLND was not associated with improved distant metastasis-free
survival, recurrence-free survival, and OS after a median follow-
up of 72 months, and no longer recommend CLND for patients
with micrometastases.

MULTICENTER SELECTIVE
LYMPHADENECTOMY TRIAL (MSLT-II)

MSLT–II enrolled a large number of patients with positive SLN
(9). This was also a multicenter, phase III randomized trial
that compared the immediate CLND group (n = 824) with
the observation group (n = 931; patients underwent CLND
only when regional metastasis was suspected on ultrasonography
performed every 4 months). The mean 3 year melanoma-specific
survival rate was statistically insignificant between the two groups
after a median follow-up of 43 months. The disease-free survival
(DFS) was slightly significantly better in the CLND group than in
the observation group (P = 0.05). A positive non-SLN status was
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a reliable, independent prognostic factor for recurrence [hazard
ratio (HR), 1.78; P = 0.005]. The occurrence of post-operative
lymphedema was higher in the CLND group (24.1%) than in the
observation group (6.3%). Likewise, the authors concluded that
immediate CLND was not associated with improved melanoma-
specific survival, but improved the regional recurrence rate and
provided prognostic information.

HOW ARE PATIENTS HARBORING
POSITIVE SLN MANAGED?

The above-mentioned two randomized trials demonstrated no
survival benefit even if patients received immediate CLND after
positive SLNB, although the nodal recurrence rate decreased
in the immediate CLND group. The results of these trials do
not recommend routine CLND in most patients after positive
SLNB. However, their conclusions are still limited, as most
patients in these studies had lower tumor burdens in the
SLN (>60%). Those populations have a low probability of
positive non-SLN in both groups. The true efficacy of immediate
CLND after positive SLNB in patients with a higher risk,
with SLN tumor burdens of >1mm, is still unknown because
of the small sample size in these trials. Therefore, current
NCCN guidelines still recommend CLND, along with careful
observation in patients with positive SLN after appropriate
risk stratification (11). Accordingly, some guides, such as
nomograms, should be utilized for accurate prediction of non-
SLN status, regional control, and prognosis. This will enable us
to conduct clinical trials for confirming the survival advantage of
CLND in a more homogenous cohort with positive non-SLNs.
Previously published predictive models for positive non-SLNs
(12–18) are shown in Table 1. Although several studies have
suggested similar clinicopathological characteristics as predictive
parameters, a recent study by Bertolli et al. proposes BT, the
number of positive SLNs, and large tumor diameter as significant
predictive parameters, using their nomogram (18). This model
shows the best discriminatory power (AUC 0.752) and Brier score
(0.085) among all published predictive models (18) (Table 1).

The racial difference in the proportion of clinical type is also
crucial for considering the role of SLNB and immediate CLND.
For example, acral melanoma (AM) shows drastic differences
from other clinical types considering the biological, genetic,
and clinicopathological aspects, although SLNB is also widely
applied in clinical practice. The actual role of SLNB in this
cohort remains unclear, as limited number of AM patients were
included in the large trials of SLNB (i.e., DeCOG-SLT and
MSLT-II) that mainly investigated Caucasian people (9, 10, 19).
Ito et al. retrospectively investigated Japanese AM patients (n
= 116) who received SLNB (20). Positive SLN was associated
with significantly shorter melanoma-specific survival and DFS.
The impact of positive SLNs on melanoma-specific survival
was increased in AM patients with >1mm thickness (5 year
survival, 22.7 vs. 80.8%; P = 0.0005). Although the sample size
was small in these studies, the trends of positive SLN status in
association withmore frequent recurrence and worsened survival
in AM patients were similar to those trends in larger prospective

randomized trials; however, there are no data regarding the
efficacy of immediate CLND compared with observation.

ROLE OF ADJUVANT THERAPY FOR
POSITIVE SLN PATIENTS WITHOUT
IMMEDIATE CLND

The recent development of novel agents, including immune
checkpoint inhibitors (ICIs) and molecular target agents, and
their approval in many countries worldwide changed the
treatment strategy for not only disease in the advanced stage but
also treatment in the post-operative adjuvant setting. All these
clinical trials mainly included stage III patients who underwent
CLND and no patients skipped CLND after positive SLNB.

ANTI-CTLA-4 ANTIBODIES

A phase III randomized controlled trial (EORTC 18071)
comparing ipilimumab with placebo for stage III melanoma
patients indicated a significant improvement in the 3 year
relapse-free survival (RFS), distant metastasis-free survival, and
OS in the ipilimumab group (21). However, severe immune-
related adverse events were observed in 41.6% of patients in the
ipilimumab group, leading to discontinuation of ipilimumab in
half of the patients.

ANTI-PD-1 ANTIBODIES

The clinical benefits of two anti-PD-1 agents as adjuvant therapy
were reported recently. A phase III randomized controlled trial
(Checkmate 238) comparing nivolumab with ipilimumab for
stage IIIB to IV melanoma patients (22) demonstrated better 1
year RFS with lower toxicity in the nivolumab group than in
the ipilimumab group. Likewise, a phase III randomized trial
(KEYNOTE-054) comparing pembrolizumab with placebo for
stage III patients, except for <1mm of tumor burden in the
SLN, also demonstrated improvement in the recurrence-free
survival of patients receiving pembrolizumab compared to those
receiving placebo after a median follow-up of 15 months (HR,
0.57; P < 0.001) (23).

BRAF INHIBITOR/MEK INHIBITOR

A phase III randomized trial (COMBI-AD) comparing
dabrafenib plus trametinib with placebo for patients with
stage III BRAF mutant melanoma, except for <1mm of
tumor burdens in the SLN, showed improved RFS in the
dabrafenib/trametinib group after a median follow-up of 44
months in the dabrafenib/trametinib group and 42 months in the
placebo group (24). There also was a trend of improvement in
the OS [the 3-year OS rate was 86% in the dabrafenib/trametinib
group and 77% in the placebo group (HR, 0.57; P = 0.0006)],
although the data obtained on statistical analysis did not fulfill
the pre-specified interim analysis boundary (P = 0.000019) (25).

Based on the above-mentioned clinical trials, the latest NCCN
guidelines recommend adjuvant nivolumab for stage IIIB/C
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TABLE 1 | The performance of published prediction models for non-sentinel lymph node positivity.

References Patient no.

for research

Significant clinicopathological

parameters

Discrimination

AUC (95% CI)

Calibration brier

score (95% CI)

Lee et al. (12) 191 Breslow thickness

SLN tumor burden diameter

0.65 (0.60–0.70) 0.19 (0.18–0.20)

Sabel et al. (13) 221 Sex

Breslow thickness

Extranodal extension in SLN

No. of positive SLNs

0.67 (0.63–0.74) 0.18 (0.16–0.20)

Gershenwald et al. (14) 343 SLN tumor burden diameter

Breslow thickness

No. of SLNs harvested

0.65 (0.60–0.70) 0.18 (0.17–0.20)

Murali et al. (15) 309 Sex

Primary tumor regression

No. of positive SLNs

SLN tumor burden diameter

SLN metastasis site

0.65 (0.60–0.70) 0.18 (0.17–0.19)

Kibrite et al. (16) 171 Breslow thickness

SLN tumor burden diameter

0.65 (0.60–0.70) 0.19 (0.18–0.20)

Rossi et al. (17) 1220 Breslow thickness

Primary tumor site

SLN tumor burden diameter

SLN metastasis site

No. of SLNs harvested

No. of positive SLNs

0.74 (0.70–0.79) 0.16 (0.15–0.17)

Bertolli et al. (18) 1213 Breslow thickness

No. of positive SLNs

SLN tumor burden diameter

0.86 (0.73–0.99) 0.085 (N.A.)

SLN, sentinel lymph node; AUC, area under the curve; CI, confidence interval; N.A., not available.

and IV melanoma patients after complete tumor removal.
Pembrolizumab was recommended for stage III melanoma
patients with ≥1mm tumor burden in the SLN. In patients
with BRAF mutations, dabrafenib plus trametinib can also be
alternatively recommended for stage III disease with ≥1mm
tumor burden in the SLN.

The result of SLNB can be used to classify patients without
clinical nodal disease for undergoing adjuvant therapy. However,
all the above-mentioned clinical trials required CLND before
initiating adjuvant therapy. Conversely, in the real-world setting,
patients who have positive SLN and do not undergo CLND
will increase considering the results of the DeCOG-SLT and
MSLT-II trials, even if the patients’ tumor burdens exceed
1mm. Currently, there are no data about the survival benefit
of adjuvant therapy with the novel agents in patients who
skipped CLND after positive SLNB. Therefore, further research
is required to investigate the survival differences between the
clinical trial populations and the more heterogeneous real-
world population.

POSSIBLE ROLE OF NEOADJUVANT
THERAPY

The reports of modern neoadjuvant clinical trials using ICIs
or molecular targeted agents demonstrate promising efficacy,

mainly for clinical stage III disease. All agents for neoadjuvant
use have not yet been approved worldwide.

ANTI-PD-1 ANTIBODIES AND
ANTI-PD-1/ANTI-CTLA-4 ANTIBODY

Huang et al. conducted a phase Ib trial investigating the safety
of neoadjuvant/adjuvant pembrolizumab for resectable clinical
stage III and IV melanoma (26). Enrolled patients received
neoadjuvant/adjuvant pembrolizumab (1 cycle of neoadjuvant
pembrolizumab 3 weeks before surgery and 17 cycles of
adjuvant pembrolizumab). Eight of 27 patients (30%) achieved
complete or major pathological response, and they remain
free of disease.

Amaria et al. reported a randomized phase II trial comparing
the efficacy and safety of neoadjuvant nivolumab (four cycles
of neoadjuvant and 13 cycles of adjuvant nivolumab) to
neoadjuvant nivolumab/ipilimumab (three cycles of neoadjuvant
nivolumab/ipilimumab and 13 cycles of adjuvant nivolumab)
for resectable clinical stage III and IV melanoma (27).
Neoadjuvant nivolumab/ipilimumab demonstrated higher
response rates (RRs) [objective RR, 73 vs. 25%; pathological
complete response (pCR), 45 vs. 25%] but also showed
higher toxicity (grade 3 treatment-related adverse events,
73 vs. 8%).
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Blank et al. also reported a randomized phase II trial
(OpACIN) comparing neoadjuvant nivolumab/ipilimumab
(two cycles of neoadjuvant nivolumab/ipilimumab and
two cycles of adjuvant nivolumab/ipilimumab) with
adjuvant nivolumab/ipilimumab (four cycles of adjuvant
nivolumab/ipilimumab) in patients with palpable stage III
melanoma (28). The neoadjuvant arm achieved high pathological
responses (78%), and no patients showing response developed
recurrence during the median follow-up or 25.6 months.
However, 9 of 10 patients experienced grade 3/4 adverse events
in both treatment arms.

Rozeman et al. conducted a phase II randomized trial
(OpACIN-neo) comparing three different doses and cycles of
neoadjuvant nivolumab/ipilimumab for resectable clinical stage
III melanoma (29). The following were three protocols: group A,
two cycles of nivolumab (1 mg/kg) and ipilimumab (3 mg/kg);
group B, two cycles of nivolumab (3 mg/kg) and ipilimumab
(1 mg/kg); and group C, two cycles of ipilimumab (3 mg/kg)
followed by two cycles of nivolumab (3 mg/kg). The objective
radiological and pathological RRs were 63% (19/30) and 80%
(24/30) in group A, 57% (17/30) and 77% (23/30) in group B,
and 35% (9/26) and 65% (17/26) in group C, respectively. The
rate of grade 3/4 immune-related adverse events was lower in
group B than in groups A and C (group A, 40% [12/30]; group
B, 20% [6/30]; group C, 50% [13/26]). One group A patient died
of encephalitis.

BRAF INHIBITOR/MEK INHIBITOR

Amaria et al. reported a randomized phase II trial for
patients with resectable clinical stage III or oligometastatic
stage IV melanoma harboring BRAFV600E/K mutation
(30). The patients were randomly assigned to either
undergo surgery followed by adjuvant therapy without
ICIs or targeted agents or to receive neoadjuvant/adjuvant
dabrafenib/trametinib (8 weeks of neoadjuvant and 44
weeks of adjuvant dabrafenib/trametinib). The neoadjuvant
group showed significantly long event-free survival
(median event-free survival: 19.7 vs. 2.9 months; HR 0.016;
P < 0.0001).

Long et al. also reported a single-arm phase II trial
(NeoCombi) for patients with resectable clinical stage IIIB-
C (AJCC 7th edition) melanoma harboring BRAFV600
mutation (31). The patients received neoadjuvant/adjuvant
dabrafenib/trametinib (12 weeks of neoadjuvant and 40 weeks
of adjuvant dabrafenib/trametinib). Thirty of 35 patients (86%)
achieved a response (46%, complete response; 40%, partial
response). All patients achieved pathological response, including
17 patients (49%) with pCR.

These novel neoadjuvant therapies, involving active
regimens mainly for clinical stage III melanoma, showed
high pathological RRs. Remarkably, no patients achieving pCR
after treatment with ICIs developed recurrence during the
follow-up periods. However, these esults must be interpreted
with caution as these trials did not report OS after long-term
follow-up.

IMMUNOLOGY OF SLNs

Immunohistological and molecular characteristics of SLNs may
be useful in predicting the development of regional or distant
metastasis, because the SLN represents the immunological site
at which anti-tumor immune dysfunction is established and
where potential prognostic immunologic markers can be found.
Considering the immunologic microenvironment, the number
of CD3+, CD4+, and CD8+ tumor-infiltrating lymphocytes in
positive SLN is associated with better recurrence-free survival
and OS (32). Elevated levels of regulatory T cell markers,
such as FOXP3 and indoleamine 2,3-dioxygenase, correlate with
increasing rates of local, regional, and distant metastases (33, 34).
A study focused on regression of the primary tumor indicated
that a regression of more than 10% was a reliable cutoff to
divide different risk categories (35). Only a small number of
CD4+/CD25+, FOXP3+/CD4+, or PD1+/CD4+ lymphocytes
infiltrated the regressed areas. These lymphocytes were correlated
with anergy and lower CD8+ lymphocyte immune response to
melanoma cells. Thus, these findings may help in developing
novel therapeutic strategies for selecting SLNB and immediate
CLND for patients with stage III melanoma. As for molecular
characteristics, Vallacchi et al. reported a pilot study involving
integrated analysis of genome-wide transcriptional profiles and
in vitro assessment of immune cells present in positive SLNs.
This analysis identified microRNA, involved in the regulation of
the TNF receptor superfamily member 8 gene that encodes the
CD30 receptor, as a marker in the lymphocytes of melanoma
patients with progressive disease. These findings demonstrate
that microRNA is associated with the regulation of immune
dysfunction in SLNs, providing a valuable prognostic molecular
marker for identifying stage III melanoma patients at risk
of recurrence.

CONCLUSIONS

SLNB has contributed to the selection of earlier CLND in patients
without nodal disease by detecting microscopic positive SLN.
Conversely, it is questionable whether CLND is required if
SLN itself was therapeutic in patients with microscopic positive
SLN alone. The results of two recent randomized clinical trials
suggested that immediate CLND for positive SLN patients was
not associated with DFS, OS, andmetastasis-free survival, despite
an increased risk of delayed non-SLN recurrence. Currently,
SLNB provides prognostic information and has a therapeutic
role in patients with a low tumor burden with intermediate-
thickness melanoma. SLNB is also useful to select patients with
the appropriate stage for undergoing post-operative adjuvant
therapy. Immediate CLND is no longer routinely recommended
for all patients with positive SLNB, particularly for patients
without suspected non-SLN metastasis. At present, immediate
CLND is ideal for patients at low risk of distant metastasis but
at high risk of delayed regional metastasis.

The future of SLNB and CLND will depend on the
development of promising neoadjuvant/adjuvant therapies and
excellent biomarkers, whichmay drastically change the treatment
strategies for stage III melanoma patients as well as the current
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TNM classification. This may lead to the advent of a new era in
which surgical procedures would not be required for high-risk
patients, including those with stage III disease.
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