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Abstract

The role of regional lymph nodes in melanoma metastasis has long been recognized. This
review will detail the evolving role of sentinel lymph node biopsy (SLNB) in melanoma
management in the era of adjuvant therapies. We analyze key themes and findings from
recent publications, highlighting both areas of consensus and ongoing controversies. While
the landscape of melanoma management continues to evolve with the advent of novel
therapeutic combinations, SLNB remains a valuable tool for staging and potentially pro-
vides therapeutic benefit. However, optimal patient selection for SLNB requires careful
consideration of individual risk factors and benefits of adjuvant therapy.

Keywords: melanoma; sentinel lymph node; biopsy; metastasis

1. Introduction
Background

The sentinel lymph node biopsy (SLNB) technique has emerged as a crucial method in
the staging and management of melanoma, offering valuable insights into the metastatic po-
tential of this aggressive skin cancer [1–3]. It is essential to identify the sentinel lymph nodes,
which are the first nodes to receive drainage from a tumor site. This process typically involves
the injection of a radioactive tracer and/or blue dye near the melanoma, allowing surgeons
to visualize and subsequently remove these key lymph nodes for pathological examination.
An accurate assessment of these nodes can significantly influence treatment decisions and
prognostic evaluations, ultimately improving patient outcomes in melanoma management.
The integration of SLNB into clinical practice has not only enhanced the precision of melanoma
staging but also paved the way for personalized treatment strategies, enabling clinicians to
tailor interventions based on individual patient risk profiles [2,4]. This approach has led to a
more nuanced understanding of disease progression and recurrence, allowing for better
monitoring and follow-up care tailored to each patient’s unique circumstances.
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The advancements in cancer treatment, particularly the progress in tumor immunother-
apy, represent a significant turning point that necessitates further exploration to fully un-
derstand the possibilities and challenges ahead [5]. Recent insights from cancer sequencing,
clinical trials, and mechanistic studies, especially in immunotherapy, are paving the way for
therapeutic improvements in treating both micro and macro-metastases. By uncovering the
origins and characteristics of metastases, these findings reveal new avenues for developing
more effective strategies to target metastatic relapse and enhance patient outcomes [5].

2. Sentinel Lymph Node Biopsy Techniques in Melanoma
2.1. Pre-Operative Lymphatic Mapping

Pre-operative lymphatic mapping is a critical step in sentinel lymph node biopsy
for melanoma, facilitating the accurate identification and subsequent removal of sentinel
lymph nodes, which are the first lymph nodes to receive lymphatic drainage from the
primary tumor site [6]. This procedure traditionally involves the injection of a radiocolloid,
often technetium-99m sulfur colloid, blue dyes, or a hybrid approach.

2.1.1. Radiocolloid Injection

For many years, the standard practice has been using radiocolloids, such as technetium-
99m sulfur colloid, for pre-operative lymphatic mapping [7,8]. The radiocolloid is typically
injected intradermally around the primary melanoma site [6]. Following injection, the
radiocolloid travels through the lymphatic channels to the regional lymph nodes, allowing
for the identification of the sentinel lymph node(s) using a gamma camera. This allows
for the accurate identification of the sentinel lymph node. The sentinel lymph node can
then be targeted and surgically excised for pathological examination, providing valuable
information about the potential spread of the melanoma.

Some studies in melanoma have also explored the use of lymphocele or lymphoscintig-
raphy, a specialized nuclear medicine imaging technique that generates visual represen-
tations of the lymphatic system. This technique allows visualization of the lymphatic
drainage pattern prior to the surgical procedure [1,4,9]. However, no unique protocol
has been established [9]. Recent studies have explored the use of different radiocolloid
formulations and injection techniques to optimize the accuracy and efficiency of this ap-
proach. For example, some researchers have investigated the use of smaller particle-size
radiocolloids, which may improve lymphatic drainage and provide more precise sentinel
lymph node identification [10,11]. Furthermore, the injection technique has also been
refined, with studies exploring intradermal, subdermal [12], and even intraoperative injec-
tion approaches, aiming to enhance the reliability and reproducibility of the pre-operative
lymphatic mapping process.

2.1.2. Lymphatic Mapping with Blue Dye

Blue dyes, such as isosulfan blue and methylene blue, are commonly used during
surgery to visually identify the sentinel lymph node [1,13]. The dye is injected near the
primary melanoma site, enabling the surgeon to trace the lymphatic channels leading to the
sentinel lymph node. This visual cue complements the radiocolloid-based method, helping
the surgeon accurately locate and remove the sentinel lymph node.

However, the use of blue dye alone has been associated with lower identification rates
compared to the combined application of radiocolloid and blue dye [14]. Additionally, the
blue dye method may be less effective in identifying smaller or deeper lymph nodes, and it
has the potential to cause allergic reactions or skin discoloration [8,14].

Despite these drawbacks, blue dye offers the advantage of providing a direct visual
marker, making it easier for the surgeon to identify the sentinel lymph node. Nevertheless,
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its efficacy is improved when combined with radiocolloid, or when used as part of a
hybrid technique.

2.1.3. Hybrid Imaging (SPECT/CT, PET/CT)

The combination of radiocolloid and blue dye, known as the “hybrid technique,” has
emerged as a more comprehensive approach to pre-operative lymphatic mapping, and
demonstrated improved identification rates of sentinel lymph nodes compared to either
method alone. The hybrid technique leverages the strengths of both radiocolloid and blue
dye to improve the accuracy and reliability of sentinel lymph node identification [1,15].

The hybrid technique involves injecting radiocolloid and blue dye around the primary
melanoma site. The radiocolloid allows a gamma probe to detect the sentinel lymph node
during surgery, while the blue dye provides a visual cue for the surgeon, facilitating the
accurate localization and removal of the key lymph nodes for pathological examination [16].
Several studies have demonstrated that the hybrid technique can result in higher sentinel
lymph node identification rates compared to either method alone [14,17]. Thus, the hybrid
technique has become the preferred method for identifying sentinel lymph nodes.

Additionally, advances in imaging technology, such as single-photon emission com-
puted tomography/computed tomography (SPECT/CT) and positron emission tomogra-
phy/computed tomography (PET/CT), have further enhanced the pre-operative lymphatic
mapping process.

These hybrid imaging modalities provide detailed anatomical and functional informa-
tion, allowing for more precise identification of the sentinel lymph node prior to the surgical
procedure. These advanced imaging techniques can help reduce the number of lymph
nodes that need to be surgically removed, potentially decreasing the risk of complications
and improving the overall patient experience.

2.2. Intraoperative SLN Identification and Excision

The intraoperative identification and excision of the sentinel lymph node are crucial
steps in the sentinel lymph node biopsy procedure for melanoma. The use of a gamma
probe, which detects the radioactive signal from the injected radiocolloid, has become a
standard technique for intraoperatively identifying the sentinel lymph node. The visual
cue provided by the blue dye also aids in identifying the sentinel lymph node during the
surgical procedure.

2.2.1. Gamma Probe Guidance

During the intraoperative phase, the sentinel lymph node is identified using a gamma
probe. The gamma probe is used to detect the radioactive signal emitted by the radiocolloid
that has accumulated in the sentinel lymph node, guiding the surgeon to the appropriate
lymph node for removal. The use of the gamma probe has become a standard practice in
sentinel lymph node biopsy, as it allows for the accurate identification and targeted excision
of the sentinel lymph node.

2.2.2. Visual Identification with Blue Dye

The use of blue dye, such as isosulfan blue or methylene blue, has been an integral
part of the intraoperative identification of the sentinel lymph node. The blue dye is injected
around the primary melanoma site, and the lymphatic channels leading to the sentinel
lymph node become visually apparent during the surgical procedure.

The visual cue provided by the blue dye can aid the surgeon in identifying the sentinel
lymph node, particularly in cases where the radiocolloid signal is weaker or more diffuse.
However, using blue dye alone has been associated with lower identification rates compared
to using radiocolloid or the hybrid technique [14].
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2.2.3. Number of SLNs to Remove

The quantification of sentinel lymph nodes designated for excision during surgical
intervention has emerged as a subject of persistent scholarly debate [2,18,19]. Historically,
the conventional methodology has entailed the resection of all discernible sentinel lymph
nodes; however, contemporary research indicates that the surgical removal of a constrained
quantity of sentinel lymph nodes may suffice in specific clinical scenarios, particularly
when patients undergo adjunctive oncological therapies [20]. This evolution in surgical
philosophy is underpinned by the acknowledgment that an extensive excision of lymph
nodes correlates with heightened surgical morbidity, exemplified by lymphedema, without
necessarily augmenting prognostic insights [2]. Consequently, there has been a discernible
movement towards a more judicious and targeted excision of sentinel lymph nodes, con-
centrating on the detection and removal of pivotal lymph nodes that are most predisposed
to containing metastatic pathology. This methodology harbors the potential to alleviate the
overall surgical encumbrance on the patient while concurrently furnishing requisite data
for precise pathological staging and therapeutic strategies.

In the context of melanoma, the quantity of sentinel lymph nodes (SLNs) excised dur-
ing sentinel lymph node biopsy (SLNB) exhibits variability contingent upon the character-
istics of the patient and the tumor in question. Empirical investigations have demonstrated
that the resection of up to five SLNs can yield a recovery rate exceeding 99% of positive
SLNs in individuals diagnosed with breast cancer, with the total number ranging from two
to ten based on distinct variables [21]. Although analogous data pertaining to melanoma
remains scarce, the foundational principles governing SLNB in melanoma bear resemblance
to those applicable to breast cancer. Determinants that affect the number of SLNs excised
encompass tumor dimensions, anatomical location, and the surgical approach adopted by
the practitioner. The decision-making process is meticulously customized to accommodate
the distinctive circumstances of each patient, striving to achieve a balance between precise
staging and the mitigation of surgical morbidity.

2.3. Pathological Examination of the SLN

The pathological examination of the sentinel lymph node is a crucial step in the sen-
tinel lymph node biopsy procedure for melanoma. Over the past five years, there have been
advancements in the processing techniques, immunohistochemical staining, and molecular
techniques used to assess the presence and extent of metastatic disease in the sentinel lymph
node. The incorporation of these advanced processing, immunohistochemical, and molecu-
lar techniques in the pathological examination of the sentinel lymph node has contributed
to more accurate and sensitive detection of metastatic disease in melanoma patients.

2.3.1. Processing Techniques

The processing techniques employed in the pathological examination of the sentinel
lymph node have evolved to provide more detailed and accurate information [22,23]. These
techniques include serial sectioning, which involves cutting the lymph node into thin
slices for a more comprehensive examination, and immunohistochemical staining. The
use of serial sectioning allows for a detailed, layer-by-layer analysis of the lymph node,
increasing the chances of detecting any metastatic disease that may be present [22,24].
Similarly, immunohistochemical staining techniques utilize specific antibodies to identify
the presence of melanoma cells, even in cases where they are not readily visible through
standard histological staining methods. The use of these advanced processing techniques
has improved the sensitivity of the detection of metastatic disease within the sentinel lymph
node, which can have important implications for the staging and treatment of melanoma
patients [22,23].
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2.3.2. Immunohistochemical Staining

Immunohistochemical staining is a crucial component of the pathological examination
of the sentinel lymph node. Immunohistochemistry helps in identifying melanoma cells
that may not be apparent using standard histology, enhancing the accuracy of staging and
treatment decisions [25–27]. This technique utilizes antibodies that bind to specific proteins
or markers present in melanoma cells, enabling the detection of metastatic disease that may
not be visible on routine histological examination. The application of immunohistochemical
staining has become more widespread, as it has been shown to significantly improve the
sensitivity and accuracy of the pathological assessment of the sentinel lymph node [28].
This technique can provide valuable additional information to complement the traditional
histopathological evaluation, ultimately leading to more accurate staging and informing
the development of personalized treatment strategies for melanoma patients.

The most common immunohistochemical stains used to evaluate metastatic melanoma
cells are S100, HMB-45, and Melan-A [29,30]. The S100 protein is found in melanoma cells,
melanocytes, nodal nevus cells, Langerhans cells, chondrocytes, adipocytes, and Schwann
cells; therefore, it is considered a less specific marker as it is expressed in a variety of
normal cell types. HMB-45 demonstrates reactivity to melanocytes and can serve as a
useful marker for melanoma [25]. Melan-A, also known as MART-1, is a protein expressed
by melanocytes and melanoma cells. Melan-A/MART-1 has demonstrated superior per-
formance in identifying and diagnosing micrometastases within sentinel lymph nodes in
cutaneous melanoma. Melan-A exhibits greater sensitivity compared to HMB-45, but it
may also stain nodal nevi [31,32]. Conversely, S-100 can be more challenging to interpret
and exhibits lower diagnostic accuracy [33]. The European Organization for Research and
Treatment of Cancer guidelines recommend utilizing the S100 marker primarily during the
processing of sentinel lymph nodes, as S100 is expressed in most melanoma cases [31]. How-
ever, given the limitations of individual markers, a combination of immunohistochemical
stains is necessary to comprehensively evaluate potential melanoma metastases.

The application of immunohistochemical staining has significantly improved the accu-
racy of sentinel lymph node staging, enabling clinicians to make more informed decisions
regarding adjuvant therapy and follow-up strategies. The proper interpretation requires
careful consideration of staining patterns, cellular morphology, and the clinical context.

2.3.3. Molecular Techniques

Molecular techniques, such as polymerase chain reaction (PCR), have increasingly
gained attention in the pathological evaluation of sentinel lymph nodes in melanoma
patients [23,34,35]. These advanced methods enable the detection of specific genetic or
molecular markers associated with melanoma, even in cases where metastasis may not
be evident on routine histological examination using standard hematoxylin and eosin
staining. The use of molecular techniques, including PCR-based assays, has the potential to
enhance both the sensitivity and specificity of sentinel lymph node assessments, providing
valuable supplementary information alongside traditional histopathological evaluations.
This improved sensitivity can contribute to more accurate staging, which in turn aids in the
development of personalized treatment strategies for melanoma patients [35,36].

Furthermore, PCR-based assays in sentinel lymph node biopsy (SLNB) can help assess
the degree of immune dysfunction in the sentinel lymph nodes of melanoma patients.
For instance, Lee et al. employed quantitative real-time PCR to analyze gene expression
related to various cytokines and immunosuppressive cell surrogates in the lymph nodes
of melanoma patients. Their findings revealed a correlation between sentinel lymph node
tumor burden and the degree of immune dysfunction within the SLNs [37]. This suggests
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that tumor burden in the sentinel lymph node may be linked to an immunosuppressive
microenvironment that facilitates tumor growth and metastasis.

2.4. Summary

The sentinel lymph node biopsy technique has become a widely accepted and valuable
tool in the management of melanoma patients. Over the past five years, significant advance-
ments have been made in the various aspects of this procedure, including pre-operative
lymphatic mapping, intraoperative identification and excision of the sentinel lymph node,
and pathological examination of the removed lymph node.

The use of radiocolloid, blue dye, and hybrid imaging techniques in the pre-operative
lymphatic mapping stage has improved the accuracy and reliability of the process, ensuring
that the appropriate lymph nodes are identified for excision. These techniques have become
increasingly sophisticated, allowing for more precise and comprehensive mapping of the
lymphatic system [38], which is crucial for successful sentinel lymph node biopsy.

In the intraoperative stage, the use of gamma probe guidance, visual identification with
blue dye, and a targeted approach to the number of sentinel lymph nodes removed have
contributed to more efficient and effective surgical procedures. This targeted approach has
the potential to reduce the surgical burden on patients while still providing the necessary
information for accurate staging and treatment planning [38].

Finally, advancements in processing techniques, immunohistochemical staining, and
molecular techniques employed in the pathological examination of the sentinel lymph node
have led to more sensitive and accurate detection of metastatic disease. These advanced
techniques, such as serial sectioning, immunohistochemical staining, and PCR-based assays,
have the potential to further enhance the sensitivity and specificity of the pathological
assessment, ultimately leading to more accurate staging and informing the development of
personalized treatment strategies for melanoma patients.

As our understanding of melanoma biology and the role of sentinel lymph node
biopsy continues to evolve, we can expect further refinement and improvements in this
technique, which will enhance patient outcomes and quality of life.

3. Clinical Significance of SLNB
3.1. The Clinical and Prognostic Significance of SLNB: From Origins to Present Day

The initial metastatic pathway for many malignancies, including melanoma, is via
lymphatic dissemination to regional lymph nodes. Recognized over a century ago, this
observation has stimulated interest in optimizing both lymph node assessment and treat-
ment [39]; the latter may yield accurate staging and prognostic information and potentially
remove early metastases interrupting the neoplastic spread and improving patient survival.
Across multiple cancer types, there has been a longstanding debate regarding the clinical
significance of lymphatic spread, particularly with respect to the role of regional nodal
surgery at initial presentation, even in the absence of clinically apparent nodal involve-
ment. Melanoma was among the earliest malignancies in which this controversy was
systematically investigated [40]. Historically, pathological evaluation of regional lymph
nodes required complete nodal basin removal, a procedure associated with consistent
perioperative and long-term morbidity. This strategy, referred to as elective lymph node
dissection (ELND), was controversial for over a century. While ELND was evidently bene-
ficial in terms of survival for patients with occult microscopic nodal metastases detected
through early surgery, those with clinically apparent nodal progression fared worse [41].
However, most melanoma patients present without nodal metastases and ELND confers
no therapeutic benefit, but only risks such as infection, seroma formation, wound healing
complications, nerve injury, and lymphedema [39]. The technique now known as SNLB
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was pioneered by Morton and colleagues at the University of California, Los Angeles
(UCLA) in the 1970s and 1980s [42], based on lymphatic physiology. In fact, as tracers
and imaging advanced, it became evident that lymphatic drainage of a circumscribed
anatomical region is often directed to one or a small number of nodes, rather than the entire
basin. Consequently, those specific nodes, the SNLs, were hypothesized to reflect the status
of the entire nodal basin: if negative, the remainder would likely be disease-free. SNLB thus
enabled targeted identification and pathological examination of the lymph nodes draining
the primary tumor, allowing patients with negative SNLB to avoid the more extensive
and morbid full dissection. In addition, SNLB permits more detailed pathological scrutiny,
as it represents a smaller tissue sample [39]. Overall, this transition from ELND to SLNB
introduced a minimally invasive alternative for regional nodal assessment.

This paradigm shift was rigorously evaluated in the Multicenter Selective Lym-
phadenectomy Trial I (MSLT-I) [43], a prospective randomized international trial involving
centers in North America, Australia, Europe, and Israel. The primary analysis focused
on patients with intermediate-thickness melanomas (1.2–3.5 mm), who were most likely
to benefit. Participants were randomized to wide local excision (WLE) plus SNLB, with
complete (regional) lymph node dissection (CLND) if SNLB-positive, versus WLE alone,
with CLND only upon clinical nodal recurrence. Both arms showed a similar cumulative
incidence of regional nodal involvement (16–17%). SLN status emerged as one of the
strongest prognostic indicators (HR for melanoma-specific mortality 2.40; 95% CI 1.61–3.56;
p < 0.001), reinforcing existing retrospective findings. Notably, SLNB conferred a significant
recurrence-free survival (RFS) benefit in both intermediate-thickness and thick melanomas.
In subgroup analyses among patients with nodal involvement (either SLN-positive or
node-detected on observation), earlier surgical removal via SNLB conferred a survival
advantage (HR 0.56; 95% CI 0.37–0.84; p = 0.006). This comparison suggests a clinical
advantage for patients with intermediate thickness melanomas who harbor clinically occult
nodal metastases and benefit from having that disease removed earlier rather than later.
Regardless of any effect on overall survival (OS), MSLT-I confirmed the prognostic value
of SLNB and led to its widespread adoption in melanoma management guidelines. More-
over, a meta-analysis of over 25,000 patients estimated a <5% nodal recurrence risk after a
negative SLNB [44].

Consequently, based on the MSLT-I trial, every patient with SLN metastasis underwent
completion dissection in that basin. Over time, it became evident that most SLN-positive
patients harbored no additional disease in the remaining lymph nodes, raising questions
about the necessity of routine CLND [44]. Two large, randomized trials, Multicenter Selec-
tive Lymphadenectomy Trial (MSLT-II) [19] and the German Cooperative Oncology Group
selective node dissection trial (DeCOG-SLT) [45], addressed this issue. Both trials random-
ized SLN-positive patients to CLND or nodal observation. MSLT-II enrolled 1939 patients
and evaluated melanoma-specific survival; DeCOG-SLT included 483 patients and assessed
distant metastasis-free survival. The key findings of the major randomized clinical trials
evaluating SLNB in melanoma are summarized in Table 1. Neither trial demonstrated
a significant survival benefit from CLND; only disease-free survival, and specifically re-
duced nodal relapse, was improved in the dissection arms. Consequently, clinical practice
shifted: observation with regular nodal ultrasound became the standard of care for most
SLN-positive patients, without adjuvant CLND [46]. As a result, a positive SLNB was no
longer an absolute indication for a CLND. Based on these pivotal trials, current guidelines
do not recommend routine CLND after a positive SLNB. Instead, nodal observation with
ultrasound and adjuvant systemic therapy are considered standard of care.
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Table 1. Major Clinical Trials on SLNB in Melanoma.

Trial Design N (Patients) Key Findings Current Relevance

MSLT-I Randomized: SLNB vs.
observation ~2000

SLNB improves regional control,
better identifies occult metastases;

no OS benefit

Establishes SLNB as
standard for staging

DeCOG-SLT Randomized: CLND vs.
observation after positive SLNB ~480 No difference in overall survival

(OS)
Supports avoiding

routine CLND

MSLT-II Randomized: CLND vs.
observation after positive SLNB ~1900 CLND does not improve OS;

benefit limited to regional control

Practice change:
routine CLND no

longer recommended

Nonetheless, precise nodal staging remains critical. SNLB provides vital prognostic
information that guides the use of intensified surveillance, adjuvant systemic therapy, and
clinical trial eligibility. It is now firmly established as the principal staging procedure
in melanoma, incorporated into the AJCC TNM staging system [40]. Current consensus
recommends SNLB should be based on individual risk assessments for nodal metastasis [47]
and it is usually performed when the estimated risk exceeds 10%. It is generally not
recommended when risk is <5%, with shared decision-making advised for risk between
5 and 10%. Risk estimation is facilitated by validated nomograms such as those from the
Melanoma Institute Australia [48,49].

Considerations for follow-up vary accordingly. For instance, a patient with a T2a
primary melanoma and a negative SLN may require only minimal follow-up without
imaging, whereas a positive SLN warrants more intensive surveillance including nodal-
basin ultrasound [19].

Regarding adjuvant treatment, there are now several studies that provide strong
evidence for improved outcomes with adjuvant systemic therapy for stage III melanoma
(pT1–4 N1), including RFS, distant metastasis-free survival, and OS, with immunotherapy
and targeted agents. These studies provide a strong rationale for performing SLNB, as
patients must be accurately staged to benefit from systemic therapy [50–58].

3.2. The Therapeutic Significance of SLNB: Evidence or Speculation?

The potential therapeutic impact of SNLB has been a subject of ongoing debate. Be-
yond its widely recognized prognostic value, SLNB also demonstrates therapeutic benefit.
Although the latter is primarily driven by a reduction in nodal recurrence, its ability to
improve regional disease control has clear clinical significance. The MSLT-I trial demon-
strated excellent regional control in patients who underwent SLNB followed by CLND [43].
However, subsequent findings from the MSLT-II trial suggested that most of the therapeutic
benefit could be achieved with SLNB alone. Specifically, more than 80% of SLN-positive
patients who did not undergo CLND achieved durable disease control and did not develop
nodal recurrence. This strongly supports the notion that SLNB alone can achieve definitive
clearance of the nodal basin in most patients. In other words, SLNB itself removed all
detectable nodal disease in most cases, thereby obviating the need for a more extensive and
morbid dissection. These findings reinforce the concept that SLNB should be considered to
have therapeutic, not merely prognostic, value [59].

Nevertheless, conceptual and methodological challenges remain when comparing
outcomes between patients with SLN-positive disease detected early and those who develop
nodal recurrence after a period of observation. Such comparisons inherently assume that all
abnormal cells detected in sentinel nodes would inevitably progress to clinically significant
disease. Many of these cells may be eliminated by host immune responses or fail to survive
the inhospitable conditions of the lymphatic and circulatory systems. Therefore, a subset of
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SLN-positive findings may be biologically insignificant or “false positives.” In these cases,
patients are inadvertently upstaged and may undergo unnecessary surgery or adjuvant
therapy without clear clinical benefit [60].

Overall, while there is unequivocal evidence that SNLB improves RFS, its effect on
melanoma-specific survival and OS remains less established. To date, no individual random-
ized clinical trial has demonstrated a definitive survival benefit from SLNB. Consequently,
many have concluded that such a benefit may not exist. However, the available trials have
been insufficiently powered to definitively resolve this question, and meta-analyses have
yielded conflicting results. Thus, current evidence is inadequate to confirm or refute a
survival advantage attributable to SNLB. If a survival benefit exists, it likely applies only
to patients with nodal metastases and is expected to be modest, potentially translating
into an absolute OS improvement of 3–4%. Given that this potential benefit appears to
be achievable through SLNB alone, without the need for CLND, the risk-benefit profile
remains acceptable for most patients [39].

3.3. SLNB in Specific Melanoma Subtypes
3.3.1. Desmoplastic Melanoma

Desmoplastic melanoma (DM) represents a rare subtype of cutaneous melanoma (CM),
accounting for approximately 4% of all cases [61–63]. It typically arises in sun-exposed areas
of older male patients and is histologically distinguished by spindle-shaped malignant
melanocytes set within dense collagenous stroma [61,63,64]. Despite its high rate of local
recurrence, DM exhibits a relatively low incidence of lymph node metastasis compared to
other CM variants, prompting debate over the role of SLNB in its staging [61,63,65].

DM is further subclassified into pure (PDM) and mixed (MDM) variants based on the
proportion of desmoplastic features, with emerging evidence underscoring their prognostic
divergence [66]. Indeed, MDM has been consistently linked to higher SLNB positivity
(14.8% vs. 4.9%) and worse outcomes in terms of recurrence-free and disease-free survival
when compared to PDM [61,63,67,68]. These findings are clinically relevant considering
current SLNB recommendations, which suggest the procedure when the predicted positivity
rate exceeds 10% [69].

Taken together, these data support consideration of SLNB, particularly in MDM cases,
where the risk–benefit profile appears favorable. Still, further research is warranted to
refine patient selection criteria and improve staging accuracy, emphasizing the need for
consistent histopathologic classification, with particular emphasis on clearly specifying
the DM subtype in pathology reports. Additionally, interobserver variability remains a
relevant concern and should be addressed to ensure consistent and accurate classification.

3.3.2. Acral Melanoma

Acral melanoma (AL) accounts for approximately 2–3% of all CM and is more com-
monly observed among Asian, African, and South American populations. It typically arises
in glabrous acral skin, including the palms, soles, digits, and nail apparatus. Among its
histologic subtypes, acral lentiginous melanoma (ALM) is the most frequent, while nodular
and superficial spreading variants are less common [70,71]. AL is often diagnosed at more
advanced stages, typically presenting with greater Breslow thickness and a higher incidence
of ulceration, both of which contribute to its poorer prognosis. Interestingly, patterns of
metastatic spread appear to vary according to pigmentation, with heavily pigmented lesions
more commonly linked to initial regional lymph node involvement [72,73]. Focusing on
lymphatic dissemination, recent evidence has shown that ALM is independently associated
with a significantly increased risk of SLNB positivity, even after adjusting for established
histopathologic predictors such as Breslow depth, ulceration, and mitotic index [74–79].
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SLNB positivity rates in ALM reach 18.39% in clinical stage IB and 39.53% in stage II,
exceeding the thresholds outlined by current National Comprehensive Cancer Network
(NCCN) guidelines [80]. Additionally, an analysis from the SEER (Surveillance, Epidemiol-
ogy, and End Results) registry reported an overall SLNB positivity rate of 25.7% [81,82],
while a retrospective analysis involving 1764 patients with stage IB–IIC ALM demonstrated
a 35% SLNB positivity rate [83]. Similarly, a Brazilian cohort reported a 34.2% positivity
rate, with SLNB-positive patients exhibiting significantly worse DFS (33.8% vs. 46.7%,
p = 0.001).

Taken together, these findings underscore the clinical utility of SLNB in ALM patients
from stage IB onwards and suggest that standard prognostic algorithms developed for other
CM subtypes may not be fully applicable to ALM, due to its distinct biological behavior.
ALM is characterized by a unique mutational profile, frequent KIT and CDK mutations and
rare BRAF alterations, as well as atypical metastatic patterns [84–87]. It may spread through
non-sequential pathways, reducing the reliability of standard histopathologic predictors
and highlighting the need for tailored staging and treatment strategies. However, further
prospective studies are needed to better inform optimal management approaches for this
distinct melanoma subtype.

3.3.3. Mucosal Melanoma

Mucosal melanomas represent a significant diagnostic and management challenge,
and the role of SLNB in this context remains poorly defined. Among them, anorectal
melanoma (ARM) is a rare yet particularly aggressive subtype, with a markedly poorer
prognosis compared to CM. The 5-year survival rate is approximately 20–25% (compared
to 80% in CM), primarily due to delayed diagnosis, which occurs in two-thirds of patients
presenting at advanced stages [88]. While lymphatic spread is common, lymphadenectomy
has not shown a clear survival benefit [89,90]. In this context, the role of SLNB remains
unclear due to limited evidence [91–94]. However, a recent study by Mistrangelo et al. [95]
reported 100% identification and positivity rates in five patients undergoing inguinal SLNB,
with three cases (60%) upstaged and redirected to adjuvant immunotherapy. Although the
sample size was limited and follow-up was short, these findings suggest that SLNB could
represent a valuable tool for more accurate staging in ARM. Beyond improving patient
selection for adjuvant immunotherapy, SLNB may help avoid invasive lymphadenectomies
and their associated morbidity, without compromising survival outcomes in patients with
advanced ARM.

Vulvar melanoma (VM) is also rare, accounting for approximately 1% of all melanomas
diagnosed in women and characterized by a particularly aggressive biological behavior,
likely due to its mucosal origin [96–98]. It is associated with a poor prognosis, with a 5-year
survival rate of approximately 45% [99]. To date, SLNB remains markedly underutilized:
recent data show that only about 30% of patients undergo SLNB, with many still receiving
no nodal evaluation at all. This limited use reflects the lack of dedicated guidelines due to
the rarity of the disease, which often leads to variability in clinical practice and suboptimal
staging [96].

Conjunctival melanoma (CjM) is a rare malignant neoplasm of the eye, with an esti-
mated incidence ranging from 0.2 to 0.7 per 1,000,000 individuals [100,101]. Unlike uveal
melanoma, CjM predominantly metastasizes via the lymphatic system, most commonly
involving the preauricular, submandibular, and cervical lymph nodes [102]. SLNB is
generally recommended when at least two of the following risk factors are present: non-
limbal tumor location, tumor thickness greater than 2 mm, presence of ulceration, and a
mitotic rate exceeding one figure per mm2. Reported SLNB positivity rates in the literature
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vary between 11% and 17%, while 5-year survival rates are estimated between 74% and
86% [103–105].

Recently, the successful use of programmed cell death protein 1 (PD-1) inhibitors has
been described in cases of metastatic CjM [106]. Based on this, it has been suggested that
patients with a positive SLNB, who are at increased risk of disease progression, might
benefit from adjuvant systemic therapies [100]. Nevertheless, the overall utility of SLNB in
CjM remains a matter of debate, primarily due to the rarity of the disease and the relatively
low incidence of sentinel node positivity [102,103,107,108].

Melanoma in the oral cavity refers to a rare, aggressive malignant neoplasm arising
from the melanocytes located within the mucosal lining of the mouth [109]. The etiology
is unknown and the pathogenesis is poorly understood. Unlike cutaneous melanoma,
oral mucosal melanoma typically presents in older adults and is often asymptomatic in
early stages, which can delay diagnosis [110]. In oral mucosal sites, SLNB is associated
with improved disease-free survival and distance metastases survival, reduced regional
lymph node metastases, and led to a better trend toward overall survival [111]. Similarly to
CjM, adjuvant therapy, especially with anti-PD-1 agents, improves survival outcomes. The
combination of SLNB for staging and adjuvant therapy for systemic control is currently
optimal, as adjuvant therapy alone does not replace the regional disease control provided
by SLNB [46,112].

3.3.4. Melanocytic Tumors of Uncertain Malignant Potential (MelTUMPs)

MelTUMPs comprise a heterogeneous group of melanocytic lesions with ambiguous
biological behavior, which do not meet the criteria for a benign nevus but also fall short of
the histopathologic thresholds required for a definitive melanoma diagnosis [113,114]. clini-
cal management, particularly regarding the use of SLNB, remains controversial. According
to Varey et al. [115], only 43% of patients with MelTUMPs underwent SLNB, with a pooled
positivity rate of 32%—a substantial figure considering their borderline nature. Moreover,
SLNB positivity rates were notably higher in younger patients (53% in <18 years, 25% in
18–40 years, and 11% in >40 years) and varied by histologic subtype (44% in pigmented
epithelioid melanocytoma and 30% in atypical Spitz tumors), suggesting that age and
histology may influence nodal involvement risk. However, only 6% of SLNB-positive
patients experienced disease progression, complicating the interpretation of SLNB utility in
this population [115].

SLNB indications remain ill-defined, with patient selection often relying on subjec-
tive clinical judgment, potentially leading to inflated positivity rates in selected cohorts.
Despite frequent reporting of histopathologic features, their correlation with outcomes is
inconsistent due to limited individual-level data. Moreover, the short median follow-up
(<3 years) across studies may underestimate recurrence rates. Significant heterogeneity
in diagnostic criteria and subtype classification further limits generalizability. Ultimately,
the low rate of disease progression among SLNB-positive patients supports a cautious,
individualized approach rather than routine SLNB in MelTUMPs [115].

3.3.5. SLNB in In-Transit Melanoma Recurrences

In-transit melanoma recurrences occur in 5–10% of primary cutaneous melanomas
and represent a distinct pattern of regional disease, characterized by dermal or subcuta-
neous metastases between the primary tumor site and the regional lymph node basin [116].
The role of SLNB in this setting is less clearly defined compared to primary cutaneous
melanoma. However, several studies have demonstrated that in-transit lesions may still
drain to sentinel lymph nodes, and SLNB can provide valuable prognostic information
regarding further nodal involvement [117–119]. While SLNB is not routinely recommended
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for all in-transit recurrences, it may be considered in selected patients, particularly when
accurate staging will influence decisions regarding adjuvant systemic therapy or clinical
trial eligibility. Thus, SLNB remains a potentially informative staging tool in this subgroup,
complementing imaging and clinical assessment to refine prognostication and therapeu-
tic planning.

3.4. SLNB in Patients with Complete Lymph Node Dissection

In a subset of patients, melanoma may develop either as a second primary lesion or
as a local recurrence in a region previously subjected to complete lymph node dissection
(CLND) for a prior malignancy. In such cases residual lymph nodes are not typically
expected to be present [120]. In the absence of established guidelines, these patients
are often excluded from further nodal staging. This scenario presents a diagnostic and
therapeutic dilemma, particularly considering that previous complete lymphadenectomy
may disrupt normal lymphatic drainage pathways, potentially resulting in lower sentinel
lymph node identification rates [17].

However, primary tumors are known to induce lymph-angiogenesis through the
production of lymphangiogenic factors, facilitating the development of new lymphatic
channels [121,122]. This could support the rationale for considering SLNB even after
CL, given that the removal of regional lymph nodes does not preclude tumor cells from
accessing the lymphatic system and migrating [123]. Therefore, omitting SLNB in these
patients may result in the loss of critical pathological information necessary for accurate
staging, appropriate adjuvant treatment selection, and the optimization of therapeutic
outcomes [124].

In this context, Wainstein et al. [120] evaluated the feasibility of SLNB in patients with
previous CLND, demonstrating a 100% success rate in sentinel lymph node identification
through the combined use of lymphoscintigraphy and vital blue dye. In this study, 50% of
patients had micrometastases that were not detected by preoperative radiological imaging.
Although based on a limited case series, these findings suggest that SLNB may not only be
technically feasible but also clinically meaningful in patients with a history of CLND and
could be considered on a case-by-case basis as part of accurate and individualized staging,
pending further validation in larger prospective studies.

4. Current Controversies and Future Directions
4.1. SLNB in Thin Melanomas

The role of SLNB in the management of patients with very thin melanomas, commonly
described as less than 0.8 millimeters (mm) in Breslow thickness, remains an ongoing
debate in the current literature. Current guideline recommendations for SLNB, based on
Breslow thickness and ulceration, are summarized in Table 2. While SLNB has become a
standard component of staging and prognostic significance in patients with intermediate
to thick cutaneous melanomas [125], its utility in thin lesions remains unclear. Various
literature suggests that the risk of nodal metastasis in this subset of patients is sufficiently
low to justify omitting the procedure, particularly given the unclear therapeutic relevance
of a positive SLNB in this context [126,127]. However, others suggest that specific criteria,
including high-risk features such as patients age ≤ 45, mitotic rate > 1 mm2, and/or with
ulceration [128], warrant the consideration of SLNB even in lesions under the 0.8 mm
threshold [128–130]. In these cases, proponents explain that patients with these high-risk
features should be informed of available evidence indicating a greater risk of nodal metas-
tasis at the time of the initial diagnosis, meaning they may be more likely to benefit from
SLNB [131,132]. This ongoing discourse highlights the importance of ongoing investigation
to clarify risk stratification and optimize patient care for individuals with thin melanomas.
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Table 2. Current SLNB Indications According to Breslow and Guidelines (NCCN/ESMO).

Breslow/Ulceration SLNB Recommendation

<0.8 mm, without ulceration Not recommended

<0.8 mm with ulceration, or 0.8–1.0 mm Consider SLNB

1.0–4.0 mm (intermediate) Recommend SLNB

>4.0 mm Recommend SLNB (prognosis and adjuvant therapy)

4.2. Alternatives to SLNB

Non-invasive techniques for lymph node staging encompass advanced imaging modal-
ities and biomarker analyses, aimed at accurately detecting lymph node metastasis without
the need for surgical intervention.

4.2.1. Imaging Modalities

Ultrasound (US) remains a highly convenient, low-cost modality due to its accessi-
bility and real-time imaging capabilities. Recent innovations, such as contrast-enhanced
ultrasound and ultrasound molecular imaging (USMI) have increased the specificity of the
US for lymph node staging [21]. Early manifestations of malignancy, such as asymmetric
thickening and focal lobulation of the lymph node cortex, may be detected, as well as
late-stage manifestations, including cortical thickening [133].

Magnetic Resonance Imaging (MRI), especially when enhanced with contrast agents,
offers wonderful spatial resolution and tissue contrast, enabling the detection of metastatic
lesions smaller than 1 mm. This quality enables the identification of micro metastases
undetectable by conventional imaging techniques. The MRI is also recognized as having
minimal biosafety concerns and is well-tolerated by patients [21]. However, its diagnostic
accuracy is significantly reduced in non-enlarged lymph nodes, as size-based criteria are
insufficient to distinguish benign from malignant lymph nodes [133,134]. This limitation is
also noted in non-contrast Computed Tomography (CT), another form of cross-sectional
imaging [133]. CT remains reliant on morphologic characteristics, including size, shape,
and pattern, making it unreliable for early detection of lymph node metastasis.

Positron Emission Tomography (PET) and Single-Photon Emission Computed To-
mography (SPECT) provide functional imaging capabilities that offer a high sensitivity,
quantification imaging, and the option to do whole body scanning [21]. However, the
inability to detect microscopic metastases limits their ability to be used as a modality for
early nodal staging [133,134].

Fluorescence Molecular Imaging (FMI), although not invasive itself, is used to support
intraoperative decision-making, enabling real-time visualization of metastatic lymph nodes
during surgery. However, FMI is limited by its shallow tissue penetration, rendering it less
effective for staging of deeper lymph nodes [21].

In photoacoustic imaging, the combination of optical and acoustic technology con-
tributes to optimal biosafety and high-resolution, radiation-free imaging of superficial
lymph nodes. However, penetration depth remains a significant barrier for detecting
deep-seated metastatic nodes [21].

Together, these modalities offer a comprehensive spectrum of non-invasive options
for staging of metastatic lymph nodes. Each with its own advantages and limitations,
these technologies are continually being developed. None have fully replaced SLNB,
yet emerging evidence supports their growing role in specific clinical contexts. Ongoing
advancements will likely further refine their diagnostic utility.
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4.2.2. Biomarker-Based Techniques

In addition to imaging advancement, molecular biomarkers are used in the non-
invasive staging of lymph node metastasis. Identification of reliable biomarkers for predict-
ing lymph node metastasis in melanoma could potentially avoid the need for SLNB. By
leveraging tumor-associated molecular signatures, biomarkers may reduce costs related to
melanoma and minimize treatment-related morbidity [135].

Molecular imaging probes that target specific tumor biomarkers represent a promis-
ing non-invasive strategy for lymph node staging. Antibody-based probes, such as
panitumumab-IRDye800CW directed at EGFR, have shown strong potential for detect-
ing metastatic lymph nodes intraoperatively, especially in head and neck cancer [21].
Peptide-based tracers, including 18F-FP-R01-MG-F2, offer advantages in biodistribution
and clearance and have been used to highlight integrin αvβ6-positive nodes on PET imag-
ing [21]. In prostate cancer, small molecule agents such as 68Ga-PSMA have proven effective
in identifying nodal disease with high sensitivity [21]. Finally, nanoparticle-based systems
introduce further versatility by combining targeting ligands with imaging agents, allowing
for both preoperative localization and live surgical navigation [21].

While many of these probes have been evaluated in other cancer types, their molec-
ular pathways are relevant in the progression of melanoma. For instance, studies have
identified vascular endothelial growth factors (VEGF), Tetraspanin CD9, and lymphatic
vessel endothelial hyaluronan receptor-1 (LYVE-1) as immunohistochemical biomarkers
predictive of SLNB status [135]. As research continues to map molecular signatures rel-
evant to melanoma, targeted imaging probes may be used accordingly, leading to more
patient-specific and less invasive nodal staging.

4.3. Molecular Profiling of Melanoma and SLN

Molecular profiling of primary melanomas and SLNs is an evolving strategy aimed
at enhancing risk stratification and tailoring treatment in cutaneous melanoma. While
histopathologic features such as Breslow thickness, ulceration, and mitotic rate remain
foundational to staging, they may not fully capture the biological behavior of these tu-
mors. Emerging molecular tools, such as liquid biopsy, microRNAs, and gene expression
profiling (GEP), provide additional layers of prognostic insight that may refine clinical
decision-making. GEP assays such as the 31-GEP (DecisionDx), CP-GEP (Merlin™), and
8-GEP (MelaGenix) analyze the activity of specific gene panels to classify tumors into risk
categories [136–138]. For example, the i31-SLNB algorithm integrates clinicopathologic
variables with the 31-GEP results to better predict SLN positivity, offering a more holistic
risk assessment than histology alone [136]. However, a recent consensus statement from
the Society of Surgical Oncology advises caution, explaining that GEP tests are not yet
validated enough to replace SLNB or decisions regarding treatment outside the setting of
clinical trials or specialized research [139].

Beyond the tumor, molecular staging of SLNs offers additional prognostic value.
Literature has demonstrated that molecular analysis of SLNs using reverse transcriptase
PCR could identify melanoma-specific transcripts in histologically negative nodes, and that
patients who underwent completion of lymph node dissection based on positive molecular
results experienced lower rates of regional recurrence [140]. These findings suggest that
molecular profiling of SLNs may detect disease not captured by standard histopathology,
informing patient decisions about surgical and systemic management.

The role of circulating molecular biomarkers is also being actively investigated. Mi-
croRNAs (miRNAs), including miR-21, miR-155, and miR-10b, have been associated with
SLN positivity and tumor progression. However, downregulation of tumor-suppressive
miRNAs such as miR-125b and miR-203 is associated with a higher metastatic poten-
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tial [136]. These blood-based biomarkers may offer a non-invasive method for preoperative
risk stratification and surveillance. Additionally, expressions of lymphangiogenic markers
such as VEGFR-3 and CD9 in primary tumors have been linked to SLN metastasis and may
be incorporated into biomarker panels [135].

In conjunction with these techniques, the Cancer Genome Atlas has classified cu-
taneous melanoma into four molecular subtypes: BRAF, RAS, NF1, and Triple-Wild
Type [141]. Each subtype has a distinct mutational signature, immune landscape, and
implication for treatment response [141]. These mutations are not currently utilized to
guide decisions related to an SLNB but represent critical aspects of molecular profiling and
offer information related to tumor biology, progression, and therapeutic targeting.

Many of these tools are investigational, yet their potential to refine clinical decision-
making related to SLNB is substantial. By integrating tumor biology with conventional
staging, molecular profiling may help identify patients who could safely avoid SLNB. This
incorporation may guide intensity of surveillance and select patients who are most likely
to benefit from adjuvant therapy, thereby paving the way for more precise, personalized
patient care.

4.4. Immunotherapy and SLNB

Management of regional lymph nodes in melanoma has significantly changed over
the past several decades [142]. The emergence of adjuvant immunotherapy has reshaped
the management of patients with melanoma who have a positive SLNB. Previously, a
positive SLN often prompted an immediate complete lymph node dissection (CLND) to
reduce regional recurrence risk [142]. However, with the availability of adjuvant molecular
target therapy, the role of CLND has decreased, and the focus has shifted toward systemic
control. Multiple pivotal studies have demonstrated that CLND does not improve overall
survival in comparison to observation alone in patients with a positive SLNB [142–144].
This finding, combined with the development and success of adjuvant immunotherapy,
has led to a shift in prioritizing systemic therapy over surgery for many patients [142–144].

Recent studies have confirmed that patients with a positive SLNB who forgo CLND will
still receive excellent outcomes when treated with adjuvant immunotherapy [139,142,143].
Current guidelines support the omission of CLND if patients are monitored with close
surveillance imaging and offered adjuvant systemic therapy. However, sentinel lymph node
status remains crucial even in the modern adjuvant era, as SLN status continues to serve as
a powerful prognostic marker and key determinant for adjuvant therapies [136,139].

Essentially, integration of effective adjuvant immunotherapies in SLN-positive patients
has shifted the therapeutic standard from aggressive surgical management to systemic
disease control. SLNB remains important for staging and guiding adjuvant treatment, while
CLND is no longer routinely recommended in the context of positive SLNB if adjuvant
systemic therapy and appropriate surveillance are employed.

4.5. Minimally Invasive SLNB Techniques

Minimally invasive approaches to SLNB have evolved in the hopes of maintaining
oncologic precision while reducing surgical morbidity. Like other surgical procedures,
SLNB may cause pain, swelling, and ecchymoses at the surgical site and increases the risk of
infection [145]. Patients have also reported allergic reactions and lymphedema [145]. Recent
technological advancements, including video-assisted and fluorescence-guided techniques,
have created opportunities to perform SLNB with less disruption to surrounding tissues.
Current literature emphasizes these techniques in breast cancer.

Video-assisted SLNB has been explored as a technique to decrease the invasiveness of
nodal staging, particularly when combined with three-dimensional computed tomographic
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(3D-CT) [146]. 3D-CT provides detailed visualization of the lymphatics, guiding precise
sentinel node localization. It has been demonstrated that SLNB can be safely and accurately
performed with minimal aesthetic compromise using this approach [146].

Fluorescence-guided methods, such as those involving indocyanine green (ICG) and
near-infrared imaging, have expanded on the possibilities for a minimally invasive SLNB.
The use of ICG fluorescence allows for live mapping of lymphatic channels and sentinel
nodes without reliance on radiocolloid tracers, leading to simplified logistics and decreased
patient exposure to radiation [146,147]. Studies incorporating endoscopic or video-assisted
platforms for an ICG-guided SLNB report high sentinel node identification rates and
favorable postoperative outcomes [147,148]. However, in melanoma, ICG faces signifi-
cant anatomical challenges not encountered in cancers, such as those affecting the breast.
Melanoma patients, particularly those with tumors on the trunk, head and neck, or oral
cavity, exhibit highly variable lymphatic drainage patterns involving multiple, deep, or
small nodal basins [149,150]. ICG’s limited tissue penetration may miss these deeper
nodes, a limitation less problematic in breast cancer where lymphatic drainage is more
predictable and nodes are typically more superficial. Consequently, the standard of care in
melanoma remains technetium-99m (Tc-99m) radiocolloid-based lymphoscintigraphy, with
ICG serving as a valuable adjunct for enhanced intraoperative visualization rather than a
replacement for established techniques [149,151–153].

Robotic-assisted approaches have also been proposed, emphasizing enhanced provider
dexterity and three-dimensional visualization to access SLN with precision. However, the
adoption of robotic SLNB is currently limited by factors including cost, lack of large-scale
comparative study outcomes, and technological complexities [133].

Although promising, minimally invasive SLNB techniques face developmental chal-
lenges. Both specialized equipment and surgical expertise are required, and larger prospec-
tive studies are needed to validate long-term oncologic safety and cost in comparison to
a conventional SLNB. Robust data in patients with melanoma is still required. This topic
represents an important area of innovation, offering the opportunity to enhance patient ex-
perience without compromising diagnostic integrity. The main advantages and limitations
of SLNB in melanoma are summarized in Table 3.

Table 3. Advantages and Limitations of SLNB in Melanoma.

Advantages Limitations

Accurate nodal staging Does not improve overall survival by itself
Robust prognostic information Surgical risk (lymphedema, seroma, infection)

Selection of patients for adjuvant therapies Costs and hospital resource requirements
Improves regional control Debate on the necessity in all groups

5. Conclusions
Sentinel lymph node biopsy (SLNB) has become an indispensable tool in the manage-

ment of melanoma, revolutionizing the staging and treatment of this potentially deadly
skin cancer. Since its introduction, SLNB has provided crucial prognostic information,
allowing for more accurate risk stratification and personalized treatment strategies. By
selectively identifying patients with occult lymph node metastases, SLNB has minimized
the morbidity associated with complete lymph node dissection while still offering the
potential for therapeutic benefit in some individuals. While SLNB remains the standard of
care for clinically node-negative melanoma patients, ongoing research continues to refine
the technique, explore alternative staging methods, and investigate the role of molecular
profiling and immunotherapy in the management of patients with positive SLNs. Fu-
ture directions in SLNB research will likely focus on optimizing lymphatic mapping and
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pathological evaluation techniques, identifying novel biomarkers for risk stratification, and
integrating SLNB findings with emerging systemic therapies to further improve patient
outcomes in melanoma.
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CjM Conjunctival melanoma
CL Complete lymphadenectomy
CLND Complete lymph node dissection
CM Cutaneous melanoma
DeCOG-SLT German Cooperative Oncology Group selective node dissection trial
DFS Disease-free survival
DM Desmoplastic melanoma
ELND Elective lymph node dissection
HR Hazard ratio
MDM Mixed desmoplastic melanoma
MelTUMPs Melanocytic tumors of uncertain malignant potential
MSLT-I Multicenter Selective Lymphadenectomy Trial I
MSLT-II Multicenter Selective Lymphadenectomy Trial (MSLT-II)
NCCN National Comprehensive Cancer Network
OS Overall survival
PCR Polymerase chain reaction
PD-1 Programmed cell death protein 1
PDM Pure desmoplastic melanoma
PET/CT Positron emission tomography/computed tomography
RFS Recurrence-free survival
SEER Surveillance, Epidemiology, and End Results
SLN Sentinel lymph node(s)
SLNB Sentinel lymph node biopsy
SPECT/CT Single-photon emission computed tomography/computed tomography
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