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Abstract: This study presents an integrative 
review focused on diagnostic methods to 
detect metastases in cutaneous melanoma, 
emphasizing advanced imaging techniques, 
molecular markers and recent technological 
advances. A systematic search was conducted 
in the PubMed database, resulting in 
79 relevant studies. After inclusion and 
exclusion criteria, five studies were selected 
for analysis. The review highlights the 
importance of histological features in 
predicting micrometastases in sentinel lymph 
nodes, emphasizing the significance of risk 
stratification in patients with stage IIIA 
melanoma with micrometastases, highlighting 
the role of advanced imaging techniques such 
as PET and MRI. Predictors of metastases 
in non-sentinel lymph nodes in cutaneous 
melanoma depend on the integration of 
molecular markers and imaging techniques in 
risk assessment. 
Keywords: Cutaneous melanoma; Diagnostic 
methods; Metastases. 

INTRODUCTION
Cutaneous melanoma is the most lethal 

skin cancer, accounting for a high mortality 
rate among primary skin cancers. The accuracy 
of diagnosis at an early stage is crucial, as early 
stages of melanoma have a good prognosis and 
are potentially treatable with surgery alone. On 
the other hand, advanced stages exhibit a much 
worse prognosis, with high rates of recurrence 
and metastasis. Therefore, accurate and early 
diagnoses are essential to improve patients’ 
chances of survival, significantly reducing the 
risks associated with incorrect diagnoses. In 
addition to histological examination, which 
remains the “gold standard” for diagnosing 
cutaneous melanoma, immunohistochemistry 
has proven to be a valuable tool, with an 
increasing number of markers being identified 
and incorporated into clinical practice (Ricci 
et al., 2022).
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Micrometastasis plays a critical role in the 
progression of cutaneous melanoma, being 
generated earlier than previously thought. 
Recent studies highlight the importance of 
a more comprehensive approach to cancer 
staging that considers the burden of cancer 
cells in different tissue compartments. Early 
detection of micrometastases, through 
advanced imaging technologies and other 
diagnostic tools, can revolutionize the 
management of cutaneous melanoma, 
allowing for earlier and more personalized 
interventions. This perspective has significant 
implications for clinical practice, suggesting 
the need to update cancer staging systems 
and take a more holistic view in approaching 
high-risk cancers (Sinclair et al., 2024).

The development and progression of 
cutaneous melanoma involves malignant 
transformations of melanocytes, cells 
responsible for producing pigment in the skin. 
Understanding the etiology and pathogenesis 
of cutaneous melanoma is essential for 
developing more effective diagnostic 
strategies. Research continues to explore 
the factors that contribute to the emergence 
and progression of melanoma, providing 
a basis for improving diagnostic methods 
and therapeutic approaches (Strashilov & 
Yordanov, 2021; Laudicella et al., 2020).

This integrative review aims to analyze 
diagnostic methods for detecting cutaneous 
melanoma metastasis, focusing on imaging 
techniques, molecular markers and recent 
technological advances. By synthesizing 
existing literature and identifying gaps 
in current knowledge, this review aims 
to provide a basis for future research and 
improvements in clinical practice, with the 
aim of improving outcomes for patients with 
cutaneous melanoma.

METHOD
PubMed databases were searched using 

relevant search terms such as “cutaneous 
melanoma”, “diagnosis of metastasis”, “imaging 
techniques” and “molecular markers”. The 
search was restricted to studies published in 
English and without date restrictions. After 
the initial search, 79 relevant studies were 
identified. These studies were then evaluated 
based on predefined inclusion and exclusion 
criteria. Inclusion criteria may have included 
studies that specifically address diagnostic 
methods for cutaneous melanoma and studies 
that investigate imaging techniques, molecular 
markers, and related technological advances. 
Exclusion criteria may have included studies 
that did not fit the research question or studies 
that were not available in full text.

After selecting the studies, relevant data 
were extracted and synthesized. This may 
include information about the characteristics 
of the studies, methods used, results and 
conclusions reached. Study synthesis involves 
organizing and integrating data to identify 
patterns, trends, and gaps in the literature. 
Of the 79 studies initially identified, five final 
studies were selected based on their relevance, 
methodological quality and contribution to 
answering the research question (Figure 1.0). 
These five studies represent a representative 
sample of the available literature on the topic 
and were used to inform the final conclusions 
of the integrative review.

RESULTS
The integrative review includes six studies 

that addressed different aspects of the detection 
of micrometastases in sentinel lymph nodes, 
prognostic factors and survival outcomes in 
patients with cutaneous melanoma (Table 
1.0). 
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Figure 1.0: Flowchart of the distribution of articles found and selected.

Source:  Rabelo AL et al. (2024)

Study Kind of study Patients Results

Moncrieff et 
al., 2022

Multicenter 
analytical study.

3,607 patients with 
primary cutaneous 
melanomas

SLN tumor deposit of 0.3 mm as an ideal cutoff 
for survival stratification. Five-year disease-
specific survival rates were 80.3% (≥ 0.3 mm) 
and 94.1% (< 0.3 mm).

Hellmich et 
al., 2021

Comparative 
analytical study.

132 SLNs from 104 
patients diagnosed with 
melanoma.

Flow cytometry exhibited a sensitivity of 50% 
and specificity of 85%. 8-fold flow cytometric 
DCCD in SLNs with high tumor burden.

Rajaee et al., 
2021

Systematic 
review and 
meta-analysis.

50 studies analyzed.

Risk factors: age >50, stage T 3 or 4, Clark 
level IV/V, ulceration, microsatellite, 
lymphovascular invasion, nodular histology, 
location of the primary tumor.

Pallara et al., 
2023

Retrospective 
study.

1,200 melanoma patients 
underwent SLN biopsy.

38 cases (3.2%) with negative 
lymphoscintigraphic scan. Older NV group 
with more frequent head and neck melanomas.

Woeste et al., 
2021

Retrospective 
cohort study.

2,305 patients with stage 
IIIA melanoma.

N2a was an independent risk factor for worse 
OS. Significant difference in OS for patients 
undergoing SLN biopsy plus CLND

Source:  Rabelo AL et al. (2024)
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DISCUSSION
The studies by Hellmich et al. (2021) and 

Rajaee et al. (2021) address the detection of 
metastases in melanoma, but focusing on 
different methods and predictors. Hellmich et 
al. explore the application of flow cytometry in 
the rapid quantification of melanoma cells in 
SLN, showing a significant positive correlation 
with immunocytology, especially in cases of 
high tumor burden. Although the sensitivity 
of flow cytometry still needs to be improved 
for early detection of micrometastases, its 
findings are promising. In contrast, Rajaee et 
al. identify predictors of non-sentinel lymph 
node metastases (NSNM) through a systematic 
review and meta-analysis, highlighting clinical 
and tumor factors such as age, tumor stage 
and specific characteristics of the SLN. Both 
studies highlight the importance of advanced 
imaging techniques, such as PET and MRI, in 
the early detection of metastases.

Moncrieff et al. (2022) emphasizes the 
importance of risk stratification in patients 
with SLN micrometastases from stage 
IIIA melanoma, highlighting the need to 
identify those who would benefit most from 
adjuvant systemic therapy. This international 
multicenter study, involving 3,607 patients, 
demonstrated that the maximum dimension 
of SLN tumor deposits of 0.3 mm is a critical 
cutoff for survival, with specific survival rates 
of 80.3% for deposits ≥ 0.3 mm compared to 
94.1% for deposits < 0.3 mm. This finding 
underlines the effectiveness of advanced 
imaging techniques, such as PET and MRI, 
which are essential for detecting minute 
tumor deposits with greater precision. 

Hellmich et al. (2021) highlights the 
potential application of flow cytometry in the 
rapid quantification of melanoma cells in SLN. 
In a group of 104 patients with melanoma, flow 
cytometry was used to detect the melanoma-
associated chondroitin sulfate proteoglycan, 
demonstrating a sensitivity of 50% and 

specificity of 85% compared to traditional 
histopathology and immunocytology 
methods. 

Although flow cytometry is not yet sensitive 
enough for early detection of micrometastases, 
it showed a significant positive correlation 
in disseminated cancer cell density (DCCD) 
with immunocytology (Spearman’s ρ = 0.7, P 
< 0.0001), especially in cases of high tumor 
burden, where DCCD was significantly 
higher. This advancement is complemented 
by advanced imaging techniques, such as MRI 
and PET, which continue to be fundamental 
for visualizing early-stage metastases.

According to Rajaee et al. (2021), who 
carried out a systematic review and meta-
analysis, it was possible to identify predictors 
of metastases in non-sentinel lymph 
nodes (NSNM) in patients with cutaneous 
melanoma. The results showed that clinical 
and tumor factors, such as age over 50 years, 
stage T3 or T4, Clark level IV/V, ulceration, 
microsatellites, lymphovascular invasion, 
nodular histology and location of the tumor 
in the extremities compared to the trunk, are 
consistent predictors of NSNM. Furthermore, 
specific features of the SLN, such as the 
presence of more than one positive SLN, 
micrometastatic tumor burden, diameter 
greater than 2 mm, extracapsular extension, 
and non-subcapsular location, have also been 
identified as significant risk factors. These 
findings underscore the need for advanced 
imaging techniques such as MRI and PET, 
which are crucial for detecting metastases at 
early stages.

Pallara et al. (2023) examined 
the effectiveness of preoperative 
lymphoscintigraphy in detecting SLN 
in patients with cutaneous melanoma, 
identifying that failure to visualize the SLN 
is more common in older patients and with 
head and neck melanomas. This technical 
limitation did not significantly influence 
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overall survival (OS) or disease-free survival 
(DFS), suggesting that the absence of SLN 
visualization must not be immediately 
interpreted as a poor prognosis. However, 
this finding underscores the need for close 
surveillance, potentially using ultrasound 
to monitor all possible lymphatic drainage 
basins. 

In addition to imaging techniques, specific 
molecular markers, such as melanoma-related 
messenger RNA expression, and advances 
such as flow cytometry for quantifying tumor 
cells, as well as liquid biopsy for detecting 
circulating tumor cells, offer less invasive and 
more sensitive to monitor disease progression.

The study by Woeste et al. (2021) reveals that 
the presence of multiple positive lymph nodes 
(N2a) in patients with stage IIIA melanoma 
is associated with worse overall survival 
(OS) compared to the presence of just one 
positive lymph node (N1a). This distinction 
is crucial for personalizing adjuvant therapy 
recommendations, suggesting that the extent 
of micrometastatic lymph node disease must 
be carefully considered. Advanced imaging 
techniques, such as MRI and PET, are critical 
for early and accurate detection of metastases. 
Technological advances, including flow 
cytometry for quantifying tumor cells 
and liquid biopsy for detecting circulating 
tumor cells, offer less invasive and more 
sensitive methods for monitoring melanoma 
progression.

These methods complement traditional 
approaches and allow for more rigorous 

monitoring, especially in cases where 
preoperative lymphoscintigraphy does 
not visualize lymph nodes, as observed by 
Pallara et al. (2023). The integration of these 
advanced techniques allows for a more 
detailed and earlier assessment of metastatic 
spread, facilitating more precise therapeutic 
interventions and potentially improving the 
clinical outcomes of patients with cutaneous 
melanoma.

FINAL CONSIDERATIONS
Considering the results of the studies 

analyzed, it becomes clear that the detection 
of metastases in cutaneous melanoma requires 
a comprehensive approach that integrates 
several diagnostic techniques. 

The research highlights the importance of 
histological features, risk stratification and 
the use of advanced imaging techniques, such 
as high-resolution ultrasound, PET MRI, 
for accurate detection of micrometastases 
and appropriate therapeutic intervention. 
Furthermore, the application of molecular 
markers and technological advances, such as 
flow cytometry and liquid biopsy, promises to 
improve diagnostic sensitivity and enable less 
invasive monitoring of disease progression. 
Taken together, these advanced approaches 
provide a more detailed and earlier assessment 
of metastatic spread, which may result in 
more precise therapeutic interventions and, 
potentially, better clinical outcomes for 
patients with cutaneous melanoma.
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