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Abstract 

Melanoma remains challenging in terms of diagnosis and treatment, and there is an urgent need to 
implement accurate diagnostic methods and personalized treatment to improve clinical outcomes. 
Therefore, it may be useful to enrich the panel of melanoma markers already in use and develop 
combinations of biomarkers for disease prognosis and monitoring. Data suggest that a promising 
biomarker for such a combination is circulating melanoma cells (CMCs). Although the relevances of 
various biomarkers in diagnosis, prognosis and treatment monitoring in melanoma have been 
extensively studied, we aimed at comprehensive investigation and comparison of liquid biopsy and 
tissue biomarkers with clinical status of the patient. Specifically, we focused on CMCs, by comparing 
the number of CMCs, including pre- and post-treatment. Furthermore, we have assessed the 
expression of the PMEL and Melan-A markers and the S100B and TIMP-1 protein levels in 
representative blood samples from melanoma patients and healthy controls. The number of CMCs 
in the study group was significantly higher than in the CMC-negative control group. However, there 
was no significant difference between the incidence of CMCs in the pre- and post-treatment blood 
draws. Nonetheless, we have observed a negative correlation between LDH levels and PFS, and a 
negative correlation between S100B levels and lymphocyte counts. The results of the study indicate 
that combinations of biomarkers, rather than any single biomarker alone, possess the highest clinical 
application potential, which urges further research on larger patient groups. 
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Introduction 
Melanoma is a skin cancer predominantly 

affecting individuals with a large number of 
melanocytic lesions, a light skin phenotype, a positive 
family history, and high UV exposure [1]. There is 
also some data regarding diagnosis and incidence in 
people with dark skin phototypes [2,3], in whom the 

cause seems to be not sun exposure-dependent. 
According to the American Cancer Society, between 
2021 and 2022, the estimated number of new 
melanoma cases was lower than in previous years. 
This may be attributed to high public awareness of 
risk factors and methods of prevention publicized in 
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educational campaigns. Nevertheless, even in 2022, 
the estimated number of deaths from melanoma 
reached 7,650, with the majority of them being men 
[4]. Melanoma is, therefore, still a challenge in terms 
of diagnosis and treatment, and there is an urgent 
need for the implementation of accurate diagnostic 
methods and personalized treatment methods to 
improve the clinical outcome.  

In choosing the best-fitting treatment method for 
a patient, the greatest clinical significance is attributed 
to prognostic methods used to assess the disease’s 
course and monitor the therapy’s effects [5]. Markers 
currently used for clinical diagnosis, namely the 
serum levels of lactate dehydrogenase (LDH) and 
S100 calcium-binding protein B (S100B), exhibit 
several shortcomings, including lower sensitivity in 
the early stages of the disease [6]. Similarly, the 
evaluation of premelanosome protein (PMEL) and 
melanoma antigen recognized by T cells 1 (Melan-A) 
expression, commonly used in melanoma diagnostics, 
carries the risk of ambiguity, as this marker can also 
be present on normal melanocytes [1,7].  

 The solution to this problem can lie in 
expanding the panel of already used melanoma 
markers and developing a new combination of 
biomarkers used for melanoma prognosis and 
monitoring. The available literature indicates that 
circulating tumor cells (CTCs), known in melanoma 
as circulating melanoma cells (CMCs), are a 
promising biomarker that could be used in such a 
combination [8]. CMCs are tumor cells that, using 
mechanisms that enable mobility, detach from the 
primary tumor and, via the bloodstream, enter tissues 
vulnerable to metastasis formation [1]. Data suggest 
that the number of CMCs in the bloodstream reflects 
the stage of the disease and susceptibility to 
metastasis formation. Association between CMCs, 
overall survival (OS), progression-free survival (PFS), 
LDH [9,10], and S100B levels [11] was also indicated. 
Interestingly, some reports describe the validity of 
using the tissue inhibitor of metalloproteinases 1 
(TIMP-1) protein in melanoma research [12,13]. This 
marker has already been associated with poor 
prognosis in many cancers [14], and revealing the 
association between TIMP-1 and other markers, 
especially CMCs, could be of great value. 

To create a combination of CMCs with other 
melanoma markers, we need to determine the most 
accurate and least invasive method for detecting 
CMCs in patient blood. The CellSearch® method, 
which has gained FDA approval for detecting CTCs in 
other types of cancer, seems particularly 
advantageous [15,16].  

The main aim of this study was to explore the 
usefulness of the selected biomarkers in melanoma 

diagnostics, prognosis, and treatment monitoring 
with a particular focus on CMCs. This goal was 
completed using a comparison of CMC numbers, 
including their pre- and post-treatment status, 
evaluation of PMEL and Melan-A marker expression, 
and assessment of serum levels of S100B and TIMP-1 
proteins in representative blood samples from 
melanoma patients and healthy controls. All results 
obtained were correlated and considered in relation to 
available patient clinical data.  

Materials and Methods 
Study design 

Blood and paraffin-embedded tissue blocks were 
collected from qualified patients who gave their 
written consent for participation in the study. Three 
analyses were performed: a CMC count assessment 
from patients’ whole blood using the CellSearch® 
system, determination of S100B and TIMP-1 proteins 
serum concentration using ELISA, and detection of 
PMEL and Melan-A expression on excised neoplastic 
lesions using immunohistochemical staining. Blood 
was collected twice, before the start of the treatment 
(baseline) and 2-4 months after the start of 
immunotherapy, to assess CMC counts and protein 
serum concentration. The obtained serum was 
aliquoted and frozen at -80˚C until testing. 

The study was approved by the Bioethical 
Commeettee at Poznan University of Medical Sciences 
with resolution no. 451/20.  

Patient characteristics 
The full study group consisted of 40 patients 

aged 37–88. All patients were adults with advanced, 
inoperable and/or metastatic cutaneous melanoma 
undergoing qualification for immunotherapy with 
anti-PD-1 antibodies (nivolumab or pembrolizumab) 
at the Department of Medical and Experimental 
Oncology, Heliodor Swiecicki University Hospital, 
Poznan University of Medical Sciences, Poznan, 
Poland, between 2019 and 2023. Patients were in the 
IV stage of the disease. The general condition of the 
patients was assessed as 0 or 1 according to the ECOG 
(Eastern Cooperative Oncology Group) performance 
scale. Patients with other concomitant cancer and 
significant automimmune diseases, as well as HBV, 
HCV and HIV infections and post-treatment 
complications were not eligible for the study.  

The diagnosis was made based on the 
histopathologial result of the previously removed 
melanoma, its metastasis or biopsy. The molecular 
examination of the archived histopathological sample 
determined the mutation status in the BRAF V600 
gene. Before treatment, each patient underwent 
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computed tomography of the head, chest, abdomen 
and pelvis, as well as panel of laboratory tests 
(morphology, ALAT, ASPAT, bilirubin, creatinine, 
amylase, electrolytes, glucose, TSH, fT4, LDH and 
general urine test) to determine the current 
advancement of the disease, organ function and 
possible contraindications to immunotherapy. The 
treatment was a standard therapeutic procedure that 
does not bear hallmarks of the medical experiment. 
The patients’ response to the treatment, PFS and OS 
were assessed. Each patient gave oral and written 
consent to the proposed procedure. 

The clinical characteristics of the patients include 
age (years), sex, stage of the cancer (I-IV), presence 
and location of metastases (M0-M1a-d), LDH serum 
level (U/l), lymphocyte count (109/l), neutrophil 
count (109/l), eosinophil count (109/l), platelet count 
(109/l), presence of BRAF mutation (1-positive, 
0-negative), PFS (months), OS (months), ECOG 
(Eastern Cooperative Oncology Group; 0-5), ORR 
(Objective Response Rate; CR, PR, PD, SD, PD) and 
are presented in Supplementary Table S1. 

Material from 20 patients was simultaneously 
analyzed using immunohistochemical staining. 

The control group for CMC counts assessment 
and protein concentration evaluation consisted of 19 
age-matched healthy individuals. Due to problematic 
acquisition of skin biopsies from the above-mentioned 
control group, controls for tissue expression 
determination consisted of 20 archival 
paraffin-embedded blocks of healthy skin biopsies. 

Assessment of circulating melanoma cells 
(CMCs)  

The number of CMCs in patient and control 
blood samples was conducted using a fully 
automated CellSearch® system (CellTracks® 
Autoprep® System, CellTracks® Analyzer II® 
System, Silicon Biosystem, Menarini, Florence, Italy) 
and reagents developed specifically for this method 
(CellTracks Circulating Melanoma Cell Kit, Silicon 
Biosystem, Menarini, Florence, Italy, cat. no. CS0014). 
Blood was collected into 7.5 ml CellSave® 
preservation tubes (Silicon Biosystem, Menarini, 
Florence, Italy) and analyzed within a maximum of 24 
h after collection. The analysis was carried out 
according to the manufacturer’s procedure. The 
method employed magnetic beads (ferrofluid) coated 
with antibodies against the MCAM (CD146) antigen 
for CMC capture. Subsequently, enriched cells were 
immunostained with antibodies against HMW-MAA- 
PE (melanoma-associated antigen), CD34-APC 
(endothelial cell marker), CD45-APC (leukocyte 
marker), and DAPI (cell nucleus marker). Cells 
positive for MCAM and HMW-MAA and negative for 

CD34 and CD45 with intact nuclear signal were 
identified as CMCs. Results were presented as the 
number of detected CMCs in 7.5 ml of blood. 

Immunohistochemical staining and evaluation 
of PMEL and Melan-A proteins  

Paraffin-embedded blocks with preserved tumor 
lesions were provided by the Department of Medical 
and Experimental Oncology, Heliodor Swiecicki 
University Hospital, Poznan University of Medical 
Sciences, Poznan, Poland. Twenty patients 
participated in this analysis and consented to the use 
of the material.  

The material for the immunohistochemical test 
was fixed in 10% buffered formalin, embedded in 
paraffin, and cut on the microtome into 4-5 μm thick 
sections. Immunohistochemical reactions were 
performed on the previously prepared sections using 
the EnVision FLEX +, Mouse, High pH (Link) (Agilent 
Dako, Santa Clara, United States, cat. no. K800221-2). 
Heat-induced antigen demasking pre-treatment was 
also carried out using EnV FLEX TRS, Low pH (50 x) 
(Agilent Dako, Santa Clara, United States, cat. no. 
K800521-2). Then, the sections were incubated with 
anti-PMEL17 antibodies diluted 1:300 (Novus 
Biological, Bio-Techne Sp. z o.o., Warsaw, Poland, cat. 
no. NBP1-69571) anti-Melan-A antibodies diluted 
1:300 (Novus Biological, Bio-Techne Sp. z o.o., 
Warsaw, Poland, cat. no. NBP1-30151) overnight at 
+4 °C. The reaction was imaged with 
DAB-diaminobenzidine chromogen with the addition 
of hydrogen peroxide. The final stage of the reaction 
consisted of staining the cell nucleus with 
hematoxylin, tissue dehydration, and immersion in 
anhydrous histofluid solution. During 
immunocytochemical reactions, negative and positive 
controls were performed. The slides were scanned 
using the Grundium Ocus Digital Slide Scanner with 
Olympus X Line Objectives (Evident, Tokyo, Japan). 

The stained specimens were subjected to 
histochemical evaluation by a pathologist. The 
intensity of melanoma cell staining was scored as 0 
(negative), 1+ (mild), 2+ (moderate), or 3+ (strong). 
The distribution of cancer cells staining was scored as 
0 (no positive cells), 1+ (less than 10% of stained cells), 
2+ (10-50% of stained cells), 3+ (51-80% of stained 
cells) or 4+ (more than 80% of stained cells). An 
immunoreactivity score (IRS) was derived for each 
specimen by multiplying the intensity score by the 
distribution score. The IRS score was interpreted as 
negative (0-1), mild (2-3), moderate (4-8), or strongly 
positive (9-12). 

For control purposes, 20 sections of healthy skin 
were stained and processed, respectively. 
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Evaluation of S100B and TIMP-1 proteins‘ 
serum concentration  

To obtain serum for determination of S100B and 
TIMP-1 biomarker concentration, blood was collected 
into 6.0 ml clot activator tubes and left undisturbed 
for 15 mins. Subequently clot was removed by 
centrifugation at 1000–2000 x g for 10 mins in a 
refrigerated centrifuge. Enzyme-linked 
immunosorbent assays (ELISA) were performed 
using ready-made, standardized kits for S100B 
(Human S100B ELISA, Merck Life Science, cat. no. 
EZHS100B-33K) and TIMP-1 (Human TIMP-1 
Quantikine ELISA Kit, Bio-Techne Sp. z o.o., cat. no. 
DTM100), according to the manufacturers’ 
procedures. Briefly, standards, serum samples, and 
controls were added to the wells in equal volumes. 
The plates were covered and incubated with the 
presence of a shaker at room temperature. After this 
time, wells were washed multiple times with a wash 
buffer, and a detection antibody solution was added 
to each well. The plates were then covered and 
incubated, followed by a washing step. Next, an 
enzyme solution was added to each well and 
incubated. After washing, the substrate solution was 
added to the same volume and incubated for a 
respective time, followed by the direct addition of a 
stop solution in an equal volume. Absorbance was 
measured at 450 and 590 nm for S100B and at 450, 540, 
and 570 nm for TIMP-1 immediately after 
preparation. Baseline and control samples were tested 
in triplicates. Results were presented in pg/ml for 
S100B and in ng/ml for TIMP-1. 

Statistical analysis 
Statistical analyses were performed using 

Statistica (data analysis software system), version 13 
(TIBCO Software Inc. 2017; www.tibco.com). 
Quantitative data are presented as range and median. 
All results were first verified by a normality test 
(Shapiro-Wilk test). Since the test confirmed a lack of 
normality, a non-parametric U Mann-Whitney test 
was used to compare the results between groups and 
objective response rate (ORR). The Wilcoxon test was 
used to compare CMCs in both blood draws. A 
Spearman rank correlation test was used to check the 
relationship between the selected variables. A p-value 
of less than 0.05 was considered significant. 

Results 
Circulating melanoma cell detection rate 
obtained using the CellSearch® system 

Two patients were excluded from the initial 
study group of 40 patients. One patient due to change 
in treatment regimen, the other one due to hemolysis 
of the sample, making counting of the cells 
impossible. Based on the CellSearch® system, we 
have demonstrated that 50% (19/38) of patients were 
CMC-positive during the first blood draw (range 0–8, 
median 0,5) (Figure 1A). CMC-positivity referred to ≥ 
1 CMC detected in the blood sample. In case of the 
second blood draw, 25 samples were collected. This 
was caused by the inability to collect second blood 
sample from some patients due to logistic and clinical 
reasons, like death or change in treatment regimen. 
Among them, 32% (8/25) of patients were positive for 
CMCs (range 0-7, median 0) (Figure 1B). We found no 
CMCs (0 CMC) in the control group of healthy 
individuals (Figure 1C).  

 

 
Figure 1. Distribution of detected circulating melanoma cells (CMCs) using the CellSearch® system tested separately before and after implemented therapy. Presented results 
of CMC enumeration show performance of technology in: A) melanoma patients before the treatment, B) melanoma patients after the treatment and C) control group of healthy 
individuals. 
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Figure 2. Representative images of CMCs detected in melanoma patients using the CellSearch® system. Enriched and stained cells were identified as tumor cells according to 
the following criteria: HMW-MAA-positive, DAPI-positive, CD45-negative, and negative for the last channel. 

 

 
Figure 3. Circulating melanoma cells (CMCs) detection rate before and after treatment reflecting the effectivity of the implemented therapy. Matched-pair analysis of CMCs 
enumerated with the CellSearch® system: A) comparison of CMC counts in melanoma patients before and after the treatment, B) changes in CMC counts before vs. after the 
treatment. 

 
The difference between melanoma patients 

(baseline) and the control group was significant 
(p=0,0018). Representative images of results 
generated by the CellSearch® system are presented in 
Figure 2. 

Analysis of circulating melanoma cell counts in 
pair-matched blood samples before and after 
immunotherapy using the CellSearch® system 

We have found no statistically significant 
differences between the first and second blood draws 
(p = 0,7761). The matched CTC pairs were analyzed 

before and after immunotherapy for 25 patients 
(Figure 3A). In the post-treatment samples, the CTC 
positivity rate tended to decrease. Specifically, 44% 
(11/25) of patients were CTC-positive before and 32% 
(8/25) after treatment. CMC number decreased in 
40% (10/25) of patients. The majority, 36% (9/25), 
showed no change, while 24% (6/25) exhibited an 
increase in the second analysis (Figure 3B). 

PMEL and Melan-A tissue expression  
From the initial study group of 40 patients, we 

were able to collect paraffin sections from 20. Most 
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(n=19) of the analyzed lesions (n = 20) presented 
expression of both markers. In terms of PMEL 
expression, all patients were assessed as positive 
(Figure 4A). According to the IRS score, 4 were 
described as mild, 5 as moderate, and 11 as strongly 
positive. In the case of Melan-A, 19 of 20 patients 
presented expression (Figure 4B), with 1 of them 
classified as mild, 6 as moderate, and 12 as strongly 
positive. In both cases, the skin lesions examined are 
dominated by a high number of tumor cells. Negative 
staining control was presented in Figure 4C. 

There was a significant difference between 

melanoma and melanocytes of healthy skin sections in 
the case of PMEL expression (p = 0,0073), but there 
was no difference when whole healthy skin was 
assessed (p = 0,1274). Surprisingly, healthy skin 
presented higher expression of PMEL than 
melanocytic lesions. On the other hand, there was no 
difference between melanoma and melanocytes of 
healthy skin sections in the case of Melan-A (p = 
0,1143). Still, there was a difference when the whole, 
healthy skin was assessed (p < 0,0001), which 
presented a lower expression of Melan-A than 
melanocytic lesions. 

 
 

 
Figure 4. Representative images of immunohistochemical staining: A) positive PMEL expression, B) positive Melan-A expression and C) negative staining control. 
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Figure 5. Bar graph illustrating significant differences in S100B concentration in 
serum between melanoma patient group and control group of healthy individuals. 

The concentration of S100B and TIMP-1 
proteins in patients’ serum 

Due to hemolysis, 5 patients were excluded from 
the S100B concentration measurement (n = 35). 
Patients’ mean values oscillated between 2,759 pg/ml 
and 2394 pg/ml, with 5 patients classified as negative. 
In the control group (n = 14), mean values were 
between 7,336 pg/ml and 55,959 pg/ml, and 5 
individuals were negative. Notably, there was a 
significant difference between the patient group, 
where the mean values were higher, and the control 
group (p = 0,0009) (Figure 5).  

Regarding TIMP-1 concentrations (n = 35), 22 
patients were positive and 13 negative. Mean values 
in the patients’ group were between 0,9 ng/ml and 
450,75 ng/ml. In the control group (n = 16), mean 
values were between 1,4 ng/ml and 232,5 ng/ml. 
Nine individuals were negative. We found no 
statistically significant differences between both 
groups (p = 0,7846). 

Correlation and relation between CMC count 
and selected parameters 

Analysis showed a statistically significant 
negative correlation between the CMC count in the 
second blood draw and the lymphocyte count (R = 
-0.49, p = 0.0160), whereas no such a correlation was 
found as far as the CMCs from the first blood draw 
were concerned (R = -0.03, p = 0.8739). There was also 
no correlation between CMCs from both blood draws 
and other blood parameters, precisely: neutrophils (R 
= 0.11, p = 0.4999; R = -0,13, p = 0.5429 respectively), 
eosinophils (R = -0.16, p = 0.3784; R = 0.09, p = 0.6711 
respectively) and platelets (R = 0.06, p = 0.7538; R = 
0.22, p = 0.3111 respectively). 

We did not obtain a correlation between the 
detected number of CMCs and OS in the first (R = 
0.00, p = 0.9980) or second (R = 0.05, p = 0.8295) blood 
draw, as well as PFS in both blood draws (R = -0.01, p 
= 0.9659; R = -0.06, p = 0.7885 respectively). There was 

also no correlation between both CMC counts and 
LDH (R = 0.15, p = 0.9879; R = 0.25, p = 0.2322 
respectively), S100B (R = -0.04, p = 0.2865; R = 0.00, p = 
0.9978 respectively) and TIMP-1 (R = 0.14, p = 0.5773; 
R = 0.09, p = 0.6954 respectively) biomarkers, neither 
with Melan-A (R = -0.04, p = 0.8582; R = 0.02, p = 
0.9471 respectively), PMEL IRS (R = 0.25, p = 0.2861; R 
= 0.28, p = 0.4276 respectively), the disease stage (R = 
0.18, p = 0.2869; R = 0.21, p = 0.3164 respectively) and 
age (R = -0.05, p = 0.7552; R = -0.20, p = 0.3518 
respectively). 

Statistical analysis showed no relation between 
presence of BRAF mutation and CMCs from first (p = 
0,6751) and second (p = 0,7675) blood draw as well as 
for presence or lack of metastasis in liver (p = 0,2863; p 
= 0,6419 respectively) or in CNS (p = 0,2863, p = 
0,8362). 

Correlation between other melanoma-specific 
parameters 

The lymphocyte count correlated negatively 
with the S100B protein level in patients’ serum (R = 
-0,45; p = 0,0078). Also, LDH levels positively 
correlated with S100B protein level in patients’ serum 
(R = 0,37; p = 0,0321). PFS positively correlated with 
OS (R = 0,67; p < 0,0001), and negatively correlated 
with LDH (R = 0,33; p = 0,0492) and S100B level (R = 
-0,35; p = 0,0419). Correlations between evaluated 
biomarkers are presented on Figure 6. 

Comperative analysis of the variables tested in 
relation to objective response rate (ORR) 

We found statistically significant difference 
between PMEL IRS and ORR. The level of PMEL 
expression was lower in patients with partial response 
(PR) and complete response (CR), comparing to 
patients presenting stable disease (SD) and 
progressive disease (PD) (p = 0,031). A similar 
relationship was not observed for other parameters in 
relation to ORR: CMC count (p = 0,7907), Melan-A IRS 
(p = 0,3312), S100B (p = 0,2097), and TIMP-1 (p = 
0,5605) serum concentrations. 

Discussion 
Knowledge about circulating tumor cells has 

seen a continuous increase over the recent years. The 
presence and clinical utility of CTCs are already well 
described in the context of, e.g., prostate [17,18], 
breast [19], lung [20], and colorectal cancers [21]. This 
prompts the researchers to study CTCs in other types 
of cancers, among others in melanoma [22]. Palmieri 
et al. promoted CMCs detection for prognostic 
prediction in melanoma based on two assumptions. 
The first one, concerning the impact of cells detached 
from primary lesion on distant metastases formation, 
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suggesting that enumeration of CMCs would help in 
detection of putative early metastatic spread. The 
second one, showing that although the presence of 
CMCs in the blood stream is not unequivocal 
indication of metastatic colonization, there are some 
promising results proving prognostic value of the 
CMC occurrence in the initial stages of the disease 
[23]. 

In fact, the mere presence of these cells in the 
blood is associated with a poor prognosis [24], and 
this risk increases with the number of cells detected 

[25,26]. Their prognostic value has been described in a 
number of scientific publications, proving that the 
data collected before and after treatment, e.g., 
chemotherapy, immunotherapy, or other targeted 
therapy, can be used to monitor patient outcomes [27–
29]. Combining melanoma biomarkers into a single 
effective panel, including CMCs and LDH, which is 
widely used in diagnostics, could be particularly 
effective [30]. Moreover, the available sources also 
point out the advantages of using CTC-derived 
ctDNA in the diagnostics of other types of cancer [31].  

 

 
Figure 6. Correlation between parameters including: S100B serum concentration, LDH serum concentration, PFS, OS and lymphocyte count. 
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High tumor heterogeneity, a known issue in 
melanoma, needs to be taken into account when 
developing methods to analyze CMCs [32], as well as 
functional importance of proteins facilitating tissue 
invasion and metastasis in relation to melanoma 
prognosis. Among others, increased expression of 
melanocyte-specific MCAM showed correlation with 
shorter DFS, higher mortality [33], poorer patient 
prognosis after therapy [34] and is already 
implemented in the standard protocol of the 
CellSearch® system (Menarini) [24]. This method is 
approved by the Food and Drug Administration 
(FDA) and presents a CTC recovery rate of 88% 
[15,16]. In addition, favorable results have been 
obtained in comparisons with other commonly used 
methods, such as the ISET [35]. The advantages of the 
method, the absence of false-positive signals, and the 
prognostic significance of CMCs themselves are all 
significant arguments for their widespread use in 
treatment monitoring. In the current study, the 
number of CMCs in the study group was significantly 
higher compared to the control group, which was 
CMC-negative, indicating the absence of false positive 
signals.  

 In a multicancer study by Raut et al., 67% of 
patients showed a reduction in the number of CTCs 
from baseline as a result of treatment. Successively, 
22% of patients showed an increase in the number of 
CTCs, and 11% of patients showed no change in their 
number. In several representative cases, a reduction in 
the number of CTCs from baseline indicated effective 
treatment [36]. Similarly, results obtained by Mun Yee 
Ko et al., in a study based on longitudinal real-time 
CMC monitoring in esophageal cancer, revealed that 
their pre-surgery to post-surgery numbers could be 
an independent factor of poor prognosis and 
treatment efficacy in patients subjected to surgical 
treatment and those receiving neoadjuvant therapy 
[37].  

 In a study of several melanoma cases, Kiniwa et 
al. showed that the total CTC count in four of five 
patients with stage IV melanoma varied in response to 
treatment with a BRAF/MEK inhibitor, suggesting 
that CTC count has the potential to be used as a 
marker of treatment response in patients with 
advanced disease [5]. Another study by Hong et al., 
conducted on a prospective cohort of 49 patients 
treated with immune checkpoint inhibitors, revealed 
that a decrease in CMC counts over 7 weeks of 
therapy correlated with a significant improvement in 
PFS [38]. However, according to some authors, the use 
of CMCs in monitoring the targeted therapy’s effects 
is still a subject of discussion. These controversies 
relate to the method of CMC analysis, differences in 
disease stages among study groups, and the 

frequency of blood sampling, making it nearly 
impossible to reach a consensus [35]. The study of 
Susskind et al. is an example of such conflicting 
research, as no significant difference was found in the 
number of CMCs before and after various therapies, 
and the number of CMCs was not associated with the 
development of metastases at a short median 
follow-up time of 16 months [39]. Our results stay in 
accordance with the results of this study, as we did 
not observe a statistically significant difference 
between the prevalence of CMCs in two sequential 
blood draws, pre- and post-treatment. However, after 
the treatment, the number of detected cells in the 
sample tended to decrease. Although all patients 
responded to the treatment applied, some of them 
showed progression in subsequent examinations, 
with one developing autoimmune hepatitis. It is 
possible that this may have affected the obtained 
results, and the abundance of CMCs still can indicate 
the effectiveness of the treatment applied and predict 
the course of the disease. 

 All the problems related to CMC rarity and 
nonstandardized methods of their detection still 
result in the ambiguous relevance of CMCs in the 
diagnosis and treatment monitoring of melanoma 
patients. Each ongoing and completed study brings 
new data and deepens our knowledge and 
understanding of this challenging field. Taking this 
into account, it is crucial to look for relations between 
CMCs, well-known melanoma biomarkers, and 
patient’s clinical data. Among others, LDH and S100B 
serum levels, as well as OS and PFS, are highly 
promising.  

We did not observe a correlation between the 
detected number of CMCs, OS, PFS, and biomarkers 
like LDH and S100B, although the work of other 
researchers suggests that such a relationship could 
potentially occur. LDH is a strong prognostic marker 
in metastatic melanoma, and its increased levels 
correlate with decreased survival in advanced-stage 
patients [40]. The results of Cayrefourcq et al., also 
based on the CellSearch® method, indicate that LDH 
was significantly correlated with CMC detection [11]. 
The same study found a significant association 
between OS and CMC count ≥2 per 7.5 mL of blood 
[11]. Similar results were obtained by Rao et al, 
indicating that OS was shorter in patients with ≥2 
CMCs per 7.5 mL of blood [16]. In turn, Khoja et al. 
demonstrated that median OS was significantly 
shorter in patients with ≥2 CMCs detected in a blood 
sample [41]. Hall et al. used adjusted Cox models and 
found a significant association suggesting worse PFS 
at 180 days in patients who were CTC-positive at the 
start of the study (compared to CTC-negative). One or 
more CTCs detected at the start of the study were 
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associated with progression within 180 days in 
patients with stage IV melanoma [42]. Furthermore, 
Hida et al. showed that CMCs could classify patients 
with poor prognosis. They noted that the median 
survival time for the patients with < 2 CMC was 19.5 
months, and for those with ≥ 2 CMCs - 4.5 months. 
Moreover, they confirmed that the CellSearch® 
system is a standardized, reproducible, and useful 
tool in cancer studies [43]. Li et al. indicated that 
measuring baseline and post-treatment CMC count is 
a powerful approach for monitoring melanoma 
progression, response to treatment, and survival. In 
their publication, a high baseline CMC count was 
correlated with short OS and was found to be an 
independent prognostic factor. Moreover, a change in 
CMCs pre- and post-treatment was an indicator of 
PFS and disease-specific survival (DSS). However, the 
authors did not find a significant association between 
the number of CTCs and the histological type of 
tumor, gender, age, and the S100B level (which has 
been confirmed by our results) [9]. 

Expression of the S100B protein was already 
found to positively correlate with the presence of 
metastases, prognosis and survival [11]. While S100B 
is not suitable as a marker in the early stages of the 
disease, as it is sometimes undetectable in serum, 
study data indicate its prognostic value in higher 
stages of melanoma. The protein is released into the 
circulatory system as a result of loss of cell integrity, 
and proteolytic degradation associated with 
apoptosis. In addition, data suggest its usefulness in 
therapy monitoring, effective in both chemotherapy 
and immunotherapy [44]. A meta-analysis by Janka et 
al. suggests that serum S100B concentration is 
important in the prediction of disease recurrence [45]. 
In the current study, we found a significant difference 
in S100B concentration between the study and control 
group, although we have not found a significant 
correlation between S100B and CMC counts. 
Interestingly, we have detected an association 
between S100B concentration and LDH concentration 
in patients’ serum, PFS, and OS. Felix et al. proved 
that lower levels of S100B and LDH correlated with 
better response and survival [46]. A correlation 
between S100B and LDH was also demonstrated in 
the publication of Deckers et al. Elevated LDH was 
described as the independent prognostic factor for 
survival. The authors have shown that S100B and 
LDH appear to indicate different aspects of metastatic 
disease [47]. On the other hand, in an analysis 
conducted by Karonidis et al., no significant 
association with LDH was found. It was shown that 
serum S100B levels reflect tumor burden, correlate 
with treatment response, and might be useful in 
identifying the risk of recurrence. Furthermore, S100B 

> 0.5 μg/l was associated with stage IV and poor 
survival [48]. 

The literature also points to evidence suggesting 
a potential negative correlation between S100B levels, 
OS, and PFS in melanoma patients, particularly in 
those with advanced or metastatic disease. Elevated 
S100B levels were previously associated with poor 
prognosis and shorter survival. An S100B study 
conducted by Tarhini et al. showed that higher levels 
of S100B were associated with a higher risk of 
recurrence and death. Moreover, a baseline S100B 
level ≥0.15 μg was significantly correlated with OS 
[49]. According to Harpio et al. survival is 
significantly longer in melanoma patients with 
normal S100B levels compared to those with elevated 
levels of this protein. Furthermore, S100B levels reflect 
tumor mass, with serum levels of this marker 
predicting treatment effectiveness. A decrease in the 
measured S100B levels is associated with response to 
treatment, while progression is associated with 
increased concentration of this protein [50]. In a study 
by Hauschild et al., the estimated OS time was 
significantly longer in patients with S100B values 
below 0.2 μg/l compared to patients with elevated 
S100B levels (≥ 0.2 μg/l), indicating the values as an 
independent indicator of disease stage (I-IV) [51]. 
Moreover, in a meta-analysis by Mocellin et al. that 
studied the overall association between serum S100B 
levels and patient survival, elevated serum S100B 
concentration was associated with significantly worse 
survival. However, the author noted a significant 
heterogeneity between study designs and results [10]. 
It is important to note that the relationship between 
S100B levels and survival outcomes might be 
influenced by various factors, including tumor stage, 
treatment modalities, and patient characteristics. 
Gebhardt et al. indicated that false-positive results 
lead to anxiety among patients and increase the 
number of costly diagnostic procedures, suggesting a 
necessity to analyze cases of excessive S100B release. 
The author noted that false-positive results may be 
related to comorbidities and require careful 
reassessment [52]. 

We also detected a negative correlation between 
LDH levels and PFS. Many authors presented similar 
results, even in the context of different types of cancer. 
For instance, in a study by Faloppi et al. LDH was 
found to be an indirect marker of neoangiogenesis 
and a worse prognosis. An association between LDH 
values and median OS and PFS was noted by the 
author [53]. Moreover, Zhang et al. demonstrated that 
high LDH expression was significantly correlated 
with worse OS in urologic cancer. High serum LDH 
levels were associated with OS and PFS in patients 
with urologic cancer and were indicated as an 
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effective biomarker of prognosis [54]. In turn, in the 
study by Li et al., higher LDH values were 
significantly correlated with shorter median PFS and 
OS [55]. Moreover, analyses by Capone et al. showed 
that an increase in LDH was significantly associated 
with short OS [56]. 

We have also found a negative correlation 
between S100B level and lymphocyte count. While 
both factors can provide important information about 
the status of melanoma and the immune response, 
their correlation in melanoma patients has not been 
well-established. It is possible that, in some cases, as 
melanoma progresses and S100B levels increase, a 
decrease in lymphocyte counts can occur due to the 
suppression of the immune system by the cancer. 
However, this relationship may not hold true in all 
cases and can vary depending on individual patient 
characteristics and other factors [40,57]. 

Except for S100B, the serum concentration of 
TIMP-1 is perceived as another promising biomarker 
in melanoma [58,59]. In a study by Kluger et al., using 
similar methods, TIMP-1 levels were shown to be 
higher in patients with stage IV melanoma, compared 
to healthy controls and patients with thin primary 
melanomas [58]. Similarly, Lugowska et al. found that 
TIMP-1 levels were significantly higher in the patient 
group than in the control group. Additionally, 
elevated TIMP-1 levels at the time of diagnosis were 
associated with a lower percentage of 3-year 
disease-free (61% vs. 81%) and 3-year overall (82% vs. 
88%) survivors [60]. Yoshino et al. demonstrated that 
serum TIMP-1 levels differ between the patient group 
and the control group. While they were higher in the 
patient group, there were notable differences between 
the patients themselves. Moreover, at stage 4, the 
levels were higher than at the lower stages. The 
authors also looked at post-mortem levels, which 
were higher than in the living patients [59]. The above 
observations were also confirmed on a cellular level. 
Toricelli et al. described TIMP-1 relevance in 
melanocytic anoikis, resistance along with 
β1-integrin, and CD63 expression [12]. A broadened 
study of this group revealed that TIMP-1 promotes 
melanoma cell survival by activating the PDK1 
signaling pathway, and enhances resistance to anoikis 
through simultaneous activity with PKC, especially in 
advanced tumor stages [12]. Similarly, Hoashi et al., 
found out that elevated TIMP-1 levels were associated 
with the raised rate of cell migration and promoted 
growth of primary melanoma cell lines [61]. The 
utility of TIMP-1 tissue expression was also described 
in other types of cancers [62], including breast cancer 
[63], underlying novel perspectives for therapeutic 
approaches. Unfortunately, we did not find any 
correlations or associations to support this theory. 

Furthermore, we did not find any differences in 
TIMP-1 expression between the study group and the 
control group. Perhaps the results should be 
extended, and other test material from patients, such 
as serum, should be investigated. Dresse et al. 
suggested that TIMP-1 is unstable and needs to be 
carefully assessed, with blood centrifugation 
immediately after venipuncture [64], which is rarely 
possible in a clinical setting. 

Finally, tissue biomarkers were found 
promissing prognosticators based on series of 
independent studies evaluating their individual and 
synergistic effect on supporting tumor progression, 
however evaluation on the same cohort and 
sophisticated statistical tools are required to draw 
final conclusions [33]. PMEL, considered to be an 
indicator of melanoma [65], was found to be 
overexpressed at all stages of melanoma progression 
and was indicated as a specific marker of melanoma 
with low expression in other tissues [7]. This seems to 
be confirmed in our study, where all patients were 
PMEL-positive, with half of them presenting strong 
expression. Most importantly, our analysis revealed 
that level of PMEL expression was lower in patients 
with partial response (PR) and complete response 
(CR), comparing to patients presenting stable disease 
(SD) and progressive disease (PD) after treatment. 
This strongly suggests that PMEL is a promising 
response biomarker. In addition, the majority of 
subjects showed simultaneous expression of Melan-A, 
which, similarly to PMEL, is considered a typical 
melanoma marker [66]. However, there are numerous 
publications suggesting that its expression is not 
necessarily associated with melanoma or other 
cancers [67], which was confirmed by our study on 
healthy skin sections, where the expression was also 
noted. Danga et al. noted that the absence of 
cytological atypia in Melan-A-expressing cells and 
their presence in resected non-melanocytic tumors 
supports the idea that these are benign, reactive 
melanocytes [68]. Furthermore, Orosz Z claimed that 
in desmoplastic melanoma, variable Melan-A staining 
requires detailed histological examination and 
complementary S100 staining [69], which were found 
to be mutually correlated [70]. 

To summarize, some connections between 
distinct biomarkers and the clinical status of 
melanoma patients were observed. However, they 
were rarely straightforward and repeatable, 
indicating that their complex involvement in clinical 
outcomes requires a deeper analysis on a large and 
homogenous group of patients in diverse stages of the 
disease. Taking into account the already proven utility 
of CTCs and the constant improvement of their 
detection rates and characterization methods, 
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approaches based on these cells could become a staple 
in the future of melanoma diagnostics. Nonetheless, 
the results of this study and the available literature all 
suggest that it is not the selection of a single 
biomarker but rather a combination of the most 
sensitive and specific markers that would be of the 
greatest value. This urges further research on this 
topic.  

Supplementary Material 
Supplementary table.  
https://www.jcancer.org/v16p2421s1.pdf 

Acknowledgements 
The research was funded by the National Science 

Centre (Poland) MINIATURA grant, no. 2020/04/ 
X/NZ5/01314 and the Large Research Grant, no. 
502-14-25100100-45013 from statutory funding for 
young researchers - doctoral students for 2021. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Kamińska P, Buszka K, Zabel M, et al. Liquid Biopsy in Melanoma: 

Significance in Diagnostics, Prediction and Treatment Monitoring. Int J Mol 
Sci. 2021; 22(18):9714. 

2. Fernández-de-Misa Cabrera R, González Delgado B, Gambra Michel LE, et al. 
Clinicopathological characteristics of cutaneous malignant melanoma in 
patients at a tertiary hospital in Macaronesia. Survival as a function of 
locoregional prognostic factors per the American Joint Committee on Cancer. 
Int J Dermatol. 2018; 57(2):193–201. 

3. Lopes FCPS, Sleiman MG, Sebastian K, et al. UV Exposure and the Risk of 
Cutaneous Melanoma in Skin of Color: A Systematic Review. JAMA Dermatol. 
2021; 157(2):213–19. 

4. Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2022. CA Cancer J Clin. 
2022; 72(1):7–33. 

5. Kiniwa Y, Nakamura K, Mikoshiba A, et al. Usefulness of monitoring 
circulating tumor cells as a therapeutic biomarker in melanoma with BRAF 
mutation. BMC Cancer. 2021; 21(1):287. 

6. Hyams DM, Cook RW, Buzaid AC. Identification of risk in cutaneous 
melanoma patients: Prognostic and predictive markers. J Surg Oncol. 2019; 
119(2):175–86. 

7. Zhang S, Chen K, Liu H, et al. PMEL as a Prognostic Biomarker and 
Negatively Associated With Immune Infiltration in Skin Cutaneous 
Melanoma (SKCM). J Immunother. 2021; 44(6):214–23. 

8. Beasley AB, Acheampong E, Lin W, et al. Multi-Marker Immunomagnetic 
Enrichment of Circulating Melanoma Cells. Methods Mol Biol. 2021; 2265:213–
22. 

9. Li J, Fu W, Zhang W, et al. High Number of Circulating Tumor Cells Predicts 
Poor Survival of Cutaneous Melanoma Patients in China. Med Sci Monit. 2018; 
24:324–31. 

10. Mocellin S, Hoon D, Ambrosi A, et al. The prognostic value of circulating 
tumor cells in patients with melanoma: a systematic review and meta-analysis. 
Clin Cancer Res. 2006; 12(15):4605–13. 

11. Cayrefourcq L, De Roeck A, Garcia C, et al. S100-EPISPOT: A New Tool to 
Detect Viable Circulating Melanoma Cells. Cells. 2019; 8(7):755. 

12. Toricelli M, Melo FHM, Hunger A, et al. Timp1 Promotes Cell Survival by 
Activating the PDK1 Signaling Pathway in Melanoma. Cancers (Basel). 2017; 
9(4):37. 

13. Hofmann UB, Westphal JR, Van Muijen GN, et al. Matrix metalloproteinases 
in human melanoma. J Invest Dermatol. 2000; 115(3):337–44. 

14. Duch P, Díaz-Valdivia N, Ikemori R, et al. Aberrant TIMP-1 overexpression in 
tumor-associated fibroblasts drives tumor progression through CD63 in lung 
adenocarcinoma. Matrix Biol. 2022; 111:207–25. 

15. Kamińska P, Buszka K, Galus Ł, et al. Circulating Melanoma Cell Numbers 
Correlate with TIGIT-Positive Cytotoxic T Cell Counts in Advanced-Stage 
Melanoma Patients. Cells. 2023; 12(6):856. 

16. Rao C, Bui T, Connelly M, et al. Circulating melanoma cells and survival in 
metastatic melanoma. Int J Oncol. 2011; 38(3):755–60. 

17. Casanova-Salas I, Athie A, Boutros PC, et al. Quantitative and Qualitative 
Analysis of Blood-based Liquid Biopsies to Inform Clinical Decision-making 
in Prostate Cancer. Eur Urol. 2021; 79(6):762–71. 

18. Cieślikowski WA, Antczak A, Nowicki M, et al. Clinical Relevance of 
Circulating Tumor Cells in Prostate Cancer Management. Biomedicines. 2021; 
9(9):1179. 

19. Alimirzaie S, Bagherzadeh M, Akbari MR. Liquid biopsy in breast cancer: A 
comprehensive review. Clin Genet. 2019; 95(6):643–60. 

20. Maly V, Maly O, Kolostova K, et al. Circulating Tumor Cells in Diagnosis and 
Treatment of Lung Cancer. In Vivo. 2019; 33(4):1027–37. 

21. Marcuello M, Vymetalkova V, Neves RPL, et al. Circulating biomarkers for 
early detection and clinical management of colorectal cancer. Mol Aspects 
Med. 2019; 69:107–22. 

22. De Souza LM, Robertson BM, Robertson GP. Future of circulating tumor cells 
in the melanoma clinical and research laboratory settings. Cancer Lett. 2017; 
392:60–70. 

23. Palmieri G, Ascierto PA, Perrone F, et al. Prognostic value of circulating 
melanoma cells detected by reverse transcriptase-polymerase chain reaction. J 
Clin Oncol. 2003; 21(5):767–73. 

24. Swennenhuis JF, Dalum G van, Zeune LL, et al. Improving the CellSearch® 
system. Expert Rev Mol Diagn. 2016; 16(12):1291–305. 

25. Franken B, De Groot MR, Mastboom WJ, et al. Circulating tumor cells, disease 
recurrence and survival in newly diagnosed breast cancer. Breast Cancer Res. 
2012; 14(5):R133. 

26. Yang JD, Campion MB, Liu MC, et al. Circulating tumor cells are associated 
with poor overall survival in patients with cholangiocarcinoma. Hepatology. 
2016; 63(1):148–58. 

27. Rack B, Schindlbeck C, Jückstock J, et al. Circulating tumor cells predict 
survival in early average-to-high risk breast cancer patients. J Natl Cancer Inst. 
2014; 106(5):dju066. 

28. Hoshimoto S, Faries MB, Morton DL, et al. Assessment of prognostic 
circulating tumor cells in a phase III trial of adjuvant immunotherapy after 
complete resection of stage IV melanoma. Ann Surg. 2012; 255(2):357–62. 

29. Koyanagi K, O’Day SJ, Boasberg P, et al. Serial monitoring of circulating tumor 
cells predicts outcome of induction biochemotherapy plus maintenance 
biotherapy for metastatic melanoma. Clin Cancer Res. 2010; 16(8):2402–08. 

30. Scher HI, Heller G, Molina A, et al. Circulating tumor cell biomarker panel as 
an individual-level surrogate for survival in metastatic castration-resistant 
prostate cancer. J Clin Oncol. 2015; 33(12):1348–55. 

31. Alix-Panabières C, Pantel K. Clinical Applications of Circulating Tumor Cells 
and Circulating Tumor DNA as Liquid Biopsy. Cancer Discov. 2016; 6(5):479–
91. 

32. Gray ES, Reid AL, Bowyer S, et al. Circulating Melanoma Cell Subpopulations: 
Their Heterogeneity and Differential Responses to Treatment. J Invest 
Dermatol. 2015; 135(8):2040–48. 

33. Gould Rothberg BE, Bracken MB, Rimm DL. Tissue biomarkers for prognosis 
in cutaneous melanoma: a systematic review and meta-analysis. J Natl Cancer 
Inst. 2009; 101(7):452–74. 

34. Reid AL, Millward M, Pearce R, et al. Markers of circulating tumour cells in 
the peripheral blood of patients with melanoma correlate with disease 
recurrence and progression. Br J Dermatol. 2013; 168(1):85–92. 

35. Mumford BS, Robertson GP. Circulating melanoma cells in the diagnosis and 
monitoring of melanoma: an appraisal of clinical potential. Mol Diagn Ther. 
2014; 18(2):175–83. 

36. Raut NV, Bharde A, Gourishankar A, et al. Circulating tumor cells as a 
biomarker for monitoring: Disease progression, treatment response, and 
minimal residual disease. JCO. 2022; 40(16_suppl):e15021–e15021. 

37. Ko JMY, Lam KO, Kwong DLW, et al. Circulating Tumor Cell Enumeration for 
Serial Monitoring of Treatment Outcomes for Locally Advanced Esophageal 
Squamous Cell Carcinoma. Cancers (Basel). 2023; 15(3):832. 

38. Hong X, Sullivan RJ, Kalinich M, et al. Molecular signatures of circulating 
melanoma cells for monitoring early response to immune checkpoint therapy. 
Proc Natl Acad Sci U S A. 2018; 115(10):2467–72. 

39. Suesskind D, Ulmer A, Schiebel U, et al. Circulating melanoma cells in 
peripheral blood of patients with uveal melanoma before and after different 
therapies and association with prognostic parameters: a pilot study. Acta 
Ophthalmologica 2011; 89(1):17–24. 

40. Palmer SR, Erickson LA, Ichetovkin I, et al. Circulating serologic and 
molecular biomarkers in malignant melanoma. Mayo Clin Proc. 2011; 
86(10):981–90. 

41. Khoja L, Lorigan P, Zhou C, et al. Biomarker utility of circulating tumor cells 
in metastatic cutaneous melanoma. J Invest Dermatol. 2013; 133(6):1582–90. 

42. Hall CS, Ross M, Bowman Bauldry JB, et al. Circulating Tumor Cells in Stage 
IV Melanoma Patients. J Am Coll Surg. 2018; 227(1):116–24. 

43. Hida T, Yoneta A, Wakamatsu K, et al. Circulating melanoma cells as a 
potential biomarker to detect metastasis and evaluate prognosis. Australas J 
Dermatol. 2016; 57(2):145–49. 

44. Frauchiger AL, Dummer R, Mangana J. Serum S100B Levels in Melanoma. 
Methods Mol Biol. 2019; 1929:691–700. 

45. Janka EA, Várvölgyi T, Sipos Z, et al. Predictive Performance of Serum S100B 
Versus LDH in Melanoma Patients: A Systematic Review and Meta-Analysis. 
Front Oncol. 2021; 11:772165. 



 Journal of Cancer 2025, Vol. 16 

 
https://www.jcancer.org 

2433 

46. Felix J, Cassinat B, Porcher R, et al. Relevance of serum biomarkers associated 
with melanoma during follow-up of anti-CTLA-4 immunotherapy. Int 
Immunopharmacol. 2016; 40:466–73. 

47. Deckers EA, Kruijff S, Brouwers AH, et al. The association between active 
tumor volume, total lesion glycolysis and levels of S-100B and LDH in stage IV 
melanoma patients. Eur J Surg Oncol. 2020; 46(11):2147–53. 

48. Karonidis A, Mantzourani M, Gogas H, et al. Serum S100B levels correlate 
with stage, N status, mitotic rate and disease outcome in melanoma patients 
independent to LDH. J BUON. 2017; 22(5):1296–302. 

49. Tarhini AA, Stuckert J, Lee S, et al. Prognostic significance of serum S100B 
protein in high-risk surgically resected melanoma patients participating in 
Intergroup Trial ECOG 1694. J Clin Oncol. 2009; 27(1):38–44. 

50. Harpio R, Einarsson R. S100 proteins as cancer biomarkers with focus on 
S100B in malignant melanoma. Clin Biochem. 2004; 37(7):512–18. 

51. Hauschild A, Engel G, Brenner W, et al. S100B protein detection in serum is a 
significant prognostic factor in metastatic melanoma. Oncology. 1999; 
56(4):338–44. 

52. Gebhardt C, Lichtenberger R, Utikal J. Biomarker value and pitfalls of serum 
S100B in the follow-up of high-risk melanoma patients. J Dtsch Dermatol Ges. 
2016; 14(2):158–64. 

53. Faloppi L, Del Prete M, Casadei Gardini A, et al. The correlation between LDH 
serum levels and clinical outcome in advanced biliary tract cancer patients 
treated with first line chemotherapy. Sci Rep. 2016; 6:24136. 

54. Zhang Y, Xu T, Wang Y, et al. Prognostic Role of Lactate Dehydrogenase 
Expression in Urologic Cancers: A Systematic Review and Meta-Analysis. 
Oncol Res Treat. 2016; 39(10):592–604. 

55. Li L, Ai L, Jia L, et al. High score of LDH plus dNLR predicts poor survival in 
patients with HER2-positive advanced breast cancer treated with trastuzumab 
emtansine. BMC Cancer. 2022; 22(1):29. 

56. Capone M, Giannarelli D, Mallardo D, et al. Baseline 
neutrophil-to-lymphocyte ratio (NLR) and derived NLR could predict overall 
survival in patients with advanced melanoma treated with nivolumab. J 
Immunother Cancer. 2018; 6(1):74. 

57. Cohen JT, Miner TJ, Vezeridis MP. Is the neutrophil-to-lymphocyte ratio a 
useful prognostic indicator in melanoma patients? Melanoma Manag. 2020; 
7(3):MMT47. 

58. Kluger HM, Hoyt K, Bacchiocchi A, et al. Plasma markers for identifying 
patients with metastatic melanoma. Clin Cancer Res. 2011; 17(8):2417–25. 

59. Yoshino Y, Kageshita T, Nakajima M, et al. Clinical relevance of serum levels 
of matrix metallopeptidase-2, and tissue inhibitor of metalloproteinase-1 and 
-2 in patients with malignant melanoma. J Dermatol. 2008; 35(4):206–14. 

60. Lugowska I, Kowalska M, Fuksiewicz M, et al. Serum markers in early-stage 
and locally advanced melanoma. Tumour Biol. 2015; 36(11):8277–85. 

61. Hoashi T, Kadono T, Kikuchi K, et al. Differential growth regulation in human 
melanoma cell lines by TIMP-1 and TIMP-2. Biochem Biophys Res Commun. 
2001; 288(2):371–79. 

62. Bourboulia D, Stetler-Stevenson WG. Matrix metalloproteinases (MMPs) and 
tissue inhibitors of metalloproteinases (TIMPs): Positive and negative 
regulators in tumor cell adhesion. Semin Cancer Biol. 2010; 20(3):161–68. 

63. Schrohl A-S, Holten-Andersen MN, Peters HA, et al. Tumor tissue levels of 
tissue inhibitor of metalloproteinase-1 as a prognostic marker in primary 
breast cancer. Clin Cancer Res. 2004; 10(7):2289–98. 

64. Dresse M, Nagel D, Ganser E-M, et al. Dependence of TIMP-1 plasma levels on 
preanalytical specimen handling. Tumour Biol. 2008; 29(1):35–40. 

65. Eisenstein A, Gonzalez EC, Raghunathan R, et al. Emerging Biomarkers in 
Cutaneous Melanoma. Mol Diagn Ther. 2018; 22(2):203–18. 

66. Busam KJ, Jungbluth AA. Melan-A, a new melanocytic differentiation marker. 
Adv Anat Pathol. 1999; 6(1):12–18. 

67. Busam KJ, Chen YT, Old LJ, et al. Expression of melan-A (MART1) in benign 
melanocytic nevi and primary cutaneous malignant melanoma. Am J Surg 
Pathol. 1998; 22(8):976–82. 

68. Danga ME, Yaar R, Bhawan J. Melan-A positive dermal cells in malignant 
melanoma in situ. J Cutan Pathol. 2015; 42(6):388–93. 

69. Orosz Z. Melan-A/Mart-1 expression in various melanocytic lesions and in 
non-melanocytic soft tissue tumours. Histopathology. 1999; 34(6):517–25. 

70. Bolovan LM, Ceausu M, Stanciu AE, et al. Correlation Studies between S100 
Protein Level and Soluble MIA or Tissue MelanA and gp100 (HMB45) 
Expression in Cutaneous Melanoma. J Pers Med. 2023; 13(6):898. 


