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Abstract

:

The early detection of melanoma relapse can improve patient survival; thus, there is a great need for easily accessible biomarkers that facilitate the diagnosis of metastatic disease. We investigated the diagnostic effect of blood biomarkers such as lactate dehydrogenase (LDH), S100B, and osteopontin in the detection of metastases. Clinical data and peripheral blood samples of 206 melanoma patients were collected (no metastasis, N = 120; metastasis, N = 86). The discriminative power of blood biomarkers, patient demographics, and clinicopathological parameters of primary melanomas were evaluated using univariate and multivariate logistic regression models and receiver operating characteristic (ROC) analysis to determine the area under the curve (AUC). Plasma osteopontin levels showed a significant and independent effect on the probability of metastasis, similar to serum S100B levels. In addition, the location of the primary tumor on the lower extremities and the American Joint Committee on Cancer (AJCC) categories pT2b-3a, pT3b-4a, and pT4b were associated with the diagnosis of metastasis. Importantly, the combination of the three blood biomarkers and primary tumor localization and AJCC pT category yielded excellent discrimination (AUC: training set: 0.803; validation set: 0.822). In conclusion, plasma osteopontin can be classified as a melanoma biomarker; moreover, by combining clinicopathological prognostic variables, the diagnostic effect of blood biomarkers in the detection of metastatic melanoma can be improved.
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1. Introduction


Melanoma is a malignant tumor of the melanocytes, predominantly of the skin, accounting for about 3% of malignant tumors. Its prevalence in the Caucasian race has increased significantly worldwide over the last 4 decades [1]. The number of diagnosed cases is increasing by 4–8% per year [2]. Although it accounts for less than 5% of all malignant skin tumors, nearly 73% of skin cancer-related deaths are due to melanoma [3,4]. Melanoma malignum is known to have a high risk of lymph node and haematogenous metastasis. Early metastases are those that typically develop within 3 years after diagnosis, but late metastases can also occur, even after 10 or more years of asymptomatic disease [5]. Primary tumor thickness (using the Breslow score) and the presence or absence of ulceration are the two main histological prognostic parameters [6]. While awareness campaigns and advancements in therapy have led to improvements in melanoma survival [7], there still exist unmet medical needs. There is an increasing need for easily available biomarkers from peripheral blood to facilitate the early detection of relapse and to improve overall survival. Serum or plasma biomarkers serve a vital role in treatment planning for metastatic disease, prognostic prediction, and monitoring therapy efficacy.



One established biomarker is serum lactate dehydrogenase (LDH), which is incorporated into the TNM (tumor/node/metastasis) staging of melanoma [5]. LDH levels exhibit a strong correlation with the tumor size and the extent of necrosis. However, it lacks specificity for melanoma, as elevated LDH levels can also occur in other malignancies, as well as in conditions such as myocardial infarction, haemolysis, and hepatitis [8,9]. LDH has consistently been demonstrated as the most robust prognostic factor in stage IV melanoma. However, its sensitivity and specificity could not achieve that of the S100B protein. S100B has garnered increased attention among researchers as a diagnostic marker for melanoma, due to its significantly higher expression and secretion in malignant tissue compared to healthy tissue. Notably, the elevated serum level of S100B has a higher specificity for disease progression compared to LDH [10].



According to literature data, osteopontin (OPN) also appears to be a promising marker for metastatic melanoma. In our previous study, we showed that OPN expression was increased in both the mRNA and protein levels in thick melanomas and was associated with ulceration [11]. In addition, we recently reported a significant increase in OPN (mRNA) expression in cell lines developed from melanoma metastases when compared to cell lines developed from primary melanomas [12]. In a clinical study, a significantly elevated OPN plasma concentration was found in patients with metastatic melanoma compared to non-metastatic patients [13].



The aim of the present study was to investigate the diagnostic effectiveness of three markers—LDH, S100B, and OPN—in our patient population, in comparison with the existing literature data regarding the identification of metastatic disease




2. Materials and Methods


2.1. Study Population


A total of 206 melanoma patients between 4 April 2019 and 22 September 2022 were included in the retrospective study. The data for this study were obtained from the University of Debrecen’s clinical database (MedSolution and UDMED). The study was approved by the Medical Research Council Ethic Committee (certificate number: IV/1711-4/2021/EKU). Patient data, including age and sex, histological subtype of primary melanoma, the Breslow tumor thickness, ulceration status, localization, Clark invasion level, primary tumor (T) stage (pT stage) according to the 8th edition American Joint Committee on Cancer (AJCC) TNM classification for melanoma [5], as well as serum S100B and LDH levels were recorded. Peripheral blood samples were collected from 206 melanoma patients (no metastasis, N = 120; metastasis, N = 86). The serum concentrations of S100B (chemiluminescent immunoassay LIAISON® S100, Madison, WI, USA) and LDH (automated colorimetric assay) were routinely measured during the follow-up of patients every three months. Patients in the metastatic group were diagnosed with PET-CT, three-region CT, or soft tissue ultrasound within three months prior to the blood sampling date. The metastatic melanoma group included (1) patients not receiving any metastatic melanoma drugs yet but with confirmed metastasis and (2) metastatic patients with BRAF plus MEK inhibitor or immune checkpoint inhibitor therapy. The metastasis-free group included (1) patients free from metastases after the removal of primary melanoma, (2) patients with complete remission after pharmacological treatment, and (3) patients free from metastasis after lymph node block dissection.




2.2. Enzyme-Linked Immunosorbent Assay


Plasma osteopontin protein levels were determined using the ELISA technique using commercially available Human Osteopontin (OPN) Quantikine ELISA Kit (R & D Systems, Inc., Minneapolis, MN, USA, Catalog#: DOST00). Assay range of the kit is 0.3–20 ng/mL; sensitivity is 0.024 ng/mL. The assay was carried out in accordance with the manufacturer’s protocol. Briefly, the plasma samples were diluted twenty-fivefold with calibrator diluent. First, 100 μL of assay diluent was added to each well, then 50 µL of osteopontin standard or sample were added and incubated for 2 h at room temperature (RT). After washing the plate four times, 200 μL of human OPN conjugate was added to each well and incubated for 2 h at RT. Then, the washing steps were repeated four times and 200 μL of substrate solution was added to each well. The samples were incubated for 30 min at RT in dark, and 50 μL of stop solution was added to each well. Finally, the optical density of each well was determined at 540 nm using Epoch™ Microplate Spectrophotometer (BioTek Instruments, Winooski, VT, USA).




2.3. Statistical Analysis


The normality of the data was determined using the Shapiro–Wilk test. χ2-test or Fisher exact tests were applied to analyze the categorical variables. In cases of a normal distribution, independent t-tests (two-tailed) were used to compare the continuous variables, otherwise Mann–Whitney test was applied.



Univariate and multivariate logistic regression analyses were performed to create a diagnostic prediction model. Odds ratio (OR) was calculated with corresponding 95% upper and lower confidence intervals. Melanoma patients were randomly allocated into training and validation sets in a 2:1 ratio. In the training and validation sets, the optimal cut-off values for discriminating the presence or absence of metastasis was calculated using receiver operating characteristic (ROC) curve analysis in cases of variables and combined variables. The optimal cut-off was defined using the maximum Youden index. The area under the curve (AUC) derived from ROC curve was computed with 95% confidence intervals (95% CI). In general, an AUC of 0.5 suggests no discrimination, 0.7 to 0.8 is considered acceptable, 0.8 to 0.9 is considered excellent, and more than 0.9 is considered outstanding. Furthermore, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy were calculated with 95% confidence intervals.



The significance level was p < 0.05 in all cases. Statistically significant differences are denoted by *, **, and *** for p < 0.05, p < 0.01, and p < 0.001. Statistical analyses were performed with IBM SPSS Statistics for Windows, version 25.0 (IBM Corp., Armonk, NY, USA) and R software (version 3.6.4; R Foundation for Statistical Computing, Vienna, Austria). Statistical analysis was supervised by a biostatistician, E.A. Janka.





3. Results


3.1. Patients and Melanoma Characteristics


Altogether, 206 melanoma patients, 120 patients with non-metastatic, and 86 with metastatic melanoma were included in our study. Between the two groups there was no significant difference in the ratio of sex (p = 0.317). The average age of the non-metastatic patients was 61.00 ± 12.28 years, while in the metastatic group it was 64.14 ± 11.68 years (p = 0.092). The primary tumor characteristics showed that the most frequent subtype was nodular melanoma in both groups. Furthermore, the more invasive (Clark level V) and thicker than 4 mm ulcerated primary tumor (pT4b) occurred significantly more frequently in the metastatic group. The presence of the BRAF mutation did not differ significantly between the groups (p = 0.375) (Table 1). Serum S100B and osteopontin levels were significantly higher in the metastatic group (p < 0.001 and p = 0.002, respectively); however, serum LDH levels showed no significant difference (p = 0.107) between the non-metastatic and metastatic melanoma patient groups (Table 1, Figure 1).




3.2. Univariate and Multivariate Analysis


Logistic regression models were used to assess the factors influencing the diagnosis of metastasis in melanoma patients. First, in the univariate logistic regressions, the primary tumor location, American Joint Committee on Cancer (AJCC) 8th edition pT category, and serum S100B, LDH, and plasma OPN levels showed a significant effect on the probability of metastasis (Table 2). The significant factors were implemented in the multivariate logistic regression model.



In the multivariate logistic regression model, the location of the primary tumor, more specifically the location of the primary tumor on the lower extremities, and the AJCC 8th edition pT2b-pT3a, pT3b-pT4a, and pT4b categories, as well as the S100B and osteopontin levels, were associated with the diagnosis of metastasis (Table 2).




3.3. Training Set and Validation Set


The 206 melanoma patients were randomly divided into a training and a validation set in a 2:1 ratio in order to check the diagnostic model. The patient characteristics of the training (N = 138) and validation (N = 68) set are presented in Table 1. Neither in the training set nor in the validation set did age, sex, histological subtype, or BRAF mutational status show significant differences between the non-metastatic and metastatic melanoma groups. The primary tumor location, Clark level, and pT stage were significantly different between the metastatic and non-metastatic melanoma patients in the training set but not in the validation set. In both the training and validation sets, a significant difference was detected between the metastatic and non-metastatic groups for serum S100B and plasma OPN levels, but there was no significant difference for serum LDH levels (Table 1).




3.4. Diagnostic Effect of Biomarkers and the Combinations


An ROC analysis was used to discover the optimal cut-off value for biomarkers and to determine the AUC. The optimal cut-off value for the serum S100B was 0.085 µg/L and the AUROC was 0.671 [0.598; 0.752] in the training set and 0.682 [0.547; 0.817] in the validation set (Table 3, Figure 2). For the serum LDH, the optimal cut-off was 220.5 U/L, and the AUC was only 0.575 [0.477; 0.674] in the training set and 0.563 [0.424; 0.703] in the validation set. In the case of osteopontin, the optimal cut-off value of 80.09 ng/mL was determined using the Youden index, and the AUROC was 0.616 [0.518; 0.715] in the training set and 0.643 [0.500; 0.786] in the validation set (Table 3, Figure 2). The combination of the blood biomarkers resulted in similar AUC values (Table S1).



The combination of the three blood biomarkers, the primary tumor localization, and the AJCC 8th edition pT category resulted in the highest AUC values (0.803 [0.729; 0.878]) in both the training set and the validation set (0.822 [0.726; 0.919]). Omitting the OPN level from this combined model still resulted in strong AUC values for both the training and validation sets, with 0.791 [0.713; 0.869] and 0.812 [0.712; 0.911], respectively (Table 3, Figure 2).





4. Discussion


The 5-year survival rate of metastatic melanoma is 31–34% with targeted combined BRAF–MEK inhibitor therapy, 42–43% with anti-PD1 inhibitor therapy, and 46–57% with combined anti-CTLA-4 and anti-PD-1 therapy [14,15,16].



Today, there is a growing need for blood biomarkers to monitor high risk patients or those with metastatic melanoma in order to improve survival. Of course, from stage IIB of melanoma, initial and regular follow-up imaging examinations are warranted and preferably computed using tomography scans [17].



The LDH is a non-secreted cytoplasmic enzyme. Therefore, an increased serum concentration is associated with tumor necrosis in patients with advanced stage melanoma. The elevated LDH levels have also been shown to be associated with an unfavorable prognosis [8]. In a study involving 121 patients, the specificity of LDH for confirming the presence of regional or distant metastases (stage III-IV. patients) was 92.2% and its sensitivity was 41.9% [18]. In the study by Bánfalvi et al., LDH exhibited a sensitivity of 41.6%, a specificity of 80%, a positive predictive value of 95.9%, and a negative predictive value of 10.9% in patients with stage III–IV melanoma [19]. Since LDH levels can be elevated in diseases other than melanoma, false-positive cases are more common. Furthermore, it has also been demonstrated to be less sensitive in the early stages compared to patients with an advanced disease course [20]. In our study, serum LDH levels exhibited a significant effect (p = 0.019) on the odds ratio of metastasis in univariate logistic regression analysis; however, this effect did not hold in the multivariate logistic regression model. The discriminative power, as indicated by the AUC, for serum LDH was only 0.575.



S100B is a calcium-binding protein and it belongs to the S100 protein family, playing a crucial role in various intracellular processes [21], such as regulating protein phosphorylation and degradation, dynamic changes in cytoskeleton components, activating enzymes and transcription factors, and influencing cell proliferation, differentiation, and inflammation. Additionally, it is involved in the regulation of intracellular calcium homeostasis.



In melanoma patients, elevated serum S100B levels result from the cell death and protein degradation caused by apoptosis or necrosis. These levels correlate with the stage of melanoma: lower levels are typically measured in stages I and II, while serum levels increase in more advanced cases [21]. Furthermore, a significant correlation has been observed between the Breslow score and the serum S100B levels in patients with stage III melanoma. Patients with tumor infiltration into deeper tissue layers had higher S100B concentrations [20,22], with the highest values detected in stage IV. Thus, serum S100B may not serve as a reliable marker for the early diagnosis of melanoma. However, it has proven to be valuable in monitoring patients and detecting progression in asymptomatic patients. It is worth noting that while S100B offers higher specificity for melanoma compared to LDH, elevated S100B levels have been measured in various other conditions, including cardiovascular diseases, liver cirrhosis, migraine, breast carcinoma, vitiligo, SARS-CoV-2 infection, brain, liver, and kidney injury [20,23,24,25]. Additionally, serum S100B levels tend to be elevated in central nervous system-related pathological conditions, neurodegenerative diseases, certain psychiatric disorders, and in cases of brain tumors and brain metastases, including melanoma brain metastases [21]. The early detection of relapse and progression holds significant importance for the prognosis, as delayed detection often leads to poorer chances of survival. Measuring serum S100B levels can be useful for early detection of relapse. In fact, the first study comparing S100B and different imaging techniques for predicting a melanoma relapse was conducted in 2006 involving a total of 192 melanoma patients [10]. All these patients shared a common feature of experiencing relapse after a tumor-free period. Among them, 127 patients had concurrent S100B measurements in parallel with imaging. Notably, 37% of these patients had elevated S100B levels at the time of relapse. In stage III patients, 32% had elevated serum levels, and during progression to stage IV this value was increased to 48%. Importantly, for 5.5% of the patients, an elevated S100B level was the initial sign of progression. In contrast, the imaging only detected melanoma recurrence in 26.8% of cases. These findings strongly suggest that S100B serves as a specific and sensitive marker for detecting melanoma progression [10]. In 2011, a study was published comparing the significance of S100B and PET-CT in patients with a metastatic melanoma [26]. According to these observations, the measurement of serum S100B in the follow-up of patients with melanoma is a valuable tool for detecting disease progression in asymptomatic individuals. Its diagnostic value is further enhanced when these measurements are followed by PET-CT scans [26]. Another study demonstrated that S100B has a sensitivity of 54.1%, a specificity of 93.3%, a positive predictive value of 98.9%, and a negative predictive value of 15.3% for stage III–IV [19]. Elevated S100B levels have been associated with significantly worse survival in melanoma patients [20,27]. Nevertheless, the questions remain open about the validity of measuring serum S100B levels for detecting melanoma relapse [21], and there is still no consensus on the necessity for peripheral blood sampling in the follow-up of melanoma patients [10,28,29,30].



In a 2021 meta-analysis, the prognostic (predicting survival) and diagnostic (predicting relapse) significance of serum S100B and serum LDH in patients with melanoma was compared [31]. Regarding the diagnostic impact, elevated S100B levels emerged as a more reliable marker for predicting relapse in melanoma patients at various stages compared to elevated LDH levels. In terms of the prognostic impact, no significant difference was observed between elevated S100B and elevated LDH levels, both of which were associated with a higher risk of death. These markers can be considered independent prognostic factors [31].



In our study, serum S100B levels exhibited a significant effect on the probability of metastasis in both univariate (p < 0.001) and multivariate (p = 0.020) logistic regression analysis. Moreover, the discriminative power of serum S100B in identifying metastatic disease was stronger than that of serum LDH, although the AUC did not reach 0.7, even for serum S100B. Notably, we identified that the ROC-optimized cut-off for serum S100B was lower than the manufacturer’s cut-off. This is important because the cut-off value influences the sensitivity and specificity established for the diagnostic test. In contrast, the ROC-optimized cut-off for serum LDH matched the upper limit of normal (ULN), as determined by the local laboratory.



Our results confirm the necessity of exploring additional blood biomarkers for the more reliable diagnosis of metastases in melanoma patients.



OPN is a glycophosphoprotein consisting of 314 amino acids. It contains several highly conserved binding sites that enable binding to the cell surface and other molecules [32,33]. Through these interactions, it plays a crucial role in tumorigenesis and progression, as well as the regulation of various signaling pathways including MAPK, NF-kB pathway, and ERK signaling. It exhibits an increased expression in osteoblasts, osteoclasts, skeletal muscle cells, endothelial cells, and certain carcinoma cells [32,33]. The exact mechanism of its action in tumor development and progression is still unclear. However, it plays a crucial role in various processes, including cell adhesion and migration, immune response regulation, extracellular matrix (ECM) interaction, and it serves as a determinant of tumor cell motility, angiogenesis, tumor growth, inhibition of apoptosis, invasion, and metastasis [32,33]. Studies demonstrated that osteopontin expression, both at the mRNA and protein levels, is elevated in thick melanomas and associated with ulceration [11,34]. Furthermore, significantly increased osteopontin (mRNA) expression has been observed in cell lines derived from melanoma metastases in comparison to those cell lines developed from primary melanomas. Additionally, a recent study found significantly elevated osteopontin gene expression in melanoma cell lines carrying the BRAFV600E mutation [12]. In another study, plasma concentrations of OPN were significantly higher in patients with metastatic melanoma compared to non-metastatic patients [13].



We obtained similar results in our patient population, with significantly higher levels of OPN (p = 0.002) in the metastatic group compared to the non-metastatic group. Additionally, plasma OPN levels showed a significant impact on the odds of metastasis in both univariate (p < 0.001) and multivariate (p < 0.001) logistic regression analysis. The discriminative power of plasma OPN in identifying metastatic disease was not stronger than that of serum S100B, and the AUC values were similar for serum S100B and serum OPN.



Our study revealed that the primary tumor’s location in the lower extremities and the AJCC 8th edition pT2b-pT3a, pT3b-pT4a, and T4b categories were independent determinants of an increased probability of metastasis. Notably, factors such as age, sex, histological subtype, and BRAF mutation status did not exhibit a significant impact on the odds of metastasis. To enhance the diagnostic effect of identifying metastatic disease, we examined the combination of the three blood biomarkers with primary tumor localization and the AJCC 8th edition pT category. Our findings indicated that the inclusion of the primary tumor localization and pT category substantially improved the discriminative power of all blood biomarkers in identifying metastatic disease (AUC~0.8). The AUC was the strongest in the model combining serum S100B, LDH, OPN, tumor localization, and T category. However, while serum S100B measurement is routinely available in most hospitals, plasma OPN measurement is not. The AUC was similarly strong when OPN level was omitted from the combined model.




5. Conclusions


In summary, our results suggest that a combined evaluation of the primary tumor location, the AJCC 8th edition pT category, and the serum S100B and LDH levels can serve as a reliable marker of metastasis prediction. Plasma osteopontin can be classified as a melanoma biomarker, and by combining clinicopathological prognostic variables, the diagnostic effect of blood biomarkers in the detection of metastatic melanoma can be improved.



However, it is important to acknowledge several limitations of this study. First, this was a single-center retrospective analysis and the sample size was not large, limiting the analysis of different melanoma subgroups. A larger number of samples is needed, for example, to further analyze the diagnostic effect of histological subtypes. Although data on BRAF mutational status were available in most of the primary or metastatic tumors, not all cases had this information. Additionally, in many cases, the 95% confidence intervals in the logistic regression models had wide ranges, underscoring the need for further analysis with a larger patient group.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jcm13010174/s1, Table S1: Diagnostic effect of biomarkers and the combinations.





Author Contributions


Writing—original draft: T.V., E.A.J. and G.E.; data curation: T.V., E.A.J., I.S., T.T.-F. and V.K.; formal analysis: T.V., E.A.J., I.S. and V.K.; methodology: T.V., T.T.-F., I.S., V.K., E.A.J. and M.B.; statistical analysis: E.A.J.; visualization: E.A.J.; investigation: T.V., I.L.S. and B.V.; supervision: G.E. and M.B.; conceptualization: A.S. and G.E.; writing—review and editing: T.V., G.E., E.A.J. and M.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Research Development and Innovation Fund (grant number K-135752), the European Regional Development Fund (GINOP-2.3.2-15-2016-00005), and the Hungarian Research Network (TKCS-2021/32). The work was also supported by the ÚNKP-23-4 New National Excellence Program of the Ministry for Culture and Innovation from the Source of National research, Development, and Innovation Fund (ÚNKP-23-4-II-DE-229, ÚNKP-23-4-II-DE-283, ÚNKP-23-4-II-DE-172).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and was approved by the Medical Research Council Ethic Committee (certificate number: IV/1711-4/2021/EKU).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study. Participating patients could not be identified.




Data Availability Statement


Data are contained within the article.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Che, G.; Huang, B.; Xie, Z.; Zhao, J.; Yan, Y.; Wu, J.; Sun, H.; Ma, H. Trends in Incidence and Survival in Patients with Melanoma, 1974–2013. Am. J. Cancer Res. 2019, 9, 1396–1414. [Google Scholar] [PubMed]

	



Das, S.; Harris, L.G.; Metge, B.J.; Liu, S.; Riker, A.I.; Samant, R.S.; Shevde, L.A. The Hedgehog Pathway Transcription Factor Gli1 Promotes Malignant Behavior of Cancer Cells by up-Regulating Osteopontin. J. Biol. Chem. 2009, 284, 22888–22897. [Google Scholar] [CrossRef] [PubMed]

	



Nikolaou, V.; Stratigos, A.J. Emerging Trends in the Epidemiology of Melanoma. Br. J. Dermatol. 2014, 170, 11–19. [Google Scholar] [CrossRef] [PubMed]

	



Carr, S.; Smith, C.; Wernberg, J. Epidemiology and Risk Factors of Melanoma. Surg. Clin. N. Am. 2020, 100, 1–12. [Google Scholar] [CrossRef] [PubMed]

	



Gershenwald, J.E.; Scolyer, R.A.; Hess, K.R.; Sondak, V.K.; Long, G.V.; Ross, M.I.; Lazar, A.J.; Faries, M.B.; Kirkwood, J.M.; McArthur, G.A.; et al. Melanoma Staging: Evidence-Based Changes in the American Joint Committee on Cancer Eighth Edition Cancer Staging Manual. CA Cancer J. Clin. 2017, 67, 472–492. [Google Scholar] [CrossRef] [PubMed]

	



Balch, C.M.; Gershenwald, J.E.; Soong, S.J.; Thompson, J.F.; Atkins, M.B.; Byrd, D.R.; Buzaid, A.C.; Cochran, A.J.; Coit, D.G.; Ding, S.; et al. Final Version of 2009 Ajcc Melanoma Staging and Classification. J. Clin. Oncol. 2009, 27, 6199–6206. [Google Scholar] [CrossRef] [PubMed]

	



Liszkay, G.; Benedek, A.; Polgár, C.; Oláh, J.; Holló, P.; Emri, G.; Csejtei, A.; Kenessey, I.; Polányi, Z.; Knollmajer, K.; et al. Significant Improvement in Melanoma Survival over the Last Decade: A Hungarian Nationwide Study between 2011 and 2019. J. Eur. Acad. Dermatol. Venereol. 2023, 37, 932–940. [Google Scholar] [CrossRef] [PubMed]

	



Perrotta, R.; Bevelacqua, Y.; Malaguarnera, G.; Paladina, I.; Giordano, M.; Malaguarnera, M. Serum Markers of Cutaneous Melanoma. Front. Biosci. (Elite Ed.) 2010, 2, 1115–1122. [Google Scholar] [CrossRef]

	



Petrelli, F.; Cabiddu, M.; Coinu, A.; Borgonovo, K.; Ghilardi, M.; Lonati, V.; Barni, S. Prognostic Role of Lactate Dehydrogenase in Solid Tumors: A Systematic Review and Meta-Analysis of 76 Studies. Acta Oncol. 2015, 54, 961–970. [Google Scholar] [CrossRef]

	



Beyeler, M.; Waldispuhl, S.; Strobel, K.; Joller-Jemelka, H.I.; Burg, G.; Dummer, R. Detection of Melanoma Relapse: First Comparative Analysis on Imaging Techniques Versus S100 Protein. Dermatology 2006, 213, 187–191. [Google Scholar] [CrossRef]

	



Kiss, T.; Ecsedi, S.; Vizkeleti, L.; Koroknai, V.; Emri, G.; Kovács, N.; Adany, R.; Balazs, M. The Role of Osteopontin Expression in Melanoma Progression. Tumour Biol. 2015, 36, 7841–7847. [Google Scholar] [CrossRef] [PubMed]

	



Kiss, T.; Jámbor, K.; Koroknai, V.; Szász, I.; Bárdos, H.; Mokánszki, A.; Ádány, R.; Balázs, M. Silencing Osteopontin Expression Inhibits Proliferation, Invasion and Induce Altered Protein Expression in Melanoma Cells. Pathol. Oncol. Res. 2021, 27, 581395. [Google Scholar] [CrossRef] [PubMed]

	



Maier, T.; Laubender, R.P.; Sturm, R.A.; Klingenstein, A.; Korting, H.C.; Ruzicka, T.; Berking, C. Osteopontin Expression in Plasma of Melanoma Patients and in Melanocytic Tumors. J. Eur. Acad. Dermatol. Venereol. 2012, 26, 1084–1091. [Google Scholar] [CrossRef] [PubMed]

	



Robert, C.; Grob, J.J.; Stroyakovskiy, D.; Karaszewska, B.; Hauschild, A.; Levchenko, E.; Chiarion Sileni, V.; Schachter, J.; Garbe, C.; Bondarenko, I.; et al. Five-Year Outcomes with Dabrafenib Plus Trametinib in Metastatic Melanoma. N. Engl. J. Med. 2019, 381, 626–636. [Google Scholar] [CrossRef] [PubMed]

	



Ascierto, P.A.; Dréno, B.; Larkin, J.; Ribas, A.; Liszkay, G.; Maio, M.; Mandalà, M.; Demidov, L.; Stroyakovskiy, D.; Thomas, L.; et al. 5-Year Outcomes with Cobimetinib Plus Vemurafenib in Brafv600 Mutation-Positive Advanced Melanoma: Extended Follow-up of the Cobrim Study. Clin. Cancer Res. 2021, 27, 5225–5235. [Google Scholar] [CrossRef] [PubMed]

	



Wolchok, J.D.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.J.; Rutkowski, P.; Lao, C.D.; Cowey, C.L.; Schadendorf, D.; Wagstaff, J.; Dummer, R.; et al. Long-Term Outcomes with Nivolumab Plus Ipilimumab or Nivolumab Alone Versus Ipilimumab in Patients with Advanced Melanoma. J. Clin. Oncol. 2022, 40, 127–137. [Google Scholar] [CrossRef] [PubMed]

	



Pozsgai, M.; Németh, K.; Oláh, P.; Gyulai, R.; Lengyel, Z. The Significance of Imaging Examinations During Follow-up for Malignant Melanoma. Eur. J. Dermatol. 2021, 31, 357–363. [Google Scholar] [CrossRef]

	



Henry, L.; Fabre, C.; Guiraud, I.; Bastide, S.; Fabbro-Peray, P.; Martinez, J.; Lavabre-Bertrand, T.; Meunier, L.; Stoebner, P.E. Clinical Use of P-Proteasome in Discriminating Metastatic Melanoma Patients: Comparative Study with Ldh, Mia and S100b Protein. Int. J. Cancer 2013, 133, 142–148. [Google Scholar] [CrossRef]

	



Bánfalvi, T.; Edesné, M.B.; Gergye, M.; Udvarhelyi, N.; Orosz, Z.; Gilde, K.; Kremmer, T.; Ottó, S.; Tímár, J. Laboratory Markers of Melanoma Progression. Magy. Onkol. 2003, 47, 89–104. [Google Scholar]

	



Karagiannis, P.; Fittall, M.; Karagiannis, S.N. Evaluating Biomarkers in Melanoma. Front. Oncol. 2014, 4, 383. [Google Scholar] [CrossRef]

	



Tandler, N.; Mosch, B.; Pietzsch, J. Protein and Non-Protein Biomarkers in Melanoma: A Critical Update. Amino Acids 2012, 43, 2203–2230. [Google Scholar] [CrossRef] [PubMed]

	



Neuss, H.; Koplin, G.; Raue, W.; Reetz, C.; Mall, J.W. Analysing the Serum Levels of Tumor Markers and Primary Tumor Data in Stage Iii Melanoma Patients in Correlation to the Extent of Lymph Node Metastases—A Prospective Study in 231 Patients. Acta Chir. Belg. 2011, 111, 214–218. [Google Scholar] [CrossRef] [PubMed]

	



Heizmann, C.W. S100 Proteins: Diagnostic and Prognostic Biomarkers in Laboratory Medicine. Biochim. Biophys. Acta (BBA)—Mol. Cell Res. 2019, 1866, 1197–1206. [Google Scholar] [CrossRef] [PubMed]

	



Gebhardt, C.; Lichtenberger, R.; Utikal, J. Biomarker Value and Pitfalls of Serum S100b in the Follow-up of High-Risk Melanoma Patients. J. Der Dtsch. Dermatol. Ges. 2016, 14, 158–164. [Google Scholar] [CrossRef] [PubMed]

	



Aceti, A.; Margarucci, L.M.; Scaramucci, E.; Orsini, M.; Salerno, G.; Di Sante, G.; Gianfranceschi, G.; Di Liddo, R.; Valeriani, F.; Ria, F.; et al. Serum S100b Protein as a Marker of Severity in COVID-19 Patients. Sci. Rep. 2020, 10, 18665. [Google Scholar] [CrossRef] [PubMed]

	



Peric, B.; Zagar, I.; Novakovic, S.; Zgajnar, J.; Hocevar, M. Role of Serum S100b and Pet-Ct in Follow-up of Patients with Cutaneous Melanoma. BMC Cancer 2011, 11, 328. [Google Scholar] [CrossRef] [PubMed]

	



Mocellin, S.; Zavagno, G.; Nitti, D. The Prognostic Value of Serum S100b in Patients with Cutaneous Melanoma: A Meta-Analysis. Int. J. Cancer 2008, 123, 2370–2376. [Google Scholar] [CrossRef]

	



Dummer, R.; Hauschild, A.; Lindenblatt, N.; Pentheroudakis, G.; Keilholz, U. Cutaneous Melanoma: Esmo Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up. Ann. Oncol. 2015, 26 (Suppl. S5), v126–v132. [Google Scholar] [CrossRef]

	



Coit, D.G.; Thompson, J.A.; Albertini, M.R.; Barker, C.; Carson, W.E.; Contreras, C.; Daniels, G.A.; DiMaio, D.; Fields, R.C.; Fleming, M.D.; et al. Cutaneous Melanoma, Version 2.2019, Nccn Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer Netw. 2019, 17, 367–402. [Google Scholar] [CrossRef]

	



Revythis, A.; Shah, S.; Kutka, M.; Moschetta, M.; Ozturk, M.A.; Pappas-Gogos, G.; Ioannidou, E.; Sheriff, M.; Rassy, E.; Boussios, S. Unraveling the Wide Spectrum of Melanoma Biomarkers. Diagnostics 2021, 11, 1341. [Google Scholar] [CrossRef]

	



Janka, E.A.; Várvölgyi, T.; Sipos, Z.; Soós, A.; Hegyi, P.; Kiss, S.; Dembrovszky, F.; Csupor, D.; Kéringer, P.; Pécsi, D.; et al. Predictive Performance of Serum S100b Versus Ldh in Melanoma Patients: A Systematic Review and Meta-Analysis. Front. Oncol. 2021, 11, 772165. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, H.; Chen, Q.; Alam, A.; Cui, J.; Suen, K.C.; Soo, A.P.; Eguchi, S.; Gu, J.; Ma, D. The Role of Osteopontin in the Progression of Solid Organ Tumor. Cell Death Dis. 2018, 9, 356. [Google Scholar] [CrossRef] [PubMed]

	



Bandopadhyay, M.; Bulbule, A.; Butti, R.; Chakraborty, G.; Ghorpade, P.; Ghosh, P.; Gorain, M.; Kale, S.; Kumar, D.; Kumar, S.; et al. Osteopontin as a Therapeutic Target for Cancer. Expert Opin. Ther. Targets 2014, 18, 883–895. [Google Scholar] [CrossRef] [PubMed]

	



Filia, A.; Elliott, F.; Wind, T.; Field, S.; Davies, J.; Kukalizch, K.; Randerson-Moor, J.; Harland, M.; Bishop, D.T.; Banks, R.E.; et al. Plasma Osteopontin Concentrations in Patients with Cutaneous Melanoma. Oncol. Rep. 2013, 30, 1575–1580. [Google Scholar] [CrossRef]








[image: Jcm 13 00174 g001] 





Figure 1. Comparison of biomarkers in the non-metastatic and metastatic melanoma groups. (A) Serum LDH levels in the non-metastatic and metastatic melanoma groups. (B) Serum S100B levels in the non-metastatic and metastatic melanoma groups. (C) Plasma OPN levels in the non-metastatic and metastatic melanoma groups. The dots show the values, while the gray box shows the mean with a 95% confidence interval. LDH—lactate dehydrogenase; OPN—osteopontin; ** p < 0.001; *** p < 0.001. 
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Figure 2. ROC curves of biomarkers and different combination. (A) ROC curves of single, combined biomarkers, and combined models in the training set. (B) ROC curves of single, combined biomarkers, and combined models in the validation set. ROC—receiver operating curve; LDH—lactate dehydrogenase; OPN—osteopontin; pT stage—American Joint Committee on Cancer 8th edition T category. 
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Table 1. Characteristics of melanoma population.
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Patients

N = 206

	
Training Set

N = 138

	
Validation Set

N = 68




	
Variables

	
Non-Metastatic

N = 120

	
Metastatic

N = 86

	
p-Value

	
Non-Metastatic

N = 80

	
Metastatic

N = 58

	
p-Value

	
Non-Metastatic

N = 40

	
Metastatic

N = 28

	
p-Value






	
Melanoma patients




	
Age (years) (mean ± SD)

	
61.00 ± 12.28

	
64.14 ± 11.68

	
0.092

	
60.86 ± 12.15

	
64.67 ± 12.56

	
0.076

	
61.15 ± 12.73

	
63.96 ± 9.53

	
0.754




	
Sex, N (%)

	

	

	
0.317

	

	

	
0.493

	

	

	
0.444




	
Male

	
67 (55.8)

	
54 (62.8)

	

	
45 (56.3)

	
36 (62.1)

	

	
22 (55.0)

	
18 (64.3)

	




	
Female

	
53 (44.2)

	
32 (37.2)

	

	
35 (43.7)

	
22 (37.9)

	

	
18 (45.0)

	
10 (35.7)

	




	
Primary melanoma




	
Localization, N (%)

	

	

	
0.108

	

	

	
0.007

	

	

	
0.395




	
Head and neck

	
16 (13.3)

	
11 (12.8)

	

	
14 (17.5)

	
6 (10.3)

	

	
2 (5.0)

	
5 (17.9)

	




	
Upper extremities

	
33 (27.5)

	
28 (32.6)

	

	
19 (23.7)

	
20 (34.5)

	

	
14 (35.0)

	
8 (28.6)

	




	
Lower extremities

	
21 (17.5)

	
24 (27.9)

	

	
13 (16.3)

	
20 (34.5)

	

	
8 (20.0)

	
4 (14.3)

	




	
Trunk

	
50 (41.7)

	
23 (26.7)

	

	
34 (42.5)

	
12 (20.7)

	

	
16 (40.0)

	
11 (39.2)

	




	
Histological subtype, N (%)

	

	

	
0.019

	

	

	
0.098

	

	

	
0.130




	
SSM

	
44 (22.5)

	
16 (30.2)

	

	
28 (35.0)

	
11 (19.0)

	

	
16 (40.0)

	
5 (17.9)

	




	
NM

	
49 (40.8)

	
44 (51.2)

	

	
33 (41.3)

	
27 (46.6)

	

	
16 (40.0)

	
17 (60.7)

	




	
MM

	
27 (36.7)

	
26 (18.6)

	

	
19 (23.7)

	
20 (34.4)

	

	
8 (20.0)

	
6 (21.4)

	




	
Clark level, N (%)

	

	

	
0.012

	

	

	
0.024

	

	

	
0.344




	
II

	
10 (8.3)

	
2 (2.3)

	

	
7 (8.8)

	
2 (3.4)

	

	
3 (7.5)

	
0 (0.0)

	




	
III

	
50 (41.7)

	
27 (31.4)

	

	
31 (38.7)

	
18 (31.0)

	

	
19 (47.5)

	
9 (32.1)

	




	
IV

	
42 (35.0)

	
23 (26.8)

	

	
31 (38.7)

	
15 (25.9)

	

	
11 (27.5)

	
8 (28.6)

	




	
V

	
10 (8.3)

	
18 (20.9)

	

	
4 (5.0)

	
11 (19.0)

	

	
6 (15.0)

	
7 (25.0)

	




	
Unknown

	
8 (6.7)

	
16 (18.6)

	

	
7 (8.8)

	
12 (20.7)

	

	
1 (2.5)

	
4 (14.3)

	




	
AJCC 8th edition pT Category, N (%)

	

	

	
<0.001

	

	

	
0.001

	

	

	
0.061




	
pT1a-T2a

	
43 (35.8)

	
8 (9.3)

	

	
30 (37.5)

	
6 (10.3)

	

	
13 (32.5)

	
2 (7.1)

	




	
pT2b-T3a

	
18 (15.0)

	
14 (16.3)

	

	
11 (13.7)

	
10 (17.2)

	

	
7 (17.5)

	
4 (14.3)

	




	
pT3b-T4a

	
25 (20.8)

	
18 (20.9)

	

	
18 (22.5)

	
12 (20.7)

	

	
7 (17.5)

	
6 (21.4)

	




	
pT4b

	
34 (28.4)

	
46 (53.5)

	

	
21 (26.3)

	
30 (51.7)

	

	
13 (32.5)

	
16 (57.1)

	




	
BRAF mutation




	
BRAF

	

	

	
0.375

	

	

	
0.141

	

	

	
0.578




	
Wild type

	
33 (27.5)

	
53 (61.6)

	

	
21 (26.2)

	
39 (67.2)

	

	
12 (30.0)

	
14 (50.0)

	




	
V600E/K

	
27 (22.5)

	
32 (37.2)

	

	
19 (23.8)

	
19 (32.8)

	

	
8 (20.0)

	
13 (46.4)

	




	
Unknown

	
60 (50.0)

	
1 (1.1)

	

	
40 (50.0)

	
0

	

	
20 (50.0)

	
1 (3.6)

	




	
Biomarkers




	
LDH (U/L)

(mean ± SD)

	
229.10 ± 61.55

	
264.63 ± 180.55

	
0.107

	
228.45 ± 55.28

	
279.52 ± 215.51

	
0.132

	
230.70 ± 73.25

	
233.79 ± 55.78

	
0.380




	
S100B (µg/mL) (mean ± SD)

	
0.08 ± 0.27

	
0.31 ± 0.87

	
<0.001

	
0.09 ± 0.33

	
0.34 ± 1.01

	
<0.001

	
0.05 ± 0.03

	
0.25 ± 0.48

	
0.010




	
OPN (ng/mL) (mean ± SD)

	
56.63 ± 27.09

	
87.33 ± 67.64

	
0.002

	
55.65 ± 28.30

	
86.89 ± 73.67

	
0.019

	
58.59 ± 24.70

	
88.26 ± 54.27

	
0.046








Significant results are in bold. N—number; SD—standard deviation; SSM—superficial spreading melanoma; NM –nodular melanoma; MM—unclassified malignant melanoma or histological subtype other than SSM or NM; AJCC—American Joint Committee on Cancer; LDH—lactate dehydrogenase; OPN—osteopontin.













 





Table 2. Univariate and multivariate logistic regression analysis for metastatic melanoma.
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Univariate Logistic Regression Model

	
Multivariate Logistic Regression Model




	
Variables

	
Categories

	
OR [95% CI]

	
p-Value

	
OR [95% CI]

	
p-Value






	
Age

	
≥60 years/<60 years

	
1.22 [0.69; 2.17]

	
0.487

	
-

	




	
Sex

	
male/female

	
1.34 [0.76; 2.35]

	
0.318

	
-

	




	
Localization of primary tumor

	
head and neck/trunk

	
1.50 [0.60; 3.72]

	
0.388

	
2.14 [0.73; 6.26]

	
0.166




	
upper extremities/trunk

	
1.85 [0.91; 3.73]

	
0.089

	
2.30 [0.99; 5.34]

	
0.052




	
lower extremities/trunk

	
2.48 [1.16; 5.35]

	
0.020

	
2.80 [1.14; 6.90]

	
0.025




	
Histological subtype

	
SSM/MM

	
0.38 [0.17; 1.10]

	
0.065

	
-

	




	
NM/MM

	
0.93 [0.48; 1.83]

	
0.839

	




	
Clark level

	
III/II

	
2.70 [0.55; 13.22]

	
0.220

	
-

	




	
IV/II

	
2.74 [0.55; 13.58]

	
0.218

	




	
V/II

	
9.00 [0.86; 49.47]

	
0.110

	




	
AJCC 8th edition pT category

	
pT2b-T3a/pT1a-T2a

	
4.18 [1.50; 11.69]

	
0.006

	
4.18 [1.25; 14.02]

	
0.020




	
pT3b-T4a/pT1a-T2a

	
3.87 [1.47; 10.19]

	
0.006

	
4.09 [1.32; 12.70]

	
0.015




	
pT4b/pT1a-T2a

	
7.27 [3.03; 17.45]

	
<0.001

	
9.86 [3.51; 27.67]

	
<0.001




	
BRAF

	
V600E/K/wild type

	
0.74 [0.38; 1.45]

	
0.375

	
-

	




	
S100B

	

	
3.29 [1.81; 5.98]

	
<0.001

	
2.30 [1.14; 4.63]

	
0.020




	
LDH

	

	
2.55 [1.17; 5.59]

	
0.019

	
1.91 [0.72; 5.06]

	
0.193




	
OPN

	

	
4.95 [2.45; 10.02]

	
<0.001

	
5.13 [2.21; 11.91]

	
<0.001








Significant results are in bold. OR—odds ratio; 95% CI—95% confidence intervals, SSM—superficial spreading melanoma; NM—nodular melanoma; MM—unclassified malignant melanoma or histological subtype other than SSM or NM; AJCC—American Joint Committee on Cancer; LDH—lactate dehydrogenase; OPN—osteopontin.













 





Table 3. Diagnostic effect of biomarkers and the combinations.
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Training Set

	
Validation Set




	
Variables

	
Cut-Off

	
AUROC

[95% CI]

p-Value

	
Sensitivity

[95% CI]

	
Specificity

[95% CI]

	
PPV

[95% CI]

	
NPV

[95% CI]

	
Diagnostic Accuracy

[95% CI]

	
AUROC

[95% CI]

p-Value

	
Sensitivity

[95% CI]

	
Specificity

[95% CI]

	
PPV

[95% CI]

	
NPV

[95% CI]

	
Diagnostic Accuracy

[95% CI]






	
S100B

	
0.085

	
0.671

[0.598; 0.752],

p = 0.001

	
0.43

[0.30; 0.57]

	
0.83

[0.72; 0.90]

	
0.64

[0.51; 0.76]

	
0.67

[0.61; 0.72]

	
0.66

[0.57; 0.74]

	
0.682

[0.547; 0.817]

p = 0.011

	
0.43

[0.25; 0.63

	
0.90

[0.76; 0.97]

	
0.75

[0.52; 0.89]

	
0.69

[0.62; 0.76]

	
0.71

[0.58; 0.81]




	
LDH

	
220.5

	
0.575

[0.477; 0.674]

p = 0.131

	
0.64

[0.50; 0.76]

	
0.53

[0.41; 0.64]

	
0.67

[0.57; 0.75]

	
0.43

[0.42; 0.57]

	
0.57

[0.49; 0.66]

	
0.563

[0.424; 0.703]

p = 0.376

	
0.54

[0.34; 0.73]

	
0.55

[0.39; 0.71]

	
0.46

[0.34; 0.58]

	
0.63

[0.51; 0.73]

	
0.54

[0.42; 0.67]




	
OPN

	
80.09

	
0.616

[0.518; 0.715]

p = 0.020

	
0.36

[0.24; 0.50]

	
0.88

[0.78; 0.94]

	
0.65

[0.61; 0.70]

	
0.68

[0.52; 0.81]

	
0.66

[0.57; 0.74]

	
0.643

[0.500; 0.786]

p = 0.046

	
0.46

[0.28; 0.66]

	
0.90

[0.76; 0.97]

	
0.77

[0.54; 0.90]

	
0.71

[0.63; 0.78]

	
0.72

[0.60; 0.82]




	
S100B + localization

+ pT stage

	
0.435

	
0.788

[0.709; 0.867]

p < 0.001

	
0.76

[0.63; 0.86]

	
0.76

[0.65; 0.85]

	
0.70

[0.60; 0.78]

	
0.81

[0.73; 0.87]

	
0.76

[0.68; 0.83]

	
0.802

[0.699; 0.904]

p < 0.001

	
0.61

[0.41; 0.79]

	
0.80

[0.64; 0.91]

	
0.68

[0.52; 0.81]

	
0.74

[0.64; 0.83]

	
0.72

[0.60; 0.82]




	
LDH + localization

+ pT stage

	
0.458

	
0.785

[0.706; 0.864]

p < 0.001

	
0.72

[0.59; 0.83]

	
0.79

[0.68; 0.87]

	
0.71

[0.61; 0.80]

	
0.80

[0.72; 0.86]

	
0.76

[0.68; 0.83]

	
0.744

[0.624; 0.864]

p = 0.001

	
0.71

[0.51; 0.87]

	
0.75

[0.59; 0.87]

	
0.67

[0.53; 0.78]

	
0.79

[0.67; 0.87]

	
0.74

[0.61; 0.84]




	
OPN + localization

+ pT stage

	
0.460

	
0.791

[0.714; 0.868]

p < 0.001

	
0.67

[0.54; 0.79]

	
0.80

[0.70; 0.88]

	
0.71

[0.60; 0.80]

	
0.77

[0.70; 0.83]

	
0.75

[0.67; 0.82]

	
0.798

[0.694; 0.902]

p < 0.001

	
0.64

[0.44; 0.81]

	
0.80

[0.64; 0.91]

	
0.69

[0.53; 0.82]

	
0.76

[0.66; 0.84]

	
0.74

[0.61; 0.84]




	
S100B + LDH

+ OPN

+ localization

+ pT stage

	
0.413

	
0.803

[0.729; 0.878]

p < 0.001

	
0.78

[0.65; 0.88]

	
0.75

[0.64; 0.84]

	
0.69

[0.60; 0.77]

	
0.82

[0.74; 0.88]

	
0.76

[0.68; 0.83