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Summary
Purpose: S100B protein is currently used as an immunohistochemistry marker to confirm melanoma diagnosis in
biopsy specimens. Moreover, accumulating evidence supports its potential use as a tumor biomarker in blood. This
study aimed to explore the potential uses of serum S100B
protein as a biomarker in melanoma patients.

more, S100B >0.5μg/l was associated with stage IV and
poor survival. However, there was no significant association
with LDH. S100B serum levels were positively correlated
with mitotic rate (p=0.003), but only in stage IV patients
(p=0.015). In stage III, a statistically significant difference in S100B serum levels were observed between N3, N2
and N1 stages, with higher levels for N2 (p=0.012) and N3
Methods: From 2012 to 2015, 107 sequential patients were
(p=0.009) compared to N1, and no difference between stages
diagnosed and treated for melanoma. All patients were testN2 and N3 (p=1.000). Also, no correlation was found beed for serum S100B and lactate dehydrogenase (LDH) at
tween the number of primary melanoma lesions and S100B.
diagnosis and during their regular follow-up. Potential correlations between S100B serum levels and baseline charac- Conclusions: S100B serum levels reflect tumor load, correlate with response to treatment, might identify patients
teristics and its impact on survival were assessed.
who are at increased risk of disease relapse, may predict
Results: S100B serum levels were within normal limits
prognosis independent to LDH, and could be used as early
in patients with stages I and II, elevated in stage III, and
biomarkers of tumor recurrence.
very high in stage IV. In bivariate analysis, serum S100B
levels >0.11μg/l and stage IV were the only independent Key words: LDH, melanoma, mitoses, S100B, tumor
prognostic factors associated with poor survival. Further- marker

Introduction
S100B protein is a widely applied biomarker
used to establish the diagnosis of melanoma in
tumor specimens by immunohistochemistry [1,2].
S100B was first identified by Moore in 1965 who
extracted a subcellular fraction from bovine collagen ‘S100’ because the constituents were soluble
in 100% saturated ammonium sulphate at neutral
pH [3]. In 1980, Gaynor et al. found that S100B protein was overexpressed in human malignant melanoma cells in vitro [4]. Since then, S100B has been
established as the standard immunohistochemical

marker for melanoma. However, the assessment of
biomarkers in peripheral blood is simple, safe and
cost-effective, and could provide the advantage of
serial evaluation of tumor status in patients who
are on antineoplastic treatment or follow-up.
S100B is a 21.5 kDa symmetric dimeric protein of neuroectodermal and mesodermal origin that consists of two subunits - isomers α (alpha) and β (beta) in all possible combinations
(S100αα, S100ββ, S100αβ) [5-7]. α subunit is coded
by 13 different genes located at the long arm of
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chromosome l (lq21), while β subunit is coded by one Table 1. Basic patient and tumor characteristics
gene on the long arm of chromosome 21 (21q22.3) [5]. Characteristics
Mean
Range
The αα homodimer is widely distributed in the skin
Age, years
59.22
22-84
(S100A7), keratinocytes, skeletal muscles (S100A13),
Mitotic rate
6.16
0-42
heart (S100A13, S100A10), kidneys (S100A13), pann
%
creas, ovary and lung (S100A10) [5]. The ββ homodi- Sex
Male
54
50.5
mer is mainly produced by astrocytes, Schwann and
Female
53
49.5
Langerhans cells. The αβ heterodimer is found in
melanocytes, chondrocytes and glial cells [5].
Stage
LDH is found in healthy tissues. Anormal LDH
I
39
36.4
levels are mainly due to cell lysis that often occurs
II
33
30.8
in malignant neoplasms, indicating high turnover
III
26
24.3
of tumor cells, high tumor burden, and necrosis in
IV
9
8.4
fast-growing tumors [8]. Αccumulating evidence
N
stage
of
primary
melanomas
supports the independent prognostic impact and
1
102
95.3
superiority of S100B compared to LDH in mela2
4
3.7
noma [9,10].
The purpose of this study was to investigate the
3
1
0.9
association of S100B serum levels in patients with Ulceration of primary lesion
melanoma stages I-IV with basic patient and tumor
Yes
67
62.6
characteristics, treatment response and survival.

Methods
From 2012 to 2015, 107 consecutive melanoma
patients (54 males and 53 females), 22 to 84 years old,
were included in this study (Table 1). Patients with
stages I-III underwent wide local excision and sentinel
lymph node biopsy (SLNB) if indicated. Those who had
positive SLNB underwent subsequently lymph node
dissection. Patients with AJCC [13] stage III received
adjuvant interferon while those with stage IV were
treated with first-line systemic treatment according to
local treatment guidelines. All patients underwent assessment of serum S100B protein and LDH preoperatively and during their regular follow-up. Considering
that S100B serum levels might be elevated also in nonmalignant conditions, we excluded patients with history of other cancers or any condition associated with
brain injury, e.g. stroke, central nervous system trauma, neurodegenerative diseases. Patients were classified based on tumor stage, AJCC nodal status (N) [13],
National Comprehensive Cancer Network (NCCN) [11]
high risk features, defined as the presence of ulceration,
high mitotic rate and lymphovascular invasion (LVI) in
the primary tumor. Four patients had 2 primary melanomas and 1 had 3 melanomas (Table 1).
Serum S100B – LDH measurements
The mean S100B serum concentration of healthy
individuals is 0.05 μg/L [14], levels are not influenced
by age or sex [15], while 95% of normal controls have
levels ≤ 0.105 μg/L [1,16]. S100B serum levels are
slightly elevated in children compared to adults [17].
In this study, serum S100B levels were measured using the commercially available Cobas e411 S100B
electrochemiluminescence assay (ECLIA) by Elecsys®
S100 (Roche Diagnostics Mannheim, Germany) [1,18],
according to the manufacturer’s instructions and previ-

No

33

30.8

MD

7

6.5

Brisk

31

29.0

Intermediate

41

38.3

Small

20

18.7

No/Absent

5

4.7

MD

10

9.3

Total

107

100.0

N1

11

42.3

N2

6

23.1

N3

9

34.6

Total

26

100

Lymphovascular invasion

N stage in stage III patients

ously published protocols [8,19]. Levels up to 0.11 μg/L
were defined as the upper limit of normal according to
the Department of Biochemistry of the General Hospital of Athens “G. Gennimatas”. LDH was assessed according to Abbott Diagnostics instructions.
Statistics
We followed the REMARK recommendations [12]
to report our findings and used the SPSS 21.0 software
to perform statistical analyses. Parametric and nonparametric tests were used to compare categorical and
continuous variables. The Bonferroni adjustment test
was applied in case of multiple comparisons. Median
survival was calculated by Kaplan-Meier method and
comparisons were performed by log-rank test. Cox proportional hazard models were used for multivariate
analysis of prognostic factors. Overall survival (OS)
was defined as the time from the date of histological
diagnosis to the date of death from any cause. Alive
patients were censored at the last date of follow-up or
JBUON 2017; 22(5): 1297
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contact. Analyses were censored at 4 years. All compar- melanomas (Pearson’s correlation, p=0.003). Howisons were two-tailed and a p-value <0.05 was defined ever, this correlation was confirmed only for stage
as statistically significant.
IV (stage I, p=0.767; stage II, p=0.851; stage III,

p=0.425; stage IV, p=0.015) with a strong coefficient equal to 0.854 (Figure 1).

Results
Table 2 summarizes the mean, the minimum,
maximum and standard deviation of S100B serum
levels according to tumor stage. The S100B mean
level in stage I was 0.059μg/l, in stage II 0.073μg/l,
in stage III 0.125μg/l and in stage IV 0.684μg/l.
More patients with stage III/IV had high S100B
serum levels (>0.11 μg/l) compared to those with
stage I/II (Pearson’s x2 test, p<0.001).

LVI

Ulceration and S100B

S100B and N status in stage III

No statistically significant association was
found between S100B levels and LVI (ANOVA
test, p=0.368). This result was also confirmed for
stages II (p=0.212) and III (p=0.657), whereas for
stages I and IV, no statistical comparison was performed due to absolute value similarity (0 and 1
respectively).

S100B serum levels were not significantly different between patients with ulcerated and nonulcerated primary melanomas (Mann-Whitney U
test, p=0.121). The results were not different when
analyzed for each stage (stage I, p=0.746; stage II,
p=0.224; stage III, p=0.512; stage IV, p=0.857).

Among patients with stage III melanoma,
those with N2/N3 disease had significantly higher
S100B serum levels compared to those with N1
disease (Kruskal-Wallis test, p=0.002). Furthermore, multiple comparisons test (Figure 2) showed
a statistical significant difference in S100B levels
between stage N3 vs N1 (p=0.009) and stage Ν2
Mitoses and S100B
vs Ν1 (p=0.012), whereas there was no difference
S100B serum values were positively cor- between stage Ν2 vs Ν3 (p=1.000).
related with the number of mitoses in primary
S100B and multiple melanomas
No statistically significant difference in S100B
serum levels was observed between patients with
more than one concurrent primary melanoma and
those with one primary melanoma (Mann-Whitney U test, p=0.456). As such there was no statistically significant correlation between the number
of melanomas and S100B levels. In cases of multiple melanomas, S100B levels were not associated
with the number of primary melanomas but with
the stage of the more advanced melanoma.
Prognostic significance of S100B serum levels compared to tumor stage
Tumor stage was a strong prognostic factor
for OS (p<0.001). OS according to tumor stage is
Figure 1. Correlation between mitotic rate and S100B shown in Figure 3. Stage IV patients had by far
serum levels. In stage IV melanoma, high S100B values
correlated significantly with increased number of mitoses the worst survival compared to earlier stages,
while there was no significant difference in OS
(p=0.015).
Table 2. Distribution of S100B values according to different stages
Stage

n

Mean

I

39

0.059

0.052 - 0.066

0.017

0.110

II

33

0.073

0.049 - 0.096

0.018

0.411

III

26

0.125

0.076 - 0.175

0.024

0.662

IV

9

0.684

0.449 - 0.918

0.177

1.310

107

0.132

0.093 - 0.171

0.017

1.310

Total
CI: confidence interval

JBUON 2017; 22(5): 1298

95% CI
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Figure 3. Kaplan-Meier overall survival according to
melanoma stage. Stage IV patients had the worst survival
compared to earlier stages (p<0.001), while there was no
significant difference between stages I, II and III.

Figure 2. Pairwise comparisons of S100B serum levels between different N stages in patients with stage III disease.

between stages I,II, and III. Similarly, patients
with high S100B serum levels (>0.11 μg/L) had
significantly shorter OS compared to those with
normal S100B serum levels (p<0.001; Figure 4).
Furthermore, a bivariate Cox-proportional hazard
model including tumor stage and S100B serum
levels confirmed that both were independent predictors of OS. Moreover, S100B values >0.5μg/l
were even more strongly correlated with both the
stage of melanoma and survival (p<0.001). The
great majority of patients with stage IV (88.89%)
had S100B levels >0.5μg/l, while these high levels
were much less common in earlier tumor stages
(p<0.001). Furthermore, these patients died (death
rate 88.89%), with survival range <0.5–2.5 years
(mean 1.4 years) (p<0.001). Therefore the ‘cutoff’
level of 0.5μg/l, almost 5-fold above the upper limit of normal, was found to be associated with stage
IV, low survival and increased death rate.
S100B – LDH
No statistically significant association was
observed between S100B and LDH serum levels
(p=0.323), and therefore both these variables are
independent prognostic factors. However, the results were different when the analysis was stratified by stage. Although there were no associations

Figure 4. Kaplan-Meier overall survival according to
S100B serum levels (below or above 0.11 μg/L) (p<0.001).

in stage I (p=0.935), stage II (p=0.602), and stage
IV (p=0.093), a significant association was observed between S100B and LDH in stage III (correlation coefficient 0.496) . High LDH and S100B
serum levels were recorded in 66.66% of stage
IV patients. Importantly, all these patients had
S100B levels >0.5μg/l and died within 2.5 years
from diagnosis.

Discussion
S100B is an established tumor marker for the
diagnosis of melanoma. Accumulating evidence
supports its role as a useful serum biomarker for
patients with melanoma [5]. S100B serum levels
were found to be correlated with tumor load [20]
and therefore could be useful to assess tumor
status during follow-up [21]. Elevated S100B serum levels were associated with N1, N2 and N3
JBUON 2017; 22(5): 1299
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disease [22]. It was shown that S100B could be
used to assess or even predict treatment response.
Declining levels of S100B were associated with
tumor response or successful treatment, whereas
rising levels of S100B were correlated with disease progression [23-25]. Moreover, S100B levels could predict response to chemotherapy in
stage IV patients [26]. S100B levels were also
correlated with disease free survival (DFS) and
OS. Wevers et al. [27] showed that preoperative
levels of S100B were the strongest independent predictor of DFS. Nikolin et al. found statistically significant difference in DFS for stage
IIB and IIC patients with S100 below and above
0.106 μg/l [28]. Hauschild et al. [29] demonstrated that patients with S100B levels <0.2μg/l had
significantly longer OS (p<0.001) than those with
S100B >0.2μg/l, regardless of stage. By contrast,
other studies showed that neither S100B nor LDH
could predict sentinel lymph node status as well
as survival of patients who underwent melanoma
dissection [30]. The results of the present study
are consistent with the above findings showing
that mean S100B serum levels are positively correlated with tumor stage. Although patients with
stages I/II had mean serum levels within normal
limits, these levels were slightly higher in stage
II than in stage I. Thus, even in these very early
stages, S100B serum levels might be a surrogate
biomarker of tumor load.
For stage III, studies have shown that S100B
is the strongest independent predictor of DFS [26]
and a strong prognostic marker for OS [13,2325]. In melanoma patients with palpable regional
lymph nodes and AJCC stage III documented on
PET/CT, the presence of raised preoperative S100B
serum levels was associated with high regional
tumor load [26]. Also, high S100B levels in postoperative melanoma patients without evidence of
residual disease predicted a poorer DFS. A possible explanation could be that postoperative high
S100B serum levels might reflect an ongoing process of a subclinical microscopic systemic disease
that cannot be detected with imaging techniques
[13,23-25]. Additionally, in patients with stage IIIB-IIIC, S100B serum levels demonstrated stronger prognostic significance when measured preoperatively than postoperatively on days 1 and 2 [27].
Bouwhuis et al. showed that raised S100B levels
in patients with stage III melanoma were stronger
prognostic factors than disease stage and the number of infiltrated lymph nodes [25]. Elevated S100B
serum levels following lymph node dissection for
stage III melanoma represented an independent
prognostic factor [31]. Therefore, pre- and postlymphadenectomy S100B serum levels might be
JBUON 2017; 22(5): 1300

useful to assess the completeness of tumor dissection [23]. In the present study, S100B serum levels in stage III patients reflected the loco-regional
tumor load. Patients with elevated post-treatment
levels were at increased risk of disease relapse
and, therefore, underwent regular postoperative
S100B assessments aiming at the early detection
and treatment of a subclinical relapse. S100B serum levels were also associated with the N status
of stage III patients. We found that S100B levels
in patients with N2/N3 stages were significantly
higher than in N1 stage. However, no statistically
significant difference existed between N2 and N3
stages. Therefore, S100B serum levels might be
important to monitor treatment response and disease status during follow-up, as well as to estimate
the prognosis of stage III patients.
In contrast, stage IV melanoma patients with
favorable performance status are treated with systemic treatment, with primary purpose to prolong
life expectancy. Vrbic et al. showed that S100B is a
reliable serum marker for the diagnosis of stage IV
malignant melanoma [32]. Patients with generalized metastases usually have elevated S100B levels reflecting the extent of tumor load [23,31]. Rising S100B serum levels during treatment might
be associated with disease progression, whereas
effective treatment is often correlated with declining levels [26,33,34]. Rising S100B levels were
able to detect tumor relapse 5-23 weeks before
clinical examination or radiological methods
could do [2,29]. In the present study, stage IV patients had S100B serum levels much higher than
the upper limit of normal as well as the mean levels in earlier tumor stages. The majority (66.7%)
of patients with stage IV disease was initially diagnosed as stage III with elevated S100B levels
and their S100B serum levels became even higher
when they relapsed with stage IV disease. Also,
high S100B serum levels (>0.11μg/l) were associated with shorter survival in stage IV patients.
Furthermore, S100B levels >0.5μg/l were associated with remarkably worse prognosis. Notably,
88.9% of patients with S100B >0.5μg/l died within
2.5 years with a mean survival of 1.12 years, and
all of them had stage IV disease. These patients
had high S100B levels even after adjuvant treatment. As a result, high levels of S100B more than
5-fold the upper limit of normal were associated
with adverse disease outcome.
We evaluated S100B serum levels with regard
to NCCN ‘high risk features’, i.e. ulceration, LVI,
and mitoses and we did not observe any significant association between S100B and ulceration
or LVI. However, there was statistically significant association between S100B and mitotic rate.
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S100B was positively and strongly correlated with
mitotic rate only in stage IV. To the best of our
knowledge, this is the first study to demonstrate
a connection between these two parameters. We
also found that there was no statistically significant difference in S100B serum levels between patients with one primary melanoma and those with
more than one concurrent primary lesion. In the
case of a patient with multiple primary melanoma
lesions, S100B serum levels were proportional to
the lesion with the more advanced stage. To our
knowledge, this finding is reported in the literature for the first time.
Multiple lines of evidence have demonstrated the independent to LDH prognostic impact of
S100B serum levels [9,10]. For stages II and III,
S100B has been superior to LDH in terms of sensitivity, specificity and diagnostic accuracy [35].
Also S100B is a stronger prognostic marker than
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LDH in patients with distant metastasis [9,18].
The results of the present study suggest that
S100B offers superior and independent to LDH
prognostic information, especially in advanced
melanoma stages (III and IV). Patients in stage
IV are more likely to have increased levels both
of S100B and LDH and these are indicators of adverse prognosis.
In conclusion, S100Β protein in peripheral
blood represents a reliable, simple, safe and costeffective biomarker, independently and strongly
associated with poor disease outcome, and possibly a useful tool to monitor disease status in
melanoma patients in combination with other diagnostic modalities.
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