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ACCURATE S-100B DETERMINATION

Double           Venipuncture 

is not Required for Adequate 

S-100B Determination 

in Melanoma Patients

8



Abstract
Background. S-100B is a useful biomarker in melanoma follow-up. This serum 
biomarker is also present in adipocytes, therefore subcutaneous adipocytes 
trapped in the needle before entering the vein during a venipuncture, could 
contaminate the serum used for S-100B analysis. The aim was to study the 
possible influence of adipocyte contamination in a blood sample on S-100B 
levels and to investigate whether difficult venipunctures could result in falsely 
elevated S-100B values.

Methods. A dummy tube was drawn before performing the routine 
venipuncture, during regular follow-up in all AJCC stage III melanoma patients, 
with no evidence of disease. The dummy tube was anonymously coded, while 
the second tube was registered in patients’ medical results. S-100B levels 
between the two samples were compared.

Results. A total of 294 serum samples were collected from 147 AJCC stage III 
melanoma patients. The mean difference between the 1st and 2nd tube was 0.003 
(range -0.08-0.15) µg/L (p=0.077), with a decrease in the 2nd tube. Compared 
to the secondly drawn tube, the S-100B level was higher in the dummy tube in 
33.3% of the samples, equal in 36.8% of the samples, and lower in 29.9% of the 
samples.

Conclusions. No significant difference between the two subsequently drawn 
tubes was found. Based on current results, there is no evidence for the necessity 
of implementing a dummy-tube-system for accurate S-100B determination in 
melanoma patients. 
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INTRODUCTION
S-100B is a serum biomarker used in both clinical and experimental setting. 
This calcium-binding protein, with a weight of 21 kilo Dalton, is physiologically 
present in glial and Schwann cells, and in neurology it is used to detect and 
quantify brain damage.1-3 In the 1980’s, this biomarker was also found to be 
present in human melanoma cells and melanocytes, and used to detect 
melanocytic tumors in pathology.4,5 Intracellular S-100B concentrations are 
usually high in disseminated melanoma (American Joint Committee on Cancer, 
AJCC, stage IV), and serum levels may be elevated.6,7 The potentially aggressive 
and unpredictable character of melanoma strengthens the clinical desire to 
detect the first signs for disease progression as early as possible.8 In the follow-
up of melanoma patients, serum S-100B is increasingly used as tumor marker. 
Mostly complementary to Lactate Dehydrogenase (LDH), to estimate tumor 
load, evaluate response to treatment, and as a prognostic tumor marker in 
advanced melanoma.7,9-11 To this date however, there is a wide variety in the 
use of biomarkers in melanoma worldwide.12 Melanoma studies that have 
tried to use S-100B for recurrence detection and prediction of sentinel-node 
positivity encountered problems due to the low sensitivity in these melanoma 
patients with minimal tumor load.13,14 Another frequently encountered problem 
with biomarkers is the undesirable presence of false positive as well as false-
negative results.15 For instance, patients’ Body Mass Index (BMI) and different 
comorbidities are associated with influencing the serum S-100B values.15,16 
False-positive S-100B values may lead to unnecessary anxiety in melanoma 
patients, potential over-staging and mismanagement, and lead to increased 
healthcare costs. 

Multiple studies reported adipocytes to contain high levels of S-100B, which is 
secreted in response to epinephrine, glucagon or weight normalization after 
chronic starvation.17-23 Determination of serum S-100B values in melanoma 
patients is performed by drawing a blood sample through a venipuncture 
and subsequent analysis of S-100B by immunoassay. Accurate analysis of this 
biomarker is important, as minor changes in serum S-100B levels might have 
clinical consequences, such as surgery or additional diagnostic tests.24 
Recently, S-100B values were reported to be falsely elevated when mixed with 
subcutaneous cells, suggesting adipocytes trapped in a venipuncture could 
affect the S-100B level, leading to falsely elevated serum values.25 The risk for 
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this adipocyte contamination might especially be higher in difficult venipunctures 
after several attempts. Hypothetically, adipocyte contamination only affects the 
first tube, as the needle will be flushed after drawing the first sample. The aim of 
this study was to test whether subcutaneous adipocytes also cause falsely elevated 
S-100B values in blood samples of melanoma patients in regular venipunctures, 
and to study clinicopathological factors that influence serum S-100B levels.

METHODS
Study Design and Patients
At the University Medical Center Groningen (UMCG) follow-up with regular 
intervals for all AJCC stage III and IV melanoma patients with currently no 
evidence of disease (NED) consists of medical history, physical examination 
and determination of the S-100B. To determine whether contamination by 
adipocytes would increase S-100B values in a serum sample after a regularly 
performed venipuncture in AJCC stage III and IV melanoma patients, two 
subsequent tubes were drawn by experienced laboratory assistants for S-100B 
analysis in all patients. Patients with local or distant metastases were excluded. 
Blood samples were collected by venipuncture in 8.5 mL Vacutainer tubes 
(Becton Dickinson, Belliver Industrial Estate, Plymouth, UK). A ‘dummy’ tube 
was drawn first, after which the ‘regular’ tube was drawn during the same 
puncture. To prevent any potential indistinctness regarding the test results, the 
first (dummy) tube was coded, while the second tube was registered under 
the patients’ data. After routine centrifugation, serum was separated from the 
tubes. Both tubes were equally analyzed in the same laboratory. The study was 
conducted in accordance with the Declaration of Helsinki, and conforms to the 
guidelines of the central medical ethics committee (METc2015.215).
Characteristics of the patients, the primary tumors, Sentinel Lymph Node 
Biopsy (SLNB) and Completion Lymph Node Dissection (CLND) were collected 
in a database. The recorded parameters included: age, sex, Body Mass Index 
(BMI), time since diagnosis, current AJCC stage, comorbidities, site of primary 
melanoma, histologic type, Breslow thickness, ulceration, mitotic rate (number 
of cells in mitosis per mm2), SN metastasis, and CLND metastases. S-100B levels 
of the dummy tubes and the second tubes were registered, as well as whether 
a difficult venipuncture or puncture with a subcutaneous route of more than 
1cm was reported on the case record form.
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S-100B Analysis 
S-100B concentrations were routinely determined by performing the S-100B assay 
(Diasorin, Saluggia, Italy) on an ELISA Robot platform (DS2, Dynex Technologies, 
Magellan Biosciences, Worthing, United Kingdom), according to manufacturer’s 
protocol. The intra-assay Coefficient of Variation (CV) of the S-100B assay is 7% 
at levels of 0.04 µg/L (0.0028 µg/L). The reference interval was determined by 
analysis of S-100B values in 120 healthy individuals (median 0.07; range 0.01-
0.59) and calculating the 95% confidence interval according to the Clinical and 
Laboratory Standards Institute EP28-A3c guideline (formerly C28-A2), resulting in 
a reference cut-off value for the healthy population of 0.20µg/l.26 

Statistical Analysis
Sample size analysis for a two-sided test was performed on the difference in 
S-100B value between the first and second drawn serum samples, with a power 
β=0.80 and α=0.05. The purpose was to test the nil-hypothesis: no difference 
in S-100B value between the two subsequently drawn samples. A sample size of 
84 serum samples in each group (total n=168) was required to prove a difference 
between the first and second drawn tube of at least 0.05 µg/l. 
Statistical analyses were performed using IBM SPSS statistics version 22 (Chicago, 
IL, USA). Descriptive statistics were used for data presentation. Differences 
between the sample groups were assessed for statistical significance (p<0.05) 
using a paired T-test or Pearson Correlation for the normally distributed 
differences and Kruskal-Wallis for not normally distributed values. Possible 
factors of influence on S-100B level in the second tube were tested by univariate 
and multivariate linear regression analysis. 

RESULTS
Patients’ Characteristics
A total of 294 serum samples were collected from 147 AJCC stage III and IV 
melanoma patients during follow-up (June 2015 - June 2016). Median age of the 
patients was 57 (range 26-86) years, 51% was female, and median BMI was 26.5 
(range 18.1-54.5) kg/m2. Median Breslow tumor thickness was 1.94 (range 0.60-
27.0) mm, and median time since diagnosis 56 (range 1-400) months. At time 
of S-100B determination, 39.4% was stage IIIA, 29.9% IIIB, 23.1% IIIC, and 7.4% 
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. Clinicopathologic factors of the 147 AJCC stage III melanoma 
patients

Characteristic n %

Age (years)

Median, range 57, 26-86 

<60 84 57.1%

≥60 63 42.9%

Sex

Female 75 51.0%

Male 72 49.0%

BMI (kg/m2)

Median, range 26.5, 18.1-54.5

Time since diagnosis (months)

Median, range 56, 1-400

Current AJCC stage

IIIA 58 39.4%

IIIB 44 29.9%

IIIC 34 23.1%

IV, NED 11 7.4%

Comorbidities

None 81 55.1%

Cardiovascular 28 19.0%

Pulmonic 10 6.8%

Neurological 5 3.4%

Other malignancy 10 6.8%

Other 13 8.8%

Histologic type

Superficial spreading 95 64.6%

Nodular 31 21.1%

Other 9 6.1%

Unknown 12 8.2%
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stage IV, all with currently no evidence of disease (NED). Comorbidities were 
present in 44.9% of patients, of which 19% cardiovascular, 6.8% pulmonic, 6.8% 
other malignancy in the past, 3.4% neurological, and 8.8% other comorbidities 
(arthritis, kidney disease, hyperparathyroidism, morbid obesity, lichen 
sclerosus, gout, Table 1). In 2.0% (n=3) of the samples a difficult venipuncture 
was reported, and for 8.1% (n=12) a subcutaneous route of more than 1cm. 
Based on these small numbers, no significant relation was found between a 
reported difficult venipuncture and the S-100B level in the first drawn (dummy) 
tube, nor the difference in S-100B levels in the two subsequently drawn tubes.

T
a
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e
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. Continued

Characteristic n %

Breslow thickness (mm)

Median, range 1.94, 0.6-27.0

Ulceration

No 91 61.9%

Yes 38 25.9%

Not reported 18 12.2%

Mitosis 

No 8 5.4%

Yes 123 83.7%

Not reported 16 20.9%

Positive SLNB 

No 16 10.9%

Yes 82 55.8%

Not performed 49 33.4%

Positive CLND/TLND

No 45 41.7%

Yes 63 58.3%

Abbreviations: BMI, body mass index; AJCC, American Joint Committee on Cancer; 
NED, no evidence of disease; SLNB, sentinel lymph node biopsy; NSN, non-sentinel 
node; CLND, completion lymph node dissection; TLND, therapeutic lymph node 
dissection.
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Evaluation of Adipocyte Contamination by Analyzing the Difference of S-100B 
Levels in Two Subsequently Drawn Tubes
The two subsequently drawn serum samples showed median S-100B values of 
0.05 (range <0.02-0.28) µg/L for the 1st (dummy) tube, and 0.04 (range <0.02-
0.23) µg/L for the 2nd (regular) tube (Figure 1). The mean difference between 
the 1st and 2nd tube was 0.003 (range -0.08-0.15) µg/L (95% CI: 0.0004-0.0070, 
p=0.077), showing a trend for slightly lower S-100B levels in the 2nd tube. 
The absolute S-100B level measured in the dummy tube was higher in 33.3% 
(n=49) of the samples, equal in 36.8% (n=54) of the samples, and lower than 
in the secondly drawn tube in 29.9% (n=44) of the samples. As shown by the 
scatterplot in Figure 2, a bilateral (measurement) variance of 0.04 µg/L is seen 
(Figure 2). The positive outliers >0.04 µg/L, 4.1% (n=6 patients) of the samples, 
had a mean age of 58 years, 33% were female, with a mean BMI of 29.7 kg/m2, 
and 50% had cardiovascular comorbidities. Overall, no significant relation was 
found between age, sex, BMI, or comorbidity and the difference in S-100B level 
between the two tubes (Table 2).

Determination of Patient Factors Associated with S-100B Serum Level in the 
Second Tube
By performing univariate linear regression analysis, a significant association 
between S-100B level, and patient or tumor characteristics was found for BMI 
(p=0.005) and the presence of another malignancy (p=0.005). A higher BMI was 
associated with a relatively higher serum S-100B level (Table 3). The presence of 
another malignancy (such as meningioma, endometrial cancer, breast cancer, 
non-Hodgkin, and colon cancer) resulted in a slightly lower S-100B level (0.02 
µg/L). Patients with comorbidities of cardiovascular, pulmonal, or neurological 
origin showed no significant difference in S-100B levels (Table 4).
All variables that were associated with the S-100B level in the 2nd tube with 
a p-value <0.15 in univariate analysis were entered in a multivariable linear 
regression model. In this model (containing sex, BMI, ulceration, other 
malignant comorbidity) the following clinical factors were associated with a 
the S-100B level on a 5% significance level: sex (B=-0.021 for male sex (95%CI: 
-0.035- -0.006); p=0.006), BMI (B=0.002 for higher BMI (95%CI: 0.000-0.003); 
p=0.011), other malignancy (B=-0.026 for presence (95%CI: -0.052- -0.001); 
p=0.041, Table 5).



145

ACCURATE S-100B DETERMINATION

Mean serum S-100B value in tube 1 (dummy 
tube) and tube 2.
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Difference of serum S-100B values between the two subsequently drawn tubes (tube 1-tube 
2), resulting in a bilateral measurement variance of 0.04 µg/L.
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Difference in S-100B levels between dummy and subsequently drawn 
tube, and the influence of clinical factors on S-100B level difference 
between the tubes

First tube Second tube Mean difference 
(dummy) (regular) (tube 1-tube 2) p-value

S-100B (µg/l) Continuous 0.05 µg/l 0.04 µg/l 0.003 µg/l

(median, range) (0.02-0.28) (0.02-0.23) (-0.08-0.15) 0.077^

Age (years) Continuous

<60 0.050 µg/l~ 0.045 µg/l~ 0.005µg/l 0.70

≥60 0.040 µg/l~ 0.040 µg/l~ 0.002µg/l

Sex

Female 0.040 µg/l~ 0.040 µg/l~ 0.003µg/l 0.86

Male 0.050 µg/l~ 0.050 µg/l~ 0.004 µg/l

BMI (kg/m2) Continuous 

<25 0.030 µg/l~ 0.035 µg/l~ -0.002 µg/l 0.19

25-30 0.060 µg/l~ 0.050 µg/l~ 0.006 µg/l

>30 0.050 µg/l~ 0.050 µg/l~ 0.007 µg/l

Comorbidity

None 0.050 µg/l~ 0.050 µg/l~ 0.00 µg/l -

Cardiovascular 0.055 µg/l~ 0.050 µg/l~ 0.01 µg/l 0.37

Pulmonal 0.045 µg/l~ 0.040 µg/l~ 0.01 µg/l 0.60

Neurological 0.050 µg/l~ 0.030 µg/l~ 0.00 µg/l 0.66

Other malignancy 0.025 µg/l~ 0.020 µg/l~ 0.00 µg/l 0.64

Abbreviations: BMI, body mass index. Age and BMI were tested as continuous variables. 
~Median values. ^Paired T-test for difference between first and second tube. Pearson 
Correlation or Kruskal-Wallis test for influence of clinical factors on S-100B level difference.

T
a

bl
e
 2

. 



147

ACCURATE S-100B DETERMINATION

Association of clinical factors associated with S-100B 
level in second tube

Characteristic 
Second tube 

(median, µg/l) p-value

Age (years, continuous)

<60 0.45 µg/l 0.93

≥60 0.04 µg/l

Sex

Female 0.04 µg/l 0.11

Male 0.05 µg/l

BMI (kg/m2, continuous)

<25 0.04 µg/l 0.005

25-30 0.05 µg/l

>30 0.05 µg/l

Current AJCC stage

IIIA 0.04 µg/l 0.16

IIIB 0.06 µg/l 

IIIC 0.04 µg/l 

IV (NED) 0.05 µg/l

Histologic type

Superficial spreading 0.04 µg/l 0.26

Nodular 0.04 µg/l

Other 0.04 µg/l

Breslow thickness (mm, continuous)

<1 0.05 µg/l 0.65

1-2 0.05 µg/l

 >2 0.04 µg/l

Ulceration

No 0.05 µg/l 0.13

Yes 0.04 µg/l

T
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à Continued next page
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Characteristic 
Second tube 

(median, µg/l) p-value

Mitosis 

No 0.05 µg/l 0.38

Yes 0.04 µg/l

Positive SLNB 

No 0.04 µg/l 0.49

Yes 0.05 µg/l

Positive CLND/TLND

No 0.05 µg/l 0.87

Yes 0.04 µg/l

Abbreviations: BMI, body mass index; AJCC, American Joint Committee 
on Cancer; NED, No Evidence of Disease; SLNB, sentinel lymph node 
biopsy; NSN, non-sentinel node; CLND, completion lymph node 
dissection; TLND, therapeutic lymph node dissection. Continuous 
variables are also displayed in categories, but were tested as 
continuous. P-values <0.05 are printed in bold.

Association of comorbidities with S-100B level (µg/l) in second 
(clinically used) tube

Comorbidity n
S-100B second tube (µg/l)

(median, range) p-value

Cardiovascular 28 0.05 (0.0-0.14) 0.36

Pulmonal 10 0.04 (0.0-0.11) 0.32

Neurological 5 0.03 (0.03-0.07) 0.74

Other malignancy 10 0.02 (0.0-0.05) 0.005

Othera 13 0.07 (0.0-0.23) -

Linear regression analysis. a Other comorbidities: arthritis, kidney disease, 
hyperparathyreoidism, morbid obesity, lichen sclerosus, gout. This category was excluded 
for analysis. P-values <0.05 are printed in bold.
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DISCUSSION 
This study was conducted to test the clinical impact of the previously described 
phenomenon of adipocyte contamination in the determination of serum S-100B 
levels.25 The results of this study show that in individual patients, adipocyte 
contamination can result in falsely elevated S-100B levels, as six patients showed 
a S-100B level in the dummy tube that was ≥0.05 µg/l higher than in the second 
tube, which exceeds the analytical variation. However, the overall clinical impact 
of this finding in the follow-up measurement of melanoma patients seems to 
remain low. Unfortunately, this study was not able to identify factors that are 
able to predict falsely elevated S-100B levels. 

The biomarker S-100B is increasingly used and has important clinical value in 
screening, monitoring and predicting prognosis of melanoma patients.6,24,27 
In some national guidelines (Germany, Switzerland) routine measurement of 
serum S-100B values is recommended in melanoma.12,28 However, its ability to 
predict disease progression is still limited not only due to false-negative results in 
patients with low tumor-burden, but also by false-positive results.29 Therefore, 
accurate determination and interpretation of serum S-100B seems to be of high 
importance, especially in melanoma patients, where even minor changes of 
serum S-100B might have important clinical consequences. Diagnostic errors, 
like false positive results, might lead to unnecessary anxious patients, potential 
hazardous over-staging and treatment, or even malpractice, accompanied with 
emotional and psychological trauma.

Multivariate linear regression model (enter methods) of clinical factors 
associated with S-100B level in second tube

Characteristic B 95%CI p-value

Sex (Male ref) -0.021 -0.035- -0.006 0.006

BMI (kg/m2) 0.002 0.000- 0.003 0.011

Ulceration 0.001 -0.015- 0.016 0.950

Other malignancy -0.026 -0.052- -0.001 0.041

Abbreviations: BMI, body mass index. All factors with p<0.15 were entered in the 
multivariate analysis. P-values <0.05 are printed in bold.
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Previously, a significant difference of -0.198 µg/L was found between the first 
and second subsequently drawn serum tubes in 20 healthy volunteers in 
which a difficult venipuncture was simulated by entering the vein after a 1.5 
cm subcutaneous route, suggesting a substantial contamination effect. The 
present study found no significant difference in S-100B levels between the two 
subsequently drawn tubes from 294 regular venipunctures. With a p-value of 
0.077 and a mean difference of 0.003 µg/L, a trend could be considered, with 
slightly higher S-100B values in the first drawn dummy tubes. However, this 
overall difference seems not clinically relevant. Despite this possible trend, 
the intra-assay variance should be taken into account as well, with a variance 
of 0.0028 µg/L (7%) for the S-100B assay. According to the scatterplot of 
differences (Figure 2), six patients seem to have an exceptionally high difference 
in S-100B levels. With a mean BMI of 29.7 kg/m2, these are likely to represent 
the patients in whom adipocyte contamination did result in higher S-100B 
levels in the first (dummy) tube. The fact that this is such a small percentage of 
all patients, suggests that almost all venipunctures have been uncomplicated 
and without a subcutaneous route, possibly due to experienced laboratory 
assistants, when compared to the previously published data. Unfortunately, the 
risk for falsely elevated S-100B levels was not associated to whether or not the 
laboratory assistant reported a difficult puncture in this study. In addition, no 
subgroup of patients could be identified in whom the appearance of adipocyte 
contamination was significantly higher (Table 2), although a higher BMI seemed 
to be of some influence on the difference between tubes. 
False-positive laboratory test results of S-100B caused by adipocytes in a 
blood sample have not been reported in literature before, but multiple studies 
have described the presence of S-100B in adipocytes.18,30-34 Although it has 
been proven before that adipocytes contain S-100B, and that the amount of 
subcutaneous tissue might influence the serum results, no significant decrease 
(or increase) of S-100B levels in the second drawn tube was found in this study, 
when tested for all the samples. 

According to the literature, the biology and the subsequent serum level of S-100 
proteins is complex and multifactorial. The proteins are found to be tumorigenic 
by cell proliferation, metastasis, angiogenesis and immune evasion.16 Besides 
being expressed by melanocytes in melanoma, S-100B is expressed by glial 
and Schwann cells, and also found to be present in adipocytes.1-3 In vivo 
S-100B secretion from adipocytes is described to be decreased by insulin, but 
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increased by glucagon, stress, physical training or fasting.18,21,22,35,36 Some studies 
reported a correlation between serum S-100B and BMI, whereas others did 
not find this association.15,17,36 Physiological S-100B levels in humans are found 
to be associated with adipose tissue mass. Therefore, elevated S-100B levels 
can even be found in apparently healthy individuals, especially in those with a 
high Body Mass Index (BMI).17 In line with these previous studies, the current 
study found a significant relation between the patients’ BMI and S-100B level 
in the first and secondly drawn tube (p=0.005), but not with the difference 
between the two tubes (p=0.19). In the present study, only one patient suffered 
of morbid obesity (BMI 54.5 kg/m2), presenting with a relatively high S-100B 
level of 0.08 µg/l. In two patients S-100B values higher than the reference cut-
off of 0.20 µg/L was found in both tubes, these patients had a BMI >33 kg/m2, 
and no radiological evidence of recurrent disease. 

Besides BMI, recent literature found false-positive serum S-100B levels to be 
associated with several comorbid diseases, such as cardiovascular disease, obesity, 
liver cirrhosis, inflammatory disease, and neurological disease.15,16 Contradictory, 
although not significant, the current study found patients with comorbidities 
to have lower S-100B levels than patients with no comorbidities. Again, no 
significant relation with the difference between the tubes was found. Even more 
puzzling, having a history of another malignancy (meningioma, endometrial 
cancer, breast cancer, non-Hodgkin, and colon cancer) seemed associated with 
a significant lower S-100B level, compared to the other comorbidities. Although 
this finding might be explained by a contradictory expression profile of serum 
S-100B in different types of human cancer, involving either up-regulation or down-
regulation, the number of patients with other present cancers is too small to draw 
any conclusion on this.16 In general, S-100 proteins are found to act as damage-
associated-molecular-pattern molecules (DAMP), which are released in reaction 
to cell stress or damage, and are able to activate the immune system.37 Although 
excluded for analysis due to the heterogenic character of this group, in patients 
with ‘other’ comorbidities, such as arthritis, kidney disease, hyperparathyroidism, 
morbid obesity, lichen sclerosus, and gout, relatively higher S-100B levels were 
found. The patient with gout had a S-100B level of 0.23µg/l, which might be 
explained by the inflammatory character of this disease. 

In conclusion, this study did not find a significant clinical impact of adipocyte 
contamination influencing serum S-100B values in regular follow-up serum 



152

1

3

4

5

6

7

8

9

A

samples. Although the risk of a falsely elevated S-100B value due to addition 
of adipocytes might still be present in difficult venipunctures, for apparent 
uncomplicated venipunctures the effect of adipocyte contamination seems 
to be negligible. When used as a biomarker for melanoma patients, S-100B 
can safely be determined by venipuncture using a single tube. In case of 
strongly deviating or elevated S-100B values, however, careful interpretation is 
important and the clinician should consider the presence of erroneous results 
due to adipocyte contamination. When false positivity is considered, a second 
tube could subsequently be drawn for accurate S-100B determination.

Disclosure
The authors declare no conflict of interest. The Groningen Melanoma Sarcoma 
Foundation supported this study.
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