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ABSTRACT

S100B is a prognostic factor for melanoma as elevated levels correlate with disease progres-
sion and poor outcome. We determined its prognostic value based on updated information
using serial determinations in stage IIb/IIl melanoma patients.

211 Patients who participated in the EORTC 18952 trial, evaluating efficacy of adjuvant
intermediate doses of interferon o2b (IFN) versus observation, entered a corollary study.
Over a period of 36 months, 918 serum samples were collected. The Cox time-dependent
model was used to assess prognostic value of the latest (most recent) S100B determination.

At first measurement, 178 patients had S100B values <0.2 pg/l and 33 > 0.2 pg/l. Within
the first group, 61 patients had, later on, an increased value of S100B (>0.2 pg/l). An initial
increased value of S100B, or during follow-up, was associated with worse distant metasta-
sis-free survival (DMFS); hazard ratio (HR) of S100B > 0.2 versus S100B < 0.2 was 5.57 (95%
confidence interval (CI) 3.81-8.16), P < 0.0001, after adjustment for stage, number of lymph
nodes and sex. In stage IIb patients, the HR adjusted for sex was 2.14 (95% CI 0.71, 6.42),
whereas in stage III, the HR adjusted for stage, number of lymph nodes and sex was 6.76
(95% CI 4.50-10.16). Similar results were observed regarding overall survival (OS).

Serial determination of S100B in stage IIb-IIl melanoma is a strong independent prognostic
marker, even stronger compared to stage and number of positive lymph nodes. The prognos-
ticimpact of S100B > 0.2 pg/lis more pronounced in stage Il disease compared with stage IIb.
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1. Introduction

The S100B protein is an immunohistological marker for
malignant melanocytes® that was first detected in melanoma
cell cultures? and is overexpressed in most cells of neuroecto-
dermal origin.®> S100B is located in the cytoplasm and in the
nucleus as a disulphide cross-linked homo- or heterodimers
containing primarily Ca®*.* It has many cell functions, mainly
in cytoskeleton integrity, in cell cycle regulation® and apopto-
sis through its interaction with p53.° However, the mecha-
nism by which the protein leaks to the blood is not fully
understood but most probably related to cell damage or cell
death.” This is strongly supported by the fact that immunore-
active S100B is found exclusively in the cytoplasm and nu-
cleus; a limited secretion of the protein has only been
reported in the brain, and its substantial release has been
found in brain damage and stage IV melanoma. Additionally,
serum S100B monitoring has been found useful in the latter
disease.®?

While many reports show that S100B blood levels provide a
good indication of disease progression as well of response to
chemotherapy in stage IV patients'®™?, it remains of little or
limited usefulness in early stages (I and III) where the disease
is most often confined to lymph nodes.’* Guo and col-
leagues™ assessed S100B serum levels in 126 melanoma pa-
tients and found positive levels in 1.3%, 8.7% and 73.9% of
patients with stages I/, III and IV disease, respectively. This
illustrates its poor utility in stages I-III. However, the progres-
sion from the early stages to distant organ involvement is fre-
quently accompanied by a significant increase in S100B
levels.?

The utility of serial determinations of S100B serum levels
in patients with high-risk melanomas (stages IIb-III), using a
time-dependent Cox model, has not been reported on until
now. As early elevations in S100B levels may precede clinically
detectable relapses serial determinations may have a particu-
lar prognostic value in the setting of adjuvant systemic ther-
apy. This study was designed to determine the prognostic
value of serial serum S100B levels in stages IIb-III melanoma.
Patients were enrolled in the randomised phase III EORTC
18952 trial evaluating the efficacy of adjuvant intermediate
doses of interferon (IFNu-2b).'® Serum S100B levels were mea-
sured during treatment and follow-up, to a maximum of
36 months.

2. Material and methods

2.1.  Patients and sample collection

Patients aged 18-75 years with melanoma either stages IIb or
III (N1, patients with microscopically involved lymph nodes
on sentinel node biopsy, or N2, those with palpable tumour-
involved nodes) were eligible to be included in the EORTC
18952 study. Patients were randomised between 13-month
interferon (IFN), 25-month IFN or observation in a 2:2:1 fash-
ion. IFN treatment comprised a 4-week induction period of
10 million units (MU) s.c. 5d/week, followed either by
10 MU x 3/week for 1 year or 5 MU x 3/week for 2 years. Clini-
cal/radiological evaluations have been scheduled every

3 months in year 1, every 4 months in year 2, every 6 months
in years 3-5 and annually thereafter. In eight European insti-
tutions that participated in the EORTC 18952 trial, 211 pa-
tients entered this corollary study. Over a 36-month period
918 serum samples were collected (Table 1). According to
the study protocol, when patients relapsed they went off
study, treatment was discontinued and sampling was also
stopped. Occasionally, some samples were collected after re-
lapse. Pretreatment S100B levels were not determined since
these are often false positive due to recent surgery.” Serum
was separated, aliquoted and frozen at —18 °C until assayed.

2.2. S100B determination

S100B was measured in serum samples by an immunolumi-
nometric assay LIA-mat (Sangtec Medical, Sweden), following
the manufacturer’s instructions. We have already estimated a
threshold for pathological S100B levels to be of 0.2 pg/l also
based on in vivo non-specific liberation by normal cells mainly
endothelial cells.”

2.3.  Statistical analysis

Distant metastasis-free interval (DMFI) was the time interval
between the date of randomisation until the first appearance
of distant metastases; the follow-up of patients who did not
develop distant metastases has been censored at the latest
visit/last contact. In this S100B study, as no patient died with-
out having developed distant metastases, DMFI was identical
to the distant metastasis-free survival (DMFS). Overall sur-
vival (OS) was computed from the date of randomisation until
the date of death or until the last date of follow-up (censored
observations). Time to S100B > 0.2 pg/l (the considered path-
ological cutoff level) was the time from randomisation until
the first date S100B level was >0.2 ug/l; the follow-up of pa-
tients for whom S100B did not reach the 0.2 pg/l level has
been censored at the latest date of assessment of S100B.
Kaplan-Meier technique was used to estimate survival-
type distributions and the standard errors (SE) of the esti-
mates were obtained via the Greenwood formula.'” Two-
tailed log-rank test and generalised Wilcoxon test, which
gives more weight to differences occurring at earlier time
points, were used to test differences between curves. The
landmark method was used to test the prognostic impact of
S100B level at 6 months for the subsequent outcome. Since
sampling was scheduled every 3 months during the first year
we used a time window of 45 d not to have overlap. The serial
measurements of S100B have been performed at several time
points (Table 1) with the same schedule for IFN-treated as un-
treated patients. Since the samples were not exactly drawn at
the time points according to study protocol, numbers in Ta-
ble 1 reflect the closest time points. As mentioned before,
for patients who developed distant metastases, generally
their S100B levels have not been assessed subsequently after
their relapse, therefore the sampling rate is lower towards the
end of the study. To determine whether the latest (most re-
cent) value of S100B, which was assessed during the course
of the study, before or at the time of distant metastases, has
a prognostic impact on the subsequent outcome, the Cox
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Table 1 - Number of patients analysed at the different time points.

Month 12 3 6 9

12 16 20 24 30 36

No. of patients 211 113 134 107

104 84 61 49 44 11

a End of induction/observation.

time-dependent model was used.” In the Cox time-depen-
dent model, for patients free of event (distant metastasis -
for DMFS - or death - for OS) just before a time point t, the
hazard ratio (HR) was set as;

HR = e/fl xS100B(t)+p, x Stage+p3 xNumber of positive lymph nodes+f, xSex

with S100B(t) = 0 if the latest S100B determined before or at
time t was <0.2 pg/l; or =1, if the latest S100B value deter-
mined before or at time t was >0.2 pg/l. Thus, for purposes
of risk assessment the most recent value of S100B at time t
(determined at that time or earlier if not available at time t)
was used. In the Cox time-dependent model, all available
samples/determinations were used, regardless of a time
window.

Based on the data (serial measurements of S100B and
the outcome of each patient), an estimate of HR along with
its 95% confidence interval (CI) has been calculated; the
Wald test (standardised coefficient) was used to determine
the prognostic value of variables considered in the model,
in univariate or multivariate setting (data coding: see Ta-
ble 2). In stage IIb patients, variables stage and number of
positive lymph nodes have not been considered. Analyses
were censored at 4 years since thereafter only few distant
metastases occurred and the time interval between the

latest S100B evaluation and a possible event became too
long.

SAS 9.1 software (SAS Institute Inc., Cary, NC, USA) was
used to perform the statistical evaluation.

3. Results

3.1. Baseline characteristics and S100B values

The distribution of patients according to the treatment proto-
col, stage of the disease, number of positive lymph nodes, sex
and presence of ulcerated primary melanoma, is summarised
in Table 2. These characteristics were comparable with those
of patients included in the entire 18952 study, and treatment
distribution was in accordance with the randomisation
scheme: 20% randomised in the observation arm and 40% in
each IFN group. At the initial measurement time point, corre-
sponding generally to the end of induction/observation period
(median of 28 d from randomisation), 178 patients had S100B
values below 0.2 ug/l and 33 above or equal 0.2 ug/l. A higher
incidence of stage IIb patients has been found in those with
an initial S100B > 0.2 pg/l than in those with a
S100B < 0.2 ug/l: 39% versus 21%. The number of positive
lymph nodes did not correlate with S100B increase.

Table 2 - Patient distribution and treatment allocated at randomisation according to S100B levels at baseline (randomisation,

end of induction).

Variable S100B < 0.2 pg/1 S100B > 0.2 pg/l All patients
No. (%) No. (%) No. (%)
Treatment
Observation 30 (16.9) 8 (24.2) 38 (18.0)
13-month Interferon (IFN) 74 (41.6) 13 (39.4) 87 (41.2)
25-month IFN 74 (41.6) 12 (36.4) 86 (40.8)
Stage of the disease
1B 38 (21.3) 13 (39.4) 51 (24.2)
Il N1 40 (22.5) 6 (18.2) 46 (21.8)
I N2 100 (56.2) 14 (42.4) 114 (54.0)
No. of positive lymph nodes
0 38 (21.3) 13 (39.4) 51 (24.2)
1 75 (42.1) 5 (15.2) 80 (37.9)
2-4 49 (27.5) 9 (27.3) 58 (27.5)
5+ 16 (9.0) 6 (18.2) 22 (10.4)
Sex
Male 95 (53.4) 16 (48.5) 111 (52.6)
Female 83 (46.6) 17 (51.5) 100 (47.4)
Ulceration status of primary melanoma
Absent 95 (53.4) 23 (69.7) 118 (55.9)
Present 50 (28.1) 8 (24.2) 58 (27.5)
Unknown 33 (18.5) 2 (6.1) 35 (16.6)
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A total of 116 (55.0%) of 211 patients developed distant
metastases within 4 years, with a median DMFS of 2.7 years,
and 97 (46.0%) of 211 patients died (median OS was not
reached). As in this series IFN did not have an impact on
the outcome (for DMFS: HR =1.15 observation arm versus
the 1-year IFN arm, HR = 0.92 observation versus 2-year IFN
arm, overall P-value, 0.55, and for OS: HR = 1.49 observation
arm versus the 1-year IFN arm, HR = 1.19 observation versus
2-year IFN arm, overall P-value, 0.34), in the subsequent anal-
yses, patients from the three treatment groups were pooled
together.

3.2 Prognostic significance of S100B > 0.2 ug/l

Among the 178 patients who initially had a S100B < 0.2 pg/l, 61
had, later on, an increased value of S100B (>0.2 ug/l). There-
fore, overall, a total of 94 patients (33 + 61) had a S100B le-
vel > 0.2 pg/l. Time between random assignment and S100B
level > 0.2 pg/l, according to the disease stage, is shown in
Fig. 1. Within the first 3 months, the cumulative rate of pa-
tients with S100B level > 0.2 ug/l was higher in stage IIb pa-
tients than in stage III patients.

A total of 61 patients (65%) from the 94 patients reaching
S100B > 0.2 pg/l developed distant metastases, of these, six
patients (6%) had such a rise after the detection of the metas-
tases. For the remaining 55 patients, median time between
S100B > 0.2 pg/l and the development of distant metastases
was 94d (range 0-1580d). Contrary, from the 117 patients
with normal S100B levels, 62 (53%) patients developed distant
metastases.

The impact of the initial S100B levels on DMFS and OS was
especially seen within 1 year from randomisation, but there-
after the curves converged (Fig. 2). According to the Wilcoxon
test, a test which gives more weight to differences occurring
at earlier time points, there was a significant difference be-
tween initial S100B levels and DMFS (P = .03). However, when
considering the overall curve using the Log-rank test, this dif-
ference was not significant (P =.21). This temporary effect of
elevated S100B levels on prognosis is also illustrated in
Fig. 3, showing Landmark methods for DMFS and OS at

Time from randomization to S100 > 0.2
100

90 -
80 -
70 -
60 -
50 | = gl
40 FITH
0 {f 42

20 1§ ="
10
0 T T T  (years)

0 1 2 3 4
O N Number of patients at risk: Stage of disease
22 51 23 10 2 =— |IB
20 46 23 10 0 ===== [II-N1
52 114 39 12 0 = " IlI-N2

Fig. 1 - Time to first S100B level > 0.2 pg/l by initial stage of
disease.

6 months from randomisation; patients with S100B serum le-
vel > 0.2 pg/l at 6 months after randomisation have, at a short
term, a worse prognosis compared to patients with levels
<0.2 pg/l.

In order to evaluate the prognostic value of S100B le-
vel > 0.2 pg/l for the different disease stages, we performed
an analysis in which we selected the 94 patients with S100B
level > 0.2 pg/], excluding the six patients who developed dis-
tant metastases before their rise in S100B levels. In these 88
patients, outcome was very different according to the initial
stage: stage IIb patients had a high 3-year distant metastasis
free survival (76% at 3 years), whereas stage III-N1 and espe-
cially stage III-N2 patients had a very poor prognosis: 45%
and 23% respectively (Fig. 4). This indicates that the effect of
increased S100B levels on prognosis is most pronounced in
more advanced disease (stage III-N2).

3.3. Impact of serial S100B measurements on DMFS and
0s

An advantage of serial measurements is the availability of up-
dated information during the course of study. Therefore, a
more accurate evaluation of a potential biomarker and its ef-
fect on disease outcome is possible. Herein the Cox time-
dependent model was used to evaluate the prognostic signif-
icance of the latest (most recent) S100B value, in univariate
and multivariate setting, as well as according to the initial
stage.

For the entire series of 211 patients, in univariate analysis,
the following factors appeared to be of prognostic importance
regarding the DMFS: initial stage (stage III-N2 versus stage III-
N1 or stage IIb: HR = 3.18, 95% CI 2.13-4.75, P < 0.0001) (Fig. 5),
number of lymph nodes (0 versus 1 versus 2-4 versus 5+:
HR =1.76, 95% CI 1.44-2.14, P <0.0001) and sex (male versus
female: HR = 1.77, 95% CI 1.22-2.58, P = 0.003).

For DMFS, according to the Cox time-dependent model
evaluating all 211 patients, the estimated HR for
S100B(t) > 0.2 ug/l versus S100B(t) < 0.2 ug/l comparison was
3.80 (univariate analysis) and, after adjustment for the vari-
ables stage, number of lymph nodes and sex, HR was 5.57
(95% CI 3.81-8.16; P < 0.0001, Table 3). Moreover, in the multi-
variate analysis, HR for disease stage (HR = 2.75) and number
of positive lymph nodes (HR = 1.43) were both lower than for
S100B (HR = 5.57). In stage IIb patients only, the estimated HR
for S100B adjusted for sex was 2.14 (95% CI 0.71-6.42; P = .18),
whereas in stage III patients, the HR for S100B adjusted for
stage, number of lymph nodes and sex was 6.76 (95% CI
4.50-10.16; P < 0. 0001, Table 3). Similar results were observed
in stage III-N1 and stage III-N2 patients (data not shown).

Regarding OS, the risk of death of those with
S100B(t) > 0.2 pg/l was 3.8 higher than the one observed in
those with a S100B(t) < 0.2 ug/l. In multivariate analysis, the
estimate of the HR was 4.73 (95% CI 3.14-7.12), P < 0.0001; in
stage IIb patients the HR was lower than in stage III patients:
2.73 (95% CI 0.79-9.44; P = .11) versus 5.46 (95% CI 3.52-8.45;
P <.0001).

In multivariate analyses, ulceration (presence, absence,
unknown) had a weak prognostic impact. Addition of ulcera-
tion, however, in the multivariate analyses did not change the
prognostic importance of S100B (Supplementary Table).
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Fig. 2 - Kaplan-Meier curves regarding distant metastasis-free survival (panel A) and overall survival (panel B) from
randomisation according to initial S100B level (<0.2 versus >0.2 pg/l). Analyses were censored at 4 years. N = number of
patients at risk. O = observed number of patients who developed distant metastases (panel A) or who died (panel B).
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Fig. 3 - Landmark method: Kaplan-Meier curves regarding distant metastasis-free survival (panel A) and overall survival
(panel B) from randomisation according to S100B level (<0.2 versus >0.2 pg/l) assessed at 6 months post-randomisation.
Analyses were censored at 4 years. N = number of patients at risk. O = observed number of patients who developed distant

metastases (panel A) or who died (panel B).

In summary, according to the time-dependent Cox model,
which uses the most recent S100B value (whether <0.2 pg/l or
>0.2 pg/l at that time point), S100B is in both the univariate as
well as in the multivariate setting as an independent prognos-
tic factor for worse DMFS and OS. This effect is most pro-
nounced in stage III disease, and even stronger than the
other important prognostic factors, disease stage and number
of positive lymph nodes.

4, Discussion

We demonstrated in this corollary study to the EORTC 18952
trial in stages IIB-III melanoma patients that serial determi-
nations of S100B serum levels strongly correlate with DMFS
and OS. Strikingly, the hazard ratio (HR) for S100B determina-
tions was higher and more significant than the one corre-
sponding to stage, and number of positive lymph nodes,
two strong prognostic factors in stage III melanoma.

The use of Cox regression with time-dependent covariates
to assess the effect of S100B on the end-points provides new
insights into the prediction value of the marker. Unlike previ-
ous studies, several determinations per patient over time
could be thus considered and statistically taken into account.
However, such an approach focusing on S100B level changes
rather than independent single values in time has been sug-
gested to monitor and predict treatment outcome.’%?

Another point to consider was the S100B cutoff level to
choose in order to separate “pathological” from “normal” val-
ues. Based on previous studies, 0.20 pg/l was chosen also be-
cause it allows avoiding possible false positives due to
S100B release by damaged vessels after surgery. This is clearly
of relevance in this postoperative adjuvant therapy trial,
where most patients entered the trial after a full regional
lymph node dissection.

The prognostic impact of the baseline S100B on DMFS and
OS has been observed, especially within the first year after
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Fig. 4 - Kaplan-Meier curves regarding distant metastasis-
free survival from the firstmoment S100B level was >0.2 pg/l,
according to initial stage of disease. Analyses were censored
at 4 years. N = number of patients at risk. O = observed
number of patients who developed distant metastases.
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Fig. 5 - Kaplan-Meier curves regarding distant metastasis-
free survival from randomisation according to initial stage
of disease. Analyses were censored at 4 years. N = number
of patients at risk. O = observed number of patients who
developed distant metastases.

the assessment (Fig. 2). Landmark analysis at 6 months also
showed short term (6-12 months) differences between the
two groups for both DMFS and OS (Fig. 3). These results sug-
gest that a time-window exists within a careful monitoring
of S100B can be very helpful to assess the risk of distant
metastasis or death. This is further substantiated by the find-
ing that while stage and the number of positive lymph nodes
correlated significantly and as expected with DMFS, S100B se-
rial value appeared to be in a Cox time-dependent model not
only as an independent prognostic factor from these variables
but also to have a much higher prognostic importance than

these variables. In stage III patients the estimated HR of
S100B > 0.20 ug/l versus S100B < 0.20 ug/l, adjusted by these
factors and by sex, was very high (6.76, P <.0001), but was
lower and not significant (2.14, P = .18, adjusted by sex only)
in stage IIb patients (Table 3). This finding is in accordance
with previous studies that were all suggesting S100B to be a
late progression marker but of little value when the disease
is still confined to the lymph nodes. This is also consistent
with the mechanism of release and the short biological
half-life of this marker that is mostly related to a rather sub-
stantial cell death.” A recent paper by Tarhini et al. reported a

Table 3 - Results of the Cox time dependent model.

All patients Stage IIb Stage III
Hazard 95% CI P-value Hazard 95% CI P-value Hazard 95% CI P-value
ratio ratio ratio
Distant metastasis-free survival®
Univariate
S100BP 3.80 2.62 551 <0.0001 1.33 0.46 3.86 .60 6.15 411 9.20 <0.0001
Multivariate
S100B® 5.57 3.81 8.16 <0.0001 2.14 0.71 6.42 .18 6.76 450 10.16 <0.0001
Stage® 2.75 1.68 448 <0.0001 2.86 1.68 488 0.0001
Nb of +LN¢ 1.43 1.13 1.83 .004 1.37 1.03 1.81 0.03
Sex: male versus female 1.94 132 2.85 0.0007 5.61 1.52 20.68 0.01 1.58 1.05 2.37 0.03
Overall survival®
Univariate
S100B® 3.80 2.54 5.67 <0.0001 1.36 0.41 454 61 5.48 3.56 8.46 <0.0001
Multivariate
S100BP 4.73 3.14 7.12 <0.0001 2.73 0.79 944 11 5.46 3.52 8.45 <0.0001
Stage® 1.92 1.13 3.25 0.02 1.87 1.06 3.28 0.03
Nb of +LN¢ 1.51 1.17 1.95 0.002 1.48 1.10 1.98 0.01
Sex: male versus female 2.20 1.44 3.35 0.0003 15.77 1.93 129.10 0.01 1.77 1.14 2.75 0.01

® Time variable right censored at 4 years.
Y S100B: 0< 0.2, 1 > 0.2 ug/l (Cox time-dependent).

¢ Stage: 0 = stage IIb (n = 51) or stage III-N1 (n=46), 1 = stage III-N2 (n = 114).

4 Number of positive lymph nodes: 0=0, 1=1, 2 = 2-4, 3=5 or more.
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weak association of S100B as a time-varying covariate and the
risk for mortality.’® The number of time points in this study
was limited: baseline, 4-6 weeks and 12-14 weeks. The low
impact of S100B on OS (HR 1.4) can be explained by the long
lag-time between the latest evaluation of S100B and the mo-
ment a patient is considered in the analysis. Indeed, the
S100B has a short-term prognostic value (e.g. Figs. 2 and 3),
so, when obsolete information on S100B is provided, this
leads to a drastic loss in its prognostic value.

Results from the EORTC 18991 trial, evaluating long-term
treatment with pegylated IFNa-2b?°, suggested that treatment
with PEG-IFN was more beneficial in stage IIb and stage III-N1
as compared to stage III-N2 patients. Our study of S100B with-
in the framework of the 18952 trial also raises the question
whether S100B could identify patients benefiting IFN treat-
ment or not. One could argue that patients receiving IFN
should discontinue therapy once S100B levels of >0.2 pg/l
have been reached, indicating disease progression and no
treatment response. Unfortunately we have no guidance by
biomarkers to determine use, dose or duration of adjuvant
systemic therapy in melanoma. Gogas and colleagues®! have
reported that patients treated with adjuvant IFN who devel-
oped autoantibodies or clinical signs of autoimmunity had a
significantly better outcome than patients who did not devel-
op these signs of autoimmunity. The development of markers
that might predict who will mount a host immune response
could be extremely important. The markers could be used
to determine which patients to treat with IFN and for how
long. An evaluation of the presence or emergence of autoan-
tibodies in patients who participated in the EORTC 18952 and
Nordic IFN trial did not confirm Gogas’ observations.?? Nor did
a subsequent similar study in the large EORTC 18991 trial,
showing no prognostic or predictive value of autoimmune
antibodies in PEG-IFN treated patients.?

In conclusion, time-dependent evaluation of serial blood
measurements of S100B showed a very significant prognostic
value of S100B, which was even stronger compared to stage
and number of positive lymph nodes. Stage III patients with
increased S100B levels (>0.2 pg/l) should more frequently be
screened for the occurrence of distant metastases.

Conflict of interest statement

None declared.

Acknowledgements

Supported in part by grants from the National Cancer Institute
(grant numbers 2U10-CA11488-26 through 5U10-CA11488-39),
by a donation from the EORTC Charitable Trust and by Sangtec
Medical, Sweden. Its contents are solely the responsibility of
the authors and do not represent the official views of the
National Cancer Institute (Bethesda, Maryland, USA).

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at doi:10.1016/j.ejca.2010.10.005.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Cochran AJ, Wen DR, Herschman HR, Gaynor RB. Detection of

S-100 protein as an aid to the identification of melanocytic
tumors. Int ] Cancer 1982;30(3):295-7.

. Gaynor R, Irie R, Morton D, Herschman HR. S100 protein is

present in cultured human malignant melanomas. Nature
1980;286(5771):400-1.

. Cochran AJ, Wen DR. S-100 protein as a marker for

melanocytic and other tumours. Pathology 1985;17(2):340-5.

. Donato R. Functional roles of 5100 proteins, calcium-binding

proteins of the EF-hand type. Biochim Biophys Acta
1999;1450(3):191-231.

. Millward TA, Heizmann CW, Schafer BW, Hemmings BA.

Calcium regulation of Ndr protein kinase mediated by
S100 calcium-binding proteins. EMBO ] 1998;17(20):5913-22.

. Markowitz J, Mackerell Jr AD, Carrier F, Charpentier TH, Weber

DJ. Design of inhibitors for S100B. Curr Top Med Chem
2005;5(12):1093-108.

. Ghanem G, Loir B, Morandini R, et al. On the release and half-

life of S100B protein in the peripheral blood of melanoma
patients. Int ] Cancer 2001;94(4):586-90.

. Harpio R, Einarsson R. S100 proteins as cancer biomarkers

with focus on S100B in malignant melanoma. Clin Biochem
2004;37(7):512-8.

. Martenson ED, Hansson LO, Nilsson B, et al. Serum S-100b

protein as a prognostic marker in malignant cutaneous
melanoma. J Clin Oncol 2001;19(3):824-31.

Hamberg AP, Korse CM, Bonfrer JM, de Gast GC. Serum S100B
is suitable for prediction and monitoring of response to
chemoimmunotherapy in metastatic malignant melanoma.
Melanoma Res 2003;13(1):45-9.

Schmidt H, Sorensen BS, Nexo E, von der Maase H.
S100beta protein in peripheral blood may predict
progressive disease during interleukin-2 based
immunotherapy in patients with metastatic melanoma.
Melanoma Res 2004;14(3):211-5.

Smit LH, Korse CM, Hart AA, et al. Normal values of serum S-
100B predict prolonged survival for stage IV melanoma
patients. Eur J Cancer 2005;41(3):386-92.

Smit LH, Nieweg OE, Korse CM, Bonfrer JM, Kroon BB.
Significance of serum S-100B in melanoma patients before
and after sentinel node biopsy. J Surg Oncol 2005;90(2):66-9.
discussion 9-70.

Guo HB, Stoffel-Wagner B, Bierwirth T, Mezger J, Klingmuller
D. Clinical significance of serum S100 in metastatic malignant
melanoma. Eur J Cancer 1995;31A(11):1898-902.

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.
Eggermont AM, Suciu S, MacKie R, et al. Post-surgery
adjuvant therapy with intermediate doses of interferon alfa
2b versus observation in patients with stage IIb/IIl melanoma
(EORTC 18952): randomised controlled trial. Lancet
2005;366(9492):1189-96.

Kalbfleisch JDPR. The survival analysis of failure time data. 2nd
ed. New-Jersey: Wiley; 2002.

Anderson JR, Cain KC, Gelber RD. Analysis of survival by
tumor response. ] Clin Oncol 1983;1(11):710-9.

Tarhini AA, Stuckert ], Lee S, Sander C, Kirkwood JM.
Prognostic significance of serum S100B protein in high-
risk surgically resected melanoma patients participating
in Intergroup Trial ECOG 1694. ] Clin Oncol 2009;27(1):
38-44.

Eggermont AM, Suciu S, Santinami M, et al. Adjuvant
therapy with pegylated interferon alfa-2b versus
observation alone in resected stage III melanoma: final


http://dx.doi.org/10.1016/j.ejca.2010.10.005

368

EUROPEAN JOURNAL OF CANCER 47 (2011) 361-368

21.

22.

results of EORTC 18991, a randomised phase III trial. Lancet
2008;372(9633):117-26.

Gogas H, Ioannovich J, Dafni U, et al. Prognostic significance
of autoimmunity during treatment of melanoma with
interferon. N Engl ] Med 2006;354(7):709-18.

Bouwhuis MG, Suciu S, Collette S, et al. Autoimmune
antibodies and recurrence-free interval in melanoma patients

23.

treated with adjuvant interferon. J Natl Cancer Inst
2009;101(12):869-77.

Bouwhuis MG, Suciu S, Testori A, et al. Phase III

trial comparing adjuvant treatment with pegylated
interferon alfa-2b versus observation: prognostic
significance of autoantibodies-EORTC 18991. ] Clin Oncol
2010;28:2460-6.



	Prognostic value of serial blood S100B determinations in stage IIB–III melanoma patients: A corollary study to EORTC trial 18952
	Introduction
	Material and methods
	Patients and sample collection
	S100B determination
	Statistical analysis

	Results
	Baseline characteristics and S100B values
	Prognostic significance of S100B⩾0.2μg/l
	Impact of serial S100B measurements on DMFS and OS

	Discussion
	Conflict of interest statement
	Acknowledgements
	Supplementary data
	References


