
Abstract. Background: In patients with melanoma, early
dissemination via lymphatic and hematogenous routes is
frequently seen. Thus, besides clinical follow-up examination
and imaging, reliable melanoma-specific serological tumor
markers are needed. Patients and Methods: We retrospectively
compared two serum markers for melanoma, S100 and
melanoma-inhibitory activity (MIA), for monitoring of patients
with metastatic melanoma under either adjuvant or therapeutic
vaccination immunotherapy with dendritic cells (DC). Serum
was obtained from a total of 100 patients (28 patients in stage
III and 72 patients in stage IV, according to the American Joint
Committee on Cancer 2002) at regular intervals during therapy,
accompanied by follow-up imaging. Results: When relapse was
detected, both markers often remained within normal range. In
contrast, in patients with metastatic measurable disease
receiving therapeutic and not adjuvant DC vaccination, an
increase of both markers was a strong indicator for disease
progression. When comparing both markers in the whole study
population, MIA showed a superior sensitivity to detect disease
progression. Conclusion: S100 and MIA are highly sensitive

tumor markers for monitoring of patients with melanoma with
current metastases, but less sensitive for monitoring of tumor-
free patients. In the current study, MIA had a slightly superior
sensitivity to detect progressive disease compared to S100 and
seems to be more useful in monitoring of patients with
metastatic melanoma receiving immunotherapy.

With its ability to disseminate early via lymphatic and
hematogenous routes, melanoma represents one of the most
aggressive solid tumors. Melanoma with a tumor thickness
of more than 1 mm is already considered as ‘high risk’, and
the prognostic value of positive sentinel lymph node status
has been approved for this group of patients (1-3). In patients
with unresectable distant metastases, kinase inhibitors and
immune checkpoint-blockade antibodies have prolonged
overall survival in clinical trials and have been approved for
metastatic melanoma (4-9). Vaccination immunotherapy with
dendritic cells (DCs) in patients with metastatic melanoma
showed promising results in clinical trials (10-13). 

Two tumor markers are usually used for the monitoring of
patients with melanoma, the proteins S100 and melanoma-
inhibitory activity (MIA). S100 represents a family of
calcium-binding proteins differentially expressed in a large
variety of tissues (14). They are found in the cytosol as well
as extracellularly, but a mechanism of secretion has not been
identified to date (14). Lacking enzymatic activity, S100
mainly exerts its calcium-dependent signaling functions via
effector proteins (15). In patients with melanoma, S100 is
most likely secreted during cell damage (16) and is widely
used in immunohistochemistry (17). Hauschild et al. showed
that serum S100 indeed correlates with the clinical course in
patients with advanced-stage melanoma (18). Moreover, the
German melanoma guidelines recommend serum S100
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measurement in patients with melanoma (19), highlighting
its reliability in melanoma follow-up.

MIA represents a highly restricted protein actively
secreted by melanoma cells (20). A crucial role of MIA for
tumor cell detachment from the cell matrix in the process of
metastatic dissemination is assumed (20). Like S100, the
serum MIA level represents a highly specific tumor marker
in melanoma (21). 

However, the superiority of one of these two serum tumor
markers over the other in monitoring of melanoma is
discussed controversially (21-25). Thus, in this study, S100
and MIA were compared for monitoring of patients with
metastatic melanoma receiving vaccination immunotherapy
with DCs. Additionally, the sensitivity of both serum tumor
markers to detect either recurrent disease in an adjuvant
setting or reduction/increase of tumor burden in patients with
measurable metastatic disease was analyzed.

Patients and Methods
We retrospectively analyzed S100 and MIA in a cohort of 100
patients with melanoma who received vaccination immunotherapy
with DCs between 2002 and 2009 (Table I). The patients had disease
either stage III or stage IV, as classified by the American Joint
Committee on Cancer 2002 (26) (Table I). DC immunotherapy was
performed within clinical trials (90 patients) (10, 27) or as
compassionate use (10 patients). Clinical trials were approved by the
appropriate Medical Ethical Review Board and regulatory authorities
and patients signed written informed consent forms after detailed
oral and written explanation of the nature, significance, and
consequence of the treatment. Treatment was either started in an
adjuvant setting in tumor-free patients or in a therapeutic setting in
patients with measurable and unresectable metastases. Every three
months, follow-up imaging with magnetic resonance imaging of the
brain and computed tomographic scan of the neck, chest, and
abdomen in addition to full-body skin examinations and
measurement of the serum tumor markers S100 and MIA was
performed. At each subsequent staging examination (a total of 688
events), disease was classified either as stable, progressive, or in
remission. Progressive disease was defined as increasing size or
number of metastases; a decline in these parameters was defined as
disease remission. Only staging results with a clear trend for the
tumor burden were included in the analysis. In disease-free patients,
every new metastasis detected clinically or with the above-mentioned
imaging examinations was considered as progressive disease. 

Laboratory analysis. From 2002 until April 2004, S100 was measured
using the LIA-mat® Sangtec®100 assay, a two-step incubation assay
with two catcher and one tracer antibodies, as indicated by the
manufacturer (AB Sangtec Medical, Bromma, Sweden). The upper
normal limit was 0.15 μg/l. Starting from April 2004, S100 levels were
determined using the Elecsys® S100 assay according to the
manufacturer’s instructions (Roche Diagnostics, Mannheim, Germany).
The upper normal limit for S100 was 0.09 μg/l until June 2006 and 0.10
μg/l after June 2006. MIA levels were measured with a one-step
enzyme-linked immuno-sorbent assay (ELISA) kit according to the
manufacturer’s instructions (Roche Applied Science®, Roche,
Mannheim, Germany). The upper normal limit for MIA was 10.0 ng/ml.

Statistical analysis. To analyze the disease manifestation in patients
with metastatic melanoma receiving either adjuvant or therapeutic
vaccination immunotherapy with DCs, two separate receiver
operator characteristic (ROC) analyses were performed and the area
under the curve (AUC) was calculated. Confidence intervals for the
ROC AUC were analyzed using the boot-strap method. All
statistical analyses were performed using the statistical software
environment R, version 2.9.2. (R Core Team, Vienna, Austria)  

Results

Patients receiving adjuvant vaccination immunotherapy with
DCs (n=32). In an adjuvant setting, the serum S100 and MIA
levels were within normal range in 31 and 30 patients,
respectively, out of a total of 32 patients at the beginning of the
therapy. Follow-up examinations and imaging showed that a
total of 12 patients had developed at least one new metastasis
under vaccination therapy. When the first new metastasis was
detected, an elevated value of S100 or MIA was observed in
five patients (two had elevated S100 value, two elevated MIA
value, and in one patient both markers were elevated). These
five patients showed further disease progression and a fatal
course. When recurrent disease was detected in the other seven
patients with disease progression, both tumor markers remained
within the normal range. False-positive elevated tumor markers
in adjuvant situations were rare: S100 was false-positive in
2.2% and MIA in 5.1% of events for the given thresholds.

Patients receiving therapeutic vaccination immunotherapy
with DCs (n=68). The serum tumor markers S100 and MIA
were elevated in 34 and 31 patients, respectively, out of a
total of 68 patients at the beginning of the treatment. Follow-
up examinations and imaging showed elevated S100 and
MIA level in 58 and 55 patients, respectively. Median
survival in this patient group was 431 days. Out of a total of
261 subsequent staging time points, stable disease was seen
in 106, whereas progressive disease was seen in 125 and
remission in 30 time points. Of the 30 patients with disease
remission, 10 had S100 values within the normal range, 13
had MIA values within the normal range, and in seven
patients, both markers remained within the normal range.
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Table I. Overview of study patients, classified according to the
American Joint Committee on Cancer 2002 staging system (26).

Characteristic     Gender    Adjuvantly treated    Non-adjuvantly treated

Stage III             Female                  13                                   3
                            Male                      9                                    3
Stage IV             Female                   5                                   21
                            Male                      5                                   41

Total                                                 32                                  68



The sensitivity in identifying disease progression by
increasing serum values is shown in the ROC curve (Figure
1). The ROC AUC was higher for MIA (0.80) than for S100
measured with the Roche assay (0.68, Figure 1; Table II) and
comparable to the ROC AUC measured with the Sangtec
assay (0.81, Figure 1; Table II).  

Overall analysis of the whole study population (n=100). An
overall analysis including all 100 patients in order to test the
sensitivity in discriminating between tumor-free patients and
those with detectable metastatic manifestation was performed
(Figure 2). The results show that the AUC for MIA (0.784
and 0.725, respectively) was higher than the AUC of S100
(0.721 and 0.688, respectively; Figure 2, Table III).

Discussion

In recent years, comparative studies have shown that both S100
and MIA display a high sensitivity in the staging and
monitoring of patients with melanoma (21-25). Two studies
including 50 and 48 patients demonstrated superior sensitivity
of MIA when compared to S100 (22, 23). On the other hand,
S100 has been shown to display a higher sensitivity in the
detection of recurrent disease in adjuvantly treated patients (24).
Moreover, in a prospective study, changes of both markers

correlated with tumor burden in patients with advanced-stage
disease, but were not superior to lactate dehydrogenase (25). 

In our study, both S100 and MIA demonstrated high
sensitivity for melanoma. This confirms the findings of Auge
et al., where S100 and MIA were shown to be useful markers
related to prognostic factors in patients with metastatic
melanoma, being even more effective when used in
combination (29). Thus, when an elevated serum value of
S100 or MIA in patients with without clinical evidence of
melanoma is seen, imaging should be performed in order to
rule out distant metastasis. However, based on our results,
the sensitivity of MIA in detecting tumor seems to be higher
when compared to S100 (Figure 2). 

In our 68 patients with metastatic melanoma with
measurable disease, we found values within the normal range
in 10 patients (S100 only), in 13 patients (MIA only), and in 7
patients (both markers). However, in the majority of these
patients, tumor progression was indeed identified with high
sensitivity by rising tumor markers. In the ROC curve for these
patients, the AUC for MIA was comparable or higher than that
for S100, indicating that MIA was superior to S100 (Figure 1). 

As MIA is known to inhibit immune cell proliferation and
cytotoxicity (28), it might correlate with tumor-induced
immunosuppression in vivo and with treatment failure,
especially in patients treated with immunotherapeutic agents.
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Figure 1. Receiver operator characteristic (ROC) curve of the tumor
markers S100 and melanoma-inhibitory activity (MIA) to detect tumor
growth in patients with metastatic melanoma receiving therapeutic
vaccination immunotherapy with dendritic cells (n=68). The area under
the curve for MIA (0.797) is higher when compared to S100 Roche
(0.681) and slightly lower when compared to S100 Sangtec (0.807). 

Table II. Area under the curve (AUC) of the receiver operator
characteristic curve for detection of tumor progression for the tumor
markers S100 and melanoma-inhibitory activity (MIA) with 5% and
95% bootstrap confidence intervals. Data are shown for patients with
metastatic melanoma receiving therapeutic vaccination immunotherapy
with dendritic cells (n=68).

Marker                                                   AUC     95% Confidence interval

MIA                                                      0.797                0.746-0.844
S100 Sangtec                                        0.807                0.678-0.919
S100 Roche                                          0.681                0.615-0.746

Table III. Area under the curve (AUC) of the receiver operator
characteristic curve for detection of tumor presence for the tumor
markers S100 and melanoma-inhibitory activity (MIA) with 5% and
95% bootstrap confidence intervals. Data are shown for the whole study
population (n=100).

Marker                                                   AUC     95% Confidence interval

MIA (compared to S100 Roche)         0.784                0.751-0.815
MIA (compared to S100 Sangtec)       0.725                0.657-0.788
S100 (Roche)                                        0.721                0.684-0.757
S100 (Sangtec)                                     0.688                0.630-0.743



Thus, studies comparing MIA levels with the response to
different therapies are needed in order to evaluate MIA not
only to monitor the course of disease, but also as a
prognostic marker in immunotherapy.

In conclusion, S100 and MIA showed high sensitivity and
specificity in our patients with melanoma receiving either
adjuvant or therapeutic vaccination immunotherapy with DCs.
In an adjuvant setting, recurrent disease was not always
identified by an elevated S100 or MIA level. On the other hand
in patients with measurable disease, both S100 and MIA showed
a correlation with the clinical course in most patients. However,
clinical and imaging examinations in these patients are still
absolutely unrevealed. Comparing both markers, MIA showed
superior sensitivity in detecting progressive disease when
compared to S100 in our study and therefore MIA seems to be
more useful in monitoring of patients under immunotherapy. 
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