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Abstract
Objectives: Responses to immune checkpoint inhibitors can be late and/or preceded by
a period of tumor growth, complicating clinical decision-making. There are no reliable
early response markers. We assessed whether changes in tumor marker S100B can predict
response to immune checkpoint inhibitors in patients with advanced melanoma before
the first radiological assessment around week 12.
Methods: In this retrospective cohort study, eligible patients that started treatment
with immune checkpoint inhibitors before 2016 and had adequately timed baseline and
follow-up scans and measurable S100B levels were included. Changes in serum S100B
levels from baseline were related to early and sustained radiological response.
Results: Thirty-five ipilimumab-treated and 22 pembrolizumab- or nivolumab-treated
patients were included. Changes in serum S100B were positively correlated with changes
in radiologic tumor burden at week 12 and at the time of best overall response (p < 0.01
for both) as compared to baseline. Early changes in serum S100B at week 6 and 12 did
not predict sustained response to ipilimumab (p = 0.49 and p = 0.48). For PD-1 inhibitors,
week 12, but not week 6, S100B changes correlated positively with sustained treatment
response (p < 0.01).
Conclusions: Serum S100B correlates with radiologic tumor burden in melanoma
patients treated with immune checkpoint inhibitors. Early changes in serum S100B at
week 6 do not predict response at a later time point.
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Introduction
The introduction of immune checkpoint inhibitors has improved the prospects for
patients with advanced melanoma. These monoclonal antibodies block inhibitory signals
from immune checkpoint receptors on T lymphocytes or melanoma cells, resulting in
enhanced T lymphocyte activation. Ipilimumab, targeting cytotoxic T-lymphocyteassociated protein 4 (CTLA-4) on T cells, and nivolumab and pembrolizumab, both
targeting programmed death 1 (PD-1) on T cells, were approved for treatment of
advanced melanoma in Europe and North-America based on clinical trials demonstrating
improvements in overall survival and long-term survival in a subset of patients.1,2,3,4
Combined treatment with nivolumab and ipilimumab is even more effective but at the
expense of increased toxicity. 5
Immune checkpoint inhibitors are characterized by late and, sometimes, mixed response
patterns that complicate clinical decision-making. Median time to response for ipilimumab
is 3.2 months and 2.1-2.8 months for the PD-1 inhibitors.1,3,4 Response to immunotherapy
can be preceded by a period of tumor enlargement, which is seen in approximately 10%
of the patients. This either reflects real tumor growth or so-called ‘pseudoprogression’
that results from an influx of immune cells.6 Because of the late and complicated response
patterns, the risk of serious immune-related toxicity, and high financial costs, there is an
unmet need for an early response biomarker. At baseline, serum LDH for ipilimumab and
CD8+ tumor infiltrating lymphocytes and PD-L1 expression in tumor cells for the PD-1
inhibitors, are currently the best upfront predictors of response to immunotherapy.7,8 It
is unclear whether early changes in these or other markers can predict response during
treatment. Serum markers that reflect activation of the adaptive immune system as well
as markers that reflect tumor burden may be suitable.
In this study, we investigated whether serum S100B can predict clinical benefit on
immune checkpoint inhibitors. The S-100 family is a family of cytoplasmic calciumbinding proteins that are expressed in cells of neuroendocrine origin. The S100B subunit
is most abundant in glial cells of the central and peripheral nervous system but is also
expressed in melanocytes.9 S100B is highly expressed in melanoma cells, and is released
into- and detectable in serum. It is a good prognostic marker in all stages of melanoma
and performs better than LDH, which is incorporated in the AJCC staging system for
melanoma.10-12 S100B is also a suitable marker of distant relapse in high-risk melanoma
patients.13,14 In this retrospective study we aimed to determine whether S100B changes
reflect changes in tumor load during treatment with immune checkpoint inhibitors and
whether S100B changes precede radiological response and can therefore be used as an
early response marker.
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Patients and methods
Study design and population
This single-center, retrospective cohort study was conducted at the University Medical
Center Groningen (UMCG), a tertiary referral center in the Netherlands. Patients were
included from a prospectively maintained digital database. All patients had stage IIIC
or IV melanoma according to 2009 AJCC staging system and started treatment with
either anti-CTLA4 (ipilimumab) or anti-PD-1 (nivolumab, pembrolizumab) monoclonal
antibodies before 2016. Patients were eligible if a baseline S100B measurement and CT
scan with measurable disease according to the RECIST 1.1 criteria were available within
4 weeks prior to start of treatment.15 Patients were excluded if there was not at least one
follow-up CT scan available with corresponding S100B measurement (maximal interval
between CT and S100B measurement 2 weeks). Patients without a S100B measurement
above the upper limit of normal (0.20 µg/l) were excluded.

Serum collection and S100B biomarker assay
Serum S100B samples and routine hematology and chemistry samples, including LDH,
were collected at baseline, at each treatment visit, at time of radiological response
evaluation and after termination of treatment. At our center S100B is determined in serum
samples using a sandwich immunoassay (DiaSorin, Saluggia, Italia). Cut-off validation was
performed by analyzing S100B levels of 120 healthy individuals according to the CLSI
C28A2 guidelines. This resulted in a reference cut-off point of 0.20 µg/l.16

Imaging procedures and response assessment
Radiological evaluation was performed with a CT scan of chest, abdomen and pelvis. This
was combined with an MRI of the brain in case of (a clinical suspicion of) brain metastases.
All patients received scans at baseline (within four weeks prior to start of treatment) and
at week 12 of treatment. Timing of subsequent radiological response evaluation was
based on the outcome of response evaluation at week 12. Response to treatment was
defined as either complete or partial response (CR, PR) or stable disease (SD) according to
RECIST 1.1 criteria. Best overall response (BOR) was defined as the best response recorded
from start of treatment until at least the end of the study period (week 22). Response was
subdivided in early response (response or stable disease at week 12 of treatment) and
sustained response (no evidence of radiological disease progression after week 12 and
until at least the end of the study period).

Statistical analysis
Baseline descriptive statistics were performed and included percentages and median or
mean values, as appropriate by data distribution. Relative change in tumor size, using the
sum of target lesions according to the RECIST 1.1 criteria, and relative change in serum
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S100B from baseline were determined at week 6 and at the time of radiological response
assessment. Correlations between change in tumor size and change in serum S100B were
evaluated using a Mann-Whitney U test. If a correlation existed between change in serum
S100B and sustained response, the best cut-off values that were able to discriminate between
responding and non-responding patients and associated sensitivity and specificity were
determined using a receiver operating characteristic (ROC) curve. The same analyses were
performed for serum LDH. A p-value of less than 0.01 was considered statistically significant.
All statistical analyses were performed using SPSS statistical software. (IBM Corp. Released
2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.)

Results
Total cohort
One hundred and fifty-six patients were considered for inclusion (Fig. S1). Fifty-seven
patients were eligible, of whom 35 patients were treated with ipilimumab and 22 patients
with pembrolizumab or nivolumab. All patients had a CT scan available at week 12 of
treatment. Week 16 and 20 scans were not available for all patients. Patient and tumor
characteristics are shown in Table 1. Most ipilimumab-treated patients had received
the planned 4 treatment cycles and nivolumab- or pembrolizumab-treated patients
had received a median of 10 treatment cycles. There were no remarkable differences in
characteristics between the groups. Because patients in the PD-1 inhibitor group were
treated more recently and a brain MRI scan has been included into the standard workup, these patients were more frequently diagnosed with brain metastases at start of
treatment than patients in the ipilimumab group.

Serum S100B and radiological response in the ipilimumab cohort
At week 12 of treatment with ipilimumab and at the time of BOR, change in serum S100B
from baseline correlated positively with change in tumor burden on CT scans (p < 0.01
for both, Fig. 1a). This correlation did not exist at week 16 or 20 where less patients were
evaluable (p = 0.35 and p = 0.10). Overall response rate (ORR) was 2.9% at week 12 (Table
1). Early changes in serum S100B at week 6 and 12 correlated with an early CT response
at week 12 (p < 0.01 for both), however, neither correlated with a sustained response to
ipilimumab (p = 0.50 and p = 0.48, Fig. 2a and 2b). In 7 of 32 patients a discrepancy was
observed at week 12 between change in tumor size and change in serum S100B from
baseline (Fig. 3a). Four of these patients had an increase in serum S100B and a decrease
in tumor size and in the other three patients it was the other way around. In three
patients with an increase in S100B, this discrepancy could be explained by an increase
in non-target lesions or the appearance of new lesions that were not included in the
sum of target lesions used in the RECIST 1.1 criteria. In the remaining four patients with a
discrepancy between S100B and tumor size no explanation was found.
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Table 1 Patient and tumor characteristics
Characteristics

Treated with ipilimumab
Total (N=35)

Age (start treatment) – yr
Median (range)
60 (29-76)
Gender – no.(%)
Male
18 (51.4)
Female
17 (48.6)
Metastatic stage at baseline – no.(%)*
N
0 (0.0)
M1a
11 (31.4)
M1b
7 (20.0)
M1c
17 (48.6)
Breslow thickness primary tumor– no.(%)
Unknown
6 (17.1)
< 1mm
1 (2.9)
1-2mm
5 (14.3)
2-4mm
6 (17.1)
> 4mm
6 (17.1)
n.a.
11 (31.4)
Gene mutation – no.(%)
Wildtype
15 (42.9)
BRAF V600 pos
15 (42.9)
BRAF non-V600 pos
1 (2.9)
NRAS pos
4 (11.4)
Prior treatment – no.(%)
BRAF inhibitor
1 (2.9)
BRAF and MEK inhibitor
5 (14.3)
MEK inhibitor
1 (2.9)
DTIC
18 (51.5)
Other
1 (2.9)
None
10 (28.6)
CNS metastases at baseline – no.(%)
Unknown
7 (20.0)
No
25 (71.4)
Yes
3 (8.6)
Corticosteroids use at baseline – no.(%)
No
26 (74.3)
Yes
9 (25.7)
Cycles ipilimumab – no.(%)
2
2 (5.7)
3
7 (20.0)
4
26 (74.3)
Cycles PD-1 inhibitor – median (range)
Pembrolizumab
Nivolumab
Response at week 12 of treatment – no.(%)†
CR
0 (0.0)
PR
1 (2.9)
SD
9 (25.7)
PD
25 (71.4)
Sustained response to treatment – no.(%)
Yes
4 (11.4)
No
31 (88.6)
CNS, central nervous system; * according to the tumor-node-metastasis
Committee on Cancer 2009; † according to the RECIST 1.1 criteria
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Treated with PD-1 inhibitors
Total (N=22)
56 (30-78)
14 (63.6)
8 (36.4)
1 (4.5)
3 (13.6)
5 (22.7)
13 (59.1)
6 (27.3)
0 (0.0)
4 (18.2)
5 (22.7)
5 (22.7)
2 (9.1)
7 (31.8)
7 (31.8)
2 (9.1)
6 (27.3)
2 (9.1)
0 (0.0)
0 (0.0)
5 (22.7)
2 (9.1)
7 (31.8)
4 (18.2)
11 (50.0)
7 (31.8)
16 (72.7)
6 (27.3)

9 (4 – 27)
10 (3 – 15)
0 (0.0)
7 (31.8)
3 (13.6)
12 (54.5)
9 (42.9)
12 (57.1)
system of the American Joint
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Figure 1 Change in S100B and response to immune checkpoint inhibition at the time of
radiological evaluation.
Relative change in serum S100B from baseline in responding (CR, PR, SD according to RECIST 1.1) and nonresponding (PD) advanced melanoma patients treated with ipilimumab (a) and PD-1 inhibitors (b). Horizontal
lines in the figure represent median and interquartile range.
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Figure 2 Early change in S100B and response to immune checkpoint inhibition.
Relative change in serum S100B from baseline in responding (CR, PR, SD according to RECIST 1.1) and nonresponding (PD) patients at week 6 and 12 of treatment with ipilimumab (a + b) and pembrolizumab (c + d).
Change in S100B as a predictor of early response (a + c) as well as late response (b + d) is depicted in the figure.
Horizontal lines in the figure represent median and interquartile range.

Serum S100B and radiological response in PD-1 inhibitor cohort
Changes in serum S100B correlated positively with change in tumor burden as assessed
by CT at week 12 and at the time of BOR (p < 0.01 for both, Fig. 1b). At week 20 only 10
patients were evaluable and no correlation was found between change in S100B and
change in tumor size (p = 0.22). ORR at week 12 was 31.8% in patients receiving PD-1
inhibitor treatment (Table 1). Changes in serum S100B at week 12 were able to identify
both early and late responders (p < 0.01 for both, Fig. 2c and 2d). A ROC curve for change
in S100B at week 12 as a predictor of sustained response showed an area under the curve
(AUC) of 0.94, which indicates a high accuracy level. The optimal cut-off value of change
in S100B at week 12 to identify sustained responders was -42% (sensitivity 83%; specificity
88%; p < 0.01). Changes in S100B at week 6 were not able to identify early or sustained
responders to PD-1 inhibition (p = 0.09 and p = 0.13). In 2 of 22 patients a discrepancy
between change in tumor size and change in serum S100B was observed at week 12 (Fig.
3b). Both patients had a minimal increase in tumor size while serum S100B decreased. In
one of these patients, serum S100B also increased after week 12, but in the other patient
this discrepancy remained after week 12 and no explanation was found.

Serum LDH and radiological response
Change in serum LDH from baseline correlated positively with radiological response at
week 12 and at the time of BOR in patients receiving PD-1 inhibitor treatment (p < 0.01 for
both, Fig. S2). At week 20 in the PD-1 inhibitor and at all time-points in ipilimumab cohort,

79

Chapter 4

no correlation was found between change in LDH and radiological response. In addition,
early changes in LDH at week 6 and 12 did not correlate with sustained radiological
response to ipilimumab or PD-1 inhibition (Fig. S3).
A

B

Figure 3 Change in tumor size versus change in serum S100B per individual patient at week
12 of treatment with immune checkpoint inhibition.
Waterfall plot of relative change in tumor size (orange bars) versus relative change in serum S100B (blue bars)
from baseline at week 12 of treatment with ipilimumab (a) and PD-1 inhibitors (b) per individual patient. The
dotted lines represent the cut-off values for definition of stable disease according to the RECIST 1.1 criteria.
*Radiological disease progression based on new lesions or progression of non-target lesions according to
RECIST 1.1 criteria
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Discussion
Our results indicate that serum S100B levels correlated well with radiologic tumor burden
at the time of radiological response evaluation. However, changes in serum S100B before
week 12 were not able to predict response to immune checkpoint inhibition. In the PD-1
inhibitor cohort, a decrease in S100B from baseline at week 12 was correlated with sustained
response. A reduction of 42% in S100B was defined as the optimal cut-off value, however
this value needs to be validated in a prospective cohort to determine its clinical significance.
In several European guidelines, determination of serum S100B is recommended in
the follow-up of curatively treated high-risk melanoma patients.17,18 During systemic
treatment of metastatic melanoma change in serum S100B predicted response to both
chemotherapy and BRAF-targeted therapy.19-21 Little is known about the value of S100B
as a response biomarker during treatment with immune checkpoint inhibitors. Besides
a single case-report there is one other retrospective study. 22,23 This study describes 113
patients receiving either BRAF inhibitors or immunotherapy and showed a positive
association between a decrease in S100B level post-therapy and radiological response.
However, in contrast to our study they did not define the specific treatment patients
received and the time point at which S100B was measured post-therapy.
Complex response patterns are frequently seen during treatment with immunotherapy.
Atypical responses in which a response is preceded by initial period of progression is
seen in 10% of ipilimumab-treated and 7% of pembrolizumab-treated patients.24,25 In 4
patients in our cohort with benefit from treatment, an initial increase in serum S100B was
observed at week 6. Two of these patients received ipilimumab (both SD) and 2 received
a PD-1 inhibitor (both PR). One of these patients was treated with radiotherapy just prior
to week 6. Radiotherapy may result in melanoma cell death and increased release of
S100B by these cells. In the other three patients this initial increase in S100B could be
a reflection of an either real tumor growth or ‘pseudoprogression’. This means that an
increase in serum S100B at week 6 can not be used to identify non-responding patients
to immune checkpoint inhibitors. A limitation of our study is the small cohort size, which
is caused by the strict eligibility criteria that we have set to create a homogeneous
cohort of patients. In particular, at time points beyond week 12 the cohorts were small
because patients with progressive disease started new lines of systemic treatment or CT
scans were performed out of the time window. Despite the low number of patients in
this exploratory study, it is not likely that the predictive value of early changes in S100B
will improve substantially in larger prospective trials. The use of the RECIST 1.1 criteria to
determine response to treatment has limitations.15 For example, the appearance of new
lesions is classified as progressive disease, while in fact the overall tumor burden can
remain stable or decrease despite the appearance of new lesions. For this reason, the
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irRC criteria, which incorporate and allow new lesions, are increasingly used to evaluate
response to immunotherapy. Using the irRC on our data set did not change the conclusions
(data not shown). 24 Results in our study could also be biased by the exclusion of patients
with no follow-up CT available. Most of these patients had (rapid) progressive disease
and exclusion could result in an underestimation of S100B increase in the progressive
disease group. Change in serum S100B during treatment with immunotherapy of these
patients is shown in supplementary Figure S4.
Besides serum S100B, other peripheral blood biomarkers have been evaluated for
predicting response to immune checkpoint inhibitors. Most of these studies have
performed serial measurements of biomarkers at multiple time points before radiological
response evaluation, but none have specifically studied the ability of these markers
to predict a radiological response at an early time point. For example, an increasing
serum lymphocyte count or a decreasing serum LDH during treatment was associated
with response to ipilimumab.7,26 Although a decrease in LDH at week 12 was associated
with radiological response to PD-1 inhibitor treatment in our cohort, changes in LDH
at week 6 and 12 were not able to predict sustained response to both ipilimumab and
PD-1 inhibitors. In addition, there are specific serum immunologic biomarkers that can
predict a response. For example, high baseline levels of antibodies against NY-ESO-1,
a cancer-testis antigen that can be expressed in melanoma, were associated with a
response to ipilimumab. 27 The biomarker that has received most attention with regard
to PD-1 inhibitor treatment, is expression of its ligand, PD-L1. Although PD-L1 expression
on melanoma cells and its microenvironment was associated with response to treatment,
the absence of PD-L1 did not preclude response to treatment. 28 Furthermore, because
there are many unanswered questions about which antibody and threshold to define PDL1 positivity should be used and the type of cells on which expression is most relevant,
this marker is not currently used in clinical practice in melanoma patients.
Immune checkpoint inhibitors are currently the principal treatment modality in advanced
melanoma. However, the majority of patients will not benefit from treatment with singleagent immune checkpoint inhibition. There remains an unmet need for a biomarker that
can predict a response to treatment at an early time point. Unfortunately, serum S100B is
not suitable as early biomarker of response to immune checkpoint inhibitors.
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Figure S1 Flowchart of patient inclusion and exclusion in the study for patients treated with
ipilimumab (left) and patients treated with PD-1 inhibitors (right).
* Because of death, switch to another treatment or scan performed out of the study time window.
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Figure S2 Change in LDH and response to immune checkpoint inhibition at the time of
radiological evaluation.
Relative change in serum LDH from baseline in responding (CR, PR, SD according to RECIST 1.1) and nonresponding (PD) advanced melanoma patients treated with ipilimumab (a) and PD-1 inhibitors (b). Horizontal
lines in the figure represent median and interquartile range.
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Figure S3 Early change in LDH and sustained response to immune checkpoint inhibition.
Relative change in serum LDH at week 6 and 12 of treatment with ipilimumab (a) and pembrolizumab (b) in
patients with (CR, PR, SD according to RECIST 1.1) and without (PD) a sustained response. Horizontal lines in
the figure represent median and interquartile range.
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Figure S4 Change in serum S100B in patients that were excluded from the study because of
the absence of a follow-up CT scan.
Percentage change in serum S100B during the first 12 weeks of treatment with ipilimumab (a, 15 patients)
and PD-1 inhibitors (b, 9 patients) in patients that were excluded from the study because of the absence of a
follow-up CT scan.
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