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Background: S100B is an astrocytic protein that enters the blood stream when there is disruption of
the blood-brain barrier (BBB). Over time, antibodies against S100B develop in the sera of patients who
experience persistent or repeated BBB disruptions. We explored the use of serum S100B protein and S100B
autoantibodies for the detection of brain metastasis in patients with lung cancer.

Methods: One hundred and twenty eight untreated patients with lung cancer who had brain imaging
performed as part of their routine evaluation, participated. Serum S100B protein levels were measured
by direct ELISA and S100B autoantibody levels by reverse ELISA. These levels in patients with brain
metastases were compared alone and in combination to those without brain metastases.

Results: Eighteen (14%) patients had brain metastasis at the time of lung cancer diagnosis. An S100B
cutoff of 0.058 ng/mL had a sensitivity of 89% and specificity of 43% for brain metastasis. When an
autoantibody threshold of <2.00 absorbance units was used in conjunction with S100B, the sensitivity
remained at 89%, and the specificity increased to 58%. The overall accuracy was 51% with S100B alone,
improving to 62.5% when combined with autoantibodies.

Conclusions: Serum S100B and S100B autoantibody levels may help to identify which lung cancer

patients have brain metastases.
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Introduction

The identification of brain metastases has important
implications for treatment and prognosis. A total of 10—
15% of patients with lung cancer have brain metastases
at diagnosis. The brain is a frequent site for progression
of lung cancer because the blood-brain barrier (BBB)
shelters the central nervous system (CNS) from systemic
treatment (1). Guidelines suggest obtaining brain imaging
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at presentation in asymptomatic lung cancer patients with
advanced stage non-small cell lung cancer, all patients with
small cell carcinoma, and anyone with symptoms that could
be related to the presence of brain metastases (2,3). On
the other side, brain imaging is not routinely performed
in longitudinal follow-up (4,5). The appropriate selection
of patients at high risk of having brain metastasis could
reduce the amount of unnecessary brain imaging, decrease
costs and improve patient care. An accurate, inexpensive
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blood based biomarker for the presence of brain metastases
could be used as an upfront staging test, prompting
further characterization with brain imaging when positive.
Furthermore, the test could be used in longitudinal follow-
up, measured at scheduled intervals, for the early detection
of brain metastases.

S100B is an important member of a multigenic family
of calcium-binding proteins of the EF-hand type (helix
E-loop-helixF) which is highly expressed in astrocytes
in the brain. It is also expressed in the Schwann cells of
the peripheral nervous system, and outside the nervous
system in melanocytes, adipocytes and chondrocytes (6,7).
However, extracranial sources of SI00B do not affect serum
levels (8). SI00B may be released into the blood when
the neovascularization and growth of metastatic lesions
compromises the integrity of the BBB (9). An association
between elevated serum S100B and the presence of brain
metastases has been reported (10,11).

Increased S100B levels may also be found in patients with
cerebral small vessel disease (SVD) (11). The population of
older patients who are at risk to develop cancer often has
comorbidities and risk factors for cerebrovascular disease
(e.g., smoking, diabetes, and hypertension). Therefore SVD
is a frequent finding on brain imaging performed for lung
cancer staging. It is important to distinguish the SVD from
brain metastases. We hypothesize that S100B autoantibody
levels may help to distinguish the elevation of serum S100B
caused by SVD from that caused by brain metastases
(generally longer BBB disruption in SVD disruption)
since the production of antibodies may be affected by the
duration of exposure to S100B.

The aim of our study was to verify that levels of
S100B protein are elevated in lung cancer patients with
brain metastases and determine if the addition of S100B
autoantibody levels can improve the accuracy of this
biomarker.

Methods

This cohort study enrolled patients seen at the Cleveland
Clinic from 2010 and 2012. We included adult patients
>18 years of age at the time of diagnosis of lung cancer,
with or without neurological symptoms. Patients who
were previously treated for lung cancer, had synchronous
malignancies, or HIV infection were excluded. The study
was approved by the Institutional Review Board of the
Cleveland Clinic IRB #10-521) and all patients signed an
informed consent.
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We collected information about smoking history,
comorbidities, anthropometric measurements, serum
creatinine and brain imaging from the electronic medical
record. Creatinine clearance was calculated using the
Cockceroft-Gault equation. Tumor histology was assessed
by pathologists and staging was classified based on the
American Joint Committee on Cancer 7" edition of tumor,
node, metastasis staging criteria (12).

Serum S100B protein and anti-S100B immunoglobulin
G (IgG) were measured in each patient. S100B protein was
measured using a commercially available, monoclonal, 2-site
immunoluminometric assay from Diasorin (Stillwater, MI,
USA) (8,11,13).

An ELISA was developed to detect anti-S100B IgG (14).
First, 96 well plates were coated with PBS solution
containing S100B protein (human brain, catalog number
559291, EMD Chemicals). Optimization of this ELISA
was achieved by testing two concentrations of S100B
protein (1 or 5 pg per well). No significant differences were
observed at these two concentrations of S100B coating.
Plates were coated overnight at 4 °C with S100B protein
(1 pg/well). Wells were then washed three times with PBS.
Subsequently, 100 pL of a 1% BSA blocking solution was
added in each well and incubated for 2 hours at room
temperature. Wells were then washed three times using
200 pL of PBS containing 0.05% tween-20. Serum samples
and standards were added and incubated for 1 hour at room
temperature. An S100B monoclonal antibody (catalog
number: Q86610M Meridian Life Science Inc.) was used
as a standard to allow for the conversion of absorbance unit
values into concentration. Standard curves were obtained
with 100 pL of serially diluted S100B monoclonal antibody.
A secondary antibody solution of 200 pL of horseradish-
peroxidase (HRP) goat anti-mouse IgG and 200 pL of
HRP goat anti-human were added to the standards and
serum samples respectively. After 1 hour incubation at room
temperature wells were washed three times with 200 pL
of PBS containing 0.05% tween-20. Finally, 100 pL of
OPD solution was added and the reaction incubated for
30 minutes at room temperature. The reaction was stopped
by adding 100 pL of 2.5 M sulfuric acid. Samples were
analyzed using an ELISA plate reader at 490 nm.

Brain imaging, magnetic resonance imaging (MRI) or
computed tomography scan (CT) was performed as part
of routine care. Images were interpreted independently by
an expert neuroradiologist who was blinded to the S100B
and S100B autoantibody levels, and clinical information.
Brain scans were evaluated for the presence of brain
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Table 1 Patient demographics (n=128)

415

Table 2 Lung cancer characteristics and brain imaging results

Characteristics n or mean % or SD Characteristics n %

Male 77 60.2 Final stage with brain imaging

Age (years) 67.9 10.5 1A 22 17.2

Race 1B 10 7.8
Caucasian 112 87.5 A 3 23
African-American 15 11.7 1B 8 6.3
Asian 1 0.8 A 30 23.4

BMI 27.7 5.8 B 13 10.2

CrCl (mL/min) 89 31.9 \Y 38 29.7

Smoking history Incomplete 4 3.1
Never 6 4.7 Histology
Current 37 28.9 Adenocarcinoma 61 47.7
Former 85 66.4 Squamous 40 31.3

Comorbidities Small cell 13 10.2
Diabetes 18 14.1 Other 14 10.9
Hypertension 82 64.1 Brain imaging
Hyperlipidemia 56 43.8 Brain metastasis 18 14
Stroke 9 43.8 SVD 69 63.3"
Coronary disease 19 14.8 T, percent of patients with small vessel disease among patients
COPD 63 49.2 who had initial brain imaging (n=109). SVD, small vessel

BMI, body mass index.

metastases and for white matter changes related to SVD.
The age related white matter changes (ARWMC) rating
scale was used to grade the white matter changes (15).
White matter changes on MRI were defined as ill-defined
hyperintensities >5 mm on both T2 and PD/FLAIR images,
and on CT as ill-defined and moderately hypodense areas
of 25 mm. Lacunes were defined as well-defined areas of
>2 mm with attenuation (on CT) or signal characteristics
(on MRI) the same as cerebrospinal fluid. If lesions with
these characteristics were <2 mm, they were considered
perivascular spaces. Changes in the basal ganglia were rated
in the same way (15).

Statistical analysis was performed using SPSS (version
13, Chicago, IL, USA). We determined the sensitivity,
specificity and accuracy of S100B and S100B autoantibodies
to detect brain metastasis in patients with lung cancer.
Logistic regression and receiver operating characteristic
(ROC) curve analysis were used to determine the optimal
cutoff values. A staged classification model determined
the final class. A difference with P<0.05 was considered
statistically significant.
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disease.

Results
Demographics and lung cancer characteristics

Table 1 shows the characteristics of the patients enrolled in
this study. We enrolled 145 patients newly diagnosed with
lung cancer. Of these, 128 (88.3%) were included in our
analysis as 17 (11.7%) patients had incomplete clinical or
radiographic information. One hundred and nine patients
had brain imaging; 85 (78%) patients had an MRI and 24
(22%) had a CT scan. Most patients were male (60.2%),
Caucasians (87.5%) who had a positive history of smoking
(95.3%). The mean age was 67.9£10.5 years. Forty three
(33.5%) patients were diagnosed at stage IIIA-B and 38
(29.7%) stage IV (Table 2). The most common histologic
subtype was adenocarcinoma (47.7%).

Brain imaging

Nineteen patients did not have brain imaging during initial
staging. These patients either had negative brain imaging
during follow up or completed a clinical follow-up of at
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least 2 years with no signs of recurrent or metastatic disease.
Thus they were included in the group negative for brain
metastases. Of these, 15 patients were diagnosed at stage I-
II, and 4 patients at stage IIIA-B. These patients were not
included in the analysis of SVD.

S100B, S100B autoantibodies and brain metastases

Of the patients with distant metastases, 18 had brain metastases.
An ROC was generated (AUC 0.63) and we selected a
threshold of S100B that yielded a clinically useful sensitivity,
and then determined the specificity (Table 3) to detect
brain metastasis. At a serum S100B level of 0.058 ng/mL,
the sensitivity was 89% and the specificity was 43%. The
positive predictive value (PPV) was 21.1% and the negative
predictive value (NPV) was 96.2%. S100B levels were
not associated with age, gender, body mass index (BMI),

Table 3 Sensitivity and specificity of SI00B and S100B
autoantibodies to detect brain metastasis

Test Sensitivity (%) Specificity (%)
S100B (ng/mL)
0.023 100 6
0.058 89 43
0.070 55 59
0.100 33 80
0.155 11 95
Anti-S100B IgG (AU)
1.0 94.4 2.8
1.5 66.7 33.6
2.0 5.6 84.1
2.5 0 98.9
S100B >0.058 ng/mL + anti-S100B 1gG (AU)
<1.0 5.6 97.3
<1.5 33.3 83.6
<2.0 89 58.2
<25 89 45.5

IgG, immunoglobulin G.

creatinine clearance, or histology in our stratified analyses
or by logistic regression.

We selected an anti-S100B IgG threshold that would
improve the specificity while maintaining a high sensitivity
of S100B to detect brain metastases. An anti-S100B IgG
level of 2.0 AU had a sensitivity of 5.6% and a specificity
of 84.1%. We then used the anti-S100B IgG level <2.0 AU
combined to S100B >0.058 ng/mL. The sensitivity
remained at 89% while the specificity improved to 58.2%.
The overall accuracy was 51% with S100B alone and it
improved to 62.5% when combined with the antibody
threshold.

There were a total of 46 patients in the hypothetical
subgroup that would be diagnosed at stage I or II if they
had not had brain imaging at diagnosis. Three of these
patients had brain metastases. In this subgroup, S100B
>0.058 ng/mL had a sensitivity of 100%, and NPV of 100%
(Table 4). When combined with anti-S100B IgG <2.0 AU
the sensitivity and NPV remained the same but specificity
improved from 39.5% to 55.8% and PPV had a modest
increased from 10.3% to 13.6%.

Sixty nine of the patients who had brain imaging (69/109)
had evidence of SVD (Table 2). We analyzed the S100B and
anti-S100B IgG levels according to the grading of white
matter and basal ganglia lesions from SVD (7able ST), BMI
(Figures S1,52) and creatinine clearance (Figure S3). S100B
levels or anti-S100B IgG levels did not significantly vary
according to the severity of SVD in the white matter, BMI
or creatinine clearance. There were only 7 patients with
SVD in the basal ganglia and there was no variation in the
S100B or anti-S100B IgG levels among the different grades.

Discussion

This is a study investigating the accuracy of the SI00B
protein and S100B autoantibody for the detection of brain
metastasis in patients with lung cancer. Our results confirm
that elevated serum levels of S100B protein have a high
sensitivity to detect brain metastases, and the addition of
S100B autoantibody levels improves the specificity and

Table 4 S100B and S100B autoantibodies to detect brain metastasis in patients stage I or II before brain imaging (n=46)

Test Sensitivity (%) Specificity (%) PPV (%) NPV (%)
S100B >0.058 100 39.5 10.3 100
S100B >0.05 + S100B <2.0 100 55.8 13.6 100

PPV, positive predictive value; NPV, negative predictive value.
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overall accuracy.

Staging is an evaluation of the extent to which lung
cancer has spread. Further investigation is necessary when
a lesion suspicious for metastatic disease is identified.
Dedicated imaging and/or a biopsy are performed until
a pathological diagnosis or a very high probability of
metastatic disease is obtained. The diagnosis of a brain
metastasis in particular relies on the detailed radiographic
characterization of a suspicious lesion as the potential
morbidity limits the frequency with which a brain biopsy
is performed. A biomarker could be used to identify those
at highest and lowest risk of having brain metastases which
could translate into more targeted use of brain imaging.

The properties of S100B are attractive for clinical use as
a biomarker to detect brain metastases. When the BBB is
disrupted by a metastatic brain lesion there is a leak of brain
derived proteins, including S100B, into the blood stream.
In our study, we used elevated serum levels of S100B as an
indirect sign of metastatic growth in the brain and we found
the combination of S100B and anti-S100B IgG resulted in
improved specificity and accuracy while maintaining a high
sensitivity. A serum S100B threshold level of 0.058 ng/mL
had a sensitivity of 89% and when combined with anti-
S100B IgG <2.00 AU the specificity improved from 43 %
to 58.2%, and the overall accuracy from 51% to 62.5%. In
exploratory analysis, this relationship was maintained for
those presenting with early stage disease (e.g., stage I or II
before CNS staging). In this subgroup the sensitivity and
NPVs were both 100%.

The use of S100B as a biomarker to select patients who
would need brain imaging could impact the cost of initial
staging. The United States is estimated to have 224,000
new cases of lung cancer in 2014 and approximately 33,600
(15%) patients will be diagnosed with localized disease (16).
Fifty two percent of patients would have a negative result
if we extrapolate the results of our study. Considering that
the cost of an MRI of the brain is about US$3,000 and the
cost of measuring S100B is US$50, the potential savings are
more than 50 million dollars per year.

We have previously demonstrated that SVD is a common
cause of BBB disruption and elevation of SI00B levels
in patients with lung cancer (11). However, for unclear
reasons, we did not see a relationship between S100B and
SVD in the current study. When S100B leaks into the
bloodstream as a result of BBB disruption it is perceived
as a non-self antigen by dendritic cells resulting in the
production of autoantibodies against S100B. Multiple BBB
disruptions measured by surges in serum S100B have been
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shown to trigger an autoimmune response characterized by
elevated titers of anti-S100B IgGs in the blood (14). SVD is
typically silent and may cause a long-term (months to years)
and sustained BBB disruption. On the other hand, brain
metastases that are detectable on brain imaging are likely
present for a short time (weeks to months). Therefore,
we hypothesized that autoantibody levels would be higher
in SVD compared to brain metastases. We expected that
brain metastasis would have an elevated serum S100B and a
relatively low/normal autoantibody level while both S100B
and autoantibody levels would be elevated in patients with
SVD but no brain metastases.

Our study had limitations. Not all patients had brain
imaging at initial staging. MRI and CT scans were
obtained as part of routine care. Clinical practice may be
heterogeneous in this aspect. Providers may choose not
to obtain brain imaging when patients are presumed to
have early stage lung cancer or when obvious extrathoracic
metastatic disease is present and patients have no
neurological symptoms. We only included patients who had
brain imaging, and those who did not have brain imaging
who were clinically metastases free after 2 years of follow-
up in the analysis. Also, we observed that the serum S100B
levels were overall lower compared to previous studies
done by our group (11,17). We do not fully understand
the reason for this variation but we attribute it to changes
in the commercial kit. The test used in prior study was
manufactured by Sangtec (Bromma, Sweden) and is no
longer commercially available, and the surrogate ELISA
used, by Diasorin, Inc. (Stillwater, MIN, USA), may perform
differently. In regard to autoantibodies, the measurement
of anti-S100B IgG is not available commercially and it
was developed in our laboratory (14). We did not observe
a significant difference in the absorbance levels compared
to previous study but further validation of the assay is
necessary (11,17).

We have opportunities to continue to improve the
diagnostic properties of S100B. It has the unique property
to appear both as homo- or hetero-dimers (18,19). The
homodimer S100B-B is the subtype released mainly by the
brain, thus it may be more specific than the total S100B
levels (which was measured in our study) in predicting
BBB disruption and brain metastases in lung cancer (8).
Further understanding of S100B physiology (e.g., half-life
and clearance), immune response, and the different factors
that might affect the serum levels will also contribute to
the efforts to improve its specificity. SI00B should also
be studied in the longitudinal follow-up of patients with
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lung cancer after treatment in order to determine if it can
accurately detect newly developed asymptomatic brain
lesions.

In conclusion, the use of biomarkers to help identify
CNS metastatic disease is promising. Serum S100B
combined with S100B antibody levels are able to detect
brain metastases from lung cancer with high sensitivity and
reasonable specificity.
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Supplementary material

Table S1 SVD grade and S100B and anti-S100B IgG levels (n=109).
The results were analyzed with one-way ANOVA

Anti-S100B IgG (AU)

SVD grade S100B (ng/mL)  Anti-S100B IgG (AU)
White matter lesions
0 (n=38) 0.065 1.47
1 (n=58) 0.073 1.69
2 (n=13) 0.067 1.58
3 - -
P value 0.58 0.07
Basal ganglia lesions
0 (n=102) 0.069 1.60
1 (n=6) 0.096 1.34
2 (n=1) 0.131 1.81
3 - -
P value 0.13 0.35

Sum score from white matter + basal ganglia lesions

0 (n=38) 0.065 1.47
1 (n=56) 0.072 1.68
2 (n=13) 0.065 1.65
3 (n=2) 0.11 1.57
P value 0.28 0.25

SVD, small vessel disease; IgG, immunoglobulin G.
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(n=2) (n=43) (n=50) (n=21) (n=4) (n=5)
ANOVA
antibody
Sum of Squares | df | Mean Square F Sig.
Between Groups 0.810 5 0.162 1.378 | 0.237
Within Groups 13.988 119 0.118
Total 14.797 124

Figure S2 Body mass index and anti-S100B IgG levels (n=125,
missing 3). IgG, immunoglobulin G.
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S100B
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Total 0.227 124

Figure S1 Body mass index and S100B levels (n=125, missing 3).
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S100B Between Groups 0.010 3 0.003 1.891 0.135
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Total 0.227 124
antibody Between Groups 0.019 3 0.006 0.052 0.984
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Total 14.797 124

Figure S3 Creatinine clearance and S100B and anti-S100B IgG levels (n=125, missing 3). IgG, immunoglobulin G.



