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Abstract Several blood biomarkers have been established
for the early diagnosis, screening and follow-up of non
central nervous system cancers. However, there is lack of
knowledge on biochemical blood alterations in brain tumor
patients. In this study, we prospectively collected blood
plasma samples of 105 adult brain tumor patients with
diffuse low-grade glioma (World Health Organization

(WHO) II, n07), anaplastic glioma (WHO III, n010), glio-
blastoma multiforme (WHO IV, glioblastoma multiforme
(GBM)) (n034), meningioma (WHO I, n08), atypical me-
ningioma (WHO II, n05), and intracerebral metastasis
(ICM; n041). In each case, we measured plasma concen-
trations of neuropeptide Y, brain-derived neurotrophic fac-
tor, glial cell line-derived neurotrophic factor, placental
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growth factor (PlGF), S100B, secretagogin, interleukin 8,
and glial fibrillary acidic protein (GFAP) using enzyme-
linked immunosorbent assay. Plasma marker concentrations
were correlated to patient parameters including neuropatho-
logical diagnosis and neuroradiological features. Most of the
markers were detectable in all diagnostic categories in var-
iable concentrations. GFAP plasma detectability was strong-
ly associated with a diagnosis of GBM (p<0.001). Plasma
GFAP and plasma placental growth factor showed promis-
ing moderate potential in the differential diagnosis of uni-
focal GBM versus unifocal supratentorial ICM (area under
the curve00.73, p<0.05). To summarize, our data show that
none of the investigated markers is suitable to substitute
histological diagnosis. However, measurement of circulat-
ing GFAP and PlGF may support neuroradiological differ-
ential diagnosis of GBM versus ICM.
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Introduction

In clinical medicine, biomarkers are defined as objectively
measurable factors that provide information about a disease
state, thus providing the possibility for early diagnosis,
differential diagnosis, and follow-up of disease. In oncolo-
gy, blood is a feasible medium for routine clinical biomarker
investigations, as blood sampling is usually performed re-
peatedly during the disease course of cancer patients, e.g.,
for verification of adequate organ function prior to, during,
or after diagnostic or therapeutic interventions. Blood draw-
ing is usually easily and quickly performed by puncture of a
peripheral arm vein and is normally associated with only
minor discomfort for the patient. For most major cancer
types, distinct blood biomarkers have been firmly estab-
lished in the routine clinical patient management. Examples
include factors that facilitate screening and early diagnosis
(e.g., prostate-specific antigen in prostate cancer), differen-
tial diagnosis (e.g., beta-human chorionic gonadotrophin or
alpha-fetoprotein in germ cell tumors) and monitoring (e.g.,
cancer antigen 15-3 (CA 15-3) in breast cancer, carcinoem-
bryonic antigen (CEA) in breast and colorectal cancer) of
neoplastic disease [32, 33].

Brain tumors comprise a heterogenous spectrum of neo-
plasms including approximately 120 entities and variants of
primary brain tumors and a variety of secondary (metastatic)
neoplasms [31]. At initial presentation, neuroimaging is
usually performed. Implementation of advanced imaging
modalities has improved the neuroradiological diagnostic
accuracy. Still, neuroimaging lacks perfect specificity for
differentiation of brain tumors. The definite tumor typing
and grading relies on histopathological evaluation of tumor

tissue extracted by a neurosurgical intervention (biopsy or
resection).

Reliable blood biomarkers could support the manage-
ment of brain tumors, e.g., by facilitating neuroradio-
logical differential diagnosis at initial presentation,
planning of surgical interventions, or monitoring of the
disease course. However, except for rare pediatric germ
cell tumors [13], no blood biomarkers have been estab-
lished in the routine clinical management of brain tumor
patients, although some previous studies have identified
biochemical blood alterations with potential clinical util-
ity in neurooncology [10, 24].

Here, we report the results of a prospective, exploratory
study investigating the blood plasma concentrations of sev-
eral distinct proteins (Table 1) and their association with
tumor type and neuroradiological features in adult brain
tumor patients.

We included S100B, neuropeptide Y (NPY) and secreta-
gogin (SCGN) in the panel of investigated proteins, because
we have observed markedly elevated plasma levels of these
proteins in the peripheral blood approximately 1 year before
manifestation of malignant glioma [15]. We studied glial
fibrillary acidic protein (GFAP), because two previous
reports have indicated its potential usability as clinical blood
biomarker of glioblastoma [9, 24]. We also included placen-
tal growth factor (PlGF), interleukin 8 (IL8), brain-derived
neurotrophic factor (BDNF), and glial cell derived neuro-
trophic factor (GDNF) in our study. These factors were
found to be differentially expressed in distinct types of brain
tumors at the tissue level and were demonstrated to be
important as plasma/serum markers for non-neoplastic cen-
tral nervous system diseases [7, 14, 34, 40, 44, 47]. Inter-
estingly, a recent study showed that changes in serum levels
of PlGF over time associate with overall survival times of
patients with recurrent glioblastoma treated with cediranib
[3]. To our knowledge, BDNF and GDNF have not been
investigated in the blood of neurooncological patients so far.

Materials and methods

Study population

In this study, we prospectively enrolled 105 adult brain
tumor patients at the Department of Neurosurgery, Medical
University of Vienna. Inclusion criteria comprised: age
18 years or older; neuroradiologically verified brain tumor
scheduled for stereotactic biopsy, neurosurgical resection,
radiosurgery or radiotherapy; written informed consent to
participate in the study.

Patients with a histologically confirmed noncentral ner-
vous system primary tumor, who presented with typical
symptoms and neuroradiological appearance of intracerebral
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metastasis (ICM) and who underwent radiosurgery or radio-
therapy of the cerebral lesion were eligible for our study
even if ICM was not verified histologically.

Twenty-six healthy volunteers and 25 patients with mul-
tiple sclerosis (MS) as nonmalign central nervous system
pathology served as control subjects. For each MS patient,
an Expanded Disability Status Score (EDSS) was calculated
by an experienced neurologist at the time of blood sampling
[28]. The study was approved by the ethics committee of the
Medical University of Vienna.

Sample collection

In tumor patients, blood samples were collected before the
neurosurgical intervention or before the start of radiotherapy.

From each patient and each control subject, one blood sample
was collected from a forearm vein into a 7 ml vacutainer
EDTA tube and immediately cooled on 4 °C. Samples were
centrifuged at 3,000 rounds per minute for 10 min at 4 °C
within 1 h after collection and the plasmawas stored at −80 °C
in small aliquots after separation from cells.

Biochemical plasma analyses

SCGN, S100B, and GFAP plasma concentrations were de-
termined using commercially available enzyme-linked im-
munosorbent assay (ELISA) kits from BioVendor (Brno,
Czech Republic). PlGF and IL8 plasma concentrations were
analyzed using ELISA kits from Quantikine (R&D Systems,
Minneapolis, MN, USA). BDNF and GDNF plasma

Table 1 The general characteristics and functional properties of the 8 biomarkers included in this study

Protein Mol.
weight
(kDa)

Function Physiological expression Expression in brain tumors References

NPY 36 Modulation of circadian rhythms,
stress response and emotion,
pain processing, food intake and
cardiovascular function. Involved
in epilepsy, anxiety and depression,
neuroprotection and neurogenesis

Interneurons of neocortex,
hippocampus, striatum, amygdala,
neurons of arcuate nucleus of
hypothalamus, postganglionic
sympathetic neurons and adrenal
medulla, adipose tissue, liver

Neuronal cell bodies and fibers
of anaplastic astrocytomas,
nerve fibers of glioblastomas

[4, 11, 25, 26, 37]

BDNF 14 Promoting the growth, survival,
and differentiation of developing
neurons in the central and
peripheral nervous systems,
involved in the pathologenesis
of Alzheimer and Hungtington
Disease, mediates cell-cell
contact and vascular development

Cortical neurons of the brain,
hippocampus, stored in platelets

In all gliomas with highest
intensity in GBM

[21, 46, 47]

GDNF 16 Trophic factor for dopaminergic
neurons

Glial cells, macrophages, striatum,
thalamus, cortex, putamen and
hippocampus of developing brain

Increased expression in GBMs [30, 39, 44]

PlGF 50 Inflammation of atherotic lesions,
smooth muscle cell growth

Placenta, thyroid, lung Overexpressed in
hypervascularized primary
brain tumors

[34, 41]

S100B 21 Cell–cell communication, cell
growth, intracellular signal
transduction, involvement in
development and maintainence
of the CNS

Astrocytes, oligodendrocytes,
ependymal cells, Schwann cells,
melanocytes, adipocytes

Glial tumors, melanoma,
increased serum detection
in intracerebral metastasis

[8, 38, 42]

SCGN 32 Ca binding protein, a marker for
neuroendocrine differentiation,
implicated in resistance to
neurodegeneration

Pyramidal neurons of hippocampus,
anterior pituitary gland, pancreatic
β cells, neuroendocrine cells of the
mucosa of the gastrointestinal tract

Common in central
neurocytoma,
medulloblastoma,
neuroblastoma, pituitary
adenoma; some meningiomas,
rare in glial tumors

[1, 16, 36, 43]

IL8 8–10 Implicated in leukocyte
chemotacticity, roles in
inflammation and infection
disease

Secreted by activated monocytes
and macrophages, expressed in
microglia

Proangiogenic factor in
gliomas

[7, 18, 29]

GFAP 50 Major constituent of glial
intermediate filaments

Astrocytes, neuronal stem cells Astroglial tumors [12, 17, 23]

BDNF brain-derived neurotrophic factor, GDNF glial cell line-derived neurotrophic factor, GFAP glial fibrillary acidic protein, IL8 interleukin 8,
NPY neuropeptide Y, PlGF placental growth factor, SCGN secretagogin
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concentrations were measured using ELISA kits from Prom-
ega (Promega Corporation, Madison, WI, USA). NPY plas-
ma concentration was quantified using a commercially
available radioimmunoassay kit, purchased from EURIA
(Euro Diagnostica, Malmö, Sweden). All assays were per-
formed according to the manufacturer’s instructions. GFAP,
SCGN, and IL8 plasma level measurements were conducted
in duplicates. Due to the lack of plasma sample volumes,
BDNF, GDNF, PlGF, S100B, and NPY assays were per-
formed as single measurements only. In control subjects
(healthy individuals and MS patients), only measure-
ments of plasma GFAP concentrations were performed.
The limit of detection for each assay was defined as
mean of the absorbance of the blanks (dilution buffer)
plus 3 SD of the mean of the blanks and was calculated
as 6 pmol/L for NPY, 8.19 pg/ml for BDNF, 8.81 pg/ml
for GDNF, 0.24 pg/ml for PlGF, 26.39 pg/ml for S100B,
7.93 pg/ml for SCGN, 0.43 pg/ml for IL8, and 0.03 ng/ml
for GFAP.

Neurosurgery

In case of stereotactic biopsy, the tumor region with signif-
icant contrast enhancement and in tumors with nonsignifi-
cant contrast enhancement, the intratumoral area with
maximal 11C methionine positron emission tomography
(PET) tracer uptake was used as biopsy target. In case of
tumor resection, multiple tumor tissue samples were collect-
ed from areas of different tumor consistency and appearance
including samples from the contrast-enhancing tumor part
and/or the area with maximum PET tracer uptake.

Neuropathology

We recorded the neuropathological diagnosis made from the
tumor specimen obtained at the neurosurgical intervention
(biopsy or resection) after blood sample collection. Neuro-
pathological diagnosis was made by a board-certified neu-
ropathologist from formalin-fixed and paraffin-embedded
neurosurgical specimens according to the current edition of
the World Health Organization Classification of Tumours of
the Central Nervous System [31]. Diagnosis was made on
routinely prepared hematoxylin and eosin-stained slides,
supplemented by standard immunohistochemical stains as
deemed adequate by the responsible neuropathologist. The
diagnosis of two glioblastoma multiforme (GBM) patients
and one ICM patient was made from autopsy specimens
according to the aforementioned criteria.

Neuroradiological analyses

In each patient, we retrieved the most representative MRI
investigation performed around the time of blood sample

collection and before the neurosurgical intervention or start
of radiotherapy. In each case, we analyzed the following
neuroradiological features: anatomical tumor localization,
contrast enhancement of the tumor (yes/no), perifocal edema
(yes/no), necrosis within the tumor (yes/no), contact of the
tumor with ependyma (yes/no), infiltration of the hippocam-
pus by the tumor (yes/no), contact of the tumor with meninges
(yes/no), number of distinct neoplastic lesions. For meningi-
omas, we additionally analyzed the following features: brain
compression by the tumor (yes/no) and brain invasion by the
tumor (yes/no). For all measurable lesions, we calculated the
tumor volume using a previously described modified ellipsoid
volume equation of (A×B×C)/2, where A, B, and C corre-
spond to the three dimensions of the tumor [27]. In cases with
multiple tumors, we calculated the sum of the tumor volumes
of all measurable neoplastic lesions. MRI data were extracted
from the following sequences obtained at a field strength of
3 T: T1 before and after contrast media, T2, and fluid-
attenuated inversion recovery.

Statistical analyses

Quantitative variables were described with median, mini-
mum, and maximum, and boxplots were used for graphic
representation. Boxplots were defined to consist of inter-
quartiles range (box), median (horizontal line within box),
and maximum and minimum (whiskers). Group compari-
sons for quantitative variables were performed with Mann–
Whitney U and Kruskal–Wallis tests for two and more than
two groups, respectively. Chi-squared test (or Fisher’s exact
test if appropriate) were used for the evaluation of categor-
ical variables. Agreement between duplicate ELISA meas-
urements was assessed with Bland–Altman plots.

Logistic regression models were used to evaluate the
detectability of plasma markers in dependence of tumor
diagnosis and tumor localization. Due to the small sample
size, Firth correction or exact tests were used if appropriate.

A stepwise logistic regression model was employed to
distinguish unifocal supratentorial GBM from unifocal
supratentorial intracerebral ICM with plasma markers.
The aim of this analysis was to analyze the biomarker
utility for supporting the most common and typical neuro-
radiolocal differential diagnosis of GBM versus ICM in
patients with first presentation of a solitary intracranial
tumor. For the sake of robustness, seven out of eight
plasma markers were used in dichotomous form (detected
versus nondetected), only for NPY the quantitative values
were used as NPY was always detected. It is quite obvious
that in such a small dataset there cannot be a definite
answer which plasma marker is most promising [19]; how-
ever, the collective diagnostic potential of the plasma
markers can be assessed in order to judge the meaningful-
ness of future large-scale diagnostic studies. Internal
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validation was used to correct the inevitable over-optimism
of the stepwise model results (e.g., area under the receiver
operating characteristic curve (AUC)) by employing the
so-called bootstrap method [19]. Bootstrap is based on
repeatedly resampling (with replacement) from the dataset,
so that a series of training and test datasets are formed.
After applying the statistical approach in question to a
training dataset, it is validated in the corresponding inde-
pendent test dataset. This is repeated many times and the
combined results are summarized.

Overall survival time data were obtained from patient
records of the Medical University of Vienna and the Austria
Brain Tumour Registry [45]. Survival probabilities were
computed with the Kaplan–Meier method, and log-rank
tests were used to compare overall survival between groups.
Patients with relapsing GBM (n04) and multifocal lesions
(n018) were excluded from stepwise logistic regression
model and Kaplan–Meier curve analyses.

All reported p values are results of two-sided tests. A
significance level of 5 % was used. No adjustment for
multiple testing has been performed as the goals of the
study are exploratory rather than confirmatory [5]. Sta-
tistical Software packages SPSS version 18 (SPSS Inc,
Chicago, IL, USA) and SAS version 9.2 (SAS Institute
Inc., Cary, NC, USA) were used for the statistical

calculations. Figures were designed with GraphPad Prism
(La Jolla, CA, USA).

Results

Patients

Baseline characteristics of all brain tumor patients in-
cluded in our study are demonstrated in Table 2. Neu-
ropathological diagnoses included diffuse low grade
glioma (World Health Organization (WHO) II, n07),
anaplastic glioma (WHO III, n010), GBM (WHO IV,
n034), meningioma (WHO I, n08), atypical meningio-
ma (WHO II, n05), and ICM (n013). Twenty-eight
brain tumor patients with a proven extracerebral primary
tumor were treated with either radiosurgery or radiother-
apy and diagnosed as ICM.

The primary tumors of patients diagnosed with ICM
included 17 non-small cell lung cancer, nine small cell lung
cancer, six clear cell renal cell carcinoma, three breast can-
cer, three melanoma, one thyroid carcinoma, one rectal
adenocarcinoma, and one endometrial cancer.

The group of control subjects without evidence for any
cerebral neoplasm included 25 MS patients (age, median

Table 2 Baseline characteristics of the brain tumor patients included in this study and summary of plasma marker concentrations according to
tumor type

Glioma WHO II Glioma WHO III Glioma WHO IV Meningioma WHO I Meningioma WHO II ICM
n 7 10 34 8 5 41

Gender (F/M) 3/4 6/4 14/20 5/3 1/4 15/26

Age [median–
(min–max)]

45 (27–75) 44 (28–68) 66 (34–85) 53 (39–85) 62 (50–73) 65 (40–79)

Intervention

Stereotactic biopsy 4 2 6 – – 1

Radiosurgery – 1 2 3 1 26

Total/subtotal
resection

3 7 24 5 4 11

Radiotherapy – – – – – 2

None – – 2 – – 1

Biochemical analyses [median–(min–max)]

NPY (pmol/L) 74.2 (54.5–88.7) 59.8 (42.8–88) 59.1 (39.6–138) 78.2 (69.2–91.2) 49.8 (42.7–67.6) 62.8 (14.5–128.8)

BDNF (ng/ml) 30.6 (0–76) 0 (0–74.2) 8.2 (0–82) 7.1 (0–28.2) 23.4 (0–66) 0 (0–38.9)

GDNF (pg/ml) 8.3 (0–18.7) 0 (0–17.6) 12.2 (0–23.9) 0 (0–0) 0 (0–19.8) 0 (0–23.3)

PlGF (pg/ml) 0.2 (0–12) 2.1 (0–8.6) 3.3 (0–14.1) 0.5 (0–8.1) 9.8 (1.5–12.1) 10.2 (0–133.3)

S100B (pg/ml) 0 (0–0) 0 (0–115.8) 0 (0–67.5) 0 (0–48.4) 0 (0–29.6) 0 (0–181.2)

SCGN (pg/ml) 32.9 (0–365) 22.6 (0–208.1) 48.5 (0–195.6) 20 (0–668.9) 64.2 (0–82) 55.6 (0–189.5)

IL8 (pg/ml) 4.7 (0–28.3) 0 (0–0) 0 (0–6.3) 0 (0–8.1) 0 (0–31.6) 1.1 (0–310)

GFAP (ng/ml) 0 (0–0) 0 (0–0) 0 (0–6.3) 0 (0–0) 0 (0–0) 0 (0–0.54)

BDNF brain-derived neurotrophic factor, GDNF glial cell line derived neurotrophic factor, GFAP glial fibrillary acidic protein, ICM intracerebral
metastasis, IL8 interleukin 8, min–max minimum–maximum, NPY neuropeptide Y, PlGF placental growth factor, SCGN secretagogin, 0 below the
level of detection
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40 years; range, 22–60 years; 18 females and seven males)
and 26 healthy volunteers (age, 50 median years; range, 31–
84 years; 11 females and 15 males).

The time lags between date of blood sample collection
and date of neurosurgical intervention (biopsy or subtotal/
total resection or radiosurgery) or start of radiotherapy
ranged from 1 to 7 days (median, 3 days). The time lags
between date of blood sample collection and date of MRI
investigation selected for our study ranged from 0 to 33 days
(median, 2 days).

Plasma markers

Correlation with diagnosis

Table 2 details the plasma concentration profiles of the
individual plasma markers according to brain tumor type
and Fig. 1 demonstrates the results of statistical group
comparisons. None of the markers showed exclusive plasma
detectability in a given brain tumor type. However, GFAP
plasma detectability was strongly associated with a diagno-
sis of GBM (p<0.001, chi-square test). GFAP was detect-
able in the plasma of 13/34 GBM and only 1/41 ICM
patient, while it was not detectable in the plasma of any
other brain tumor patient. The only plasma GFAP positive
ICM patient had a small single parapontine lesion that was
treated by radiosurgery without histological confirmation.
Based on the strong association of plasma GFAP with a
diagnosis of GBM, GFAP was evaluated within a cohort
consisting of MS patients and control subjects. Of note, 1/25
MS patients and 1/26 healthy control subjects were positive
for plasma GFAP (0.11 and 0.13 ng/ml, respectively). The
plasma GFAP positive healthy control subject is a full time
working academician, who does not suffer from any signs of
neurological disorder. Notably, among the MS patients of
our study cohort, the only plasma GFAP positive individual
had the highest EDSS score (EDSS05).

When comparing GBM and ICM patients, we found
statistically significant differences in plasma concentrations
of BDNF, PlGF, IL8, and GFAP. PlGF and IL8 plasma
concentrations were significantly higher in ICM patients
than in GBM patients (p00.002, p00.001, respectively,
both with Mann–Whitney U test). In contrast, GFAP and
BDNF plasma concentrations were significantly lower in
ICM patients than in GBM patients (p<0.001, p00.04,
respectively, both with Mann–Whitney U test; Fig. 1). None
of the other markers (NPY, GDNF, S100B, or SCGN)
showed statistically different plasma concentrations be-
tween GBM and ICM patients. All eight plasma parameters
analyzed in this study were included in a stepwise logistic
regression model in order to explore their discriminatory
value in the differential diagnosis of unifocal GBMs versus
singular supratentorial ICMs. The area under the curve of

the model was 0.84 which was reduced to 0.73 (p<0.05)
after internal validation with bootstrap method. The boot-
strap method also allows counting how often a candidate
variable enters the final model. GFAP and PlGF were cho-
sen in 79 and 70 % of the bootstrap replications, respective-
ly, indicating rather strong predictability whereas all other
parameters failed to show a relevant predictability (ranging
from 6 to 37 %).

NPY and IL8 plasma concentrations showed a statistical-
ly significant inverse association with tumor grade in glioma
(p00.02 for both, Mann–Whitney U test; Fig. 1a). NPY
concentrations were significantly lower in the blood plasma
of high grade meningioma patients than in the plasma of
low-grade meningioma patients (p00.004, Mann–Whitney
U test). PlGF concentrations were significantly higher in the
blood plasma of high grade meningioma patients than in the
plasma of low grade meningioma patients (p00.03, Mann–
Whitney U test).

Correlation with neuroradiological findings

Evaluable neuroradiological images were available in 96/
105 patients. Electronic supplementary material (ESM) 1
shows the correlation of plasma detectability of each marker
with neuroradiological parameters.

In brief, none of the eight investigated plasma markers
showed statistically significant association with presence of
contrast enhancement, perifocal edema, necrosis, hippocam-
pus infiltration, contact with meninges, brain compression,
brain invasion, tumor volume, or number of intracerebral
neoplastic lesions (ESM 1). Solely, lack of GDNF plasma
detectability was associated with lack of ependymal contact
within ICM patient group (p<0.05, Fisher’s exact test).

Among anaplastic gliomas (WHO III), tumors with epen-
dyma contact were significantly larger than tumors without
ependyma contact, respectively (p00.04, Mann–Whitney U
test). ICM cases with perifocal edema were significantly
larger than ICM cases without perifocal edema (p00.002,
Mann–Whitney U test). Tumor volume or number of intra-
cerebral neoplastic lesions did not show statistically signif-
icant associations with plasma detectability of any of the
investigated markers.

The correlation of plasma marker concentrations with
anatomical tumor localization according to tumor type is
summarized in ESM 2. Plasma detectability of any of the
eight parameters was not associated with tumor location (all
p<0.05, logistic regression).

Assessing agreement of the duplicate measurements

Agreement of the duplicate measurements of GFAP, SCGN,
and IL8 plasma concentrations were assessed using Bland–
Altman diagram and showed highly congruent results.
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Survival analysis

Clinical follow-up data were available of 27/34 GBM
patients. We did not detect a statistically significant

association of plasma concentration of any of the eight
investigated markers with patient overall survival time.
However, there was an interesting difference in median
overall survival times between GBM patients with

Fig. 1 Boxplots summarizing
the plasma concentrations of
each marker according to brain
tumor diagnosis. The
significant differences between
patient groups were calculated
using Mann–Whitney U test
and are depicted with asterisks
(*p<0.05, **p<0.01, and
***p<0.001). Demonstrated
are the pairwise tests between
glioma and ICM groups, among
the glioma (WHO II–IV) and
meningioma (WHO I–II)
groups. BDNF brain-derived
neurotrophic factor, GDNF glial
cell line-derived neurotrophic
factor, GFAP glial fibrillary
acidic protein, glioma II glioma
WHO II, glioma III glioma
WHO III, glioma IV glioma
WHO IV, ICM intracerebral
metastasis, IL8 interleukin 8,
Men I meningioma WHO I,
Men II meningioma WHO II,
NPY neuropeptide Y, PlGF
placental growth factor, SCGN
secretagogin
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(11.3 months) and GBM patients without (5.2 months) de-
tectable plasma GFAP (Fig. 2).

Discussion

In this study, we characterized the blood plasma concentra-
tions of eight markers in brain tumor patients. Most of the
markers were detectable in all diagnostic categories in var-
iable concentrations, which may reflect distinct biological
tumor features. We observed some associations of blood
marker concentrations with clinical parameters that may be
of relevance for patient management.

We show that plasma GFAP detectability is highly as-
sociated with the diagnosis of GBM. This finding is in line
with two previous investigations that have described cir-
culating GFAP as potentially useful biomarker in malig-
nant glioma patients [9, 24]. However, in contrast to the
study by Jung et al., we did not detect circulating GFAP
exclusively in GBM patients. We detected GFAP also in
the plasma of one patient with ICM, one patient with MS,
and even in one healthy control subject. While breakdown
of CNS tissue associated with the metastasis in the ICM
patient and with inflammation in the MS patient seem
plausible explanations for the elevation of circulating
GFAP, it is unclear what may have caused plasma GFAP

detectability in the healthy control subject. Anyway, our
data show that plasma GFAP elevations lack perfect accu-
racy for GBM. However, also most well established and
clinically useful tumor markers like CEA, CA 19-9 or
CA125 lack perfect accuracy [2, 6, 13].

In concordance with Jung et al. [24], we show that not all
cases of GBM are plasma GFAP positive. We were not able
to identify a difference in neuroradiological appearance
between GBM patients with and without detectable plasma
GFAP. In contrast to the two previous studies by Jung et al.
and Brommeland et al. [9, 24], we could not detect a
correlation between the concentration of circulating GFAP
and tumor volume in GBM patients. One reason for this
discrepancy could be that volumetric assessment of GBM is
hampered by its infiltrative growth pattern, which limits
reliable demarcation of tumor borders on neuro-images.

Differential diagnosis of GBM from ICM is a common
neuroradiological problem. Both tumor types may appear as
contrast-enhancing ring-like lesions in the brain parenchyma.
Characteristic plasma biomarker profiles for these entities
could potentially support radiological differential diagnosis
and clinical decision making [24]. In our study, we found that
four of the investigated markers, namely BDNF, IL-8, PlGF,
and GFAP showed statistically significant differences in plas-
ma concentrations between GBM and ICM cases. Using a
stepwise logistic regression model with internal bootstrap

Fig. 2 Kaplan–Meier curve
showing a statistically non-
significant trend towards more
favorable overall survival of
GBM patients with detectable
plasma GFAP as compared to
patients without detectable plas-
ma GFAP (log-rank test00.18)
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validation, we found that blood markers have the potential to
distinguish unifocal supratentorial GBMs from ICMs in case
of a supratentorially located singular contrast-enhancing le-
sion with an AUC value of 0.73 (p<0.05), a value that is
considered to indicate a good diagnostic potential [20]. In our
dataset, plasma GFAP and plasma PlGF showed to be the
most promisingmarker. Our exploratory data demonstrate that
presence of GFAP and absence of PlGF in the plasma asso-
ciates with GBM and thus may support the neuroradiological
differential diagnosis of GBM versus ICM, althoughmeasure-
ment of these markers does not have the potential to replace
histological diagnosis. In addition, as none of the other tumor
types investigated showed detectable plasma GFAP levels,
this may help to distinguish rare cases with atypical neurora-
diological appearance from glioblastoma. Our findings should
be further evaluated with larger prospective cohorts. Further-
more, it would be also interesting to study the plasma concen-
trations of these markers in other lesions with a similar
neuroradiological appearance, e.g., abscesses or lymphomas,
or to correlate metabolic tumor characteristics (e.g., MR spec-
troscopy data) to blood biomarker concentrations.

Analyzing the association of plasma markers with tumor
grade, we detected (1) inverse associations of plasma–NPY
concentrations with tumor grade both in glioma and menin-
gioma cases, (2) an inverse association of IL8 plasma con-
centration with tumor grade in glioma, and (3) a positive
association of plasma–PlGF concentrations with tumor
grade in meningioma. We can only speculate on the reasons
for these findings. Changes in NPY homeostasis associated
with stress response, anxiety or metabolism may be respon-
sible for the observed differences in NPY plasma levels in
gliomas and meningiomas of different grades. Interestingly,
brain tumor development has been linked to decreases in
NPY–mRNA expression in mouse brain [22] and it has been
reported that NPY receptors are highly associated with
higher grades of gliomas and are also expressed in menin-
giomas [25]. It seems conceivable that expression of NPYor
its receptors may be pathogenetically linked to glioma or
meningioma progression and NPY detectability in the
blood. The clinical utility of the association of NPY, PlGF,
and IL8 with tumor grade in glioma and meningioma, re-
spectively, remains unclear, as the low number of cases
prevented meaningful statistical exploration of the diagnos-
tic potential of these markers in our study.

Survival analysis did not reveal a statistically significant
association of blood plasma concentration of any of the inves-
tigated markers with survival times in GBM patients. Howev-
er, it must be noted that the statistical power of our survival
analyses was limited, as clinical follow-up data were only
available in 27 cases. Of note, we observed a trend towards
more favorable survival times of GBM patients with detect-
able plasma GFAP as compared to GBM patients without
detectable plasma GFAP. Although this result is not

statistically significant, it may reflect the findings of a previ-
ous study that showed decreasing GFAP expression with
increasing malignancy grade of gliomas [23].

This study was performed in an explorative manner
and surely includes some limitations. One important
limitation is that we could analyze plasma concentra-
tions of only one marker in control and MS subjects
due to the lack of sample volumes. We selected GFAP,
as this marker showed the most distinct association with
a given diagnosis, namely GBM. A second limitation of
the plasma analyses for different parameters is rather a
technical issue that commercially available ELISA tests
measures only the concentrations which are above the
level of detection given for each assay. Therefore, we
had to categorize seven out of eight plasma markers
according to their detectability as detectable vs. non-
detectable which unfortunately associates with loss of
information. While we used ELISA kits for detection of
selected markers, proteomic-based approaches may en-
able the measurement of a broader spectrum of proteins.
Another arguable limitation of our study may be that in
28 patients there was no histological investigation of the
cerebral lesion diagnosed as ICM based on clinical
history and neuroradiology. These patients presented
with histologically confirmed primary noncentral ner-
vous system tumors and intracerebral lesions with the
typical neuroradiological appearance of ICM. According
to common practice at our and other centers, histologi-
cal confirmation of intracerebral metastatic lesions is not
mandatory prior to the treatment with radiosurgery or
radiotherapy, although a study published in 1990
reported that 11 % of suspected brain metastases were
not confirmed by histology [35]. However, we believe
that the presentation of our patients as assessed by
modern multimodal high-field MRI imaging (3 T) was
typical enough to make our findings reliable despite the
missing formal verification of ICM by histology. There-
fore, we decided to include such patients in our analy-
ses in order to increase the statistical power of our
models.

To summarize the most interesting finding of our study, our
data indicate that GFAP and PlGF are potentially useful as
clinical biomarkers that may support neuroradiological differ-
ential diagnosis of GBM versus ICM. However, it should be
noted that we can only conclude minor results derived from
our study and none of the markers investigated showed the
potential to replace histological diagnosis. We have initiated a
prospective study investigating the dynamics of blood bio-
marker levels during the disease course of glioma patients.
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Comment

Benedicto Oscar Colli, Ribeirão Preto, Brasil
I would like to congratulate the authors for this interesting work on

tumor biology. Identification of biological markers in the blood asso-
ciated with tumors probably will be the key for precocious detection of
tumors and, we hope, even before the tumor starts to develop and this
paper is a practical evidence of the utility of molecular biology. Using
imunohistochemistry detection of some biological markers in the
blood, the authors intended to associate these markers with primary
and secondary tumors of the central nervous system, a topic not so
much explored in the literature.

The authors appropriately comment the weak points of the study,
emphasizing the small sample number for some tumors (low-grade
gliomas and meningiomas) and the lack of histopathological diagnosis
for most part (62.3 %) of patients with supposed brain metastasis that
precluded stronger conclusions. Besides of this, only one marker was
analyzed in the control group and in the group with multiple sclerosis
due the small amount volume of the samples. Another problem was a
technical limitation due to the fact that commercial kits for plasma
analysis measures only the concentrations which are above the level of
detection givens for each assay and, therefore, the measures were done
according to their detectability (detectable vs. nondetectable), which
causes loss of information.

Their results were submitted to very meticulous and sophisticated
statistical analysis that allowed confidence on the results.

The main conclusion was that presence of GFAP (glial fibrillary
acidi protein) in the plasma was more frequent in patients with glio-
blastoma multiforme and PlGF (placental growth factor) was more
frequent in patients with brain metastasis and this can help in the
differentiation of these tumors before histopathological analysis.

Additionally, it was also suggested, without statistical significance,
that patients with glioblastoma and with GFAP detected in the plasma
has better survival than patients that had not GFAP detected in the
plasma. It was also noted inverses association of plasma–NPY con-
centrations with tumor grade for gliomas and meningiomas, an inverse
association of IL8 plasma concentration with tumor grade in gliomas,
and a positive association of plasma–PlGF concentrations with tumor
grade in meningiomas.

The results of this study are promising and if confirmed and more
explored with adequate samples of tumors, they can be a valuable
contribution for diagnosis and prognosis of tumors of the central
nervous system.

Tamas Doczi, Pecs, Hungary
Conventional structural imaging provides limited information on

tumor characterization and prognosis. Advances in neurosurgical tech-
niques, radiotherapy planning and novel drug treatments for malignant
brain tumors have generated increasing need for reproducible, nonin-
vasive, quantitative imaging biomarkers such as physiological MRI
and PET molecular imaging that help in understanding metabolic
processes associated with tumor growth, blood flow and fine structure.
Despite their added value, the effect of these imaging biomarkers as an
adjunct to structural imaging in clinical research and practice have
remained rather limited. Searching for systemic biomarkers of intrace-
rebral pathologies is also of major interest. Blood markers for CNS
tumors, if identified, would be of great value for allowing differential
diagnosis without obtaining tissue and for diagnosing recurrences of
CNS tumors. This latter would be of considerable value especially in
the case of malignant gliomas where pseudo-progression is a common
clinical problem. The authors investigated at 8 of traditional and some
novel candidate plasma markers. Their present results and conclusions
are limited by the small number of probands. The study in the present
form does not help the reader to get a definite answer to the question,
are molecular biomarkers in neuro-oncology ready for clinical prac-
tice? The study presents tendencies rather than definite differences,
with the exception of the authors’ (non-novel) observation of higher
GFAP levels in GBM patients than in metastasis patients.

However, this prospective exploratory study investigating the blood
plasma concentrations of several distinct proteins and their association
with cerebral tumor type and neuroradiological features in adult brain
tumor patients may help neurosurgeons to get acquainted with potential
areas for which biomarkers can improve patient care. It may range
from early detection and diagnosis, prediction of response or toxicity
of therapy and prognosis. Blood markers can also potentially improve
the efficiency of the development of novel treatment approaches.

James T Rutka, Toronto, Canada
The authors have examined the role of plasma biomarkers in 105

adult brain tumor patients who had a variety of different tumor types.
They chose, a priori, 8 different biomarkers that were selected on the
basis of their known involvement in processes that affect the growth of
cells within the central nervous system. The concentrations of these
biomarkers were correlated with clinicopathological data. In the end,
they show that GFAP was a strongly associated biomarker with GBM,
and GFAP and PlGF were promising in differentiating between GBM
and unifocal supratentorial metastasis.

This is an important study because any attempt at establishing a
diagnosis of an intracranial brain tumor by minimally invasive strate-
gies, such as a blood marker, would be extremely valuable. A lot of
energy and effort now are being directed at establishing such bio-
markers in a host of different cancer types. Ideally, we would like to
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see the sensitivity and specificity of a biomarker that is wholly diag-
nostic and prognostic such as is the case with certain intracranial germ
cell tumors that express alpha fetoprotein, or human chorionic gonad-
otropin to give some examples.

As the field of proteomics expands, and as the detection of rare proteins
at low concentrations becomes possible, we can look forward to the estab-
lishment of unique biomarkers for various brain tumors which have hitherto
gone undetected. I congratulate the authors for this interesting body of work.

Walter Stummer, Münster, Germany
This is an analysis of potential blood markers for CNS tumors. Such

blood markers, if identified, would be of great value for allowing
differential diagnosis without obtaining tissue and for diagnosing
recurrences of CNS tumors. The latter would be of considerable value
especially in the case of malignant gliomas where phenomena as
pseudo-progression or pseudo-response are a common clinical prob-
lem. The authors investigate a number of traditional and some novel
candidate plasma markers.

However, the results and conclusions are limited by the small
number of patients and require careful scrutiny, with the exception
of the authors’ (non-novel) observation of higher GFAP levels in
GBM patients than in those with metastastic tumors. To be more
convincing, this dataset needs to be validated in an independent
sample or, in a first step, should be expanded to a larger group of

patients. It would be of particular interest to test the markers in
recurrent glioblastomas. In my experience these tumors pose much
more of a formidable clinical problem than discerning a malignant
glioma from a metastasis.

Enver Bogdanov and A. Zabbarova, Kazan, Russia
Ilhan-Mutlu A., Preusser M. and co-authors present the results of

the research of eight circulation plasma markers in brain tumor
patients. In the panel of investigated proteins authors used six known
and 2 new for the neurooncological patients’ substances. Results of this
study indicate that 2 proteins (GFAP and PIGF) are potentially useful
as clinical biomarkers that may support neuroradiological differential
diagnosis of glioblastoma multiforme versus intracerebral metastasis.
None of the markers investigated in this study showed the potential to
replace histological diagnosis.

This research is based on sufficient clinical material and references
and is of big practical interest. At the same time, as noted by the
authors themselves, this study requires further. The search for new
markers, a comparison of markers in plasma and in CSF, the expansion
of the number of patients enrolled in the study and analysis of their
neurological status and outcomes is an important for the screening,
early diagnosis and prognosis of the patients, as well as to clarify the
classification of brain tumors and to identify possible paraneoplastic
syndroms.
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