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j Abstract Objective The diag-
nosis of leptomeningeal metasta-
ses (LM) is based on clinical
symptoms, magnetic resonance
imaging (MRI) of brain and spine
and cytological analysis of cere-
brospinal fluid (CSF). The clinical
picture of LM is highly variable
and both cytological CSF analysis
and contrast-enhanced MRI are
limited in sensitivity. More sensi-
tive tools are needed to diagnose
LM. We measured a profile of
proteins involved in adhesion and
inflammation in the CSF of LM
and control patients and deter-
mined their potential diagnostic
value for LM. Patients and meth-
ods Using Multiplex Immuno-
Assay (MIA), the CSF concentra-
tions of nine soluble adhesion
molecules, cyto- and chemokines
were measured in patients with
cytologically proven LM (n=57)
and control patients with a sys-
temic malignancy (n=20), aseptic/

viral meningitis (n=11) or other
(non-)neurological diseases
(n=19). Results We found high
CSF levels of soluble Vascular Cell
Adhesion Molecule-1 (sVCAM-1),
soluble Intercellular Adhesion
Molecule-1 (sICAM-1), Interleu-
kin-8 (IL-8), Pulmonary and
Activation Regulated Chemokine
(PARC), Interleukin-18 (IL-18)
and Interferon-c inducible protein
(IP-10) in patients with LM. The
CSF protein profile in LM patients
differed significantly from the
profile found in control patients.
Multivariate logistic regression
and ROC analysis showed that the
MIA-measured CSF protein profile
has an additive discriminating
value for LM above standard CSF
parameters. A combination of
total protein, glucose, IL-8, PARC
and IP-10 CSF levels proved to be
most discriminative between LM
and non-LM patients. Conclusion
Our results warrant a prospective
study to determine whether a CSF
protein profile, including IL-8,
PARC and IP-10 has diagnostic
value compared with CSF cytol-
ogy, the golden standard for LM.

j Key words leptomeningeal
metastases Æ cerebrospinal
fluid Æ multiplex immuno-assay Æ
soluble adhesion molecules Æ
cytokines
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Introduction

Leptomeningeal metastases (LM) are an increasingly
important complication of systemic cancer. Cancer
patients survive longer and more frequently develop
metastases in the central nervous system, as chemo-
therapy often fails to penetrate the blood- brain bar-
rier [5]. The diagnosis of LM is based on clinical
symptoms, contrast-enhanced Magnetic Resonance
Imaging (MRI) of brain and spine and cytology of
cerebrospinal fluid (CSF). Diagnosing LM is a signif-
icant challenge since the clinical picture is highly
variable and both MRI and CSF cytology are limited
in sensitivity. MRI of brain or spine shows distinct
contrast enhancement of the leptomeninges in only
60% of patients with LM, while enhancement may
be due to other (inflammatory) causes [7, 21]. CSF
cytology, the golden standard for LM, is positive in
only 55% of patients with LM derived from solid tu-
mours on the initial CSF examination, whereas its
sensitivity increases to 80–90% on repeated CSF
analyses [26, 27]. Results from CSF cytology in hae-
matological patients with LM are more favourable:
71% of patients have positive results on the initial
lumbar puncture, which increases to 92% at the sec-
ond CSF analysis [13]. Polymerase chain reaction
(PCR) and flow cytometry result into a further in-
crease of the sensitivity for the diagnosis LM in pa-
tients with haematological malignancies [20, 23].

To further improve the diagnostic yield of CSF
analysis especially in patients with solid tumours,
biochemical markers in the CSF have been studied.
Standard parameters (number of leucocytes, total
protein and glucose concentration) were virtually
always abnormal in patients with LM, but in a
non-specific way [27]. Elevated CSF concentrations of
b-glucuronidase, lactate dehydrogenase (LDH),
b2-microglobulin and carcino-embryogenic antigen
(CEA) were found in LM patients but they either
lacked specificity (b-glucuronidase, LDH, b2-micro-
globulin) or sensitivity (CEA) [24, 25, 27]. Instead of
determining a single biomarker with traditional
assays like Enzyme Linked Immunosorbent Assay
(ELISA) or PCR, new technologies like Multiplex
Immuno-Assay (MIA) and protein arrays are
emerging, which are used to analyse protein profiles in
body fluids [4, 6, 14, 18].

In previous studies on the pathofysiological pro-
cesses involved in LM, we obtained evidence that
tumour cell adhesion to the leptomeninges is crucial
for in vivo LM progression in mice (Brandsma et al.,
neuro-oncology, in press). We showed that in vitro
cultured mouse leptomeningeal cells express inter-
cellular adhesion molecule-1 (ICAM-1, CD54) and
vascular cell adhesion molecule-1 (VCAM-1, CD106),

the latter being important for initial tumour cell
adhesion to the leptomeninges [2]. Furthermore,
leptomeningeal tumour growth elicits an intrathecal
inflammatory response in the CSF, which is reflected
by the influx of leukocytes and elevated IgG and IgM
indices [29]. Inflammatory processes are mediated by
cytokines, (e.g., interleukins, interferons and tumour
necrosis factor-a (TNF-a)), proteins that function as
chemical communicators between cells during
inflammatory responses [1, 16, 17]. A subgroup of
small cytokines, chemokines, can also chemo-attract
leukocytes and include Interleukin-8 (CXCL8; IL-8),
Interferon-c inducible protein (CXCL10, IP-10) and
Pulmonary and Activation Regulated Chemokine
(PARC; CCL18) [8, 12, 15, 30].

As both tumour cell adhesion to the leptomeninges
and an intrathecal inflammatory response occur in
LM, we hypothesize that (I) CSF levels of soluble
adhesion molecules, cyto- and chemokines are in-
creased in patients with LM as compared with
non-LM patients and (II) these CSF protein levels
have diagnostic value for LM. In the underlying study
we measured the CSF levels of nine soluble adhesion
molecules, cyto- and chemokines in LM and non-LM
patients with Multiplex Immuno-assay and deter-
mined their potential diagnostic value for LM.

Patients and methods

j Patients

We studied consecutive patients with LM (group I), patients with a
systemic malignancy but no LM (group II) and patients with other
(non-) neurological diseases (group IV) out of a CSF bank of 573
patients, who visited the outpatient’s clinic or were admitted to the
Departments of Neurology and Medical Oncology at the University
Medical Center Utrecht (UMCU) or the Antoni van Leeuwenhoek
Hospital (AVL), Amsterdam from 1994 until 2002. As the clinical
signs and symptoms of patients with aseptic or viral meningitis can
resemble those seen in patients with LM, we also selected a group of
patients with aseptic or viral meningitis (group III) out of a CSF
bank of 2500 patients, who visited the University Medical Center
Nijmegen (UMCN) from 1997 to 2002. A lumbar puncture was
indicated in all patients because of neurological signs and/or
symptoms. The puncture was performed before any treatment was
started.

Patients were included in group I when they had a systemic
malignancy and cytologically proven LM. Group II consisted of
patients with a systemic malignancy, who presented with neuro-
logical symptoms, but proved to have no LM. The absence of LM
was based on the following criteria: (1) no malignant cells on CSF
cytology, (2) normal standard CSF parameters (defined as number
of leucocytes £ 3 * 106/l, total protein content £ 0.6 g/l and glucose
levels ‡ 2.5 mmol/l), (3) no progression of neurological symptoms
and (4) survival of at least 6 months after the diagnostic lumbar
puncture. Group III was composed of patients with either aseptic or
viral meningitis in the absence of cancer. The diagnosis of aseptic
or viral meningitis was based on clinical symptoms (fever, men-
ingeal irritation) and an elevated number of leukocytes in the CSF
(>10 * 106 leukocytes/l), predominantly lymphocytes. Group IV
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consisted of patients without cancer in their medical history, who
underwent a lumbar puncture because of neurological signs and/or
symptoms (e.g., thunderclap headache, sensory symptoms of lower
extremities). The patients either proved to have no neurological
disease or had a non-inflammatory and non-malignant neurologi-
cal disease.

j CSF samples

CSF samples were drawn by a lumbar puncture. Samples were
centrifuged during 10 minutes at 1500 rpm and supernatants were
aliquotted and stored at )80 �C until measurements.

j Multiplex Immuno-assay

CSF levels of soluble Vascular Cell Adhesion Molecule-1 (sVCAM-
1; CD106), soluble Intercellular Adhesion Molecule-1 (sICAM-1;
CD54), Interleukin-8 (IL-8; CXCL8), Pulmonary and Activation
Regulated Chemokine (PARC; CCL18), Interleukin-18 (IL-18),
Interferon-c inducible protein (IP-10, CXCL10), Interferon-c
(IFN-c), Tumor Necrosis Factor-a (TNF-a) and Interleukin-1b
(IL-1b) were measured with the Multiplex immuno-assay (MIA).
Antibody pairs used for the Multiplex Immuno-assay were pur-
chased from different commercial sources and coupled as de-
scribed previously [4]. The capture antibody for sVCAM-1/CD106
(clone sVCAM1–2) and its detection antibody (clone B-N8) were
purchased from BenderMedSystems (Vienna, Austria). The cap-
ture antibody for sICAM-1/CD54 (clone 14C11) and its polyclonal
sheep detection antibody were obtained from R&D Systems
(Abingdon, United Kingdom). Calibration curves from re-
combinant protein standards were prepared using two-fold dilu-
tion steps in diluent buffer (R&D Systems, Abingdon, United
Kingdom). Recombinant proteins were reconstituted in PBS, pH
7.4, containing 0.5% bovine serum albumin (BSA; Sigma-Aldrich,
Zwijndrecht, The Netherlands) to a concentration of 5 lg/ml.
Samples with recombinant protein standards and CSF samples
were measured in duplicate and blank values were subtracted
from all readings. All CSF samples were measured blinded to the
clinical status of the patient. To inhibit non-specific binding from
the matrix, normal rat and mouse serum (5% each; Rockland,
Gilbertsville PA, USA) were added. All samples were run undi-
luted and diluted 1:50 with High Performance ELISA buffer (HPE-
buffer; Sanquin, Amsterdam, the Netherlands). All assays were
carried out directly in a 96 well 1.2 lm filter plate (Millipore,
Amsterdam, the Netherlands) at room temperature and protected
from light. A mix containing 1000 microspheres per mediator
(total volume: 10 ll/well) was incubated together with 50 ll
standard, sample or blank for 60 minutes. Next, 10 ll of a cocktail
of biotinylated antibodies (16.5 lg/ml each) was added to each
well and incubated for an additional 60 minutes. Beads were
washed with PBS-1% BSA-0.5%-Tween 20 pH 7.4 in order to re-
move the sample and unbound antibodies. After incubation of
10 minutes with 50 ng/well streptavidin R-phycoerythrin (BD
Biosciences, San Diego CA, USA) and washing twice with PBS-1%
BSA-0.5%-Tween 20 pH 7.4, the fluorescence intensity of the
beads was measured in a final volume of 100 ll HPE-buffer.
Measurements and data analysis of all assays were performed
using the Bio-Plex system in combination with the Bio-Plex
Manager software version 3.0 using five parametric curve fitting
(Bio-Rad Laboratories, Hercules CA, USA). Detection limits were
3.0 pg/ml for sVCAM-1 and sICAM-1, 1.2 pg/ml for PARC and
0.3 pg/ml for the other cyto- and chemokines. Intra- and inter-
assay variance, expressed as coefficient of variation (CV) was
calculated using five internal control samples. Intra-assay
variance, measured in quadruplicate at two different time-points
had a coefficient of variation of 8.1%. Inter-assay variation was

evaluated by testing the internal control samples at 7 different
time points. This variability ranged between 6.5% and 16.2% with
an average of 11.4% [3].

Data analysis

The concentrations of the MIA-measured proteins in the patient
groups were compared using the non-parametric Mann-Whitney U
test. A p-value <0.05 was considered statistically significant. To
determine the potential diagnostic value of the MIA-measured
protein profile, multivariate models were made using logistic
regression analysis, yielding odds-ratios (OR) with a confidence
interval (CI). A backward step-wise multivariate logistic regression
model was used to find the parameters with the highest diagnostic
value for LM. Variables with a p-value >0.10 were step-wise re-
moved from the model. Receiver-operator characteristic (ROC)
curves were drawn and areas under the curves (AUC) were calcu-
lated [10].

Results

j Patients’ and CSF characteristics

Fifty-seven patients with cytologically proven LM
(group I), 20 patients with a systemic malignancy
without LM (group II), 11 patients with aseptic or
viral meningitis (group III) and 19 patients with either
no neurological disease or a non-malignant and non-
inflammatory neurological disease (group IV) were
included in the study. Patients’ and CSF characteris-
tics of the groups are shown in Table 1 and 2,
respectively.

j High sVCAM-1, sICAM-1, IL-8, PARC, IL-18 and IP-10
CSF levels in LM patients

Patients with cytologically proven LM (group I; n=57)
showed high median CSF levels of sVCAM-1, sICAM-
1, IL-8, PARC, IL-18 and IP-10 (Figure 1: panels A-F).
These protein levels differed significantly from the
CSF levels found in control patients (group II-IV;
n=50, p-value <0.001, Table 3). Elevated IFN-c CSF
levels were found in only one LM patient, as com-
pared with 6 of 11 patients with aseptic/viral menin-
gitis (Figure 1: panel G). IL-1b was not detectable in
LM patients, but low IL-1b CSF levels were found in 4
of 11 patients with aseptic/viral meningitis (Figure 1:
panel H). TNF-a was not detectable in the CSF of any
of the four patient groups (data not shown). In a more
detailed comparison with the control groups, patients
with LM showed significantly higher sVCAM-1,
sICAM-1, IL-8, PARC, IL-18 and IP-10 levels as
compared to cancer patients without LM (group II) or
other (non-) neurological diseases (group IV) (both
comparisons: p £ 0.001). High median CSF levels of
sVCAM-1, sICAM-1, IL-8, IL-18, IP-10 and IFN-c were
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found in patients with aseptic/viral meningitis as
compared with cancer patients without LM (group II)
and patients with other (non-) neurological diseases
(group IV) (both comparisons: p < 0.001). Of note,
patients with aseptic/viral meningitis showed signifi-
cantly higher sVCAM-1, IL-18 and IP-10 and IFNc
CSF levels than patients with LM (p < 0.05), whereas
PARC levels were significantly lower in patients with
aseptic/viral meningitis than in patients with LM
(p<0.001).

j Potential diagnostic value of the MIA-measured
CSF protein profile for LM

Multivariate logistic regression and ROC analysis
were performed to determine whether the MIA-mea-
sured CSF protein profile has potential diagnostic
value for LM. As we selected the LM patients on
positive CSF cytology, we can not compare the diag-

nostic value of the CSF protein profile with CSF
cytology. Therefore, we determined whether the pro-
tein profile has additional discriminating value for LM
above the standard CSF parameters. The left column
of Table 4 shows the multivariate logistic model based
on the standard CSF parameters for group I versus
group II-IV (model M1). Because of the CSF selection
criteria of group II and IV, the area under the curve of
the ROC was high (AUC = 0.89; CI 0.82–0.95).
However, inclusion of the MIA-measured protein
profile in the multivariate model of the standard CSF
parameters (model M3), resulted in an AUC increase
to 0.95 (CI: 0.91 – 1.00), similar to that of the MIA-
measured protein profile alone (model M2). Using
backward step-wise multivariate regression analysis, a
combination of total protein, glucose, IL-8, PARC and
IP-10 CSF levels (model M4) showed a comparably
high AUC (0.95; CI: 0.90 - 0.99), as was found for the
standard CSF parameters and the full MIA-measured
protein profile (Table 4 and Fig. 2). The results of the

Table 1 Clinical characteristics of the patient groups. Age is presented as median years with range. In group I and II the number of patients with a specific primary
tumour is shown. Furthermore, the number of patients with aseptic and viral meningitis (group III) and the specified (non-) neurological diseases (group IV) are
depicted.

group I
leptomeningeal
metastases

group II
systemic malignancy
without
leptomeningeal
metastases

group III
aseptic/viral
meningitis

group IV
other (non-)
neurological diseases

number of patients n=57 n=20 n=11 n=19
gender male sex (%) 19.3 25.0 36.4 42.1
age (years and range) 52 (24–76) 46 (24–70) 48 (16–75) 42 (21–79)
primary tumour

breast cancer/non Hodgkin lymphoma 33/4 12/8
bronchial carcinoma 9 –
melanoma/gastrointestinal cancer 5/4 –
ovarian cancer/acute lymphocytic leukaemia 1/1 –

aseptic or viral meningitis
aseptic/positive PCR Herpes Simplex virus 9/2

other (non-) neurological diagnoses
no neurological disease 12
cerebral ischaemia/multiple systemic atrophy 1/1
trigeminal neuropathy/sensory polyneuropathy 1/1
radicular syndrome by hernia nuclei pulposi 1
venous sinus thrombosis 1

seizures due to electrolyte disturbances 1

Table 2 Standard CSF parameters of the patient groups. Values are presented as median number of cells/ ll or median concentrations with range

group I
leptomeningeal
metastases

group II systemic
malignancy without
leptomeningeal metastases

group III aseptic/
viral meningitis

group IV other
(non-) neurological
diseases

number of erythrocytes (· 106/l) 4 (0–2219) 15 (0–357) 38 (0–116) 1 (0–10)
number of leucocytes (· 106/l) 12 (0–552) 0 (0–3) 121 (33–373) 1 (0–3)
total protein (g/l) 1.72 (0.23–13.8) 0.36 (0.12–0.56) 1.25 (0.39–1.52) 0.44 (0.24–0.53)
glucose (mmol/l) 2.4 (0.1–5.2) 3.6 (2.8–4.5) 3.1 (2.0–4.2) 3.8 (2.6–4.7)
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Fig. 1 Dot plots of the CSF levels of soluble adhesion molecules, cyto- and chemokine in four patient groups as measured by Multiplex Immuno-assay. Group I:
cytologically proven LM (n=57), group II: systemic malignancy without LM (n=20), group III: aseptic/viral meningitis (n=11) and group IV: other (non-) neurological
diseases (n=19). sVCAM-1 (CD106) = soluble Vascular Cell Adhesion Molecule-1; sICAM-1
(CD54) = soluble Intercellular Adhesion Molecule-1; IL-8 (CXCL8) = Interleukin-8; PARC (CCL18) = Pulmonary and Activation Regulated Chemokine; IL-18 =
Interleukin-18; IP-10 (CXCL10) = Interferon-c inducible protein; TNF-a = Tumour Necrosis Factor-a; IL-1b = Interleukin-1b and IFN-c = Interferon-c. Median CSF
protein concentrations are indicated

Table 3 Median CSF protein concentrations with range in the patient groups as measured by Multiplex Immuno-assay. Protein levels of group I versus group II-IV
were compared using the Mann Whitney-U test and p-values are indicated

median protein concentrations (range) p-value

group I
leptomeningeal
metastases

group II
systemic
malignancy without
leptomeningeal
metastases

group III
aseptic/viral
meningitis

group IV
other (non-)
neurological
diseases

group I versus
group II-IV

soluble VCAM-1 (ng/ml) 8.5 (1.1–164.0) 2.5 (0.8 – 5.6) 26.0 (10.6–67.1) 0.8 (0.5–1.7) < 0.001
soluble ICAM-1 (ng/ml) 3.2 (0.0–100.8) 0.2 (0.0–1.2) 6.5 (1.7–12.5) 0.2 (0.1–0.9) < 0.001
IL-8 (pg/ml) 463.8 (7.2–2058.7) 10.5 (3.5–253.7) 74.1 (29.4–2913.2) 0.0 (0.0–309.0) < 0.001
PARC (ng/ml) 46.8 (2.6–118.0) 13.4 (3.6–67.8) 0.4 (0.0–13.1) 1.0 (0.3–5.9) < 0.001
IL-18 (pg/ml) 2.2 (0.0–135.6) 0.0 (0.0–1.1) 14.5 (9.0–89.2) 0.0 (0.0–0.0) < 0.001
IP-10 (ng/ml) 1.5 (0.0–5.8) 0.0 (0.0–2.8) 6.0 (0.1–55.0) 0.0 (0.0–0.0) < 0.001
IFN-c (pg/ml) 0.0 (0.0–9.4) 0.0 (0.0–0.0) 25.1 (0.0–1238.9) 0.0 (0.0–0.0) 0.030
IL-1b (pg/ml) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–1.7) 0.0 (0.0–0.0) 0.129
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ROC analyses remained essentially the same after
exclusion of the five LM patients with a haematolog-
ical malignancy.

Discussion

False negative results on (initial) CSF cytological
examination are frequently observed in cancer
patients with proven LM on follow-up. These patients
run the risk of postponed treatment for LM which
may adversely affect both the duration and quality of
survival. In the underlying study, we investigated the
diagnostic potential of a protein profiling technique,

the Multiplex Immuno-Assay, for the diagnosis LM.
Using this technique, we measured in a single volume
of 50 ll CSF, nine proteins involved in two patho-
physiological processes of LM: adhesion of tumour
cells to the leptomeninges and the intrathecal
inflammatory reaction. We showed that LM patients
have high CSF levels of the soluble forms of VCAM-1,
and ICAM-1 and the cytokines IL-8, PARC, IL-18 and
IP-10 as compared with cancer patients without LM
and patients with other neurological (non-inflamma-
tory) diseases. Detectable IFN-c CSF levels were found
in one patient with LM , whereas IL-1b and TNF-a
CSF levels were undetectable in all LM patients,
including the five patients with melanoma. These

Table 4 Diagnostic value of four logistic models for the diagnosis leptomeningeal metastases. AUC – ROC = Area under the curve of the receiver-operator
characteristic curve

variable Model M1 Model M2 Model M3 Model M4

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

number of leucocytes (· 108/l)* 0.31 0.12–0.76 – – 0.38 0.01–22.80 – –
total protein (· 10–1 g/l)* 1.35 1.14–1.61 – – 1.32 0.99–1.76 1.32 1.02–1.72
glucose (mmol/l) 0.25 0.10–0.68 – – 0.30 0.05–1.84 0.21 0.06–0.79
soluble VCAM-1 (· 10–4 ng/ml)* – – 1.50 0.43–5.24 0.94 0.14–6.09 – –
soluble ICAM-1 (· 10–3 ng/ml)* – – 1.29 0.73–2.27 1.12 0.91–1.39 – –
IL-8 (x 10–2 pg/ml)* – – 1.88 1.11–3.21 2.01 1.02–3.93 2.02 1.13–3.59

PARC (x 10–4 ng/ml)* – – 1.80 1.29–2.52 1.56 1.09–2.21 1.50 1.08–2.09
IL-18 (· 10–1 pg/ml)* – – 0.75 0.47–1.18 0.90 0.50–1.61 – –
IP-10 (· 10–3 ng/ml)* – – 0.37 0.17–0.83 0.31 0.11–0.87 0.26 0.09–0.75

AUC 95% CI AUC 95% CI AUC 95% CI AUC 95% CI
AUC – ROC 0.89 0.82–0.95 0.95 0.90–0.99 0.95 0.91–1.00 0.95 0.90–0.99

* Variable rescaled with a power of 10 in comparison with previous tables in order to obtain legible odds ratios. Rescaling does not affect AUC-ROC
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Fig. 2 Receiver-operator characteristic (ROC)
curves of the standard CSF parameters (dotted line,
table 4, model M1), the standard CSF parameters
and the CSF protein profile measured by Multiplex
Immuno-assay (solid line, table 4, model M3) and
the variables selected by backward step-wise
multivariate logistic regression (total protein,
glucose, Interleukin-8 (IL-8), Pulmonary Activated
Receptor Chemokine (PARC) and Interferon-c
inducible protein (IP-10)) (dashed line, table 4,
model M4) for the diagnosis LM
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latter results are in contrast with the findings by
Weller et al. (1992), who showed high CSF levels in
three of four melanoma patients with LM [29]. This
may be due to the small sample size but needs to be
addressed in larger prospective studies. These studies
should also include serum levels of cytokines to
monitor passive influx from the circulation into the
CSF as a potential confounder.

The CSF proteins measured in this study are in-
volved in adhesion and inflammation and are there-
fore not likely to be tumour specific. To determine
whether soluble forms of VCAM-1, and ICAM-1 and
the cytokines IL-8, PARC, IL-18 and IP-10 are also
elevated in the CSF of patients with inflammatory
CNS diseases, we measured the CSF protein profile in
patients with aseptic/viral meningitis. We found
similarities between patients with LM and patients
with aseptic/viral meningitis, as high CSF levels of
sVCAM-1, sICAM-1, IL-8, IL-18, IP-10 were shown in
both patient groups. However, there were also dif-
ferences: patients with LM had significantly lower
sVCAM-1, IL-18 and IP-10 and IFNc CSF levels and
higher PARC levels as compared with patients with
aseptic/viral meningitis.

Based on the data obtained in this study, we can
not determine the diagnostic potential of the MIA-
measured CSF protein profile in LM patients over CSF
cytology, as we selected the LM patient group by
positive CSF cytology. Alternatively, we compared the
discriminating value of the CSF protein profile with
standard CSF parameters using multivariate regres-
sion and ROC analysis. As expected, a high AUC-ROC
for LM was found for the CSF standard parameters,
since patients in the control group (group II and IV)
were selected on normal CSF standard parameters.

Nevertheless, addition of the MIA-measured CSF
protein profile resulted in a significant increase of the
AUC-ROC, indicating the potential diagnostic value of
CSF protein profile for LM. A combination of total
protein, glucose, IL-8, PARC and IP-10 CSF levels
proved to be most discriminative for LM versus non-
LM patients.

So far, research on the diagnostic potential of
single biochemical markers has been disappointing
[24, 25, 28]. The potential advantage of CSF protein
profiling is that multiple biomarkers may more
accurately reflect pathophysiological processes (e.g.
cancer) than one biomarker, resulting into an in-
crease of both specificity and sensitivity [9].

Future studies on CSF protein profiling may in-
clude not only adhesion and inflammation related
proteins, but also proteins involved in more tumour
specific processes like cell dedifferentiation, malig-
nant cell proliferation and tumour angiogenesis. A
candidate protein in this respect is vascular endo-
thelial growth factor (VEGF), as this angiogenic
protein was found to be highly elevated in the CSF of
LM patients as compared with patients with infec-
tious meningitis [11, 19, 22]. Furthermore, dediffer-
entiation markers like CEA (or CA 15–3), although
showing a low sensitivity for LM when measured as
a single biomarker (31%), may contribute to the
specificity of a CSF protein profile in LM patients
[25].

In conclusion, our data indicate that a CSF profile,
focused on proteins involved in adhesion and
inflammation, has potential diagnostic value for LM.
Future prospective studies should determine whether
such CSF protein profiles can prove or rule out LM in
patients with negative CSF cytology.
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