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Background. Moderate diagnostic accuracy of MRI and initial cerebrospinal fluid (CSF) cytology analysis results in at least 10%–
15% false negative diagnoses of leptomeningeal metastases (LM) of solid tumors, thus postponing start of therapy. The aim of
this prospective clinical study was to determine the diagnostic value of epithelial cell adhesion molecule (EpCAM)–based flow
cytometry versus cytology in CSF for the diagnosis of LM in patients with epithelial tumors.

Methods. Patients with a clinical suspicion of LM but a negative or inconclusive MRI in whom a diagnostic lumbar puncture has to
be performed were included. At least 5 mL of CSF for cytology, 5 mL for flow cytometry, 2 mL for cell count and biochemistry, and
8 mL whole blood samples for circulating tumor cells measurements and biochemistry were drawn. Tumor cells in CSF and whole
blood were detected by multiparameter flow cytometry using EpCAM antibody.

Results. In total 29 eligible patients were enrolled in the study. Thirteen patients were ultimately diagnosed with LM. The flow
cytometry assay showed 100% sensitivity and 100% specificity for diagnosing LM, while sensitivity of CSF cytology was only
61.5%. Cell count or biochemical parameters in CSF were abnormal in 100% of patients with LM.

Conclusions. Our results suggest that the EpCAM-based flow cytometry assay is superior to CSF cytology for the diagnosis of LM in
patients with an epithelial tumor, a clinical suspicion of LM, and a nonconclusive MRI. Confirmation of these data is needed in a
larger dataset to recommend dual CSF diagnostics for LM.

ClinicalTrials.gov Identifier. NCT01713699.
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Leptomeningeal metastases (LM), also known as meningeal
carcinomatosis or neoplastic meningitis, is a diffuse dissemina-
tion of tumor cells into the cerebrospinal fluid (CSF) and lepto-
meninges.1 Up to 8% of all patients with cancer ultimately
develop LM.2 The highest incidence of LM is seen in patients
with breast cancer (in particular lobular carcinoma), small cell
lung carcinoma (SCLC) and non –small cell lung carcinoma

(NSCLC), and melanoma.3 Due to the spread of tumor cells in
the CSF, LM is characterized by multifocal symptomatology
(cerebral/cerebellum, cranial nerve, and/or spinal nerve dys-
function). Gadolinium-enhanced MRI of the symptomatic
sites of the nervous system is the radiological diagnostic meth-
od of choice when LM is clinically suspected. In patients with
cancer, the diagnosis of LM can be made when clinical signs
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are compatible with LM and MRI shows subarachnoid tumor
nodules or contrast enhancement of the leptomeninges or cra-
nial or spinal nerves. The sensitivity of MRI with gadolinium for
LM is 75% and the specificity 77%.4 When MRI does not show
equivocal abnormalities, CSF cytology needs to be performed.
Malignant cells are found in the first CSF sample in 50%–67%
of patients with LM.5 – 8 The sensitivity rises to 80%–90% after a
second CSF sampling.6 The volume of the CSF sample deter-
mines partly the sensitivity of CSF cytology. If possible, it is ad-
vised to draw 10 mL of CSF and process the CSF as quickly as
possible.9 Cell count and clinical chemical analysis of the CSF
(leukocyte count, lactate dehydrogenase [LDH], total protein,
and glucose concentration) are aberrant in 90% of patients
with LM.6,10 However, abnormal cell count and biochemical pa-
rameters in the CSF do not prove LM, as these can also be found
in other neurological diseases, including infectious or aseptic
meningitis.10 Therefore, improved CSF diagnostics for LM are
needed to either rule out the diagnosis or expedite treatment
without further delay.

Isolation and quantification of circulating tumor cells (CTCs)
in whole blood using flow cytometry is a proven valuable prog-
nostic marker in metastatic breast, prostate, and colorectal
cancer.11 Concurrent flow cytometry to standard CSF cytology
is already being used in confirming the initial diagnosis and
monitoring leptomeningeal dissemination from hematologic
malignancies.12 – 15 Flow cytometry allows detection of multiple
fluorescent markers simultaneously. In epithelial tumors, a
fluorescent antibody against epithelial cell adhesion molecule
(EpCAM) is used, as this protein is expressed in various epithelial
cancers, such as breast cancer (ductal type more frequently
than lobular type), upper digestive and respiratory tract, gastro-
intestinal cancer, cancers of the genital and urinary tract, neu-
roendocrine tumors, and some types of soft tissue sarcoma.16

Malignant melanoma and glioblastoma do not express EpCAM.
Recently, a few studies have suggested that an EpCAM-based
CTC assay could be used for detection of tumor cells in CSF in
patients with solid tumors.14 – 18 Patel et al17 found up to 104

CTCs in 7.5 mL of CSF of 5 patients with LM from breast cancer
using a rare cell capture technology with an immunomagnetic
platform and anti-EpCAM covered ferroparticles (Veridex) and
showed an association between the number of CTCs and re-
sponse to intrathecal and systemic chemotherapy.

Nayak et al7 demonstrated a sensitivity of 100% and a
specificity of 97.2% for the EpCAM-based Cell Search Veridex
system in CSF compared with cytology (sensitivity 67%, specif-
icity 100%) in patients with suspected LM. Using the same
assay in CSF, Lin et al19 showed a sensitivity of 95% and specif-
icity of 83% for the diagnosis of LM. Subirá et al20 demonstrated
an 80% sensitivity of flow cytometry versus cytology (50%) in
CSF for LM but a lower specificity (84% vs 100%) using an
EpCAM-based flow cytometry assay.

In our laboratory, we have developed an improved EpCAM-
based flow cytometry assay that can quantify CTCs with both
high and low DNA content, which greatly increases CTC detec-
tion sensitivity.21

The primary aim of this prospective study was to evaluate
the diagnostic value of conventional cytology and our improved
EpCAM-based flow cytometry CTC assay in the CSF of patients
with epithelial tumors, a clinical suspicion of LM, but nonconfir-
matory MRI. The secondary aims were to analyze CSF cytology

using EpCAM immunohistochemistry and compare EpCAM flow
cytometry results from CSF with EpCAM flow cytometry from
blood in patients with and without confirmation of LM.

Patients and Methods

Patients

The Ethics Committee of the Netherlands Cancer Institute—
Antoni van Leeuwenhoek Hospital approved the study.

Patients ≥18 years with a solid tumor and clinical suspicion
of LM but a normal or inconclusive MRI who had to undergo a
diagnostic lumbar puncture (LP) were asked to participate.

Exclusion criteria were: (i) intracranial or intraspinal tumor
with mass effect heralding the risk of herniation during
LP and (ii) uncorrected thrombocytopenia or coagulation
disorders.

CSF and Blood Analysis

Standard CSF evaluation consisted of CSF pressure measure-
ments, cell counts, and biochemical parameters (leucocyte
count, total protein, glucose and LDH concentrations, at least
2 mL CSF), CSF cytology (at least 5 mL of CSF), and tumor cell
measurement using an EpCAM-based flow cytometry assay
(at least 5 mL of CSF) (Fig. 1). In addition, 8 mL of blood was
drawn for cell count and biochemistry for glucose, LDH, and
total protein serum concentrations. For the CTC assay, blood
was drawn in three 8-mL cell preparation tubes (BD Bioscienc-
es). In patients with a high clinical suspicion of LM and a neg-
ative CSF cytology at first CSF examination, a second LP could be
performed to again collect CSF and blood for cytology, bio-
chemistry, and the CTC assay.

CSF Cytology

CSF cytology was performed as a 2-step cytocentrifuge method
(1600 rpm; 1 min and 10 min, respectively), which deposits
cells from a fluid sample directly onto slides (cytospin). Giemsa

Fig. 1. Study design.
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staining was performed on 2 cytospins.22 The Giemsa stainings
of the CSF samples were examined by the pathologist and
scored as negative (no tumor cells), positive (tumor cells), or in-
conclusive (atypical cells). The results of CSF cytology were used
in clinical decision making.

Immunohistochemistry and Semiquantitative Cytology
Score in CSF

Two additional cytospins were used for immunohistochemical
staining with an antibody against EpCAM. Immunohistochem-
istry was performed on a BenchMark Ultra autostainer (Ven-
tana Medical Systems).

Briefly, cytospins were washed in reaction buffer (Ventana
Medical Systems) and loaded in an autostainer. EpCAM was de-
tected by incubating slides with the antibody clone Ber-EP4/
EpCAM (M0804; Dako). After incubation with the primary anti-
body, an amplification step was used to increase the signal
intensity of weak staining of (mouse and rabbit) primary
antibodies.

Specific antibody reactions (ie, bound primary antibodies to
the specific EpCAM epitopes) were detected using the UltraView
Universal DAB Detection Kit (Ventana Medical Systems), and
slides were counterstained with hematoxylin.

Tumor cells in these EpCAM-stained cytospins were semi-
quantitatively scored by the pathologist: a score of 0 for 0
tumor cells/cytospin area, a score of 1 for 1–10 tumor cells/
cytospin area, a score of 2 for 11–100 tumor cells/cytospin
area, a score of 3 for 101–500 tumor cells/cytospin area, and
a score of 4 for .500 tumor cells/cytospin area. The semiquan-
titative CSF cytology method using EpCAM immunohistochem-
istry was an exploratory assay only and results were not used in
clinical decision making.

Circulating Tumor Cell Flow Cytometry Assay

CSF for the CTC flow cytometry was collected in a conical 50-mL
tube. Whole blood was drawn in 3 cell preparation tubes per
patient and centrifuged for 25 min at 1500 g at room temper-
ature. The upper phase of the separated plasma from 3 cell
preparation tubes was transferred in three 50-mL centrifuge
tubes. After fixation with 4% formaldehyde, all 4 samples (1
CSF and 3 plasma) were washed twice with up to 50 mL phys-
iologic saline and centrifuged at 1000 g for 7 minutes at 48C.
The pellets were resuspended in 50% methanol/phosphate
buffered saline and stored at 2808C for a maximum of
6 months.

CTC measurements were performed in batches. After de-
frosting on ice, samples were washed twice with 1 mL of ice-
cold beads buffer (phosphate buffered saline with 2 mM EDTA
and 0.5% weight/volume bovine serum albumin). After each
wash, samples were centrifuged at 1000 g for 4 min at 48C.
Next, supernatant was removed and the pellets were resus-
pended in the remaining 100 mL of beads buffer. Subsequently,
tumor cells were immunomagnetically enriched from the sam-
ples using anti-human EpCAM MicroBeads (Miltenyi). Next,
tumor cells were fluorescently labeled using anti– EpCAM-
phycoerythrin (PE). Hoechst 33258 was used for nuclear staining
and anti–CD45-fluorescein isothiocyanate (FITC) for leucocyte
labeling. After removal of unreacted antibodies, tumor cells

were quantified by fluorescent activated cell sorting (FACS).
The details of the EpCAM-based CTC assay were described by
Pluim et al.21 With this method, both tumor cells with a normal
amount of DNA and tumor cells with less DNA can be quanti-
fied.23 The flow cytometric EpCAM assay has a lower limit of
quantification of 2 tumor cells per 8 mL of whole blood. There-
fore, blood samples with ,2 tumor cells/8 mL were considered
negative. Results of the flow cytometry assay and cytology in
the CSF were both obtained independently. The results of the
flow cytometry assay were not used in clinical decision making.

Clinical Follow-up

Clinical signs and symptoms were recorded and neurological
examination was done in the week before the LP. Three days
after the LP, patients were asked by telephone for symptoms
of post-LP headache (with nausea increasing in an upright po-
sition). When post-LP headache was diagnosed, follow-up was
performed until 28 days after the LP. Both clinical records were
studied for the course of neurological symptoms, and subse-
quent MRIs and/or repeated CSF samples were evaluated to
conclude the final diagnosis (definitive LM vs no LM).

Diagnosis of Leptomeningeal Metastases

The diagnosis of LM was considered definitive when at least one
of the following conditions was fulfilled:

(i) positive CSF cytology in the initial LP or repeated LP per-
formed within 2 weeks after the initial LP

(ii) a follow-up MRI of the brain or spine performed after the
diagnostic LP within 2 months following the first MRI,
showing unequivocal evidence of LM

(iii) progressive neurological symptoms compatible with LM
and exclusion of other causes (eg, infectious meningitis,
treatment side effects).

Statistics

The total sample size was calculated with nQuery Version 7.024

to target the 0.95 sensitivity of the new test (CTC flow cytom-
etry assay), while allowing the lower limit of the 95% confi-
dence interval to be equal to or higher than the highest
reported sensitivity (0.67) of the standard method for LM diag-
nosis (CSF cytology) in the literature.7 The prevalence of LM
among the enrolled patients with an epithelial primary tumor
was 0.45. Descriptive demographics were used and sensitivity
and specificity of used methods were calculated using SPSS.

Results

Patient Characteristics

In total 31 patients with solid tumors from epithelial origin, a
clinical suspicion of LM, and a nonconfirmatory MRI were en-
rolled. All patients were undergoing an initial LP for diagnosis
of LM. Two patients were not eligible as LPs were performed
because of the location of the tumor (near the ventricles),
but there were no clinical symptoms of LM. Distribution of the
primary tumor types is presented in Table 1. In total, 13
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patients were ultimately diagnosed with definitive LM (45%).
In 16 patients with clinical suspicion of LM at study inclusion,
the diagnosis of LM was not confirmed eventually. They
received varying diagnoses, such as skull base metastases,
cervical myelopathy, radiation-induced opticopathy, hepatic
encephalopathy, anterior cutaneous nerve entrapment syn-
drome, vestibular neuritis, cerebral ischemia, and infectious
meningitis.

Nine of 13 patients (69%) with a definitive diagnosis of LM
were female. Primary tumors were breast cancer (n¼ 7, 54%:
3 lobular and 4 ductal), NSCLC (n¼ 4, 31%), colon carcinoma
(n¼ 1), and urothelial cell cancer (n¼ 1) (Table 2). Eleven of
these patients (85%) had systemic metastases. Four patients

had concomitant brain metastases (31%). Neurological symp-
toms and signs in patients with definitive LM were classified as
cerebral/cerebellar symptoms, including headache, vomiting,
nausea, encephalopathy, dysphasia, dysarthria, ataxia (n¼
11, 78%); cranial nerve symptoms, including decreased or dou-
ble vision, facial paresis, tinnitus (n¼ 7, 50%); and spinal symp-
toms, including sensibility disorders and/or paresis of arms and
legs, bladder, and/or bowel dysfunction (n¼ 3, 21%).

CSF Pressure, Leukocyte Count, and Biochemical
Parameters

CSF pressure was increased (.20 cm H2O) in 6 of 13 patients
(46%) with definitive LM. In 100% of patients with LM, either
leukocyte count or biochemical parameters in CSF were abnor-
mal. Increased total protein CSF levels (.0.45 g/L) were present
in 85% of patients with LM (median 0.72 g/L, range 0.27–
4.51 g/L). Leucocyte counts were increased (.3/mm3) in 61%
(median 4/mm3, range 1–100/mm3), LDH levels were increased
(.40 U/L) in 54% (median 48 U/L, range 18–1287 U/L), and
glucose CSF/serum ratio was decreased (,0.66) in 85% of pa-
tients with LM. Two of 29 eligible patients (7%) had post-LP
headache.

CSF Cytology Versus CTCs in Solid Tumors from Epithelial
Origin

Twenty-nine CSF samples were obtained from 29 eligible pa-
tients with epithelial primary tumors with a clinical suspicion
of LM. In 8 of 13 patients with definitive LM, both cytology
and the flow cytometry assay in CSF were positive (61.5%, me-
dian 316.5 CTCs/mL, range 160–4503 CTCs/mL). Five of 13 pa-
tients (38.5%) showed a discrepancy between CSF cytology and
the flow cytometry assay. In these patients CSF cytology was
negative, but CTC measurements showed ≥2 CTCs/mL (median
17.2 CTCs/mL, range 3–41.8 CTCs/mL). Patients having no LM
(n¼ 16) showed 0 –0.2 CTCs/mL (0 or 1 CTC per 5 mL CSF).
Therefore, CSF with ≥2 CTCs per 5 mL was considered positive.

Sensitivity of CSF cytology for the diagnosis of LM was 61.5%
(95% CI, 32%–86%), with a specificity of 100% (95% CI, 79%–
100%). Sensitivity and specificity of the CTC assay were both
100% (sensitivity: 95% CI, 75% –100%; specificity: 95% CI,
79% –100%) (Table 3). See also Fig. 2 for flow cytometry
plots in CSF of individual patients.

Table 1. Tumor type distribution in included patients

Tumor Type Number of Patients

Breast cancer n¼ 13 (45%)
NSCLC n¼ 6 (21%)
SCLC n¼ 2 (7%)
Gastrointestinal n¼ 3 (10%)
Ovarian cancer n¼ 1 (3%)
Other tumor types n¼ 4 (14%)
Total n¼ 29

Abbreviations: SCLC, small cell lung cancer; NSCLC, non-small cell lung
cancer.
Gastrointestinal tumors: 2 neuroendocrine colorectal tumors and 1
gastrointestinal stromal tumor. Other tumor types: 1 nasopharyngeal
carcinoma, 1 urothelial cell carcinoma, 1 renal cell cancer, and 1 parotid
gland carcinoma.

Table 2. Characteristics of patients with definitive LM

Patients with Definitive LM 13/29 (45%)

Age
Median (range) 55 (20–82) y

Gender
Male 4 (31%)
Female 9 (69%)

WHO
0 2 (15%)
1 3 (23%)
2 6 (46%)
3 2 (15%)

Primary tumor type
Breast carcinoma 7 (54%)
NSCLC 4 (31%)
Other* 2 (15%)

Metastases (any) 12 (92%)
Lymph nodes 7 (54%)
Bone 7 (54%)
Lung 4 (31%)
Brain 5 (38%)

Abbreviation: WHO, World Health Organization performance status.
*Other, other primary tumor types: urothelial cell carcinoma and colon
cancer.

Table 3. Sensitivity and specificity of CSF cytology, CTC flow cytometry
assay, and semiquantitative CSF cytology score (%) for diagnosing LM in
EpCAM-positive tumors

Sensitivity, % Specificity, % PPV, % NPV, %

CSF cytology 61.5 100 100 76
Semiquantitative CSF

cytology score
75 100 100 84

CTC assay 100 100 100 100

Abbreviations: PPV, positive predictive value; NPV, negative predictive
value.
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Semiquantitative CSF Cytology Based on
Immunohistochemistry—EpCAM Staining of CSF

Immunohistochemistry for EpCAM of CSF cytospins was posi-
tive in 9 of 12 available cytospins of patients with definitive
LM and available EpCAM-stained cytospins. In 8 of these pa-
tients, both CSF cytology and the flow cytometry assay were
positive. In one patient with a positive EpCAM staining of CSF
(semiquantitative cytology score 2), CSF cytology was negative,
but the flow cytometry assay was positive.

The semiquantitative CSF cytology method had 75% sensi-
tivity (95% CI, 43% –94%) and 100% specificity (95% CI,
79%–100%) and performed slightly better than standard CSF
cytology, but less than the flow cytometry assay.

Immunohistochemistry EpCAM Staining of Primary
Tumors

In less than half of included patients, the primary tumor histol-
ogy samples were collected and stained for EpCAM. In 7 of 13
patients with LM, EpCAM staining of the primary tumor was per-
formed. Three primary tumors were strongly positive for EpCAM
(NSCLC, colon and ductal breast cancer) and 4 were weakly
positive (ductal breast cancer [n¼ 3], rectal cancer [n¼ 1]).
In 8 of the 16 patients with no LM, EpCAM staining of the prima-
ry tumors was done. Four primary tumors were weakly positive
for EpCAM and 4 showed positivity to some degree (EpCAM
staining in some areas of the tumor).

CTC Flow Cytometry Assay in Blood

Nine of 13 patients with LM had ≥2 CTCs/8 mL in their blood
samples (median 89, range 10–2554 CTCs/8 mL). All 9 patients
had active systemic metastases. In one patient, blood samples
for CTC measurements were not obtained. Four of 16 patients
with no LM showed ≥2 CTCs/8 mL blood (median 27, range 2–
102 CTCs/8 mL). All 4 patients had systemic metastases.

Cell Viability and DNA Quantity of CTCs in CSF Versus
Blood

Cell viability and DNA quantity of CTCs in the CSF were mea-
sured and compared with simultaneously withdrawn blood
samples. The relative amount of DNA-positive CTCs in CSF
was 2.67-fold higher than in blood (66.1%+19.1% DNA-
positive CTCs in CSF vs 24.7%+20.8% in blood, P¼ .0001), con-
firming a higher cell viability of CTCs in CSF.

The EpCAM mean fluorescent intensity of the DNA-positive
CTCs in CSF was 3.23-fold higher than in blood (average blood
EpCAM mean fluorescent intensity was 111.6+59.8 vs 360.7+
149.1 in CSF, P¼ .0002), which may indicate an important role
for EpCAM expression in the process of metastasis and survival
of CTCs in the CSF compartment.

Discussion
This study shows a 100% sensitivity and specificity for the
EpCAM-based CTC flow cytometry assay for the diagnosis of
LM in patients with epithelial primary tumors, a clinical suspi-
cion of LM but a nonconfirmatory MRI. The sensitivity of this
assay in CSF is higher than for conventional cytology (61.5%)
with an equal specificity.

Using this dual diagnostic method (ie, standard CSF cytology
with morphological cell assessment by the pathologist and
flow cytometric CTC assay), patients with a clinical suspicion
of LM and a nonconfirmatory MRI scan can be diagnosed for
LM in a timely manner with a very low chance of false negative
results. This will diminish the diagnostic uncertainty of LM and
prevent multiple lumbar punctures. Moreover, treatment for LM
can be initiated without further delay to prevent progressive
neurological symptoms and provide substantial benefit in qual-
ity of life.25

The EpCAM-based flow cytometry assay in CSF brings higher
sensitivity for the diagnosis of LM, especially when the CTC
count in the CSF is below 50 cells/mL CSF and cytology becomes
negative.

Fig. 2. Examples of EpCAM-based flow cytometry plots in CSF in individual patients. (A) NSCLC patient with LM with EpCAM-positive CTCs
(162 CTCs/mL); CSF cytology was positive (not shown). (B) Breast cancer patient with LM with EpCAM-positive CTCs (3 CTCs/mL). CSF cytology
was negative (not shown). (C) Breast cancer patient without LM. No EpCAM-positive CTCs in CSF. CSF cytology was also negative (not shown).
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Table 4. Results from studies in literature using EpCAM-based CTC assays in CSF in patients with (suspected) LM compared with our study

Assay Used Technology Positive Aspects Negative Aspects Patients Sensitivity Specificity Reference

Flow cytometry
assay
developed by
NKI-AVL

MACS with EpCAM
MicroBeads, CTC
detection by EpCAM-PE;
CD45-FITC and
Hoechst33258

Automated tumor cell
recognition, common clinical
chemistry equipment (FACS),
also quantifies CTC with low
DNA content

Noncommercial, no visual verification
of CTC

29 Pts with solid
tumors and
suspected LM

100%
CI, 75%–
100%

100%
CI, 79%–
100%

Current
study

CellSearch
system
(Veridex)

MACS with EpCAM
ferrofluid, CTC detection
by CK, CD45 and DAPI
staining

Commercial, FDA approved, visual
verification of CTC by imaging

Human observer needed, only CTC
with normal DNA content
quantified, CSF needs to be spiked
in blood, expensive ($450–$600/
sample)

5 Pts with breast
cancer and
LM

Not
applicable

Not
applicable

Patel et al,
201117

CellSearch
system
(Veridex)

MACS with EpCAM
ferrofluid, CTC detection
by CK, CD45 and DAPI
staining

Commercial, FDA approved, visual
verification of CTC by imaging

Human observer needed, only CTCs
with normal DNA content
quantified, CSF needs to be spiked
in blood, expensive ($450–600/
sample)

51 Pts with solid
tumors and
suspected LM

100%
CI, 78%–
100%

97%
CI, 85%–
100%

Nayak et al,
20137

CellSearch
system
(Veridex)

MACS with EpCAM
ferrofluid, CTC detection
by CK, CD45 and DAPI
staining

Commercial, FDA approved, visual
verification of CTC by imaging

Human observer needed, only CTCs
with normal DNA content
quantified, CSF needs to be spiked
in blood, expensive ($450–600/
sample)

62 Pts with solid
tumors and
suspected LM

95% 83% Lin et al,
201519

Flow cytometry
assay

CTC detection by 2-clone
anti-EpCAM Mab-PE and
FITC, CK, DRAQ5 nuclear
staining

Use of common laboratory
equipment (FACS), also
inflammatory cells are
quantified

Noncommercial, no visual verification
of CTCs

78 Pts with solid
tumors and
suspected LM

76% 96% Subirá et al,
20128

Flow cytometry
assay

CTC detection by 2-clone
anti-EpCAM Mab-PE and
FITC, DRAQ5 nuclear
staining, no CK

Use of common laboratory
equipment (FACS), also
inflammatory cells are
quantified

Noncommercial, no visual verification
of CTCs

94 Pts with solid
tumors and
suspected LM

80% 84% Subirá et al,
201520

Abbreviations: MACS, magnetic antibody cell sorting; CK, cytokeratin; DAPI, 4′,6-diamidino-2-phenylindole; pts, patients.
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Four earlier studies on CTC number measurements in the CSF
of patients with LM have been performed by Nayak et al,7 Subirá
et al,8,20 and Lin et al (Table 4).19 They included 51, 78, 94, and
62 patients, respectively, with suspected LM. All patients had
EpCAM-positive primary tumors. In the studies by Nayak et al
and Lin et al, EpCAM-positive CTCs in the CSF were found in
95%–100% of patients against 76%–80% in the 2 studies by
Subirá et al, which overlap in patient’s inclusion. Specificity of
the CSF assays ranged from 83% to 97%.7,8,19,20 In all 4 studies
the diagnosis of LM was clinically suspected, and MRI, CSF cytol-
ogy, and CTC assay were performed synchronously. This implies
that patients with unequivocal radiological evidence of LM were
also included in these studies.

In comparison, we enrolled 29 eligible patients with tumors
with epithelial origin and a clinical suspicion of LM but a non-
confirmatory MRI. This cohort represents a patient group with
true diagnostic uncertainty in clinical practice. Despite an antic-
ipated lower average number of CTC/mL of CSF in this patient
group, we achieved a sensitivity of the CTC flow cytometry
assay that is in line with the results of Nayak et al7 and Lin
et al19 obtained with the Cell Search Veridex method and higher
than obtained with noncommercial flow cytometry assays in
the studies by Subirá et al.8,20 The specificity of our CSF flow cy-
tometry assay is comparable to the study by Nayak et al7 (97%)
and Subirá et al8 (96%), but higher than in the other study by
Subirá et al20 (84%) and Lin et al19 (83%).

The higher sensitivity of our flow cytometry CSF assay for
tumors with epithelial origin is most likely a result of the ad-
ditional ability to quantify CTCs with low DNA quantity. The
Cell Search Veridex assay used by Nayak et al7 and Lin
et al19 can only quantify CTCs with a high DNA content and
is dependent on a human observer for the final identification
of CTCs. In contrast, our noncommercial method is fully objec-
tive, using automated CTC recognition. Moreover, our assay
can be easily performed with relatively simple and cheap lab-
oratory techniques and equipment. Also possible is cost-
effective, centralized analysis as a service for multicenter re-
search, since our fixation method allows batch analysis of
samples up to 6 months after collection due to immediate
sample fixation.7,9,18

The background of the CTC assay for CSF was ≤0.2 CTCs/mL
in patients with no LM in our study, which is similar to the back-
ground signal found in blood (≤0.25 CTCs/mL).21

Adding EpCAM staining of CSF cytospins (semiquantitative
tumor cell measurements) to standard CSF cytology showed
a slight but nonsignificant improvement in diagnosing LM. Al-
though the sensitivity of CSF cytology for LM (61.5%) is compa-
rable to the sensitivity found in earlier studies,5 – 8 we cannot
exclude that sampling of 5 mL instead of 10 mL of CSF for cy-
tology may have affected its sensitivity.

In conclusion, our EpCAM-based flow cytometry assay has a
100% sensitivity and 100% specificity for the diagnosis of LM in
patients with primary epithelial tumors and a clinical suspicion
but a nonconfirmatory diagnosis of LM on MRI. These results
should be confirmed in a large independent and representative
cohort to recommend the use of the flow cytometry assay next
to cytology in CSF of patients clinically suspected for LM. Fur-
thermore, more research needs to be performed about wheth-
er tumor cell measurements by flow cytometry in CSF can be
used for LM treatment monitoring.
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