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Rare cell capture technology for the

diagnosis of leptomeningeal metastasis in

solid tumors
(]

ABSTRACT

Objective: To evaluate the utility of rare cell capture technology (RCCT) in the diagnosis of lepto-
meningeal metastasis (LM) from solid tumors through identification of circulating tumor cells
(CTCs) in the CSF.

Methods: In this pilot study, CSF samples from 60 patients were analyzed. The main patient
cohort consisted of 51 patients with solid tumors undergoing lumbar puncture for clinical suspi-
cion of LM. Those patients underwent initial MRI evaluation and had CSF analyzed through con-
ventional cytology and for the presence of CTCs using RCCT, based on immunomagnetic platform
enrichment utilizing anti-epithelial cell adhesion molecule antibody-covered magnetic nanopar-
ticles. An additional 9 patients with CSF pleocytosis but without solid tumors were separately
analyzed to ensure accurate differentiation between CTCs and leukocytes.

Results: Among the 51 patients with solid tumors, 15 patients fulfilled criteria for LM. CSF CTCs
were found in 16 patients (median 20.7 CTCs/mL, range 0.13 to >150), achieving a sensitivity of
100% as compared with 66.7% for conventional cytology and 73.3% for MRI. One patient had a
false-positive CSF CTC result (specificity = 97.2%); however, that patient eventually met LM
criteria 6 months after the tap. CSF CTCs were not found in any of the additional 9 patients with
CSF pleocytosis.

Conclusion: RCCT is an accurate, novel method for the detection of LM in solid tumors, potentially
providing earlier diagnostic confirmation and sparing patients from repeat lumbar punctures.
Neurology® 2013;80:1598-1605

GLOSSARY

Cl = confidence interval; CK = cytokeratin; CTC = circulating tumor cell; DAPI = 4’ 6-diamidino-2-phenylindole; EpCAM =
epithelial cell adhesion molecule; LM = leptomeningeal metastasis; PE = phycoerythrin; RCCT = rare cell capture technol-
ogy; VEGF = vascular endothelial growth factor.

Leptomeningeal metastasis (LM) is a devastating complication of cancer, and is often considered
in the differential diagnosis when patients with cancer present with new neurologic symptoms."’
However, confirming the diagnosis of LM can be difficult, particularly at early stages. The
diagnosis is based on CSF cytologic analysis and/or MRI findings. Brain and spine MRIs have
been increasingly preferred for the initial evaluation of LM because of their noninvasive nature
and convenience to patients. However, MRI findings can be equivocal, and unequivocal find-
ings may only appear in late-stage disease (figure 1). CSF cytopathologic analysis provides
diagnostic confirmation of LM, but is associated with a relatively low sensitivity (approximately
50% on the first lumbar puncture) and is highly examiner-dependent; repeat lumbar punctures
are often required, which may increase sensitivity up to 90% with 3 samples.>?

Rare cell capture technology (RCCT) utilizing immunomagnetic platforms and antibody-
covered ferroparticles has emerged as a new tool for capturing circulating tumor cells (CTCs)
in the blood of patients with solid tumors. Analysis of peripheral blood CTCs has been explored

as a prognostic marker of disease and response to anticancer treatments, particularly in prostate,
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[ Figure 1 Examples of MRI findings ]

(A) Sagittal T1 postgadolinium image of the spine showing typical enhancing subarachnoid nod-
ules considered in this study as unequivocal for the diagnosis of leptomeningeal metastasis
(LM). (B) Axial T1 postgadolinium image of the brain in a patient with non-small cell lung cancer
who developed progressive, mild gait ataxia and was found to have superficial, small, contrast-
enhancing lesions (arrow). Given the superficial location of the lesions, the MRI was considered
suspicious but not unequivocal for LM because the lesion seems intraparenchymal, posing a
diagnostic problem. The CSF analysis showed 1 white cell/mm? and negative cytology, but CSF
circulating tumor cell (CTC) analysis was positive (0.13 CTC/mL). The lumbar puncture was
repeated 3 weeks later, and both conventional cytology and CSF CTCs were positive, confirm-
ing the diagnosis of LM, as anticipated by the CSF CTC results.

colon, and breast cancers.“° Some studies
have suggested that blood CTC enumeration
may correlate with tumor burden and antici-
pates tumor progression. Moreover, blood
CTCs have been used to characterize genetic
and immunophenotypic changes over time,
with the ultimate goal of guiding the manage-
ment of targeted therapies.

Although several cell-surface antigens can be
used to detect and isolate CTCs, the most
frequently used marker is the epithelial cell adhe-
sion molecule (EpCAM).” EpCAM is a trans-
membrane glycoprotein found on the surface of
epithelia, which is strongly expressed in various
carcinomas, but that may also be found in other
types of solid tumors. Ant-EpCAM-based
RCCT (Veridex LLC, Warren, NJ) is an US
Food and Drug Administration—approved meth-
odology for capturing and enumerating blood
CTGCs in patients with solid tumors that is
becoming widely available.*” We hypothesized
that such methodology can be used to diagnose
LM in solid tumors through the identification of
CTGCs in the CSF, and initiated a pilot study to
evaluate the potential of this technology.

METHODS In this study, we utilized RCCT for the evaluation
of CSF samples from patients with solid tumors undergoing a
lumbar puncture for a clinical suspicion of LM; results were com-
pared with CSF standard cytopathologic analysis from that same
sample and with initial MRI findings. Neuroimaging consisting
of MRI of the brain or total spine (or both, as clinically indicated)
was obtained in all patients. Patients that were receiving bevacizu-
mab treatment were identified; bevacizumab is a vascular endo-
thelial growth factor (VEGF) inhibitor that may reduce or
eliminate contrast enhancement on MRI through a decrease in
vascular permeability, potentially masking imaging findings of
LM.IO

After the MRI was obtained, patients underwent a lumbar
puncture and standard CSF evaluation consisting of intracranial
pressure measurement, CSF protein, glucose, white and red cell
analysis, bacterial and fungal cultures, as well as conventional
cytopathology analysis (cytocentrifuge). An additional CSF sam-
ple was obtained for evaluation of CSF CTCs (recommended
amount: 7.5 mL).

A composite definition of LM was used as the gold standard
for the purposes of evaluating the diagnostic performance of the
first MR, first conventional CSF cytology, and CTC enumera-
tion on CSF obtained at the first lumbar puncture. Patients were
considered to have a definitive diagnosis of LM if they had a pos-
itive CSF cytology or unequivocal MRI findings observed within
1 month of the initial evaluation; positive results found on repeat
examinations obtained at the discretion of the treating physician
within that timeframe were also used as confirmation of LM. The
1-month window was defined arbitrarily as the maximum time-
frame during which definitive diagnosis of LM was considered
relevant to the CSF CTC test. Unequivocal MRI findings were
defined as leptomeningeal enhancement with subarachnoid nod-
ules, enhancement in basal cisterns, or enhancement/clumping of
nerve roots (figure 1A)."" Findings such as multiple superficial
brain metastases, intraventricular masses, dural enhancement
associated with epidural metastasis, or new hydrocephalus were
considered suspicious but nondiagnostic (figure 1B). Patients
were enrolled between November 2008 and February 2010. In
a separate analysis, we also examined CSF samples from an addi-
tional 9 patients without solid tumors and increased CSF leuko-
cytes (7 leptomeningeal lymphomatosis, 1 viral, and 1 fungal
meningitis) to ensure that leukocytes were not misinterpreted
as CSF CTCs. Because these 9 patients did not have solid tumors,
they were not included in the calculation of sensitivity or
specificity.

For the evaluation of CSF CTGCs, the CellSearch CTC Kit
(Veridex LLC, Warren, NJ) was used to enumerate CTCs of epi-
thelial origin (CD45—, EpCAM+, and cytokeratins [CKs] 8,
18+, and/or 19+). The kit contains an EpCAM-bound anti-
body ferrofluid capture for immunomagnetic enrichment. After
immunomagnetic capture, fluorescent reagents are added for
identification and enumeration of CTCs. The fluorescent
reagents include anti-CK-PE (phycoerythrin) specific for the
intracellular protein CK, DAPI (4',6-diamidino-2-phenylindole),
which stains the cell nucleus, and anti-CD45-allophycocyanin
specific for leukocytes. Thus, CTCs can be distinguished from
contaminating leukocytes. The reagent/sample mixture is dis-
pensed by the CellTracks AutoPrep System (Veridex) into a car-
tridge that is inserted into a MagNest cell presentation device.
The strong magnetic field of the MagNest device attracts the
magnetically labeled epithelial cells to the surface of the cartridge.
The CellTracks Analyzer II automatically scans the entire surface
of the cartridge, acquires images, and displays any event in which
CK-PE and DAPI fluorescence are co-located. An event is
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classified as a tumor cell when its morphologic features are con-
sistent with those of a tumor cell and it exhibits the phenotype
EpCAM+, CK+, DAPI+, and CD45—.

Enumeration of cells in the CSF samples was performed as fol-
lows. The samples were collected in the CellSave preservative tube
in which they could be stored for up to 96 hours at room temper-
ature before processing. No centrifugation was used. The Cell-
Tracks AutoPrep System software requires red blood colored
specimens. To allow for analysis of a clear fluid sample such as
the CSF, the control mode was used. A 3.5-mL sample was dis-
pensed into a cartridge ready for analysis using the CellTracks Ana-
lyzer II. Once the sample was processed, the filled cartridge within
the MagNest device was allowed to incubate in the dark for
a minimum of 20 minutes and was scanned within 24 hours. As
exemplified in figure 2, the images taken from the cartridge were
reviewed and the observed objects were considered CTCs if they
were CK-PE+, DAPI+ and CD45—. The results were reported as
the number of CTCs/mL of CSF. CSF CTC analysis was consid-
ered to be positive if >0 EpCAM-expressing cells/mL were iden-
tified. The number of CTCs/mL was capped at 150 CTCs/mL.
Patients with CTCs <5/mL had images and captured CTCs
reviewed by a cytopathologist to confirm those corresponded to
tumor cells and were comparable to the tumor cells visualized in
the conventional cytology. Clinical follow-up information was

obtained through chart review.

Standard protocol approvals, registrations, and patient
consents. All patients authorized the use of their CSF specimens
for this study and signed an Institutional Review Board—approved

informed consent.

RESULTS CSF samples from 60 patients were evalu-
ated with RCCT. As described above, the main study
cohort consisted of 51 patients with solid tumors with
a clinical suspicion of LM; CSF samples from an addi-
tional 9 patients with elevated leukocytes but without
solid tumors were analyzed as additional negative
controls but were not included in the main cohort.
Among the 51 patients with solid tumors, the most
common primary cancets were breast and non—small
cell lung cancer (table 1). Concomitant chemotherapy
at the time of study inclusion, defined as any antican-
cer agent utilized in the previous 6 weeks, consisted of
bevacizumab-containing regimens in 11 patients, other
chemotherapy regimens in 32, and no treatment in 8.
Among the 51 enrolled patients, 15 patients ful-
filled criteria for LM, and LM was not present in
the remaining 36 patients. Fourteen of these patients

[ Figure 2 Screen view of CSF analysis utilizing the CellTracks Analyzer Il system

Tumor cell

CK-PE

DAPI

(CK-PE/DAPI)

CD45-APC Blank channel

The first 3 rows represent examples of circulating tumor cells (CTCs). They are identified when all of the following criteria are met: the cell is positive for both
the epithelial cell marker (CK-PE) and the nuclear dye (DAPI), negative for the leukocyte marker (CD45/APC), and negative in the blank channel. The cells
depicted in the last 2 rows do not meet these criteria and therefore are not considered CTCs. CK-PE = cytokeratin-phycoerythrin (specific for intracellular
cytokeratin); DAPI = 4’,6-diamidino-2-phenylindole (specific for cell nucleus); CD45-APC = allophycocyanin (specific for leukocytes).
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Table 1 Distribution of the different types of
solid tumors enrolled in the main study
cohort (n = 51)

Type of primary cancer No. of patients

NSCLC 21
Breast cancer 15
Gliomas 4
Carcinoid tumor 3
Ovarian cancer 2
Melanoma 1
Cervical cancer 1
Renal cell cancer 1
Ependymoma 1
Prostate cancer 1
Nasopharyngeal carcinoma 1

Abbreviation: NSCLC = non-small cell lung cancer.

with LM were receiving active chemotherapy. Among
the patients with confirmed LM, the criteria were met
as follows:

« At the time of initial lumbar puncture, conven-
tional CSF cytology was positive for malignant
cells in 10 patients and MRI demonstrated

unequivocal findings of LM in 11; in 8 of these
patients, both CSF cytology and MRI were pos-
itive for LM.

« An additional 3 patients had positive CSF cytol-
ogy on repeat lumbar puncture within 1 month
of the initial procedure, 2 of whom had initial
MRI findings suspicious but not unequivocal
for LM. In these patients, both initial MRI
and CSF cytology were nondiagnostic, and the
diagnosis was only established with an addi-

tional lumbar puncture.

In the CSF analysis with RCCT at the time of the
initial lumbar puncture, CTCs were absent in 35 pa-
tients and present in 16 patients (table 2), including
all of the 15 patients who fulfilled LM criteria.
The median number of CTCs detected was 20.27
CTCs/mL (range 0.13 to >150).

Table 3 summarizes the sensitivity and specificity
of CSF CTCs as compared with conventional cytol-
ogy and MRI. The sensitivity of the conventional
cytology on the first lumbar puncture was 66.7%
(95% confidence interval [CI], 38.3%—88.1%), the
sensitivity of the first MRI was 73.3% (95% CI,
44.9%-92.2%), and the sensitivity of the CSF
CTC analysis from the first lumbar puncture was
100% (95% CI, 78.1%-100%).

[ Table 2 CSF and MRI findings in patients with positive CSF CTCs

Patient
no.

© 0O N O o & 0N P

Br R
» O

12
13
14
15
16

Type of
cancer

Breast
Breast
Breast
Breast
Breast
Breast
Breast
Breast
NSCLC
NSCLC
NSCLC
NSCLC
NSCLC
Ovarian
Ovarian

Renal cell

CSF results on first lumbar puncture

Definitive LM
Radiographic CSF CTCs on the based on

White cells Red cells Glucose, Protein, findings first lumbar puncture prespecified
(per mm3) (per mm3)  mg/dL mg/dL Cytology on the first MRI (cells/mL) criteria®

4 30 38 106 + + 96.4 +
21 10 28 137 a4 4 8.53 4
15 129 94 40 -b Suspicious 1.87 +
11 34 20 105 +F 4 >150 +
98 388 28 156 = + 125.6 +
66 1,900 88 230 4 4 106.8 4

8 8 16 23 + - >150 +

2 1 64 31 = = 0.27 ¢

6 4 43 53] + Suspicious 1.87 +
16 1 25 94 + + 38.67 +

1 144 79 44 -b Suspicious 0.13 +

1 1 88 28 + + 51.07 +
43 168 28 143 + + 21.87 +
16 2 80 19 + + 18.67 +
16 0 41 232 = + 0.62 +

2 & 24 124 -b F 5.33 4

Abbreviations: CTC = circulating tumor cell; LM = leptomeningeal metastasis; NSCLC = non-small cell lung cancer.
2This definition takes into consideration results of repeat CSF or MRI within 1 month of the first lumbar puncture.

b CSF cytology became positive within 1 month of initial lumbar puncture.
°This patient was considered to have a false-positive CSF CTC result, but she developed MRI signs of LM 6 months after the tap (see text for explanation).
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[ Table 3 Results of initial conventional CSF cytology, MRI, and CSF CTC analyses ]

Diagnostic method

Conventional CSF cytology at the first lumbar puncture
Initial MRI

Combined initial MRI and conventional CSF cytology

CSF CTCs at the first lumbar puncture

Abbreviation: CTC = circulating tumor cell.

Sensitivity, % Specificity,® %
66.7 -

73.3 =

86.6 =

100 97.2

2 Specificity was not calculated for MRl and CSF conventional cytology because they were part of the definition of
leptomeningeal metastasis and false negatives were not possible.

One patient with CSF CTCs did not meet criteria
for LM. This patient had breast cancer with multiple
superficial brain metastases and hydrocephalus and
was found to have 0.27 CTCs/mL. The MRI was
considered suspicious but nondiagnostic for LM,
and the CSF cytology was negative. Therefore, the
patient did not meet the prespecified criteria for
LM and this was considered a false-positive CTC
result for the purpose of this study. However, the
patient was receiving paclitaxel treatment; bevacizu-
mab was added immediately after the first lumbar
puncture. Eventually, MRI evidence of LM devel-
oped 6 months after the initial tap. Considering this
patient had a false-positive CSF CTC result, the spec-
ificity for the CSF CTCs on initial lumbar puncture
was 97.2% (95% CI, 85.4%-99.9%). The positive
predictive value of CSF CTCs was 93.8% (95% CI,
69.8%-99.8%) and the negative predictive value was
100% (95% CI, 90%—-100%). Specificity and predic-
tive values for the first MRI and conventional cytol-
ogy at the first lumbar puncture were not calculated
because they were both part of the gold standard def-
inition, and false positives are therefore not possible.

One patient with glioblastoma, progressive gait
ataxia, and hydrocephalus had MRI, CSF cytology,
and CTCs that were negative for LM and was thus
considered a true negative for the purpose of this study.
However, this patient was being treated with bevacizu-
mab and died 8 months later with no imaging evidence
of LM, but autopsy showed brain and spinal cord LM.

Among the 9 additional patients with elevated
CSF leukocytes and without solid tumors, no CSF
CTCs were found.

DISCUSSION In this study, we analyzed CSF sam-
ples from 60 patients utilizing immunomagnetic plat-
form—based RCCT in order to establish the
usefulness of this technology in the diagnosis of LM
from solid tumors. We found that the detection of
CSF CTCs was a robust diagnostic tool in a wide
range of epithelial tumor types, outperforming stan-
dard diagnostic tools such as MRI and conventional

CSF cytology analysis.
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Despite advances in cancer management, the prog-
nosis of LM from solid tumors has not changed in
the past 30 years, with a median survival that remains
2 to 4 months."*" For pootly understood reasons,
LM has been increasingly recognized in patients with
solid tumors, not only in the setting of terminally ill
patients, but also in patients with stable systemic disease
and good performance status.'®"” Establishing the diag-
nosis of LM at earlier disease stages is crucial for the
development of better therapies because treatments
administered when a patient is already severely disabled
are less likely to be effective or feasible.

Whereas the diagnosis of LM in hematologic malig-
nancies has been facilitated by the use of CSF flow
cytometry and PCR-based gene rearrangement studies,
these techniques have not been useful in solid tumors.
Alternatively, several studies have sought to identify pro-
tein-based CSF biomarkers able to accurately identify
LM, particularly focusing on proteins involved in angi-
ogenesis, tumor invasion, and cytokines.'"'®'"* VEGF is
the most studied biomarker for this indication.'** A
recent study evaluating both CSF VEGF and stromal
cell-derived factor-1 levels in 89 patients with breast
cancer, lung cancer, and melanoma found high CSF
VEGEF levels in 67% to 75% of patients with positive
CSF cytology and normal levels in 97% of patients with
negative cytology; stromal cell-derived factor-1 levels
were found to be less helpful* The sensitivity of CSF
VEGEF in various studies was 51% to 100%, with spec-
ificity up to 98%, although comparison with our results
is difficult because most of those studies used cytology
as a gold standard, itself a low-sensitivity examination.
Several other proteins have also been investigated (table
e-1 on the Neurology® Web site at www.neurology.
org).>'"1%% However, as a whole, their development
as CSF biomarkers has been difficult because each may
be relevant to only specific tumor types, and CSF
protein levels are influenced by serum protein levels.
Serum proteins may penetrate the subarachnoid space
at variable rates, particularly in the setting of breakdown
of the blood-brain barrier. It must be noted that several
neurologic diseases that are also part of the differential
diagnosis in patents with cancer who present with
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neurologic symptoms, such as meningitis and
inflammarory disorders, are associated with disruption
of the blood-brain barrier, which may produce false-
positive results. Therefore, correction formulas based
on serum protein and albumin levels are required,
seeking to differentiate local protein synthesis from
passage through the blood-brain barrier, with variable
results.” Conversely, the CTC methodology is based
on the direct identification of tumor cells, and therefore
is not limited by such variations in the blood-brain
barrier permeability. In the future, combining these
different methodologies might be of interest,
particularly in tumor-specific studies.

An inherent limitation of this and other studies
seeking to establish diagnostic tools for LM is the lack
of a gold standard, which ideally would correspond to
autopsy examination in all patients performed close to
the diagnostic procedure. Because this type of design
is obviously not feasible, we chose to utilize the com-
bination of both CSF cytology and MRI as the gold
standard, as neither alone is sensitive enough to pro-
vide an accurate diagnosis. In a retrospective study

evaluating a large series of patients with LM, MRI

r

Comment:
Neoplastic meningitis—Improving accuracy of a sometimes
elusive diagnosis

Leptomeningeal metastasis (LM) represents an area of neuro-oncology that
has been remarkably resistant to therapeutic breakthroughs. Several factors con-
tribute to dismal prognosis, including (often) concomitant advanced systemic can-
cer, poor neurologic functional status, chemoresistance of underlying tumors, and
difficulties of delivering cytotoxic drugs at therapeutic concentrations into the CSF
while avoiding toxicity. Delayed diagnosis is another factor: although CSF is usu-
ally abnormal, definitive positive cytology may be elusive and intermittent. De-
layed diagnosis contributes to neurologic decline and the development of greater
disease burden, less likely to respond favorably to therapy.

Rare cell capture technology, utilizing ferromagnetic particle-coated antibodies to
the epithelial cell adhesion molecule (EpCAM) in conjunction with immunomagnetic
technology, is an extremely sensitive, well-validated method that can reliably detect
fewer than 5 circulating tumor cells in a 7.5-mL tube of blood. EpCAM is commonly
overexpressed in breast, colon, prostate, lung, head and neck, and hepatic cancer, and
is not expressed in hematologic malignancies. This technology has been utilized to
detect circulating tumor cells in peripheral blood, and in some circumstances the pres-
ence of circulating tumor cells has been associated with poor prognosis. The present
study’ assessed the diagnostic utility of this technology for LM.

Strengths of the study include clear, rigorous parameters for diagnosis of LM,
careful patient follow-up, and the extremely high sensitivity and specificity that
this technology displayed. The number of studied patients was small, so the find-
ings require validation. Moreover, the range of tumors that express EpCAM suf-
ficiently for detection is uncertain; the authors note that melanoma, non-small-cell
lung cancer, sarcomas, and gliomas are low expressers. Nonetheless, incorpora-
tion of additional antibodies holds promise of broadening this technology’s utility.
Beyond diagnosis, the development of a reliable CSF marker of LM may facilitate
assessment of LM treatment response in a manner that CSF cytology has never
permitted.

1. Nayak L, Fleisher M, Gonzalez-Espinoza R, et al. Rare cell capture technology for the
diagnosis of leptomeningeal metastasis in solid tumors. Neurology 2013;80:1598-1605.

David Schiff, MD

The author reports no disclosures relevant to the manuscript. Go to Neurology.org for full
disclosures.

led to the diagnosis of LM in 53% of patients, and
CSF cytology provided the diagnosis in 23%." In
patients who underwent both MRI and CSF evalua-
tion, discordance between the 2 techniques was fre-
quent, with 37% of patients having a positive MRI
and negative CSF, and 15% having a positive CSF
and negative MRI, suggesting that both techniques
are complementary. Other studies comparing CSF
and MRI as diagnostic tools for LM have used various
definitions of LM as a gold standard, and overall have
found that MRI seems to perform better than CSF
cytology in solid tumors, with a sensitivity ranging
from 76% to 100%, vs 46% to 75% for CSF cytol-
ogy.?** Although MRI is widely used in clinical
practice, imaging findings are never truly unequivo-
cal, given that other neurologic diseases may occa-
sionally display similar findings, and mimic LM.

Another limitation in our study is the fact that
some of the included patients were receiving bevaci-
zumab treatment. Because of the decrease in vascular
permeability induced by VEGF blockade, bevacizu-
mab may decrease or eliminate abnormal contrast
enhancement on the MRI, masking signs of LM."
Our patient with breast cancer who had a false-posi-
tive CSF CTC result was receiving bevacizumab and
developed LM 6 months later as documented on a
follow-up MRI; it is difficult to determine whether
LM was already present at the time of the lumbar
puncture, in which case this would have been a true
positive and the specificity 100%. Likewise, the
patient with glioblastoma on bevacizumab who was
eventually found to have LM on autopsy 8 months
after presentation of hydrocephalus may have consti-
tuted a false-negative result. In fact, we were unable to
enroll patients with confirmed LM from nonepithelial
tumors, given that they are relatively rare, accounting
for only 7% of patients with solid-tumor LM."
Therefore, our results largely apply to tumors of epi-
thelial origin, which affect 93% of patients in whom
this diagnosis is made. Larger confirmatory studies
enriched for nonepithelial primary tumors and tu-
mors known to have a low expression of EpCAM
such as gliomas, sarcomas, melanomas, and non—
small cell lung cancer are warranted; adding alterna-
tive antibodies” and exploring other RCCT's would be
warranted. Another limitation is that blood CTCs
wete not collected at the time of the lumbar puncture.
However, it is highly unlikely that contamination
from blood CTCs during the lumbar puncture would
account for the CTCs identified in the CSF, given the
extremely low concentrations of CTCs in the blood.
Moreover, given the high discriminative power of
RCCT in distinguishing blood from tumor cells, it
is unlikely that blood contamination would result in
false-positive CTC results, which is in line with the
high specificity found in this study.
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We describe a new method for the diagnosis of
LM in epithelial solid tumors that seems to achieve
improved sensitivity when compared with conven-
tional CSF cytology and MRI, with the potential of
confirming the diagnosis of LM at earlier disease
stages, and sparing patients from the discomfort of
repeat lumbar punctures. The methodology is rela-
tively simple, examiner independent, previously vali-
dated in the blood, widely available, and does not
require additional equipment or software; collected
samples may be shipped at room temperature for
analysis at referral centers. Future studies include val-
idation of CSF CTCs in larger cohorts, exploring
their use as markers of treatment response and failure
in the management of LM,** and molecular charac-
terization of LM through analysis of tumor-enriched
samples obtained with the use of RCCT.*
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