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• Leptomeningeal metastasis (LM) is typically a late 
complication of advanced solid tumors and associates 
with a poor prognosis

• The diagnosis of LM can be challenging, since CSF 
cytopathologic analysis has relatively low sensitivity and 
MRI findings may be equivocal

• Methods to detect circulating tumor cells (CTCs) in the 
CSF may increase the sensitivity of LM diagnosis 

• The Target SelectorTM (TS) CTC detection assay utilizes a 
ten-antibody (ab) capture cocktail followed by 
biotinylated secondary abs that bind to CTCs, enriched in 
a microfluidic device

• TS has previously demonstrated highly specific and 
sensitive CTC capture both for epithelial (CK+) and non-
epithelial (CK-) subsets in blood

Primary objective: 
• Determine whether TS will demonstrate improved 

sensitivity in the diagnosis of LM through identification 
of CTCs in the CSF as compared to standard 
cytopathologic CSF analysis

Secondary objectives:
• Explore characteristics of CTCs and cell free DNA (cfDNA) 

collected from CSF and compare results to CTC and 
cfDNA assays collected simultaneously from peripheral 
blood

• For metastatic breast cancer (MBC) patients, assess 
feasibility of determining ER and HER2 receptor status 
on CSF CTCs using TS technology

• For MBC patients, assess concordance between receptor 
status of the primary and/or metastatic tumor with 
receptor status of CTCs identified by TS

Inclusion criteria:
• Adults 18 years or older with a solid tumor diagnosis 

(initially restricted to MBC; protocol later expanded to 
include all solid tumors)

• Undergoing LP for clinical or radiographic suspicion of 
LM

Exclusion criteria:
• Malignant cells previously identified in a CSF sample

CTC detected (n=6) CTC not detected (n=7)
Primary tumor – no. (%)

Breast 5 (83) 5 (71)
CNS lymphoma 1 (17) 0 (0)
Lung 0 (0) 1 (14)

Glioma 0 (0) 1 (14)

CSF cytology (+)* – no. (%) 3 (50) 0 (0)
Genomic alteration detected in CSF* – no. (%) 2 (33) 1 (14)

N=14
Age – median (range) 56 (32-75)
Female sex – no. (%) 13 (93)
Primary tumor – no. (%)
Breast 10 (71)
CNS lymphoma 1 (7)
Colon 1 (7)
Lung 1 (7)
Glioma 1 (7)

Prior lines of systemic therapy for 
advanced disease – median (range) 2.5 (0-8)

CSF cytology evaluable 13 (93)
TS performed 13 (93)

• Target SelectorTM is a viable platform for the detection of breast cancer CTCs in the CSF.
• Next-generation sequencing performed on CSF samples can identify potentially actionable
mutations.

• Larger studies are needed to determine the sensitivity of TS compared with CSF cytology for
the diagnosis of LM.

ID # CSF cytology CTCs  by 
TS (CSF)

Receptor Status:
Biopsy (Tumor 

Tissue)

Receptor Status:
TS (CSF)

ER Status 
Concordant with 

TS?

HER2 Status 
Concordant with 

TS?

Genomic alteration in 
CSF (TS)

Genomic alteration 
in blood (TS)

1 + + ER-/HER2- ER+/HER2- N Y None None

2 Not performed + ER-/HER2- ER-/HER2+ Y N TP53 p.K132R None

3 - - ER+/HER2- N/A N/A N/A None
ESR1 p.E380Q
ESR1 p.Y537D
TP53 p.R273H

4 - - ER-/HER2+ N/A N/A N/A None None

5 + + ER-/HER2- ER-/HER2- Y Y Not performed TP53 p.V272M
TP53 pC238Y

6 + + ER+/HER2- ER-/HER2- N Y PIK3CA p.H1047L PIK3CA p.H1047L

7 - - ER+/HER2- N/A N/A N/A None None

8 - - ER-/HER2- N/A N/A N/A Not performed Not performed

9 - - ER+/HER2- Unable to assess N/A N/A CCND1 deletion
PIK3CA p.E542K
PIK3CA p.E545K
PIK3CA p.E726K

10 - + ER-/HER2- Unable to assess Y N/A None None

Table 3. Patient-level data for patients with metastatic breast cancer

Figure 1. Visual schematic of the Target SelectorTM platform.
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*All patients with positive CSF cytology and genomic alterations detected by NGS had MBC

• Of 6 pts for whom CTCs were detected in the CSF by TS, 3 pts had (+) CSF cytology (all MBC), 2 pts had (-)
cytology (1 MBC, 1 CNS lymphoma), and 1 pt (with MBC) did not have evaluable CSF cytology

• In all pts with (+) CSF cytology, TS detected CTCs in the CSF

• Among 5 MBC patients with CTCs present in CSF, ER status was concordant with metastatic tumor tissue in 2
of 5 (40%). HER2 status was concordant in 3 of 4 (75%) evaluable pts and not determined in 1 pt.

• Analysis of CSF cfDNA identified genomic alteration in three pts. Of these, 1 pt (with CCND1 deletion) had
negative CSF cytology and had no CTCs detected in the CSF. In 1 of 3 pts, a mutation identified in CSF (PIK3CA)
was also identified in the blood.

• CSF samples collected in CEE-SureTM collection tubes. 
• Samples incubated in a primary ab mixture followed by biotinylated secondary 

antibody.

Methods

Table 1. Patient characteristics

Table 2. Summary of CTC detection by Target Selector

• Primary ab mixture contains anti-EpCAM, tumor-associated calcium signal 
transducer 2, anti-c-MET, anti-Folate-binding protein receptor, anti-N-
Cadherin, anti-CD318, and anti-mesenchymal stem cell antigen. 

• CTCs captured and detected in a microchannel. 
• Cells stained with a mixture of anti-cytokeratin 17, 18, 19, pan-cytokeratin, CD45, 

streptavidin and DAPI. 
• CTC enumeration analysis undertaken and classified either as CK positive 

(CK+/CD45-/DAPI+) or CK negative. 
• Cell-free DNA extracted

*CTC denotes circulating tumor cells, FISH fluorescence in situ hybridization, and ICC immunocytochemistry

• Amplicon-based next-generation sequencing (NGS) libraries prepared, 
templated and sequenced using the Ion Torrent Ion Chef and S5 XL systems. 

• Data analysis performed using the Torrent Suite and Ion Reporter software.
• Annotation and report curation achieved by the Ion Reporter and Oncomine

Knowledgebase Reporter software.


