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CLINICAL STUDY
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Abstract
Purpose The CellSearch® system has been used to identify circulating tumor cells (CTCs) in cerebrospinal fluid (CSF) to 
diagnose leptomeningeal metastasis (LM) in patients with epithelial cancers. Using this system, we prospectively explored 
sequential CSF CTC enumeration in patients with LM from HER2+ cancers receiving intrathecal (IT) trastuzumab to capture 
dynamic changes in CSF CTC enumeration.
Methods CSF from patients enrolled in an IRB-approved phase I/II dose escalation trial of IT trastuzumab for LM in HER2+ 
cancer (NCT01325207) was obtained on day 1 of each cycle and was evaluated by the CellSearch® platform for CTC enumer-
ation. The results were correlated with CSF cytology from the same sample, along with clinical and radiographic response.
Results Fifteen out of 34 patients with HER2+ LM were enrolled in CSF CTC analysis; 14 were women. Radiographic LM 
was documented in 14 (93%) patients; CSF cytology was positive in 6 (40%) and CSF CTCs were identified in 13 (87%). 
Median CSF CTC was 22 CTCs (range 0–200 +) per 3 ml. HER2/neu expression analysis of CTCs was performed in 8 
patients; 75% had confirmed expression of HER2/neu positivity in CSF and HER2/neu expression was absent in 25%. Four 
of 10 patients received 7 or more cycles of IT trastuzumab; in 3 of these patients, increase in CSF CTCs enumeration from 
baseline was detected 2–3 months prior to changes seen on MRI, and while CSF cytology remained negative.
Conclusion Our study demonstrates that enumeration of CSF CTCs may provide dynamic, quantitative assessment of tumor 
burden in the central nervous system compartment during treatment for LM and prior to changes on MRI or CSF cytology.
Trial Registration: Clinicaltrials.gov: NCT01325207; registered March 29th, 2011.
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Introduction

Diagnosis, prognosis, and treatment of leptomeningeal 
metastasis (LM) carries a significant implication for 
oncologists and patients [1–3]. Diagnosis and management 

currently relies on a combination of magnetic resonance 
imaging (MRI) and cerebrospinal fluid (CSF) cytology [1, 
2, 4], which are two tools with low sensitivity in the early 
stages of LM [2, 3]. Moreover, once the diagnosis is estab-
lished, MRI and CSF cytology are insensitive to determine 
treatment response [1, 4]. To overcome these limitations, a 
variety of techniques including circulating tumor cell (CTC) 
[5–8] technologies have been developed, adapted to CSF, 
and validated. This includes CSF CTC methodology by the 
CellSearch® system (Menarini Silicon Biosystems), which 
is a highly-sensitive method to diagnose LM with better 
diagnostic performance compared to CSF cytology and MRI 
[9–12]. The value of CSF CTCs as a prognostic biomarker, 
and as a biomarker of therapeutic response, has not yet been 
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elucidated in clinical trials; however, it is well established 
in plasma [5, 8].

Major clinical societies have been working to establish 
guidelines for a unified approach to diagnose and manage 
LM. The current European Association of Neuro-Oncology-
European Society for Medical Oncology (EANO-ESMO) 
guidelines provide recommendations regarding the diagnosis 
and treatment of LM from solid and liquid cancers [13], 
which include MRI of the brain and spine in conjunction 
with CSF cytologic analysis. Similarly, the Leptomeningeal 
Assessment in Neuro-Oncology (LANO) working group 
(a part of the Response Assessment in Neuro-Oncology 
[RANO] group) recommends establishing a diagnosis of 
LM based on a combination of symptom constellation, brain 
and spine MRIs, and CSF cytology [14, 15]. However, MRI 
findings can be non-diagnostic, particularly at early stages, 
and definitive findings may therefore appear only in later 
stages. Likewise, while positive CSF cytology represents 
the gold standard for diagnosing LM, its initial sensitivity 
is quite modest, and repeated CSF samples may be required 
to increase sensitivity to about 90% [2, 3].

The EANO-ESMO guidelines reference several prom-
ising new platforms to improve sensitivity for tumor cell 
detection in the CSF. The LANO group proposes to include 
CSF CTCs, as well as other platforms that allow for molecu-
lar profiling such as CSF circulating tumor DNA. Impor-
tantly, it also states prospective studies must include evalu-
ation of liquid biopsies [16].

Further work is needed to establish the clinical utility 
of these analyses as biomarkers of both disease diagnosis 
and response to treatment, as well as to incorporate the use 
of CSF CTCs into clinical practice. The goal of this study 
was to evaluate the value of CSF CTCs as biomarkers prior 
to and during treatment in patients with LM from HER2+ 

cancers who were receiving treatment with intrathecal (IT) 
trastuzumab on a clinical trial [17]. We used epithelial 
cell adhesion molecule (EpCAM)-based rare cell capture 
technology (RCCT), which utilizes an immunomagnetic 
CTC selection method based on EpCAM antibody conju-
gated ferroparticles and is a sensitive technique to detect 
LM from epithelial tumors [10–12, 18, 19]. We found that 
CSF CTC enumeration effectively capture at diagnosis, and 
may provide quantifiable measurement of tumor burden in 
a disease setting such LM, which is notoriously difficult to 
quantify and may potentially serve as a biomarker of treat-
ment response.

Methods

This multi-institutional phase I/II dose escalation trial of 
IT trastuzumab for LM [17] was conducted in six medical 
centers from August 2012 to July 2016, and included CSF 
CTC enumeration as an optional exploratory arm to define 
whether CSF CTCs were present in the CNS compartment 
at trial entry and whether there was a quantitative change in 
CTCs during treatment. CSF CTC enumeration was corre-
lated with CSF cytology collected at the same time prior to 
drug instillation on day 1 of each cycle, and it was correlated 
with neuroimaging performed at baseline, prior to initia-
tion of cycle 2, cycle 3, and then prior to every odd cycle 
thereafter (up to 3 days prior to initiation of the next cycle) 
(Fig. 1). LM was defined by neuroimaging demonstrating 
contrast enhancement in the usual LM pattern and/or posi-
tive CSF cytology. Overexpression of the human epidermal 
growth factor receptor 2 (HER22/neu) was confirmed by 
either immunohistochemical staining of 3+ or greater, or 

Fig. 1  Schema of the CSF and 
MRI assessment and CSF tests 
workflow indicating that CSF 
was collected via an Ommaya 
reservoir prior to each cycle 
of treatment with intrathecal 
trastuzumab. Then 3–5 ml 
of fluid were processed for 
CSF cytology (top panel) and 
another 3.5 ml of fluid for CSF 
circulating tumor cells (bottom 
panel). CTCs in the CSF were 
identified as CK-PE+, DAPI+ 
and CD45−. HER2/neu expres-
sion analysis of CTCs was 
performed and shown in the last 
channel
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by fluorescence in situ hybridization (FISH) analysis of the 
primary or metastatic tissue.

Patients had an intraventricular reservoir (Ommaya) 
placed prior to initiation of IT therapy. IT trastuzumab was 
administered via an Ommaya reservoir twice weekly for 
cycle 1 (1 cycle = 28 days), then once a week for cycle 2 
and every 2 weeks thereafter for subsequent cycles. CSF 
for cytology, as well as for CTC enumeration, was obtained 
immediately prior to drug instillation on day 1 of each 
cycle (Fig. 1). Three milliliters of CSF were transferred to 
a CellSave preservative tube and delivered from multiple 
participating institutions within 24–72 h from the CSF col-
lection to Memorial Sloan Kettering Cancer Center, where 
the CSF CTC analysis was performed. MRIs of the brain 
and spine were performed prior to cycles 2 and 3, and then 
prior to every other cycle while patients remained on study. 
Progression of disease (POD) was defined as definite or 
probable regardless of the CSF cytology when new areas of 
leptomeningeal enhancement on MRI scan were seen and/
or definite clinical POD secondary to LM regardless of the 
radiographic results.

The CellSearch® (Menarini Silicon Biosystems) plat-
form was used to enumerate CTCs in CSF specimens. 
The CellSearch® Assay is an immunomagnetic isolation 
technique using antibodies to EpCAM conjugated to mag-
netic beads for the immunomagnetic capture of EpCAM-
expressing epithelial cells. A CTC was defined as a cell 
that expresses cytokeratin (CK), displays a nucleus when 
stained with 4,6-diamidino-2-phenylindole (DAPI), and 

has no expression of CD45. CSF CTCs were also evaluated 
for HER2/neu expression using a specific Her2/neu anti-
body phenotyping marker reagent (Menarini Silicon Bio-
systems, cat#LN7900006). The Her2/neu CTC assay is not 
FDA approved, but rigorous performance testing was per-
formed in accordance with Clinical Laboratory Improvement 
Amendments (CLIA) regulatory requirements and adapted 
for use on the CellSearch® platform. We were able to iden-
tify Her2/neu Ab+, CK-PE+, DAPI+ and CD45- cells using 
the CellSearch® method. Results were reported as number 
of CTCs per 3 ml of CSF (CSF CTCs/3 ml). The enumera-
tion of CSF CTCs was limited by standard approach to 200+ 
CSF CTCs/3 ml though even higher numbers of CTCs were 
seen. This study was approved after review by the Institu-
tional Review Boards and was conducted in accordance with 
the Declaration of Helsinki and International Conference on 
Harmonization Good Clinical Practice. All patients provided 
written informed consent before enrolment.

Results

Fifteen out of 34 patients were enrolled in the CSF CTC 
analysis: 14 patients were women with breast cancer and 1 
was a man with colon cancer. At trial entry, positive CSF 
cytology was confirmed in 6 patients and suspicious in 4 
(Table 1). Fourteen patients had radiographic evidence of 
LM. CSF CTCs were identified in 13/15 (87%) patients; 
median CSF CTC enumeration was 22 CSF CTCs/3 ml 

Table 1  Baseline clinical 
characteristics, CSF cytology, 
CSF circulating tumor cells, and 
MRI results of patients

ca cancer, + positive, − negative, s suspicious, x not performed, lm leptomeningeal metastases, mri mag-
netic resonance imaging, B brain, S spine, csf cerebrospinal fluid, ctc circulating tumor cell, ml milliliter, 
HER2+ human epidermal growth factor 2, r radiographic, na not applicable, x not done
*Patients came of study as they did not complete cycle 1

Patient Diagnosis LM on MRI Site of LM 
on MRI

CSF cytology CSF CTCs/3 ml CSF CTC 
HER2 expres-
sion

1 Breast Ca  + B Suspicious 0 NA
2 Breast Ca  + B Negative 0 NA
3 Breast Ca  + B Negative 1 Absent
4 Breast Ca  + B + S Suspicious 3* Present
5 Breast Ca  + B Negative 5 Present
6 Breast Ca  + B + S Negative 7* Present
7 Breast Ca  + B Negative 10 Present
8 Breast Ca  + S Positive 22 Present
9 Colon Ca  + S Suspicious 81 Absent
10 Breast Ca  + S Suspicious 139 x
11 Breast Ca  + B + S Positive 146 x
12 Breast Ca  + S Positive 166* x
13 Breast Ca  + B Positive 200+ x
14 Breast Ca  + B Positive 200+* Present
15 Breast Ca − na Positive 200+* x
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(range 1–200+/3 ml). CSF CTCs were detected in 4 patients 
with negative CSF cytology. Two patients, 1 with negative 
and 1 with suspicious CSF cytology, had no detectable CSF 
CTCs. The Her2/neu CTC assay was performed in 8/15 
patients with detectable CTCs, and Her2/neu expression of 
CTCs was confirmed in 6/8 (75%).

Ten of 15 patients completed one or more cycles of treat-
ment and had serial CSF CTC assessments (Fig. 2). Five out 
of 15 patients came off study before they completed cycle 
1; due to clinical POD in 3, radiographic POD in spine 
in one and adverse side effect in one. In those 4out of 10 
patients who received 7 and more cycles of therapy, median 
CSF CTC was 3 CTC/3 ml (range 0–22) prior to initiation 
of treatment; 6 out of 10 patients who stayed on study for 
only 1 or 2 cycles had median pre-treatment CSF of 110 
CTC/3 ml (range 0–200+).

Four out of eight patients with low CSF CTC enumera-
tion at baseline (range 0–22 CSF CTCs/3 ml) received ≥ 7 
cycles of IT trastuzumab (Fig. 3). In 3 of those 4 patients, 
a decrease in CSF CTCs was observed during the first 
2 months of treatment while some improvement was also 
seen on imaging and clinically. However, in the 4–8 weeks 
prior to definitive radiographic POD, CSF CTC count 
was going up in 3 patients, while CSF cytology remained 

negative in one (patient 5) and turned from negative to posi-
tive in 2 other patients. The remaining 6 patients stayed on 
study for a shorter duration: 2/6 (33%) completed 1 cycle, 
while 4/6 (67%) completed 2 cycles of treatment and then 
came off trial because of disease progression (Supplemen-
tary Fig. 1). In 50% of these patients (patients 9, 10, and 13) 
CSF CTCs numbers increased along with disease progres-
sion on neuroimaging. In 2 patients (patients 7 and 11) a 
decrease in CSF CTCs count at the time of disease progres-
sion was observed, while no CSF CTCs were detected in 
another patient (patient 1).

Discussion

This is the largest study incorporating serial longitudinal 
enumeration of CSF CTCs in patients with HER2+ cancers 
and LM enrolled on a clinical trial. In this multicenter trial, 
we obtained CSF for CTCs analysis from multiple participat-
ing institutions prior to the initiation of LM-directed treat-
ment, during treatment, and at progression. We compared 
these samples to CSF cytology samples collected at the same 
time, as well as MRI scans performed within a few days of 
CSF collection. Our study demonstrates CSF CTC analy-
sis can easily be incorporated into multi-center prospective 
studies for patients with LM, given that the CellSave pres-
ervation tubes allow the specimen to be stored for up to 72 h 
and that CSF samples can be shipped unfrozen.

CSF CTC enumeration by the CellSearch® platform most 
likely reflects the overall disease burden in the CNS com-
partment, which can be easily calculated per 1 ml of CSF. 
We observed that patients with a higher CSF CTC enumera-
tion were more likely to progress rapidly, suggesting a high 
burden of disease in the CSF compartment, which is not 
necessarily seen on neuroimaging. High disease burden in 
the CNS compartment at the time of diagnosis could corre-
spond with the dismal overall survival of patients with LM, 
which is typically 3–4 months [2, 20–22]. Conversely, there 
was a group of patients with low CSF CTC enumeration 
prior to treatment who received 7 or more cycles of therapy 
before further POD of LM seen on neuroimaging, suggest-
ing that CSF CTCs may serve as a prognostic biomarker or 
a biomarker of treatment response. Other important findings 
of this study were an observed drop in CSF CTC count in 
patients who responded to therapy, and a sudden spike in 
CSF CTC count 4–8 weeks prior to clinical or neuroimaging 
POD. Based on these results, we hypothesize that changes in 
CSF CTC enumeration might reflect the dynamic changes 
of LM disease before changes on MRI or CSF cytology are 
identified.

CSF CTC analysis was optional in this study and not all 
patients elected to participate, which is a limitation of this 
and many other studies. In addition, our cohort included 
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patients with both recurrent and newly diagnosed LM with 
median time between LM diagnosis and the date of enroll-
ment of 250 days. As a result, each group is relatively small 
and thus not amenable for correlations with overall sur-
vival and progression free survival. Another limitation of 
this study is that some of patients had LM in the brain and 
spine, however all CSF samples were collected only from 
an Ommaya reservoir and not via a lumbar puncture which 
could increase the change of identifying higher CTC count 
than from an Ommaya reservoir [11]. Regardless, this study 
features the largest number of patients in a clinical trial that 

explores the value of CSF CTCs as a biomarker at multi-
ple time points during treatment. Our study suggests lower 
CSF CTC counts could represent lower disease burden in 
the CNS compartment at early stages of LM and the CSF 
CTC analysis could be incorporated in response assessment 
for patients with LM. In the future, it may be worthwhile to 
consider stratifying patients with LM based on CSF CTC 
count at time of diagnosis in clinical trials.

The ability to assess CSF CTCs for molecular mark-
ers [18] such as HER2/neu expression using a spe-
cific Her2/neu antibody phenotyping marker reagent is 

Fig. 3  Changes in CSF CTC enumeration and CSF cytology in four 
patients with low baseline CSF CTCs who received > 7 cycles of IT 
therapy. The graphs illustrate the changes in CSF CTCs and CSF 

cytology overtime while patients continued treatment on a study. 
In patients 3, 5 and 8, a spike in CSF CTCs enumeration was noted 
4–8 weeks prior to disease progression seen on MRIs
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an important advantage to confirm that all cells in the 
CNS compartment expressed HER2/neu prior to initia-
tion of treatment. This enables real-time confirmation of 
HER2/neu expression or loss of HER2/neu over time, 
which has been reported previously at other sites of metas-
tases [23]. In our study, HER2/neu expression of CSF CTC 
was identified in 6 of 8 (75%) of patients at trial entry 
when CSF CTCs were detected. HER2/neu expression of 
CSF CTC was not identified in 2 patients: 1 with only a 
single CSF CTC, and another who had 81 CSF CTCs/3 ml. 
While the reason for lack of HER2/neu positivity in the 
last patient is not clear, we hypothesize that this could be 
due either to HER2/neu loss in the CSF during molecu-
lar evolution of cancer, or it represents a false positive 
HER2/neu FISH analysis of the archival tissue. Incorpo-
ration of molecular analysis of CSF performed by next 
generation sequencing analysis could answer this question.

Many oncologists struggle with the decision to place 
an Ommaya reservoir and recommend IT chemotherapy 
because some patients decline so rapidly. Our data sug-
gests that CSF CTC enumeration may aid in the detection 
of LM at an earlier time and may quantify disease burden. 
The information gained from quantitating CSF CTCs at 
baseline may help guide these decisions once future, larger 
prospective trials have further established the role of CSF 
CTC enumeration to determine disease burden in the CSF 
compartment.

Conclusion

In this study, we demonstrate the value of CSF CTC enu-
meration in patients with LM enrolled on a phase I/II 
dose escalation trial of intrathecal trastuzumab. Beyond 
standard EpCAM-based CTC analysis, we have employed 
HER2/neu expression analysis of CTCs using a specific 
Her2/neu antibody phenotyping marker reagent to confirm 
that pre-treatment CSF CTCs express HER2+. Our find-
ings demonstrate that enumeration of CSF CTCs is a more 
accurate measurement of tumor burden in the CNS than 
standard CSF cytology and can be used as a biomarker of 
treatment response. CSF CTC analysis might be incorpo-
rated in clinical trials and in the clinical care of patients 
with LM from epithelial cancers.

Acknowledgements We thank Moira McGrath for her editorial assis-
tance. Part of this study was presented at the American Society of 
Clinical Oncology meeting in Chicago, 2017, and the European Asso-
ciation of Neuro-Oncology meeting in Stockholm, 2018. This research 
was supported by grants from the Memorial Sloan Kettering Brain 
Tumor Center and the National Institutes of Health/National Cancer 
Institute (P30-CA008748).

Author contributions Contribution to design: EP, JR, LMD. Contri-
bution to implementation: EP, JR, LMD, MF, PR. AS, SJ, ABL, MM, 
NUL, MDG, AS, AO, PK, MF. Contribution to analysis and interpre-
tation of data: EP, JR, MF, LMD, AS, RM. RM, EP wrote the manu-
script. All authors have been involved in the writing of this manuscript 
and have read and approved the final version.

Funding This research was supported by grants from the Memorial 
Sloan Kettering Brain Tumor Center and the National Institutes of 
Health/National Cancer Institute (P30-CA008748). Janssen Diagnos-
tics (Menarini Silicon Biosystems) provided reagents for the analysis, 
but no financial support.

Data availability The datasets used and analyzed during the current 
study are available from the corresponding author on reasonable 
request.

Compliance with ethical standards 

Conflict of interest Rachna Malani, Martin Fleisher, Priya Kumthekar, 
Xuling Lin, Antonio Omuro, Morris D. Groves, Suriya Jeyapalan, 
Anna Skakodub, Marc Rosenblum and Elena Pentsova declare that 
they have no conflict of interest. Nancy U. Lin reports consulting for 
Seattle Genetics, Puma, Daichii, and Genentech, and having received 
funding (to institution) from Seattle Genetics, Genentech, Novartis, 
and Pfizer. Michelle Melisko reports consulting for Genentech. An-
drew B. Lassman reports honoraria and travel support from Orbus, 
Bioclinica as an expert blinded independent reviewer of clinical and 
imaging data for a BMS-sponsored trial, Sapience, Novocure, Karyop-
harm, Abbott, QED, Forma, Bayer, and AbbVie outside the submitted 
work in the last (or expected in the next) 12 months. Andrew Seidman 
reports having served as a consultant to and a speaker for Genentech/
Roche. Adrienne Boire reports having consulted for Arix Bioscience 
for patents pending application numbers 62/258,044. November 20, 
2015 and 62/052,966. September 19, 2014. Lisa M. DeAngelis reports 
having served on the scientific advisory board for Tocagen, Spience, 
and BTG International. Jeffrey Raizer reports having been employed 
by Astellas (no conflict of interest as it relates to this manuscript).

Ethical approval All procedures performed involving human partici-
pants were in accordance with the ethical standards of the institutions 
and the study received Institutional Review Board approval.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

http://creativecommons.org/licenses/by/4.0/


605Journal of Neuro-Oncology (2020) 148:599–606 

1 3

References

 1. Herrlinger U, Forschler H, Kuker W, Meyermann R, Bamberg M, 
Dichgans J, Weller M (2004) Leptomeningeal metastasis: survival 
and prognostic factors in 155 patients. J Neurol Sci 223:167–178. 
https ://doi.org/10.1016/j.jns.2004.05.008

 2. Wasserstrom WR, Glass JP, Posner JB (1982) Diagnosis and treat-
ment of leptomeningeal metastases from solid tumors: experience 
with 90 patients. Cancer 49:759–772

 3. Glass JP, Melamed M, Chernik NL, Posner JB (1979) Malignant 
cells in cerebrospinal fluid (CSF): the meaning of a positive CSF 
cytology. Neurology 29:1369–1375. https ://doi.org/10.1212/
wnl.29.10.1369

 4. Clarke JL, Perez HR, Jacks LM, Panageas KS, Deangelis LM 
(2010) Leptomeningeal metastases in the MRI era. Neurology 
74:1449–1454. https ://doi.org/10.1212/WNL.0b013 e3181 dc1a6 9

 5. Liu MC, Shields PG, Warren RD, Cohen P, Wilkinson M, Otta-
viano YL, Rao SB, Eng-Wong J, Seillier-Moiseiwitsch F, Noone 
AM, Isaacs C (2009) Circulating tumor cells: a useful predictor 
of treatment efficacy in metastatic breast cancer. J Clin Oncol 
27:5153–5159. https ://doi.org/10.1200/JCO.2008.20.6664

 6. Maheswaran S, Haber DA (2010) Circulating tumor cells: a win-
dow into cancer biology and metastasis. Curr Opin Genet Dev 
20:96–99. https ://doi.org/10.1016/j.gde.2009.12.002

 7. Allard WJ, Matera J, Miller MC, Repollet M, Connelly MC, Rao 
C, Tibbe AG, Uhr JW, Terstappen LW (2004) Tumor cells cir-
culate in the peripheral blood of all major carcinomas but not 
in healthy subjects or patients with nonmalignant diseases. Clin 
Cancer Res 10:6897–6904. https ://doi.org/10.1158/1078-0432.
CCR-04-0378

 8. Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Matera J, Miller 
MC, Reuben JM, Doyle GV, Allard WJ, Terstappen LW, Hayes DF 
(2004) Circulating tumor cells, disease progression, and survival 
in metastatic breast cancer. N Engl J Med 351:781–791. https ://
doi.org/10.1056/NEJMo a0407 66

 9. Le Rhun E, Massin F, Tu Q, Bonneterre J, Bittencourt Mde C, 
Faure GC (2012) Development of a new method for identification 
and quantification in cerebrospinal fluid of malignant cells from 
breast carcinoma leptomeningeal metastasis. BMC Clin Pathol 
12:21. https ://doi.org/10.1186/1472-6890-12-21

 10. Lee JS, Melisko ME, Magbanua MJ, Kablanian AT, Scott JH, 
Rugo HS, Park JW (2015) Detection of cerebrospinal fluid tumor 
cells and its clinical relevance in leptomeningeal metastasis of 
breast cancer. Breast Cancer Res Treat 154:339–349. https ://doi.
org/10.1007/s1054 9-015-3610-1

 11. Lin X, Fleisher M, Rosenblum M, Lin O, Boire A, Briggs S, 
Bensman Y, Hurtado B, Shagabayeva L, DeAngelis LM, Panageas 
KS, Omuro A, Pentsova EI (2017) Cerebrospinal fluid circulating 
tumor cells: a novel tool to diagnose leptomeningeal metastases 
from epithelial tumors. Neuro Oncol 19:1248–1254. https ://doi.
org/10.1093/neuon c/nox06 6

 12. Nayak L, Fleisher M, Gonzalez-Espinoza R, Lin O, Panageas K, 
Reiner A, Liu CM, Deangelis LM, Omuro A (2013) Rare cell cap-
ture technology for the diagnosis of leptomeningeal metastasis in 
solid tumors. Neurology 80:1598–1605. https ://doi.org/10.1212/
WNL.0b013 e3182 8f183 f (discussion 1603)

 13. Le Rhun E, Weller M, Brandsma D, Van den Bent M, de Azam-
buja E, Henriksson R, Boulanger T, Peters S, Watts C, Wick W, 
Wesseling P, Ruda R, Preusser M, Board EE, Committee EG 
(2017) EANO-ESMO clinical practice Guidelines for diagnosis, 
treatment and follow-up of patients with leptomeningeal metas-
tasis from solid tumours. Ann Oncol 28:iv84–iv99. https ://doi.
org/10.1093/annon c/mdx22 1

 14. Chamberlain M, Junck L, Brandsma D, Soffietti R, Ruda R, Raizer 
J, Boogerd W, Taillibert S, Groves MD, Rhun EL, Walker J, van 
den Bent M, Wen PY, Jaeckle KA (2016) Leptomeningeal metas-
tases: a RANO proposal for response criteria. Neuro Oncol. https 
://doi.org/10.1093/neuon c/now18 3

 15. Le Rhun E, Devos P, Boulanger T, Smits M, Brandsma D, Ruda 
R, Furtner J, Hempel JM, Postma TJ, Roth P, Snijders TJ, Win-
kler F, Winklhofer S, Castellano A, Hattingen E, Capellades J, 
Gorlia T, Van den Bent M, Wen PY, Bendszus M, Weller M, 
European Organisation for R, Treatment of Cancer Brain Tumor 
Group Central Nervous System Metastases C, the EBTGIC (2019) 
The RANO Leptomeningeal Metastasis Group proposal to assess 
response to treatment: lack of feasibility and clinical utility and 
a revised proposal. Neuro-oncology 21:648–658. https ://doi.
org/10.1093/neuon c/noz02 4

 16. Boire A, Brandsma D, Brastianos PK, Le Rhun E, Ahluwalia M, 
Junck L, Glantz M, Groves MD, Lee EQ, Lin N, Raizer J, Ruda 
R, Weller M, Van den Bent MJ, Vogelbaum MA, Chang S, Wen 
PY, Soffietti R (2019) Liquid biopsy in central nervous system 
metastases: a RANO review and proposals for clinical applica-
tions. Neuro Oncol 21:571–584. https ://doi.org/10.1093/neuon c/
noz01 2

 17. Kumthekar P, Gradishar W, Lin N, Pentsova E, Groves M, Jeyapa-
lan S, Melisko M, Grimm S, Lassman A, Raizer J (2018) Intrath-
ecal (It) traztuzumab (T) for the treatment of leptomeningeal 
metastases (Lm) in patients (Pts) with human epidermal growth 
factor receptor 2-positive (Her2+) cancer: a Multicenter Phase 1/2 
Study. Neuro-Oncology 20:58–i58

 18. Magbanua MJ, Melisko M, Roy R, Sosa EV, Hauranieh L, 
Kablanian A, Eisenbud LE, Ryazantsev A, Au A, Scott JH, Park 
JW (2013) Molecular profiling of tumor cells in cerebrospinal 
fluid and matched primary tumors from metastatic breast can-
cer patients with leptomeningeal carcinomatosis. Cancer Res 
73:7134–7143. https ://doi.org/10.1158/0008-5472.CAN-13-2051

 19. Patel AS, Allen JE, Dicker DT, Peters KL, Sheehan JM, Glantz 
MJ, El-Deiry WS (2011) Identification and enumeration of cir-
culating tumor cells in the cerebrospinal fluid of breast cancer 
patients with central nervous system metastases. Oncotarget 
2:752–760

 20. Gill CM, Brastianos PK (2019) Management of leptomeningeal 
carcinomatosis and challenges of trial design. Curr Opin Oncol 
31:508–513. https ://doi.org/10.1097/CCO.00000 00000 00057 4

 21. Morikawa A, Jordan L, Rozner R, Patil S, Boire A, Pentsova E, 
Seidman AD (2016) Characteristics and outcomes of patients with 
breast cancer with leptomeningeal metastasis. Clin Breast Cancer. 
https ://doi.org/10.1016/j.clbc.2016.07.002

 22. Glantz MJ, Jaeckle KA, Chamberlain MC, Phuphanich S, Recht 
L, Swinnen LJ, Maria B, LaFollette S, Schumann GB, Cole BF, 
Howell SB (1999) A randomized controlled trial comparing 
intrathecal sustained-release cytarabine (DepoCyt) to intrathecal 
methotrexate in patients with neoplastic meningitis from solid 
tumors. Clin Cancer Res 5:3394–3402

 23. Niikura N, Liu J, Hayashi N, Mittendorf EA, Gong Y, Palla SL, 
Tokuda Y, Gonzalez-Angulo AM, Hortobagyi GN, Ueno NT 
(2012) Loss of human epidermal growth factor receptor 2 (HER2) 
expression in metastatic sites of HER2-overexpressing primary 
breast tumors. J Clin Oncol 30:593–599. https ://doi.org/10.1200/
JCO.2010.33.8889

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.jns.2004.05.008
https://doi.org/10.1212/wnl.29.10.1369
https://doi.org/10.1212/wnl.29.10.1369
https://doi.org/10.1212/WNL.0b013e3181dc1a69
https://doi.org/10.1200/JCO.2008.20.6664
https://doi.org/10.1016/j.gde.2009.12.002
https://doi.org/10.1158/1078-0432.CCR-04-0378
https://doi.org/10.1158/1078-0432.CCR-04-0378
https://doi.org/10.1056/NEJMoa040766
https://doi.org/10.1056/NEJMoa040766
https://doi.org/10.1186/1472-6890-12-21
https://doi.org/10.1007/s10549-015-3610-1
https://doi.org/10.1007/s10549-015-3610-1
https://doi.org/10.1093/neuonc/nox066
https://doi.org/10.1093/neuonc/nox066
https://doi.org/10.1212/WNL.0b013e31828f183f
https://doi.org/10.1212/WNL.0b013e31828f183f
https://doi.org/10.1093/annonc/mdx221
https://doi.org/10.1093/annonc/mdx221
https://doi.org/10.1093/neuonc/now183
https://doi.org/10.1093/neuonc/now183
https://doi.org/10.1093/neuonc/noz024
https://doi.org/10.1093/neuonc/noz024
https://doi.org/10.1093/neuonc/noz012
https://doi.org/10.1093/neuonc/noz012
https://doi.org/10.1158/0008-5472.CAN-13-2051
https://doi.org/10.1097/CCO.0000000000000574
https://doi.org/10.1016/j.clbc.2016.07.002
https://doi.org/10.1200/JCO.2010.33.8889
https://doi.org/10.1200/JCO.2010.33.8889


606 Journal of Neuro-Oncology (2020) 148:599–606

1 3

Affiliations

Rachna Malani1  · Martin Fleisher2 · Priya Kumthekar12 · Xuling Lin1,3 · Antonio Omuro1,4 · Morris D. Groves5 · 
Nancy U. Lin6 · Michelle Melisko7 · Andrew B. Lassman8 · Suriya Jeyapalan9 · Andrew Seidman11 · Anna Skakodub1 · 
Adrienne Boire1 · Lisa M. DeAngelis1 · Marc Rosenblum10 · Jeffrey Raizer12 · Elena Pentsova1

1 Department of Neurology, Memorial Sloan Kettering Cancer 
Center, 1275 York Avenue, New York, NY 10065, USA

2 Department of Laboratory Medicine, Memorial Sloan 
Kettering Cancer Center, New York, NY 10065, USA

3 Present Address: Department of Neurology, National 
Neuroscience Institute, Singapore 308433, Singapore

4 Present Address: Department of Neurology, Yale University, 
New Haven, CT 06511, USA

5 Department of Neurology, Texas Oncology, Austin, 
TX 78705, USA

6 Department of Neurology, Dana Farber Cancer Institute, 
Boston, MA 02215, USA

7 Department of Medicine, UCSF, San Francisco, CA 94143, 
USA

8 Department of Neurology and Herbert Irving Comprehensive 
Cancer Center, New-York Presbyterian Hospital/Columbia 
University Irving Medical Center, New York, NY 10032, 
USA

9 Department of Neurology, Tufts University, Medford, 
MA 02155, USA

10 Department of Pathology, Memorial Sloan Kettering Cancer 
Center, New York, NY 10065, USA

11 Department of Medicine, Memorial Sloan Kettering Cancer 
Center, New York, NY 10065, USA

12 Department of Neurology, Northwestern University, 
Evanston, IL 60208, USA

http://orcid.org/0000-0003-2038-8738

	Cerebrospinal fluid circulating tumor cells as a quantifiable measurement of leptomeningeal metastases in patients with HER2 positive cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




