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Cancer Diagnostics

Detection of Circulating Tumor Cells in Cerebrospinal
Fluid of Patients with Suspected Breast Cancer
Leptomeningeal Metastases: A Prospective Study
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Alexis Bievelez,! William Jacot,®? Cristina Leaha,” Simon Thezenas,’ and Catherine Alix-Panabiéres

BACKGROUND: The diagnosis of breast cancer (BC)-
related leptomeningeal metastases (LM) relies on the
detection of tumor cells in cerebrospinal fluid (CSF)
using conventional cytology (gold standard). However,
the sensitivity of this technique is low. Our goal was
to evaluate whether circulating tumor cell (CTC) detec-
tion in CSF using the CellSearch® system could be used
for LM diagnosis.

METHODS: This prospective, monocentric study in-
cluded adult patients with suspected BC-related LM.
The clinical sensitivity and specificity of CTC detection
in CSF for LM diagnosis were calculated relative to con-
ventional CSF cytology.

RESULTS: Forty-nine eligible patients were included
and 40 were evaluable (CTC detection technical failure:
n=38, eligibility criteria failure: n=1). Cytology was
positive in 18/40 patients. CTCs were detected in these
18 patients (median: 5824 CTC, range: 93 to 45052)
and in 5/22 patients with negative cytology (median: 2
CTC, range: 1 to 44). The detection of >1 CSF CTC
was associated with a clinical sensitivity of 100% (95%
CI, 82.4-100) and a specificity of 77.3% (95% CI,
64.3-90.3) for LM diagnosis. HER2" CTCs were de-
tected in the CSF of 40.6% of patients with HER2™
BC (median: 500 CTC, range: 13 to 28 320).

concLusions:  The clinical sensitivity of CTC detec-
tion in CSF with the CellSearch® system for LM diagno-
sis is higher than that of CSF cytology. CTC detection

in patients with negative cytology, however, must be

c,d

further investigated. The finding of HER2* CTCs in pa-
tients with HER2™ BC suggests that the HER2 status of
LM should be evaluated to increase the treatment op-
portunities for these patients.

Introduction

Leptomeningeal metastases (LM) from solid tumors oc-
cur in 5% to 19% of patients (1). Breast cancer (BC) is
one of the most frequent causes. Similar to brain intra-
parenchymal metastases, LM incidence seems to be in-
creasing due to the longer survival of patients with
metastatic BC and the poor diffusion of therapeutic
agents in the central nervous system (CNS).

The diagnosis of LM may be suspected in patients re-
porting headache with cranial and/or spinal nerve involve-
ment. The two key exams to confirm the diagnosis of LM
are conventional cytology of cerebrospinal fluid (CSF)
samples (gold standard) and/or brain and medullar MRI.
Imaging can show leptomeningeal gadolinium enhance-
ment, sub-arachnoid nodes, cranial nerve enlargement,
ventriculitis, and/or non-obstructive hydrocephalus.
However, the clinical sensitivity of MRI for LM diagnosis
remains poor (1). Therefore, diagnosis confirmation is
based on the detection of tumor cells in the CSF using con-
ventional cytology. The CSF sample volume has to be at
least 3 mL and analysis must be performed rapidly because
90% of tumor cells are destroyed within 90 min after CSF
sampling. Even with optimal CSF sample volume and ana-
lysis time, the efficiency of this technique is limited and
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repeated samples are required. The clinical sensitivity is ap-
proximately 45% for 1 CSF sample and 85% for 3 succes-
sive CSF samples (1-3). Moreover, this technique only
allows a qualitative analysis (presence or absence of tumor
cells in CSF) and not a quantitative evaluation of the tumor
cell number.

Considering its paucicellularity and low content of
cell-free DNA, CSF might be a good candidate for li-
quid biopsy to guide patient management: initial diag-
nosis, therapy choice (e.g., human epidermal growth
factor receptor 2 [HER2]-targeted drugs), response
monitoring, and prognosis. Previous studies analyzed
several CSF biomarkers for LM diagnosis, including cell-
free tumor DNA and circulating tumor cells (CTCs)
(1, 3). However, the available data on the diagnostic
or prognostic value of CTCs are not enough to consider
them in clinical practice.

The CellSearch® system (Silicon Biosystems) is the
only food and drug administration-cleared method to de-
tect CTC in metastatic breast, prostate, and colorectal
cancers (4). In this system, CTCs are EpCAM ", cyto-
keratin®, CD45, and nucleated cells (6-diamidino-
2-phenylindole, DAPI+) (1, 4-6). The expression of an
additional protein (e.g., HER2 (7)) can be analyzed in
the fourth channel of the CellSearch instrument. This tech-
nique has been validated for CTC detection in several can-
cers, including metastatic BC (4, 5). In patients with
metastatic BC, CTC detection in peripheral blood is a
strong independent prognostic factor (5, 6, 8, 9) and a use-
ful tool to guide treatment decisions and to monitor re-
sponse, thus confirming the clinical validity and utility of
this test (5, 9, 10). The feasibility of the detection of
CSF CTGCs with the CellSearch system has been demon-
strated (1, 3, 11-15). These studies provided encouraging
results and suggested higher clinical sensitivity and specifi-
city (3) compared with cytology. This technique could fa-
cilitate LM diagnosis by reducing the number of samples
needed and the organizational constraints of CSF sample
processing. Indeed, CTC analysis with the CellSearch sys-
tem can be reproducibly and robustly performed up to
96 h after sampling. The CellSearch technique also allows
the reproducible quantitative measurement of rare tumor
cells (13), unlike cytology. Since the CT'C number in the
blood of patients with metastatic BC is a well-established
prognostic factor (5, 6, 8, 9), the CTC number in CSF
at LM diagnosis could also have a prognostic value
(16, 17). Moreover, CTC enumeration in CSF may give
information on the patient response during LM treatment
(11, 13, 17). Indeed, the assessment of the response to spe-
cific treatments is still problematic in LM, due to lack of
standardization (18).

Lastly, the CellSearch system allows the character-
ization of additional proteins expressed by CTC (e.g.,
HER2, programmed cell death ligand 1). Importantly,
discrepancies in HER2 expression between primary
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tumor and distant metastases and/or CTCs have been
reported (19-24). In LM, data on HER2 expression
concordance between CSF CTC and primary tumor
are scarce, and only one small study (n=16 patients)
suggested high concordance (25).

In this prospective study, we evaluated the clinical
sensitivity and specificity of CTC detection in CSF sam-
ples for BC-related LM diagnosis, and the concordance
of HER2 expression between the last available primary
BC tissue sample and CSF CTC.

Materials and Methods

The complete methodology of this prospective, mono-
centric study (promoted by the Institut du Cancer de
Montpellier, France) is described in the online
Supplemental Materials file that accompanies this article
(NCT03252912). Adult patients with BC and clinical
and/or radiological suspicion of LM were included before
the first lumbar puncture. CTC detection with the
CellSearch system was performed using an aliquot of the
first CSF sample. Conventional cytology was performed
using 1 to 3 CSF samples, according to the current guide-
lines. LM diagnosis was established if tumor cells were
found in CSF by cytology. To evaluate the accuracy of
CTC detection with the CellSearch system for LM diagno-
sis, the clinical sensitivity, specificity, negative predictive va-
lue, and positive predictive value were calculated using the
cytology results as reference. The receiver-operating charac-
teristics curve and area under the curve (AUC) were calcu-
lated using 2 different cutoff values: 0 vs >1 CTC, and the
cutoff determined with the Youden index.

Results

PATIENT CHARACTERISTICS

In total, 53 patients were included between January 2017
and January 2020. Among them, 49 were eligible: 1 pa-
tient not affiliated to the French Social Security System,
and 3 patients without CSF samples for conventional cy-
tology (failed lumbar puncture) were excluded (Fig. 1).

Table 1 contains the clinical and biological character-
istics of these 49 patients (95.9% women). The median
age at CSF sampling was 63 y (range: 32 to 77). The
most represented histological subtype was ductal carcin-
oma (71.4% of BC). BCs were classified in the following
molecular groups: HER2 /hormone receptors (HR)*
(71.4%), HER2"/HR" (12.2%), HER2"/HR™ (6.1%),
and triple negative (10.2%). BC was already metastatic
in 93.9% of patients at the time of CSF sampling,.

LM suspicion occurred after a median of 78.1 months
(range 2.2 to 316.2) following BC diagnosis and 32.8
months (range 0.6 to 217.7) following the diagnosis of
metastatic disease. At the time of LM suspicion, the median
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phénylindole; CD, cluster of differentiation.

Fig. 1. Flowchart: included, eligible, and evaluable populations. Abbreviations: DAPI, 4,6-diamidino-2-

number of metastatic sites was 3 (range 1 to 6), and 34.8%
of patients had brain intraparenchymal metastases. The
median number of previous chemotherapy lines (neoadju-
vant and adjuvant chemotherapy excluded) was 1 (range
0 to 10; no previous chemotherapy line: 24.5%, 1 to 2
chemotherapy lines: 36.7%, and >2 chemotherapy
lines: 38.8%); 44.4% of patients with HER2" BC had re-
ceived anti-HER2 agents (neoadjuvant and adjuvant
excluded).

At the time of LM suspicion, 79.6% of patients had
an Eastern Cooperative Oncology Group performance
status <2 and 89.8% of patients had clinical symptoms
suggestive of LM. Gait disturbances (65.9% of patients),
nausea (43.2%), headache (38.6%), and cognitive im-
pairment (18.2%) were among the most frequently re-
ported symptoms. Serum cancer antigen 15-3 was
>30 U/mL in 77.6% of patients and carcinoembryonic
antigen was >10 ng/mL in 46.9%. Brain and/or me-
dulla imaging was performed in 45 patients (CT: n=
4; MRI: n=41) (online Supplemental Table 1). CTCs
(=1) were detected in 78.3% and 21.7% of patients
with and without leptomeningeal abnormalities on im-

aging, respectively (P=0.048). Data on the diagnostic

value of imaging are presented in online Supplemental

Table 2.

LM DIAGNOSIS BASED ON CSF CYTOLOGY
Among the 49 eligible patients, 17 patients (34.7%) had
1 lumbar puncture, 6 (12.2%) 2 lumbar punctures, and
26 (53.1%) 3 lumbar punctures. Only one patient
(2.2%) reported complications (grade 1 pain) following
lumbar puncture. The median CSF sample volumes
(first lumbar puncture) used for conventional cytology
(median time to analysis: 22 min, range 1 to 214) and
the CellSearch system (analysis performed within 96 h
after collection) were 3.0 mL (range: 0.8 to 4.0 mL)
and 3.3 mL (range 2.9 to 4.1 mL), respectively.
Tumor cells were detected by conventional cytology
in 18 patients (36.7%; n=16 in the first CSF sample
and n=2 in the second CSF sample) (Fig. 1).

CTC DETECTION IN CSF WITH THE CELLSEARCH SYSTEM

CTC detection with the CellSearch system could be per-
formed in the CSF samples of 40 patients (i.e., the eva-
luable population). Specifically, CTCs could not be
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Table 1 Patient characteristics (eligible population, n =49) as a function of LM status (based on
conventional cytology).”

CSF cytology(gold standard)
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Positive Negative Total
(n=18) (n=31) (n=49) P-value
Initial characteristics
Sex, n (%) 0.526
Female 18 (100.0) 29 (93.5) 47 (95.9)
Male 0 (0.0 2 (6.5) 2(4.1)
Median age at BC diagnosis in years (range) 54 (30-69) 47 (30-76) 51 (30-76) 0.199
Tumor molecular group, n (%) 0.780
HER2" HR* 2(11.1) 4 (12.9) 6(12.2)
HER2* HR™ 1(5.6) 2 (6.5) 3(6.1)
HER2™ HR* 12 (66.7) 23 (74.2) 35 (71.4)
Triple negative 3(16.7) 2 (6.5) 5(10.2)
Histological subtype, n (%) 0.011
Ductal carcinoma 9 (50.0) 26 (83.9) 35 (71.4)
Other subtypes 9 (50.0) 5(16.1) 14 (28.6)
Histological grade, n (%) 0.179
1or2 13 (72.2) 15 (48.4) 28 (57.1)
3 4(22.2) 15 (48.4) 19 (38.8)
X 1 (5.6) 1(3.2) 2 (4.1)
Metastatic status at BC diagnosis, n (%) 0.456
Mo 11 (68.7) 19 (79.2) 30 (75.0)
M, 5(31.2) 5(20.8) 10 (25.0)
M, 2 7
Adjuvant or neoadjuvant chemotherapy, n (%) 0.880
No 5(27.8) 8 (25.8) 13 (26.5)
Yes 13 (72.2) 23 (74.2) 36 (73.5)
Patient characteristics at the time of LM suspicion
Median age in years (range) 62 (43-75) 63 (32-77) 63 (32-77) 0.868
Number of chemotherapy lines, n (%) 0.626
0 5(27.8) 7 (22.6) 12 (24.5)
1or2 7 (38.9) 11 (35.5) 18 (36.7)
> 2 6(33.3) 13 (41.9) 19 (38.8)
Previous anti-HER2 treatment in patients with HER2" cancer n=3 n=6 n=9 1.000
(adjuvant and neoadjuvant excluded), n (%)
No 2 (66.7) 3(50.0) 5 (55.6)
Yes 1(33.3) 3 (50.0) 4 (44.4)
Presence of metastases, n (%) 0.288
No 0 (0.0) 3(9.7) 3(6.1)
Yes 18 (100.0) 28 (90.3) 46 (93.9)
Median number of metastatic sites (range) 3 (1-5) 2 (0-6) 3 (1-6) 0.581
Continued
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Table 1 (continued)

Brain intraparenchymal metastases, n (%)
Liver metastases, n (%)
Bone metastases, n (%)
Lung metastases, n (%)
Lymph node metastases, n (%)
Subcutaneous metastases, n (%)
Pleural metastases, n (%)
Serous metastases, n (%)
Metastases at other sites, n (%)
ECOG performance status, n (%)
0-1
2
3
Symptoms and signs at LM suspicion, n (%)
Absent
Present
Headache, n (%)
Nausea, n (%)
Altered vigilance, n (%)
Cognitive impairment, n (%)
Coordination disorder, n (%)
Gait disturbances, n (%)
Cranial nerve involvement, n (%)
Epilepsy, n (%)

Medullar involvement, n (%)

CSF cytology(gold standard)
Positive Negative Total
(n=18) (n=31) (n=49) P-value
7 (38.9) 9 (32.4) 16 (34.8) 0.639
6(33.3) 14 (50.0) 20 (43.5) 0.364
14 (77.8) 21 (75.0) 35(76.1)  1.000
2(11.1) 11 (39.3) 13(28.3) 0.049
9 (50.0) 14 (50.0) 23 (50.0) 1.000
4(22.2) 1(3.6) 5(10.9) 0.069
2(11.1) 5(17.9) 7 (15.2) 0.688
8 (44.4) 7 (22.6) 15(30.6) 0.109
3(16.7) 2(7.1) 5(10.9) 0.366
0.095
7 (38.9) 19 (61.3) 26 (53.1)
4(22.2) 9 (29.0) 13 (26.5)
7 (38.89) 3(9.7) 10 (20.4)
0.143
0 (0.0) 5(16.1) 5(10.2)
18 (100.0) 26 (83.9) 44 (89.8)
11 (61.1) 6(23.1) 17 (38.6) 0.011
13(72.2) 6(23.1) 19 (43.2)  0.001
4 (22.2) 3(11.5) 7 (15.9) 0.419
6(33.3) 2(7.7) 8(18.2) 0.048
4(22.2) 1(3.8) 5(11.4) 0.142
16 (88.9) 13 (50.0) 29 (65.9) 0.010
6(33.3) 5(19.2) 11(25.0) 0.288
0(0.0) 1(3.8) 1(2.3) 1.000
4 (25.0) 3(14.3) 7 (18.9) 0.437

?Abbreviations: HR: hormone receptor. ECOG, eastern coopertive oncology group.

detected due to technical problems in 8 samples, and the
CellSearch analysis could not be performed in 1 sample
due to organizational constraints. Among the 40 evalu-
able patients, LM diagnosis was confirmed by cytology
in 18 patients (i.e., confirmed LM population) (Fig. 1).

CTCs were detected in these 18 patients with con-
firmed LM (Fig. 2). The median CTC number was
5824 (range: 93 to 45 052). CTCs were also detected
in 5/22 patients with negative conventional cytology
(median: 2 CTCs, range 1 to 44). In these 5 patients,
CSF protein concentration was <0.45 g/L in all patients
but 1, and no leptomeningeal abnormality was detected
on MRI. Among these 5 patients, the diagnosis of LM
was confirmed by cytology in 1 patient (with 44
CTC) 9 months later, but not in the other four patients

(1 to 3 CTC) who died due to extra-cerebral BC

metastases after a median time of 5.2 months (range
0.9 to 25.9) (online Supplemental Table 3). The detec-
tion of CTCs according to the tumor subtype is detailed
in online Supplemental Table 4.

Using the cytology results as reference, the detec-
tion of at least one CTC in CSF was associated with a
sensitivity of 100.0% and a specificity of 77.3% (95%
Cl, 64.3-90.3) for LM diagnosis (Table 2).

To further evaluate the value of CTC detection with
the CellSearch system for LM diagnosis, CTC number
was considered as a quantitative value. Because there
was no validated CTC cutoff in this setting, the CTC cut-
off that maximized the Youden index (n=93 CTC) was
determined using the receiver-operating characteristics
analysis. The detection of at least 93 CTCs in CSF was
associated with a sensitivity and a specificity of 100.0%
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Fig. 2. Representative images of HER2" (+) and HER2™ (-) of CTCs in CSF samples of patients with
BC-related LM using the IVD CellSearch CTC Kit and the CellSearch system. CTCs are identified as
EpCAM™), CK™), DAPI*, and CD45"). Abbreviations: EpCAM, epithelial cell adhesion molecule; CK, cy-
tokeratins 8, 18, and 19; CD45, cluster of differentiation 45.

for LM diagnosis. With this cutoff, the AUC was 1.000
(95% CI, 1-1) (Table 2, Fig. 3).

HER2 STATUS IN CSF CTC USING THE CELLSEARCH SYSTEM

HER2" CTCs were detected in 16/37 patients from the
evaluable population (HER analysis not performed in 3
patients) (Table 3). Specifically, HER2" CTCs in CSF
were detected in 3 of the 6 patients with HER2" tumor
tissue (median: 33 HER2" CTCs, range: 5 to 60).
HER2" CTCs (median: 500 HER2* CTCs, range: 13
to 28 320) were also detected in the CSF samples
from 40.6% of patients with HER2™ BC (13/32)
(online Supplemental Table 5). When considering the
tumor tissue HER2 status based on immunohistochem-
istry, IHC), HER2" CTCs were detected in the CSF of

6 Clinical Chemistry 00:0 (2022)

40.0% of patients with an IHC score 0 or 1+ (median:
395 HER2" CTGs, range: 13 to 28 320) and in 45.4%
of patients with an IHC score 2+ (median: 162 HER2"
CTCs, range: 33 to 8800) in BC tissue samples.

CSF PROTEIN CONCENTRATION
CSF protein concentration could be determined in 48/
49 eligible patients. Protein was increased (>0.45 g/L
according to the laboratory cutoff) in 88.2% and
45.2% of patients with confirmed LM and with negative
cytology, respectively (P=0.005).

Using the Youden index, the CSF protein concentra-
tion cutoff for LM diagnosis was 0.7 g/L. With this cutoff,
CSF protein concentration was associated with a sensitiv-

ity of 70.6% (95% CI, 57.7-83.5) and a specificity of
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Table 2 Clinical sensitivity, specificity, and predictive values of CTC detection in CSF samples using the
CellSearch system for LM diagnosis, with a cutoff of 1 (A) and 93 (B) CTC.?

CSF cytology (gold standard)

(A) Positive
CTC detection (CellSearch)

Negative Total
FP=5 (21.4) 23
TN =17 (100.0) 17
22 40
100.0%

77.3% (95% Cl, 64.3-90.3)
78.3% (95% Cl, 65.5-91.0)
100.0%
87.5% (95% Cl, 77.3-97.7)
0.76
CSF cytology (gold standard)

Positive (CTC >0) TP=18(78.3)
Negative (CTC =0) FN =0 (0.0)
18
Sensitivity
Specificity
Positive predictive value
Negative predictive value
Global concordance
Kappa correlation coefficient
(B) Positive
CTC detection (CellSearch)
Positive (CTC >93) TP=18 (72.0)
Negative (CTC <93) FN=0 (0.0)
18
Sensitivity
Specificity

Positive predictive value
Negative predictive value
Global concordance

Kappa correlation coefficient

Negative Total

FP=0 (0.0) 18
TN =22 (100.0) 22
22 40

100.0%

100.0%

100.0%

100.0%

100.0%

1.0

*Abbreviations: FN, false negative; FP, false positive; TN, true negative; TP, true positive.

87.1% (95% CI, 77.6-96.6) for LM diagnosis. The AUC
was 0.841 (95% CI, 0.719-0.962) (online Supplementary
Table 6 and Fig. 3).

The median CSF protein concentration was
0.48 g/L (range: 0.20 to 1.00) in patients without
CTCs and 1.76 g/L (range: 0.20 to 8.40) in patients
with CTCs (P=0.025).

PATIENTS WITH PROBABLE LM

Seven patients with negative cytology met the criteria for
probable LM according to the European Association of
Neuro-Oncology/European ~ Society for  Medical
Oncology (ESMO-EANO) guidelines (1). When con-
sidering patients with confirmed and probable LM
(n=25), at least one CTC was detected with the
CellSearch system in 19 patients (79.2%) and no
CTGCs in 5 (20.8%) (technical failure in 1 patient).
Using one CTC as cutoff, the sensitivity, specificity,

positive predictive value, and negative predictive value
for LM diagnosis were 79.2%, 75.0%, 82.6%, and
70.6%, respectively (online Supplemental Table 7).
Using 93 CTCs as cutoff, the sensitivity, specificity,
positive predictive value, and negative predictive value
were all 100.0% and the AUC was 1. The median
CSF protein concentration was 1.71 g/L (range: 0.2 to
8.4) in the confirmed + probable LM group, and 0.45
(range 0.2 to 1.0) in patients with possible LM (2= 0.007).
The associated sensitivity, specificity, predictive values,
and AUC are in online Supplemental Table 7.

PATIENT OUTCOMES

Patients with confirmed LM (n=18) were followed pro-
spectively. After LM diagnosis, 15 patients (83.3%) received
a systemic treatment and 2 (11.1%) radiation therapy.
Additionally, 17 patients received intrathecal chemotherapy
(methotrexate) after a median time of 5 days (range 1 to 20)
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Fig. 3. Clinical sensitivity and specificity of (A) CTC detection using the CellSearch system for LM diagno-
sis (cutoff: 93 CTC) and (B) CSF protein concentration (cutoff: 0.7 g/L) for LM diagnosis.

following LM confirmation (median number of injections:
7, range: 1 to 45). In these 17 patients, 13 were evaluable for
response according to the EANO-ESMO criteria: response
(n=4, 30.8%), stable disease (n=4, 30.8%), and tumor
progression (n=5, 38.5%).

After a median follow-up of 22.4 months (95% CI,
20.3-can not be calculated, range 0.1 to 24.1), 17 pa-
tients (94.4%) had experienced deterioration of their
neurological status. The median survival without neuro-
logical degradation was 1.2 months (95% CI, 0.7-4.0).
The 6-month survival rate without neurological degrad-
ation was 5.9% (95% CI, 0.3-23.5).

In total, 15/18 patients with confirmed LM
(83.3%) were dead at the study end. The median overall
survival was 2.7 months (95% CI, 1.35-7.2), and the
6-month overall survival rate was 38.9% (95% CI,
17.5-60.0).

Discussion

In this prospective study, CTCs were detected in the CSF
of all patients with a confirmed diagnosis of LM by cy-
tology (n=18). The detection of at least one CTC in
CSF was associated with a sensitivity of 100.0% and a
specificity of 77.3%, in line with previous studies (sensi-
tivity 78% t0100% and specificity 84% to 100% (6)).
Due to its low sensitivity (3), conventional cytology in
CSF frequently requires several CSF samples to confirm
the diagnosis of LM. CTC detection in CSF could bring
a clinical advantage by reducing the number of necessary
CSF samples to reach the diagnosis. In our series, LM
diagnosis by cytology was confirmed using the first CSF
sample in most patients (16/18), possibly because samples
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were analyzed rapidly after lumbar puncture and due to the
expertise of our pathologist. Nevertheless, the CellSearch
system is associated with fewer organizational constraints
because samples can be analyzed within 96 h after lum-
bar puncture (vs 1 h for cytology). Another advantage
of the CellSearch system, compared with conventional
cytology is the possibility of precise and reproducible
quantification of CTCs (12, 13). This could allow use
of CTC number variations to monitor LM response to
specific treatments, a major issue in the management of
patients with LM (1, 18). Indeed, in this context, re-
sponse monitoring is challenging, particularly due to
the frequent co-occurrence of extra-cerebral and/or brain
metastases, and due to the difficulties concerning the def-
inition of the clinical and radiological responses. In this
context, a few studies suggested that survival in patients
with BC-related LM is correlated with the cytologic re-
sponse (i.e., the disappearance of tumor cells in CSF
upon treatment) (26, 27). However, these studies might
be biased by the use of cytology to identify tumor cells in
CSF where false-negative results could have been misin-
terpreted as tumor cell disappearance. More recently,
studies with small cohorts of patients suggested an asso-
ciation between a decrease of the CSF CTC count, deter-
mined with the CellSearch system, and the response
to LM treatment in patients with various cancers
(11, 13, 14).

Besides the question of the prognostic value of
CTC clearance in CSF, it can be asked whether CTC
count at LM diagnosis could also be a prognostic mark-
er, as demonstrated for blood CTC in patients with
metastatic BC (6, 28, 29). Data on this question are
scarce (14, 15, 30). In a recent study in patients with
lung cancer-associated LM, CSF CTCs were quantified
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Table 3 Number of HER2" CTCs in CSF samples in function of the tumor tissue HER2 status (evaluable
population).
HER2 status (primary tumor)
HER2™ (n=34) HER2" (n=6) Total (n =40)

Number of HER2+ CTC in CSF

0 19 (59.4%) 2 (40.0%) 21 (56.8%)

>1 13 (40.6%) 3 (60.0%) 16 (43.2%)

Missing 2 1 3
Median number of HER2* CTC in CSF (range) if >0 500 (13-28320) 33 (5-60) 226 (5-28320)

in 16 patients at diagnosis (30). Clinical outcome (over-
all survival) was worse in patients with >50 CTCs/3 mL
than in those with <50 CTCs/3 mL. In another study in
58 patients with newly diagnosed LM, the CSF CTC
count was prognostic for CNS progression-free survival
and overall survival (14).

CTCs were detected also in few patients in whom
LM was not confirmed by cytology, in agreement with
published data (14, 17, 31, 32). In one study, CTCs
were detected with a flow cytometry immunophenotyp-
ing technique in 13 of 34 CSF samples with negative cy-
tology (31). The patients’ clinical course and laboratory
changes (CSF cytology) were not reported. Our findings
suggest that LM confirmation using the CellSearch sys-
tem would had been associated with a clinical benefit
(earlier LM treatment) only for only patient, and might
have led to unnecessary treatment in the 4 patients who
did not develop any clinical sign of LM during the
follow-up. The prognosis of patients with cytology/
CTC" needs to be thoroughly investigated in a larger co-
hort. These patients also raise the question of the choice
of gold standard to investigate the diagnostic value of a
new technique for LM. In our study, we chose conven-
tional cytology because it is the only method used in clin-
ical practice for the diagnosis of confirmed LM according
to the EANO-ESMO criteria. However, due its low sen-
sitivity, other authors used conventional cytology and im-
aging data in recent studies (14,17,32). Moreover, the
concept of probable LM has been introduced recently
to consider these patients (1). In our study, 7 patients re-
ceived a diagnosis of probable LM. When considering pa-
tients with confirmed and probable LM, the CellSearch
system  sensitivity was 79.2% (cutoff: 1 CTC) and
75.1% (cutoff: 93 CTCs).

Compared with CSF cytology, the CellSearch sys-
tem also allows the study of tumor heterogeneity at
the single-cell level through CTC phenotypic and mo-
lecular characterization, a very important variable in
the era of targeted therapies. In our study, we could

analyze the HER2 status of CTC detected in CSF in

37 patients. We found that among the patients with a
HER2™ primary tumor and detectable CSF CTGCs,
40.6% had HER2" CTCs. Previous studies have re-
ported possible HER2 status changes between the pri-
mary BC tssue and metastatic BC tissue obtained
with biopsies or CTCs detected in the peripheral blood
(19-24). Conversely, the few studies on BC-related LM
suggested a high concordance rate between primary BC
tissue and CSF CTCs (17, 25). One study reported that
in the 4 patients with HER2" primary BC (fluorescence
in situ hybridization [FISH] and/or IHC 3+), CTCs in
CSF were HER2" CTCs (using FISH). In the 12 pa-
tients with HER2™ CTCs in CSF, the HER2 IHC score
for the primary tumor was 0 or 1+ in 10, and 2+ without
gene amplification (FISH) in 2 (25). Another study
found that CTCs in CSF were HER2" in 75% of 8 pa-
tients with HER2" BC (17). The changes in HER2
phenotype might be explained by different reasons.
First, HER2 amplification can be gained during tumor
evolution. Second, the primary BC tissue (or non-LM
metastatic tissue) may harbor minor clones of tumor cells
with HER2 amplification, with a subclonal evolution that
favors leptomeningeal invasion by HER2" tumor cells.
Our findings could have important prognostic and thera-
peutic implications. Indeed, the prognostic impact of the
HER?2 status of CTCs in peripherical blood has been re-
cently shown in patients with metastatic BC (9); however,
this question has not been addressed yet for CSF CTCs.
The detection of HER2" CTCs in CSF might also offer
new treatment opportunities. Recent studies suggested
that anti-HER2 agents might be effective in patients
with HER2® CTCs in blood and HER™ BC (10, 33).
Following the development of new HER2-targeted drugs
with efficacy in CNS metastases (34—37) and their possible
administration directly in the CSF (38), the detection of
HER2" CTCs in CSF could bring new therapeutic options
for patients with a HER2™ metastatic BC.

Besides HER2, the CellSearch system can also be used
to characterize CTCs at the genetic level (4, 39, 40).
Ultimately, it might allow better understanding of the
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biology and physiopathology of the metastatic cascade in
the CNS.

The limitations of this study include the relatively
small number of patients, particularly in the group with
confirmed LM. This did not allow an accurate evaluation
of the prognostic impact of CTC detection and quantifi-
cation in CSF, reported in recently published studies
(14, 15), to be made. Moreover, our study was not de-
signed to include a longitudinal evaluation of CSF
CTC count in patients receiving a LM-specific treatment,
despite recent data suggesting a possible predictive impact
on outcome of decreased CTC count in CSF (14). We
also did not evaluate the detection of CTCs in peripheral
blood for the diagnosis of LM, which might be interesting
in the light of our results regarding the HER2 status of
CSF CTCs, and for prognostication (even tough recent
reports have failed to identify an impact of blood CTC
count on outcome in patients with LM (14)).

Finally, our analyses were weakened by the fact that
CTC detection technically failed in 8/40 CSF samples.
The CellSearch system is not designed for CSF samples
in which only few leukocytes are present. However,
CTC detection was impossible only in paucicellular
samples, with negative cytology. Finally, the presence
of HER2 gene amplification was not confirmed by
FISH/chromogenic in situ hybridization (CISH) be-
cause CTCs were not isolated for further characteriza-
tion. However, this characterization was performed in
different clinical trials a decade ago (8), allowing us to
base our conclusions only on the phenotype of HER2"
CTCs (immunocytochemistry).

In summary, we detected CTCs with the CellSearch
system in all patients with cytologically proven LM, and
also in a few patients without cytological confirmation
of LM. The prognosis of these patients with cytology™/
CTC" in CSF needs to be thoroughly investigated in a
larger cohort. Moreover, we detected HER2" CTCs in
40.6% of patients with HER2™ BC. These results need
to be confirmed in an independent and larger cohort.
In the era of ant-HER2 therapies, these data
suggest that the HER2 status of CSF CTC should be rou-
tinely evaluated in LM to propose new treatment
opportunities.
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