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Abstract

Purpose: Treatment decisions for leptomeningeal disease (LMD) rely on patient risk stratification, since
clinicians lack objective prognostic tools. The introduction of rare cell capture technology for
identification of cerebrospinal fluid tumor cells (CSF-TCs) improved the sensitivity of LMD diagnosis, but
prognostic value is unknown. This study assesses the prognostic value of CSF-TC density in patients
with LMD from solid tumors.

Methods: We conducted a retrospective cohort study of patients with newly diagnosed or previously
treated LMD from a single institution who had CNSide assay testing for CSF-TCs from 2020 to 2023.
Univariable and multivariable survival analyses were conducted with Cox proportional-hazards modeling.
Maximally-selected rank statistics were used to determine an optimal cutpoint for CSF-TC density and
survival.

Results: Of 31 patients, 29 had CSF-TCs detected on CNSide. Median (interquartile range [IQR]) CSF-TC
density was 67.8 (4.7-639) TCs/mL. CSF cytology was positive in 16 of 29 patients with positive CNSide
(CNSide diagnostic sensitivity = 93.5%, negative predictive value = 85.7%). Median (IQR) survival from
time of CSF-TC detection was 176 (89-481) days. On univariable and multivariable analysis, CSF-TC
density was significantly associated with survival. An optimal cutpoint for dichotomizing survival by CSF-
TC density was 19.34 TCs/mL. The time-dependent sensitivity and specificity for survival using this
stratification were 76% and 67% at 6 months and 65% and 67% at 1 year, respectively.

Conclusions: CSF-TC density may carry prognostic value in patients with LMD from solid tumors.
Integrating CSF-TC density into LMD patient risk-stratification may help guide treatment decisions.

Introduction

Leptomeningeal disease (LMD) is clinically detected in 5 to 10% of patients with solid tumors, while 20 to
30% of patients with metastatic disease and neurologic symptoms harbor LMD at autopsy [1]. While
recent therapeutic advances have improved patient outcomes [2], objective tools for prognostication in
patients with LMD are lacking. The recent introduction of rare cell capture technology for identification of
cerebrospinal fluid tumor cells (CSF-TCs) improved the sensitivity of LMD diagnosis [3], and one assay
subsequently demonstrated an association with survival [4]. However, this assay is reliant upon binding
epithelial cell adhesion molecule (EpCAM), which is not universally expressed, and the survival
association was limited to patients with newly diagnosed LMD [4].

The CNSide™ assay (formerly Biocept) uses a biotin-tagged antibody cocktail against both EpCAM and
non-EpCAM epithelial and mesenchymal antigens to more efficiently detect circulating TCs. CNSide has
demonstrated improved diagnostic characteristics to gold standard techniques, but its prognostic value
has not been tested[5]. We hypothesized that in an unselected population of patients with newly
diagnosed or previously treated LMD from solid tumors, CSF-TC density from the CNSide assay holds
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prognostic value. The objective of this work was to identify a prognostic tool applicable to a clinically
representative set of patients with LMD.

Methods
Patients

This was a single center, IRB approved, retrospective cohort study of all patients who had undergone
CNSide testing for known or suspected LMD between May 2020 and June 2023. The study followed
STROBE reporting guidelines [6]. Eligible patients were age 18 years or older and had a histologic proven
solid tumor with known or suspected active LMD, regardless of prior treatment status. Patients were
pathologically positive for LMD based on CSF cytology or CNSide with CSF-TCs, and were clinically
positive based on clinical findings and neuroimaging [7]. CNSide CSF samples were obtained via lumbar
puncture, VP shunt, or Ommaya reservoir. CSF-TC density was defined as TCs per 1 mL of CSF. For
patients with multiple CNSide tests, the first positive test was used.

Demographic and clinical parameters at time of CNSide were collected from the medical record, including
CSF cytology and protein, Karnofsky performance status (KPS), radiographic LMD sites, radiographic
LMD type [7], hydrocephalus, oncologic therapies, and systemic disease status. Systemic disease status
was classified as active (progressive) or stable via combined radiologist and clinician interpretation of
non-CNS disease within 1 month of CNSide.

Statistical Analysis

Survival analysis was conducted for patients with CSF-TCs on CNSide. Median, 6-month, and 1-year
overall survival was calculated using Kaplan-Meier estimation. Univariable and multivariable survival
analyses were conducted using Cox proportional-hazards regression modeling. The primary outcome
measure was the univariable hazard ratio (HR) for survival as predicted by CSF-TC density. On an
exploratory basis, other independent variables were tested without multiple comparison correction, and a
multivariable model was constructed using CSF-TC density and variables previously identified as
prognostic in LMD: KPS, CSF protein, systemic disease status, and age [8—11]. Assumptions of
proportional hazards and non-linearity were tested. KPS was dichotomized (KPS =80 vs < 80) due to
proportional hazard violation and a low incidence of KPS <60. Non-linear variables (CSF-TC density and
CSF protein) were log transformed.

For clinical interpretability, we partitioned patients into low- and high-risk CSF-TC density groups using
maximally-selected rank statistics, thus determining an optimal cutpoint for CSF-TCs and survival [12].
The resultant P-value is not a true type | error rate and is not reported [13]. Time-dependent receiver
operating characteristic curve analysis was performed to report the sensitivity and specificity for the CSF-
TC density cutpoint relating to 6-month and 1-year survival [14]. Statistical analyses were performed in R,
version 4.2.2 (R Project for Statistical Computing). A threshold of 0.05 was used for statistical
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significance. Statistics are reported with 95% confidence intervals (Cls), except for median statistics
reported with interquartile range (IQR). Missing data was excluded from all analyses.

Results
Patients

Of 43 patients with CNSide, 31 were clinically or radiographically positive for LMD, including 29 with CSF-
TCs detected by CNSide (CNSide diagnostic sensitivity = 93.5%, negative predictive value = 85.7%,
specificity = 100%). Of the 29 patients with CSF-TCs, the primary cancer types were breast (14 patients)
and non-small cell lung cancer (12 patients) (Table 1).
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Table 1

Primary Demographic and Clinical Characteristics of 29 Patients with CSF-TCs. Cytology, protein,
glucose, and CNSide were performed on CSF acquired from the same procedure. Abbreviations:
CSF, cerebrospinal fluid; IQR, interquartile range; KPS, Karnofsky performance status; LMD,
leptomeningeal disease; TC, tumor cells.

Characteristic No. (%) of patients

Sex

Female 23 (79.3)

Male 6 (20.7)

Age, median (IQR) [range], y 57.3 (45.8-64.2) [34.7-77.7]

Primary cancer type, histologic finding

Breast 14 (48.3)
Lung, non-small cell 12 (41.4)
Other 3(10.3)

LMD radiographic pattern

A (linear) 14 (48.3)
B (nodular) 7 (24.7)
C (both) 5(17.2)
D (none) 3(10.3)

LMD radiographic sites

Brain 9 (31.0)
Spine 4(13.8)
Both 13 (44.8)
None 3(10.3)

Time from LMD diagnosis to CNSide, median (IQR) [range],d 21 (6-123) [0-2012]
KPS at CNSide

>80 18 (64.3)
<80 10 (35.7)
Cytology

Positive 16 (55.2)
Negative 13 (44.8)
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Characteristic No. (%) of patients

CSF protein, median (IQR) [range], mg/dL 58.5 (44.3-145.3) [33-348]
CSF glucose, median (IQR) [range], mg/dL 55.0 (33.5-61.0) [13.0-80.0]
CNSide CSF-TC density, median (IQR) [range], TCs/mL 67.8 (4.7-639) [0.2-9438.8]
CNSide CSF volume, median (IQR) [range], mL 6.8 (6.6—7.4) [0.8-8.0]

Hydrocephalus at time of CNSide

Yes 26 (89.7)
No 3(10.3)
Systemic disease status at time of CNSide

Active 16 (55.2)
Stable 13 (44.8)
LMD-directed therapy prior to CNSide

Yes 13 (44.8)
No 16 (55.2)
LMD-directed therapy after CNSide

Yes 26 (89.7)

No 3(10.3)

Most patients had radiographic evidence of LMD (26 with and 3 without). Median CSF-TC density was
67.8 TCs/mL (IQR, 4.7-639 TCs/mL). A narrow majority of patients had positive CSF cytology (55.2%)
and CSF-TC density was significantly higher in patients with positive cytology (median 527.9 vs 4.5
TCs/mL, P=.18x10"°) (Fig. 1). Median follow-up after CNSide testing was 159 days (IQR, 89-257; range,
5-593), by which point 19 patients died related to disease, 9 remained alive, and 1 was presumed lost to
follow-up.

Survival of 29 patients with CSF-TCs

Median overall survival from time of CSF-TC detection was 176 days (IQR, 89-481), 6-month survival
was 47% (95% Cl, 32—-70%), and 1-year survival was 27% (95% Cl, 13—57%). On univariable survival
analysis, CSF-TC density was significantly associated with survival (HR=1.39;95% Cl, 1.01-1.90; P
=.04). Exploratory univariable analysis, not corrected for multiple comparisons, suggested a survival
association for KPS, cytology, CSF glucose, and systemic disease status (Table 2). On multivariable
survival regression, the HR for CSF-TC density remained significant and was relatively unchanged from
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univariable analysis (HR = 1.50; 95% Cl, 1.02-2.21; P=.04). Unlike on univariable analysis, age was
significantly associated with survival (Table 3).

Table 2

Hazard ratios for survival on univariate Cox proportional hazards modeling. Cytology,
protein, glucose, and CNSide were performed on CSF acquired from the same procedure.
Abbreviations: CSF, cerebrospinal fluid; KPS, Karnofsky performance status; LMD,
leptomeningeal disease; TC, tumor cells.

Variable (Comparison) Hazard ratio (95% CI)  P-value
Age 0.98 (0.95-1.02) 37
Primary cancer (Breast) - -
Lung 1.39 (0.52-3.72) 51
Other 1.35(0.28-6.45) 71
Time from LMD diagnosis to CNSide 1.00 (1.00-1.00) 12
KPS at CNSide (=80) 4.20 (1.58-11.1) .0040
Cytology (Negative) 4.30 (1.32-14.0) .015
CSF protein, log(mg/dL) 4.32 (0.86-21.7) .075
CSF glucose, mg/dL 0.96 (0.93-0.98) .0029
CNSide TC density, log(TCs/mL) 1.39 (1.01-1.90) .040
Systemic disease status at time of CNSide (Stable) 3.24 (1.16-9.06) .025
LMD-directed therapy prior to CNSide (No) 0.64 (0.25-1.63) .35
LMD-directed therapy after CNSide (No) 0.85(0.18-3.75) .80
Table 3

Hazard ratios for survival on multivariate Cox proportional hazards modeling.
Abbreviations: CSF, cerebrospinal fluid; KPS, Karnofsky performance status; TC, tumor

cells.
Variable (Comparison) Hazard ratio (95% CI)  P-value
Age 0.94 (0.89-0.99) .043
KPS at CNSide (=80) 17.9 (3.38-94.4) .00069
Concurrent CSF protein, log(mg/dL) 0.28 (0.04-2.11) 22
CNSide CSF-TC density, log(TCs/mL) 1.50 (1.02-2.21) 041
Systemic disease status at time of CNSide (Stable)  3.11 (1.02-9.47) .046

An optimal cutpoint for survival by CSF-TC density was determined to be <19.34 (low risk) vs >19.34
TCs/mL (high risk) (Fig. 2). Notably, no patients had a CSF-TC density between 19.34 and 67.78 TCs/mlL.
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In the low-risk group, 6 of 14 patients died during the study period, with a median survival of 481 days
(IQR, 263-not reached). In the high-risk group, 13 of 15 patients died during the study period with a
median survival of 89 days (IQR, 24-159). Using this CSF-TC density cutpoint, the time-dependent
sensitivity and specificity for survival were 76% and 67% at 6 months and 65% and 67% at 1 year,
respectively.

Discussion

Current LMD risk-stratification guidelines do not include an objective prognostic measure for patients
with LMD [7, 8]. The findings of this retrospective cohort study suggest CSF-TC density from the CNSide
assay has prognostic utility within an unselected, heterogenous patient population. The identified risk-
stratification cutpoint of 19.34 TCs/mL approximates estimates from EpCAM-based assays, implying
generalizability of study results [10, 15]. This cutpoint can potentially be incorporated into risk-
stratification guidelines to assist medical decision making. Further, the high diagnostic sensitivity and
specificity of CNSide CSF-TCs in this study reinforces the utility of this technique compared to cytology.

Limitations

The granularity of the study results is limited by sample size and patient heterogeneity, particularly
regarding oncologic therapy diversity within the study population. No patients in the study cohort had a
CSF-TC density value between 19.34 and 67.78 TCs/mL, creating uncertainty for how to approach
patients with a CSF-TC density in this range. The proposed risk-stratification cutpoint has not been
prospectively validated in the context of clinical decision making.

Conclusions

The results of this retrospective cohort study demonstrate the prognostic value of CSF-TC density from
the CNSide assay. Integrating CSF-TC density into LMD patient risk-stratification models may help
support treatment decision making.
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Figure 1

Boxplots of CSF cytology and CNSide tumor cell density. For 29 patients with positive CNSide testing,
cerebrospinal fluid (CSF) cytology results are plotted against CNSide CSF tumor cell (TC) density and log-
transformed CSF-TC density. CNSide and cytology were performed on CSF acquired from the same
procedure.
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Figure 2
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Kaplan-Meier survival by cerebrospinal fluid tumor cell (CSF-TC) density risk group. Kaplan-Meier survival
plotted with 95% confidence intervals and dashed lines representing median survival for each group. Risk
groups were defined by having £19.34 (low risk) vs >19.34 CSF-TCs/mL (high risk) on CNSide testing.
Survival was estimated in days following CNSide testing of CSF.
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