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Objective : Here, we evaluated whether cerebrospinal fluid (CSF) profiles and their changes after intraventricular chemotherapy
for leptomeningeal carcinomatosis (LMC) could predict the treatment response or be prognostic for patient overall survival (OS)
along with clinical factors.

Methods : Paired 1) pretreatment lumbar, 2) pretreatment ventricular, and 3) posttreatment ventricular samples and their CSF
profiles were collected retrospectively from 148 LMC patients who received Ommaya reservoir installation and intraventricular
chemotherapy. CSF profile changes were assessed by calculating the differences between posttreatment and pretreatment samples
from the same ventricular compartment. CSF cell counts were further differentiated into total and other based on clinical laboratory
reports.

Results : For the treatment response, a decreased CSF ‘total’ cell count tended to be associated with a ‘controlled’ increase in
intracranial pressure (ICP) (p=0.059), but other profile changes were not associated with either the control of increased ICP or
the cytology response. Among the pretreatment CSF profiles, lumbar protein level and ventricular cell count were significantly
correlated with OS in univariable analysis, but they were not significant in multi-variable analysis. Among CSF profile changes,
a decrease in ‘other’ cell count showed worse OS than ‘no change’ or increased groups (p=0.001). The cytological response was
significant for OS, but the hazard ratio of partial remission was paradoxically higher than that of 'no response’.

Conclusion : A decrease in other cell count of CSF after intraventricular chemotherapy was associated with poor OS in LMC
patients. We suggest that more specific CSF biomarkers of cancer cell origin are needed.
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INTRODUCTION

Leptomeningeal carcinomatosis (LMC) is a devastating
complication that occurs in 1% to 15% of patients with solid

6,8,36 . P .
*39 " and its prognosis is poor, as the median overall

tumors
survival (OS) time is approximately 8 weeks without treat-
ment™"*”. Standard therapies include intra-cerebrospinal fluid
(CSF) chemotherapy and involved field radiation for bulky

. 19,20,31
disease

. However, the survival benefit is marginal, and
patients lose their performance quickly from both the direct
leptomeningeal involvement of cancer cells and the obstruc-
tion of physiologic CSF flow™”"”.

LMC is diagnosed by clinical features, neuroimaging stud-
ies, and cancer cells on CSF examination'”. CSF cytology is a
definite diagnosis of LMC. However, a single cytology exami-
nation frequently yields a false negative result in up to 40-50%
of patients". T1-weighted gadolinium-enhanced magnetic
resonance imaging (MRI) is a standard radiological examina-
tion*”. However, leptomeningeal enhancement itself is not
specific for LMC, and the reported false negative rate of MRI
is still approximately 30%"”. From an oncologic point of view,
CSF cytology negative conversion is the ultimate goal of ther-
apy. However, it is difficult to consider ‘one-time’ negative
CSF cytology results as a response, and even two consecutive
negative CSF cytology results that are sustained for 1 month
are not correlated with prolonged survival™*”. Well-known re-
sponse criteria for solid tumors, such as the Response Evalua-
tion Criteria in Solid Tumours or Response Assessment in
Neuro-Oncology for central nervous system (CNS) tumors, are
not applicable to LMC, as it does not show ‘dimension’ but
rather a streaky pattern on MRI*"***”.

In patients with LMC, CSF profiles such as cell count, pro-
tein, lactate dehydrogenase (LDH), and several tumor-specific
antigens/proteins are elevated as a result of the disease. Many
studies have attempted to correlate these CSF profiles with
prognosis and to provide evidence of a treatment response
from CSF profile changes™*'"******¥ However, the results have
been inconsistent, likely due to the small number of patients
evaluated and the heterogeneity of the treatments given. Fur-
thermore, some CSF profiles vary largely depending on the
systemic status of the patient and the sampling conditions'™*”.
In a previous study by our group, we described the differences
in CSF profiles in patients with LMC according to the sam-

pling site and the association of CSF profiles with LMC dis-
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ease activity”.

In this study, we analyzed the CSF profiles of a relatively
large number of patients who received the same treatment
modality, intraventricular chemotherapy, to evaluate whether
1) initial CSF profiles such as the protein level and cell count
are prognostic for OS and 2) CSF profile changes after treat-
ment could either be prognostic for OS or predictive for the
treatment response of CSF cytology negative conversion and
increased intracranial pressure (ICP) control. We also evaluat-
ed various clinical factors for their influence on patient OS

along with these CSF profiles.

MATERIALS AND METHODS

Study design and selection of matched CSF sam-
ples

For this retrospective analysis, we retrieved data from elec-
tric medical records on 283 consecutive patients with LMC
from solid cancer who received Ommaya reservoir insertion
between 2003 and 2013 after obtaining Institutional Review
Board of National Cancer Center permission (NCC-2014-
0135). First, we evaluated whether these patients were subject-
ed to proper pretreatment CSF profile studies in addition to
CSF cytology for LMC diagnosis and excluded 38 patients
with CSF cytology only and another 17 patients without lum-
bar CSF samples before Ommaya installation (Fig. 1). Among
the 228 patients who underwent both pretreatment lumbar
and ventricular CSF profile studies, 24 who received different
intensities of ‘ventriculolumbar perfusion (VLP) chemothera-
py, which significantly affects patient OS, were excluded™”,
and 21 patients who did not undergo further intraventricular
chemotherapy were also excluded. Among the 183 patients
who had matched pretreatment lumbar and ventricular CSF
samples, 35 without posttreatment CSF profile studies were
excluded, and 148 patients were enrolled and analyzed in this

study.

Designation of CSF samples according to the
sampling time and compartment

CSF samples were defined according to the sampling time
and CSF compartment from which they were obtained : 1) the
‘pretreatment lumbar’ sample was used for the diagnosis of

LMC via lumbar puncture, 2) the ‘pretreatment ventricular’
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Fig. 1. Flow diagram of patient selection. LMC : leptomeningeal
carcinomatosis, CSF : cerebrospinal fluid.

sample was obtained during Ommaya intraventricular reser-
voir installation, and 3) the ‘posttreatment ventricular’ sample
was selected as the last treatment sample among those samples
obtained via the Ommaya reservoir in every round of intra-

ventricular chemotherapy.

Evaluated clinical and CSF parameters

Clinical characteristics were evaluated as candidate factors
to determine whether they influenced the end results. All CSF
profiles were obtained from clinical laboratory reports of elec-
tric medical records. CSF cell counts were further divided into
total and others, which morphologically represent cells other
than white blood cells. CSF protein levels were evaluated as
the main parameter along with glucose and LDH levels, which
were measured to control bias from CSF infection or sample

hemolysis.

Changes of CSF Profiles in LMC | Kwon JW, et al.

CSF profile changes were assessed by calculating the differ-
ences between posttreatment and pretreatment ventricular

samples from the same compartment.

End result parameters

We defined the end results as patient OS and the treatment
response. The treatment response was evaluated by examining
CSF cytology and the control of increased ICP (>15 cm H,O
on Ommaya insertion). Cytological response was defined ac-
cording to the criteria modified from Chamberlain and Kor-
manik'” as previously described™. Briefly, complete remission
(CR) was defined as two consecutive negative CSF cytological
examinations at least 1 week apart that were sustained for at
least 1 month. Partial remission (PR) was defined as two con-
secutive negative CSF cytological examinations that failed to
be sustained for at least 1 month or were interrupted by an
‘atypical’ or a ‘positive’ finding. We considered both CR and
PR as a response but did not accept one-time conversion to

atypical cells from positive as a response.

Statistical analysis

CSF profiles of the pretreatment lumbar, pretreatment ven-
tricular, and posttreatment ventricular samples were com-
pared using the Wilcoxon signed-rank test. Changes in CSF
profiles were defined as a decrease, no change, or increase by
using the difference between the pretreatment ventricular and
posttreatment ventricular CSF profiles from the same com-
partment. The association between changes in CSF profiles
and the treatment response in terms of ICP control and cytol-
ogy response after intraventricular chemotherapy was evalu-
ated using the chi-squared test or Fisher’s exact test.

The association of clinical variables, CSF profiles and their
changes on OS were evaluated using the Cox proportional
hazards model. The variables with marginal effects based on
the univariable analysis (p<0.2) were included in the multi-
variable analysis, and the final model was determined using
the backward selection method with an elimination criterion
of a p-value >0.05. The Kaplan-Meier curves with log-rank
test p-values are presented for the significant variables in the
final model. We considered a p-value of less than 0.05 to be
statistically significant. All statistical analyses were performed
using SAS ver. 9.4 (SAS Institute, Inc., Cary, NC, USA) and R
project software (version 3.6.2; The R Foundation for Statisti-

cal Computing).
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RESULTS

Clinical characteristics of the patients

The clinical characteristics of the 148 patients are summa-
rized in Table 1. The median patient age was 53.5 years (range,
23-76). The majority of patients had non-small cell lung can-
cer (NSCLC; 68%), followed by breast cancer (24%) and small
cell lung cancer. The other patients had stomach cancer (n=3),

pancreatic cancer, ovarian cancer, salivary gland cancer, lym-

Table 1. Pretreatment clinical characteristics of the patients with
leptomeningeal carcinomatosis (n=148)

Characteristic Value
Gender

Male 49 (33.0)

Female 99 (67.0)
Age 53.5 (23-76)

<60 years 01 (68.0)

>60 years 47 (32.0)
Primary cancer

Non-small cell lung cancer 100 (68.0)

Small cell lung cancer 534)

Breast cancer 35 (24.0)

Others 8(54)
Systemic disease status at LMC

No systemic disease 3(2.0)

Stable/partial response 33(22.0)

Progress 112 (76.0)
Concomitant brain metastases

No 42 (28.0)

Yes 106 (72.0)
Presenting symptoms and signs

Headache with nausea/vomiting 125 (85.0)

Altered mentality 41 (28.0)

Cauda equina symptoms 23 (16.0)

Cranial neuropathy 19 (13.0)
Intracranial pressure

Within normal limit 77 (52.0)

Increased 71(48.0)
Methotrexate administration frequency

<5 59 (40.0)

>5 89 (60.0)

Values are presented as median (range) or number (%). LMC : leptomeningeal
carcinomatosis
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phoma and colon cancer (n=1 each). Three-fourths of the pa-
tients had systemic disease on progression. Concomitant pa-
renchymal brain metastasis at the time of LMC diagnosis was
found in 106 patients (72%). Headache with nausea and vom-
iting were the most common presenting symptoms (85%), fol-
lowed by confused mentality and cauda equina syndrome
(28% and 16%, respectively). Increased ICP was identified in
71 patients (48%). One hundred thirty-five patients (91%) had
positive cytology results, and 13 patients without positive cy-
tology results had evident MR findings with clinical LMC
symptoms before intraventricular chemotherapy.

All included patients received conventional intraventricular
chemotherapy weekly or twice weekly via the Ommaya reser-
voir. Before the injection, CSF (5-10 mL) was withdrawn for
reservoir patency confirmation and evaluated for CSF cytolo-
gy and profiles. The applied regimen was methotrexate
(MTX) monotherapy or the triple regimen (MTX, cytarabine
and hydrocortisone) as previously described™”. Intraventricu-
lar chemotherapy was administered at a median of 5 rounds at
the physician’s discretion (range, 1-49).

CSF profiles and their changes after treatment

The profiles of pretreatment ventricular and lumbar CSF
were shown in Table 2. The median pretreatment lumbar CSF
‘total’ cell count was 10 cells/mm’ (range, 0-390), with a mean
of 32.5 (standard deviation [SD], 65.5). The median ‘other’ cell
count was 4 (range, 0-300), with a mean of 16.7 cells/mm’
(SD, 38.6). The median pretreatment lumbar CSF protein level
was 65.5 mg/dL (range, 14-1790), with a mean of 136.5 mg/dL
(SD, 220.3). These values were significantly higher than those
of pretreatment ventricular CSF reported in a previous study”
(p<0.001 for the cell count and <0.001 for the protein level).
The median pretreatment ventricular CSF total cell count was
zero (range, 0-390), with a mean of 13.5 cells/mm’ (SD, 53.9).
The median other cell count was zero (range, 0-300), with a
mean of 5.5 cells/mm’ (SD, 28.2). The median pretreatment
ventricular CSF protein level was 18 mg/dL (range, 6—200),
with a mean of 27.8 mg/dL (SD, 28.4).

After we confirmed the significant difference in CSF pro-
files between pretreatment samples from different compart-
ments, we measured CSF profile changes after treatment by
comparing those from the same compartment (posttreatment
ventricular—pretreatment ventricular). After treatment, the

median CSF profile remained at zero, but the cell count range
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became narrower while the protein level became broader, and
the results of the Wilcoxon signed-rank test were all signifi-
cantly different between pretreatment and posttreatment.

In posttreatment ventricular samples, the CSF total cell

count decreased to a mean of 7.8 cells/mm’ (SD, 32.3), and the
other cell count decreased to a mean of 2.6 cells/mm” (SD, 9.9)
with statistically significant differences (p=0.003 and 0.004,

respectively). The mean CSF protein level posttreatment was

Table 2. The profiles of pretreatment ventricular and lumbar CSF and the change of those profiles after the intraventricular chemotherapy

CSF profile Ventricle Lumbar Pre-treatment Post-treatment
Cell count, total
Mean+SD 13.49+53.86 32.54655 13.49+53.86 7.76+32.29
Median (min—max) 0 (0-390) 10 (0-390) 0 (0-390) 0(0-330)
Cell count, others
Mean+SD 554282 16.7+£38.6 5.53+28.19 2.57+£9.86
Median (min—max) 0(0-300) 4(0-300) 0(0-300.3) 0(0-78.7)
Protein (mg/dL)
Mean+SD 27.76+28.35 136.5+220.3 27.76+28.35 48.19+121.24
Median (min—max) 18 (6-200) 65.5 (14-1790) 18 (6-200) 19 (6-1244)
CSF : cerebrospinal fluid, SD : standard deviation
400 |- 300 |- |
— 300 [ — 1000 |-
s £ 20 | < 800 |-
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Fig. 2. Interaction plot depicting changes in the (A) total cell count, (B) other cell count, and (C) protein level between pretreatment and posttreatment
ventricular CSF samples. After the intraventricular chemotherapy, total cell count and ‘other cell count’ were decreased significantly (to mean 7.8 and 2.6
cells/mm?, respectively). In contrast to the CSF cell count, the CSF protein level was significantly increased after the treatment (to 48.2 mg/dL, p=0.014).

See details in the Results section. CSF : cerebrospinal fluid.

Table 3. Association between the changes of CSF profile changes and the treatment response

Cell count, total

Cell count, others

Protein (n=136)

Decreased N/C Increased p-value Decreased N/C Increased p-value Decreased N/C Increased p-value

Increased ICP 0.059 0430 0.297
Controlled 29 38 8 27 39 9 28 37
Uncontrolled 34 24 15 29 31 13 28 40

Cytology response 0.797 0.761 0.575
No response 39 34 13 33 39 14 29 45
Partial response 17 18 5 16 20 4 20 20
Complete response 3 2 2 4 2 1 3 4

CSF: cerebrospinal fluid, N/C : no change, ICP : intracranial pressure
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Table 4. Analysis of clinical variables with CSF profiles and their changes after intraventricular chemotherapy on patients’ overall survival

Gender

Male 49 1

Female 99 0.91(0.64-1.29) 0.608
Age (years)

<60 101 1 1

>60 47 1.78 (1.24-2.54) 0.002 1.77 (1.18-2.65) 0.006
Primary cancer

NSCLC 100 1 (0.058)

SCLC 5 1.88 (0.76-4.64) 0.174

Breast cancer 35 15(0.78-1.71) 0486

Others 8 2.53(1.21-5.32) 0.014
Systemic disease status

No systemic disease 3 1 (0.228)

Stable/PR 33 1.78 (0.42-746) 0433

Progress 12 233 (0.58-9.46) 0.235
Concomitant brain metastases

No 42 1

Yes 106 1.08 (0.75-1.56) 0.678
Presenting symptoms and signs

HA with N/V 125 0.75 (0.48-1.17) 0.207

Altered mentality 4 1.89 (1.31-2.74) 0.001

Cauda equina symptoms 23 092 (0.58-1.47) 0.739

Cranial neuropathy 19 0.73 (0.44-1.21) 0.216
ICP

Normal 77 1

Increased 71 1.06 (0.77-1.48) 071
MTX administration rounds

<5 59 1 1

>5 89 041 (0.29-0.58) <0.001 0.37 (0.25-0.55) <0.001
Pretreatment lumbar cell count (cells/mm?’)

>15 62 1

<15 86 0.79 (0.57-1.11) 0.172
Pretreatment lumbar protein level (mg/dL)

>50 91 1

<50 55 0.65 (0.46-0.92) 0.015
Pretreatment ventricular cell count (cells/mm?)

>15 19 1

<15 129 0.60 (0.37-0.98) 0.041
Pretreatment ventricular protein level, miss=12 (mg/dL)

>50 14 1

<50 122 0.85 (0.48-1.48) 0.556
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Table 4. Continued
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o Univariable Multivariable
HR (95% Cl) p-value HR (95% Cl) p-value

Cytology conversion, miss=15

No response 86 1 (0.195) 1 (0.006)

PR 40 1.33(0.90-1.96) 0153 190 (1.25-2.88) 0.003

CR 7 0.71(0.33-1.55) 0392 0.77 (0.35-1.72) 0.524
Cell count, total

Decreased 63 1 (0.162)

No change 62 0.72 (0.50-1.03) 0.071

Increased 23 0.73 (0.45-1.19) 0.206
Cell count, others

Decreased 56 1 (0.042) 1 (0.001)

No change 70 0.63 (0.43-0.91) 0.013 044 (0.29-0.67) <0.001

Increased 22 0.70 (0.42-1.15) 0157 0.56 (0.33-0.97) 0.039
CSF protein

Decreased 56 1 (0.309)

No change 3 2.50 (0.77-8.06) 0.126

Increased 77 1.03 (0.72-1.47) 0.865

CSF : cerebrospinal fluid, HR : hazard ratio, CI : confidence interval, NSCLC : non-small cell lung cancer, SCLC : small cell lung cancer, PR : partial
remission, HA : headache, N/V : nausea and/or vomiting, ICP : intracranial pressure, MTX : methotrexate, CR : complete remission

48.2 mg/dL (SD, 121.2), and the median was 19 mg/dL (range,
6-1244). In contrast to the CSF cell count, the CSF protein
level was significantly increased after treatment (p=0.014).

As depicted in Fig. 2, in the matched-pair analysis of the
pre- and posttreatment values of individual patients, the
change in the CSF cell count after treatment varied among the
patients. After treatment, the CSF total cell count decreased in
63 patients (43%), with a median of 5 cells/mm’, did not
change in 62 patients (42%), and increased in 23 patients
(16%), with a median of 18 cells/mm’. The other cell count did
not change in 70 patients (47%), decreased in 56 patients
(38%), with a median of 7 cells/mm’, and increased in 22 pa-
tients (15%), with a median of 14 cells/mm’. A matched CSF
protein level was acquired in 136 patients; this level was in-
creased in 77 patients (57%), decreased in 56 patients (41%),
and did not change in three patients (2.2%).

Association of CSF profile changes with treat-
ment responses
Among the 71 patients with increased ICP, 21 (30%) achieved

ICP control after treatment. However, 23 patients with normal

ICP prior to treatment experienced increased ICP during treat-
ment. Hence, total ICP control was achieved in 75 patients
(51%).

Cytology was able to be evaluated after treatment in 133 pa-
tients. The majority of patients (86, 65%) had no cytology
negative conversion. Among the remaining patients, 40 (30%)
achieved PR, and seven (5%) achieved CR.

We evaluated whether CSF profile changes (posttreatment—
pretreatment) were associated with the treatment response
(Table 3). Only the CSF total cell count tended to be associated
with a large proportion of patients with a ‘controlled” increase
in ICP and a decreased cell count after treatment (p=0.059),
but these cell count changes failed to show an association with
the cytology response. The other profile changes (i.e., other
cell count and protein level) showed no association with either
the control of ICP or the cytology response.

Influence of clinical factors, CSF profiles, and
their changes on OS
During the study period, 145 patients (98%) expired, and

the median OS was 2.96 months (95% confidence interval

J Korean Neurosurg Soc 64 (4) : 631-643 637



J Korean Neurosurg Soc 64 | July 2021

[CI], 2.50-3.39). We also evaluated whether CSF profiles and
their changes could be prognostic factors for OS along with
other clinical factors (Table 4). Among the clinical factors, old
age (=60 years), primary cancer other than the lung, and pre-
senting symptoms of altered mentality had a significant ad-
verse effect on OS in the univariable analysis (p<0.05). Con-
versely, =5 rounds of MTX administration (p<0.001) were
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favorably correlated with OS. Cytology negative conversion
did not significantly influence OS.

The pretreatment CSF profiles were arbitrarily divided into
two groups. Among the pretreatment CSF profiles, a low pre-
treatment lumbar protein level (<50 mg/dL) and the pretreat-
ment ventricular total cell count (<15 cells/mm’) were predic-
tive of prolonged OS (p=0.015 and 0.041, respectively). In

Intraventricular MTX administration rounds
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o
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Fig. 3. Kaplan-Meier plot of patient overall survival according to variables that were significant in the multivariable analysis : (A) age (<60 vs. >60 years),
(B) rounds of intraventricular methotrexate administration (<5 vs. >5), (C) CSF cytology conversion, and (D) change in the CSF cell count (other). MTX :

methotrexate, CSF : cerebrospinal fluid.
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terms of CSF profile changes after treatment, there was a sig-
nificant difference in at least one of the three groups : de-
creased, no change, and increased (p=0.042). A decrease in
other cell count was associated with worse OS than no change
(p=0.013)

In the multivariable analysis, the negative influence of old
age on OS and the positive influence of =5 rounds of intraven-
tricular chemotherapy on OS remained statistically significant
(p=0.006 and <0.001, respectively, Fig. 3A and B). The cytolo-
gy response became significant in the multivariable analysis.
However, although the hazard ratio of PR (compared to ‘no
response’; 1.90; 95% CI, 1.25-2.88) drove the statistical signifi-
cance, it was not clinically relevant (Fig. 3C). A decrease in
other cell count of CSF after treatment also negatively affected
patient OS (compared to both ‘no change” and increased cell
count) in the multivariable analysis (p<0.001 and 0.039, re-
spectively, Fig. 3D).

In the subgroup analysis of NSCLC, 28 patients received re-
ceptor tyrosine kinase (RTK) inhibitors after LMC diagnosis
concomitantly with the intraventricular chemotherapy showed
significantly prolonged OS compared to patients without con-
comitant RTK inhibitor (p=0.008, Supplementary Fig. 1).

DISCUSSION

Despite the limitations of a retrospective study, our CSF
profile changes (posttreatment—pretreatment from the same
ventricular compartment) after intraventricular chemothera-
py were minimized by bias from different sampling sites, and
our categorization of ‘decreased’, ‘no change’, and ‘increased’
was from paired samples of individual patients. To our knowl-
edge, this study is the largest series of CSF profiles from pa-

tients who underwent the same treatment for LMC.

CSF profiles in LMC

CSF is supposedly free of cells, and low levels of various ma-
terials, such as proteins (as specialized capillaries of the blood-
CSF barrier), selectively filter these from the systemic circula-
tion. Elevated CSF protein levels and cell counts combined
with low glucose levels have been observed in patients with
LMC since early eras of intrathecal chemotherapy'”. As these
CSF profile changes are the consequence of LMC activity, it is

natural to correlate these CSF profiles with LMC severity or

Changes of CSF Profiles in LMC | Kwon JW, et al.

prognosis. However, these profiles are nonspecific to LMC
and vulnerable to being influenced by sampling conditions or
the systemic status of the patient. In nature, these profiles
originate from either cancer cells or immune cells. In the liter-
ature, the prognostic meaning of these two important CSF
profiles (i.e., cell counts and protein levels) have varied among

. 1,3,4,6,12,25
studies

', and their associations with LMC symptoms
and disease severity have not been well studied.

In our previous study, the lumbar CSF protein levels in pa-
tients with cauda equina involvement were higher than those
in patients without involvement™. We also verified the differ-
ences in CSF profiles in LMC patients according to the sam-
pling site, as lumbar CSF has significantly higher cell counts
and protein levels than ventricular CSFE. Consistent with the
previous results, the pretreatment lumbar CSF cell count and
protein levels were significantly higher than those of pretreat-

ment ventricular CSF in this study.

Predictive biomarker for the treatment response
in LMC patients

Chamberlain et al.” summarized problems associated with
assessing the treatment response in LMC patients. They sug-
gested the following difficulties in the use of a CSF biomarker :
1) the assay for the biomarker needs to be standardized among
institutions, 2) disturbed CSF flow in LMC patients results in
variable levels of CSF biomarkers according to the sampling
site, and 3) the time point at which CSF is sampled may influ-
ence the expression levels along the disease course.

CSF protein levels or tumor-specific antigens have histori-
cally been used to assess cancer burden or to monitor the
treatment response in LMC patients since the early 1980s.
Hitchins et al.” studied 44 patients with breast cancer and re-
ported a good response to therapy in patients with elevated
protein levels (>0.50 g/dL). Nakagawa et al.” followed CEA
and beta-glucuronidase levels in CSF after intrathecal chemo-
therapy with MTX. They reported a decrease in these profiles
after treatment and suggested that this decrease can be used to
monitor the disease course™. However, their findings of de-
creased CEA and beta-glucuronidase levels were obtained
from only four and two patients with LMC, respectively. Twi-
¥ followed the LDH level in ventricular CSF after
intraventricular chemotherapy in 24 patients with LMC and

jnstra et al.

verified that the decreased LDH level after treatment was as-

sociated with a clinical improvement. Recently, Hyun et al.””
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evaluated the change in CYFRA 21-1 levels after VLP MTX
chemotherapy and found that this change correlated with the
Karnofsky performance status (KPS) score and ICP. They also
showed dynamic changes in CYFRA 21-1 levels during the
course of treatment and insisted that high CSF CYFRA 21-1
levels were significantly associated with the KPS score and
ICP, whereas CSF protein levels were not. However, their CY-
FRA 21-1 level was neither an absolute threshold level nor the
consequence of changes after treatment but rather the resul-
tant level after treatment.

In this study, we evaluated whether the CSF cell count and
protein level and their changes after treatment from the same
ventricular CSF compartment were associated with the treat-
ment response. Among the pretreatment CSF profiles, the
pretreatment lumbar protein level and pretreatment ventricu-
lar cell count showed a significant association with patient OS
in the univariable analysis. Considering the direction of pro-
longed OS with lower pretreatment profiles, we suggest that
pretreatment CSF profiles might indicate disease burden in
patients with LMC. These assumptions are supported by sev-
eral studies evaluating CSF profiles as prognostic markers in
LMC"*"*"*** The prognostic significance of CSF, not total
but rather other cell count, was not evaluated in previous
studies. Under the assumption that CSF profiles are derived
from both immune cells and cancer cells in LMC, it is likely
that cancer cell activity could reveal the possibility of bio-
markers. However, we were unable to confirm that the in-
creased cell count was from dying cells as the result of cyto-

toxic chemotherapy.

Prognostic factors for LMC treated with intra-
CSF chemotherapy

As with other cancer metastases involving the CNS, the
prognosis of LMC is affected by factors such as the primary
cancer type, systemic cancer status, patient performance
status, and therapeutic intervention given after metasta-
sis™®1210222434 1 our previous study, we evaluated the prog-
nostic factors for OS in 105 patients with LMC from one
primary cancer of NSCLC who received intraventricular che-
motherapym. Old age (=60 years), a poor KPS score (<70), and
uncontrolled ICP were found to be unfavorable prognostic
factors, and many rounds of intraventricular chemotherapy
and concurrent systemic chemotherapy significantly im-

proved OS in the multivariable analysis. In this study, age and

640 https://doi.org/10.3340/jkns.2020.0300

rounds of intraventricular chemotherapy were also significant
prognostic factors. And the positive effect of systemic chemo-
therapy on OS in NSCLC patients were reconfirmed.

Among the candidate prognostic factors for LMC, CSF cy-
tology is not only nonspecific to LMC (it is also indicative of
parenchymal brain metastasis) but also problematic in judg-
ment. From an oncologic point of view, CSF cytology conver-
sion from positive to negative could be defined as ‘complete
remission’ of other cancers. However, frequent false negative
CSF cytology is a well-known problem when estimating the
treatment response. In a combined retrospective analysis of
874 patients with LMC, the sensitivity of CSF cytology varied
from 40% to 100% depending on how many times the CSF
examination was repeated””. To overcome this problem,
Chamberlain and Kormanik'” suggested ‘two consecutive
negative cytology results 1 week apart that are sustained for at
least 1 month’ as the criteria for CR, but we modified the cri-
teria, as the authors did not consider the conversion of positive
cytology to atypical cells to be remission™”. Both studies in-
cluded a considerable number of patients (n=32 and 105, re-
spectively) with one primary cancer (NSCLC), but CSF cytol-
ogy responses did not correlate with improved OS. Another
problem associated with evaluating patient prognosis is that
CSF cytology is correlated with neither patient OS nor the
clinical response after treatment™*'****”. Chamberlain et al.”
reported that CSF cytology clearing and resolution on en-
hanced MRI are correlated neither with a clinical improve-
ment nor with each other. It was suggested that this finding
may be because the cause of death is greatly influenced by the
primary cancer, and approximately half of patients with LMC
supposedly die of non-CNS-related issues, making it difficult
to identify reliable criteria for LMC-specific death. Harstad et
al.* evaluated whether cancer burden, evaluated in terms of
positive CSF cytology and bulky CNS disease on MRI, was
inversely correlated with OS in 110 patients with one primary
cancer, leptomeningeal melanomatosis, but found no correla-
tion with OS. In this study, the cytology response became sig-
nificant in the multivariable analysis, but the hazard ratio of
PR was higher than that of no response, which did not show
clinical significance.

We introduced CSF profiles as prognostic factors not only
as initial values but also as changes after treatment to evaluate
whether these changes can be developed as a biomarker for

the treatment response. Cox regression analysis of prognostic



factors confirmed that changes in the CSF other cell count
were significant prognostic factors for OS, whereas changes in
the CSF total cell count were not. We hypothesize that this
discrepancy suggests the importance of the origin of CSF con-
tents, which is from both cancer cells and the host immune
response. Furthermore, there is a different prognostic mean-
ing of cell count. The ‘initial’ cell count was an unfavorable
prognostic factor for disease burden, but an increased other
cell count after treatment was a favorable prognostic factor.
Thus, we hypothesized that an increased other cell count may
be derived from increased cancer cell detachment from lepto-
meninges, as they lose vitality after treatment. Our hypothesis
should be supported by molecular-level profiles such as the
apoptotic index and epigenetic changes in dying cells. Howev-
er, technical difficulties and the lack of standardized measure-
ments for these changes are obstacles to address when solving
these problems.

Recently, several researchers have concentrated on microR-
NAs or metabolites, which can be specific to cancer cells™”.
Some have reported promising results for the diagnosis and
evaluation of the treatment response in LMC patients using a
new method enumerating tumor cells in CSF**”. We agree
with these studies on the necessity of new quantitative CSF
biomarkers, as our study confirmed that simple changes in
CSF profiles, such as the protein level and cell count, may not

be useful as predictive or prognostic markers.

Limitations

Due to the retrospective nature of this study, our analysis
was performed on the limited number of cases receiving the
intraventricular chemotherapy during the study period. Major
flaw is that we did not have a constant number of the treat-
ment given. This is from the lack of protocol for the intraven-
tricular chemotherapy, sampling time and CSF profiles at each
injection except prescribed MTX dose. As we defined the
posttreatment samples to be the last sample of the intraven-
tricular chemotherapy, the posttreatment samples were ob-
tained after from 1 to 49 times of the treatment. Another flaw
is the definition of the ‘other cells’ percentage. This evaluation
is based on the technician’s discretion under the microscope.
Currently, we do not have any practically available automated
or specified identifying criteria or tools to differentiate cancer
cells from immune cells in CSE. Thus, our conclusion might

be not decisive but suggestive.

Changes of CSF Profiles in LMC | Kwon JW, et al.

CONCLUSION

This study was limited to the number of intraventricular
chemotherapies given and the posttreatment CSF sampling
time, which varied among patients. Moreover, although this
was a retrospective study, we performed individual matched-
pair analyses of the profile changes. Changes in the other cell
count after treatment influenced the OS of LMC patients,
while other CSF profiles and their changes after intraventricu-
lar chemotherapy were neither predictive for the treatment re-
sponse nor prognostic for OS. This result might provide an
ideal characteristic of a CSF biomarker for LMC (i.e., to be of
cancer cell origin), as the total cell count and protein levels are
derived from either cancer cells or immune cells. We need
more specific quantitative CSF biomarkers for LMC treatment

to improve the efficacy of intraventricular chemotherapy.
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