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Abstract
Purpose: The management of patients with advanced solid malignancies increasingly uses stereotactic body radiation therapy
(SBRT). Advanced cancer patients are at risk for developing leptomeningeal metastasis (LM), a fatal complication of metastatic cancer.
Cerebrospinal fluid (CSF) is routinely collected during computed tomography (CT) myelography for spinal SBRT planning, offering an
opportunity for early LM detection by CSF cytology in the absence of radiographic LM or LM symptoms (subclinical LM). This study
tested the hypothesis that early detection of tumor cells in CSF in patients undergoing spine SBRT portends a similarly poor prognosis
compared with clinically overt LM.
Methods and Materials: We retrospectively analyzed clinical records for 495 patients with metastatic solid tumors who underwent
CT myelography for spinal SBRT planning at a single institution from 2014 to 2019.
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Results: Among patients planned for SBRT, 51 (10.3%) developed LM. Eight patients (1.6%) had subclinical LM. Median survival with
LM was similar between patients with subclinical versus clinically evident LM (3.6 vs 3.0 months, P = .30). Patients harboring both
parenchymal brain metastases and LM (29/51) demonstrated shorter survival than those with LM alone (2.4 vs 7.1 months, P = .02).
Conclusions: LM remains a fatal complication of metastatic cancer. Subclinical LM detected by CSF cytology in spine SBRT patients
has a similarly poor prognosis compared with standardly detected LM and warrants consideration of central nervous system-directed
therapies. As aggressive local therapies are increasingly used for metastatic patients, more sensitive CSF evaluation may further identify
patients with subclinical LM and should be evaluated prospectively.
© 2022 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Leptomeningeal metastasis (LM), or the spread of can-
cer into the cerebrospinal fluid (CSF)-filled spaces sur-
rounding the central nervous system (CNS), carries an
extremely poor prognosis and causes rapid neurologic
dysfunction and death.1,2 Approximately 5% to 10% of
patients with solid tumors develop LM.1 With improving
therapies for patients with metastatic disease, this inci-
dence is expected to rise.1,3

Patients with LM classically present with multifocal
neurologic signs and symptoms resulting from involve-
ment of the brain, cranial nerves, or spinal nerves.4 Diag-
nosis is typically made after suspicion for LM based on
clinical evaluation prompts neuroimaging and/or CSF
analysis (Fig. 1A, 1B).5 However, LM may also be diag-
nosed incidentally by either magnetic resonance imaging
(MRI) or CSF cytology in patients without neurologic
symptoms. One such subset of patients includes patients
undergoing stereotactic body radiation therapy (SBRT)
for spinal bone metastases.6-9 These patients routinely
undergo computed tomography (CT) myelogram for
radiation planning (Fig. 1C-F). CT myelography enables
opacification of the thecal sac and therefore delineation of
the spinal cord as an organ at risk, enabling safer delivery
of ablative radiation doses to spinal bone metastases. This
procedure involves extraction of CSF, which may undergo
cytological evaluation.10,11 In some patients, tumor cells
may be detected in CSF despite the absence of radio-
graphic evidence or symptoms of LM. The clinical signifi-
cance of such “subclinical LM,” including risk for
progression to clinically evident LM and survival, remains
unknown.

Some have speculated that spinal bony metastases may
seed the CSF via retrograde spread of cancer cells along
the valveless vertebral venous plexus (Batson’s plexus)
that surrounds the vertebral column.13,14 However, this
potential route of spread remains hypothetical, and to
our knowledge no studies to date have demonstrated
increased risk for LM in patients with spinal bony meta-
stases from solid tumors.

We therefore sought to systematically characterize our
institution’s experience with subclinical LM among
patients with solid tumors undergoing spine SBRT. We
focused our analyses on histologies accounting for the
majority of LM arising from solid malignancies, including
breast cancer (BC), non-small cell lung cancer (NSCLC),
and malignant melanoma (MM).15 Our study aimed to
reveal rates of subclinical LM among spine SBRT patients,
to determine the prognosis of subclinical LM compared
with clinically evident LM and to validate previously iden-
tified prognostic factors for survival with LM.
Methods and Materials
Patients

We screened 2,371 patients treated with radiation for
spinal bone metastases at a single institution between Jan-
uary 1, 2014, and August 1, 2019. Eligibility criteria
included spinal bone metastases treated with stereotactic
radiosurgery with CT myelography planning. We
extracted patient, tumor, treatment, and outcome charac-
teristics from the electronic medical record and electronic
obituary databases. If no date of death was identified,
patients were censored at the date of last contact, for
example, follow-up visit or telephone note. Ethical
approval for this research was obtained from the institu-
tional review board under protocol #17-014 on January 6,
2017.
Treatment and planning

For radiation treatment planning, CT myelogram was
obtained in a standard fashion for all patients as previ-
ously described.12 For all patients, a minimum volume of
4 mL of CSF was collected before contrast injection. For
imaging of 1 or multiple spinal regions (ie, cervical, tho-
racic, or lumbar), 10 mL of iohexol (Omnipaque) 240 mg
iodine/mL was injected into the thecal sac under fluoro-
scopic guidance. Iohexol was introduced in the lumbar
spine for all patients. CT simulation was performed
within 1 to 2 hours of myelogram.

Patients were treated with CT-guided intensity-modu-
lated SBRT using a TrueBeam Linear Accelerator Radio-
therapy System (Varian Medical Systems, Palo Alto, CA).
All patients received photon beam RT. The treating radia-
tion oncologist determined the radiation dose and
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Figure 1 Overview of leptomeningeal disease and computed tomography (CT) myelography for stereotactic body radia-
tion (SBRT) planning for spinal bone metastases. (A, B) Axial and sagittal T1-weighted post-contrast magnetic resonance
imaging (MRI) demonstrating leptomeningeal enhancement along the cerebellar folia, surface of the conus, and cauda
equina nerve roots (arrowheads) in a 31-year-old woman with metastatic breast cancer. (C) Illustration of myelography
procedure for SBRT planning, as previously described.12 (D) Axial T2-weighted MRI illustrating biventral epidural disease
at T3 in a 59-year-old woman with metastatic non-small cell lung cancer (NSCLC). (E) Axial post-myelogram CT at T3 of
patient in (D) employed for radiation planning showing spinal cord (SC) and contrast-opacified thecal sac (TS). (F, F’)
Axial (F) and sagittal (F’) images demonstrating radiation plan for SBRT with a total dose of 3000 cGy to T3 and T4 in
patient in (D). Red outline denotes planning target volume (PTV). Color wash denotes radiation dose.
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fractionation based on the patient’s clinical status, prior
treatment, and tumor radiosensitivity. Treatment plans
were developed using the planning systems Eclipse (Var-
ian Medical Systems) or Top Module (New York, NY)
with anisotropic analytical algorithm or pencil beam con-
volution for dose calculations, respectively. The treating
radiation oncologist and a dedicated medical physicist
reviewed each plan and performed quality assurance.
Patients were immobilized using a custom immobilization
system and aligned with cone beam CT as previously
described.6,16 A supervising radiation oncologist verified
each patient’s setup before radiation delivery.
Follow-up and evaluation

We identified LM based on CSF cytology revealing
malignant cells (n = 22) or cells suspicious for malignancy
(n = 3) (total n = 25/61, 49%), as determined by morpho-
logic criteria and/or findings consistent with LM onMRI of
the brain (n = 33/61, 65%) and/or spine (n = 19/61, 37%)
according to clinical practice guidelines.5,17 Some patients
had LM confirmed both on imaging and CSF cytology. Of
61 patients who developed LM at any time during their dis-
ease course, 8 had subclinical LM first discovered at the
time of SBRT planning. For all patients, cytology and MRI
findings were correlated with clinical notes documenting
patient symptoms, physical examination findings, and the
treating physician’s assessment and plan. We defined the
date of LM diagnosis as the date of the first positive CSF
cytology or the date of the first MRI brain or spine showing
LM, whichever occurred first. For our analyses, we defined
subclinical LM as positive CSF cytology at the time of mye-
logram for radiation planning in the absence of radio-
graphic evidence or symptoms consistent with LM. We
determined presence or absence of LM symptoms based on
examinations performed by the treating neuro-oncologists,
neurosurgeons, radiation oncologists, and medical oncolo-
gists. CSF cytologic examination performed at the time of
CT myelogram did not include routine evaluation of CSF
white or red blood cells, protein, or glucose. We defined a
“complete” LM workup as CSF cytology examination and
gadolinium contrast-enhancedMRI brain and spine within
30 days of LMdiagnosis.
Statistical analysis

The primary study endpoint was survival with LM,
defined as time from LM diagnosis to the date of death
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from any cause. We calculated overall survival (OS) as the
time from the start of first course of spine SBRT to the
date of death from any cause. We used Kaplan-Meier
analysis to estimate rates of survival. Age, histology, and
Karnofsky performance scale (KPS) at either SBRT or LM
diagnosis and the presence of parenchymal metastases at
LM diagnosis were considered. Univariate associations
with time to death from SBRT and time to death from
LM diagnosis were performed using a log-rank test with
the median survival reported. Variables found to be
significant in univariate models were entered into a Cox
proportional hazards model with assumptions of propor-
tional hazards verified, and the independent hazard ratios
(HRs) and 95% confidence intervals are reported. We
analyzed categorical data using the Fisher exact test. For
all clinical factors, medians and range are reported. Sur-
vival estimates are reported as a median survival with a
95% confidence interval. Significance was reported using
an a = 0.05 for all tests.
Results
Patient characteristics

We identified 495 patients who satisfied eligibility
criteria (Table 1). The median age at SBRT was 65 years
(29-90 years), and the median KPS was 80 (40-100). The
majority of patients had NSCLC (n = 319, 64%), followed
Table 1 Baseline SBRT patient and treatment characteristics b

Characteristic
BC
(n = 132) n (%)

N
(

Sex

Female 129 (98%) 1

Male 3 (2%) 1

KPS*

≥80% 108 (85%) 2

<80% 19 (15%) 7

Median age at diagnosis (y) (range) 49.6 (26.8-73.1) 6

Median age at SBRT (y) (range) 57.5 (29.7-83.9) 6

Fractionation

24 Gy in 1 fraction 40 (30%) 7

27 Gy in 3 fractions 72 (55%) 2

Other 20 (15%) 3

Postoperative radiation 29 (22%) 1

Abbreviations: BC = breast cancer; KPS = Karnofsky performance scale;
SBRT = stereotactic body radiation therapy.
* KPS not available for 17 patients.
by BC (n = 132, 27%) and MM (n = 44, 9%). The most
common fractionation regimens were 27 Gray (Gy) in 3
fractions (n = 302, 61%) and 24 Gy in 1 fraction (n = 123,
25%). Median KPS, radiation dose, and fractionation
were similar across histologies.

Of 495 patients, 162 (33%) were alive at last follow-up.
The median OS for all patients was 12.5 months (10.9-
14.4 months). The median OS for patients with BC was
32.8 months (25.2 months-not estimated), significantly
longer than that of patients with NSCLC (9.7 months
[8.1-11.2 months]) or MM (7.8 months [5.6-13.8
months]) (P < .001). Patients with a KPS ≥80% (n = 370/
478) survived longer (median OS 15.9 vs 6.0 months, P <
.001). In a multivariate model, KPS <80 (HR, 2.0; 1.6-
2.6), melanoma relative to BC (HR, 2.4; 1.5-3.7), and
NSCLC relative to BC (HR, 2.7; 2.0-3.7) were indepen-
dently associated with worse OS (P < .001).

Among all evaluated patients, 51 (10.3%) developed
LM (Table 2). In patients who underwent complete LM
workup within 30 days of diagnosis (n = 22), LM accom-
panied by a positive CSF cytology (n = 18) had a median
OS of 3.5 months (1.0-6.1 months) compared to a median
OS of 5.4 months (2.7-8.2 months) in MRI-positive/CSF-
negative LM (n = 4). There was no difference in rates of
LM by histology; LM occurred in 10% of patients with BC
(n = 13/132) and NSCLC (n = 33/319) and 11% of
patients with MM (n = 5/44). Patients who received post-
operative RT (n = 151/495, 31%) had similar rates of LM
compared with patients with other indications for RT (8%
vs 11%, respectively).
y histology

SCLC
n = 319) n (%)

MM
(n = 44) n (%)

All patients
(n = 495) n (%)

90 (60%) 17 (39%) 336 (68%)

29 (40%) 27 (61%) 159 (32.%)

34 (76%) 27 (63%) 370 (77%)

2 (24%) 16 (37%) 108 (23%)

5.5 (28.9-89.0) 51.1 (24.6-82.7) 60.0 (24.6-89.0)

7.9 (32.1-90.0) 55.7 (29.1-83.2) 64.9 (29.1-90.0)

2 (23%) 11 (25%) 123 (25%)

08 (65%) 22 (50%) 302 (61%)

9 (12%) 11 (25%) 70 (14%)

04 (33%) 18 (41%) 151 (31%)

MM = malignant melanoma; NSCLC = non-small cell lung cancer;



Table 2 Baseline characteristics of SBRT patients with
LM

Characteristic n (%)

Histology

BC 13 (25%)

NSCLC 33 (65%)

MM 5 (10%)

KPS*

≥80 39 (80%)

<80 10 (20%)

Sex

Female 40 (78%)

Male 11 (22%)

Age at LM diagnosis

≤60 23 (45%)

>60 28 (55%)

Parenchymal brain metastases at
time of LM diagnosis

Yes 30 (59%)

No 21 (41%)

Postoperative radiation

Yes 12 (24%)

No 39 (76%)

Subclinical LM

Yes 8 (16%)

No 43 (84%)

CSF cytology

Positive 25 (49%)

Negative 8 (16%)

Not performedy 18 (35%)

MRI brain

Positive 33 (65%)

Negative 16 (31%)

Not performedz 2 (4%)

MRI spine

Positive 19 (37%)

Negative 27 (53%)

Not performedz 5 (10%)

Abbreviations: BC = breast cancer; CSF = cerebrospinal fluid;
KPS = Karnofsky performance scale; LM = leptomeningeal metasta-
sis; MM = malignant melanoma; MRI = magnetic resonance imag-
ing; NSCLC = non-small cell lung cancer; SBRT = stereotactic body
radiation therapy.
* KPS not available for 2 patients.
y For patients with MRI-detected LM, “not performed” indicates no
CSF cytology within 2 months preceding or any time after positive
MRI.
z For patients with LM initially detected by positive CSF cytology,
“not performed” indicates no MRI within 2 months preceding or
any time after positive CSF cytology.
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Subclinical LM

CSF cytologic evaluation at the time of myelography for
SBRT planning identified subclinical LM in 8 patients
(2%). Of these, 6 had positive cytology, and 2 had suspi-
cious cells on cytology. Notably, the 2 patients with suspi-
cious cells on cytology (Table 3, ID 7-8) had the shortest
survival in this cohort. Among patients with subclinical
LM, 2 had BC (25%, ID 1-2), 5 had NSCLC (63%, ID 3-7),
and 1 had MM (13%, ID 8). Indications for spine SBRT
comprised postoperative RT (n = 2, 25%), epidural dis-
ease/spinal cord compression without prior surgical inter-
vention (n = 4, 50%), and symptom palliation (n = 2, 25%).
Three patients (38%, ID 5, 7-8) had preexisting parenchy-
mal brain metastases. All 8 patients completed their
planned SBRT courses. All but 2 of the 8 patients with sub-
clinical LM were under the care of a neurologist/neuro-
oncologist (n = 4) and/or neurosurgeon (n = 2) at the time
of positive cytology. Indications for prior neurology/
neuro-oncology care included back pain in the setting of
spinal epidural disease, meningioma, intraparenchymal/
subdural hematoma, and unilateral peroneal neuropathy.
A treating neuro-oncologist and/or neurosurgeon exam-
ined 5 of the 8 patients within 2 weeks of positive cytology.
Six of 8 patients had prior normal complete neuraxis imag-
ing; an additional patient had a prior normal spinal MRI.

We sought to determine the prognosis of subclinical
LM by evaluating survival and rates of progression to clin-
ically evident LM. Patients with subclinical LM had simi-
larly poor survival from time of LM diagnosis compared
to patients with clinically evident LM (median LM sur-
vival 3.6 vs 3.0 months, respectively, P = .30) (Fig. 2A).
Five of 8 patients (63%) with subclinical LM developed
subsequent clinical symptoms or radiographic evidence of
LM (Fig. 2B, Table 3). One of these patients (ID 8) was
asymptomatic at the time of CT myelogram; however,
they presented to our hospital’s urgent care center with
symptoms consistent with LM that began approximately
4 days after incidentally positive myelogram cytology.
Among patients who developed symptomatic LM, the
median time to symptoms was 1.4 months (0.1-17.1
months). Of these 5 patients, 3 (60%) also developed
radiographic evidence of LM. Two patients (ID 5 and 7)
had radiographic LM detected within a week of positive
myelogram cytology; in both cases, complete neuraxis
imaging was obtained to complete a workup for LM in
response to their CSF cytology result. Notably, 3 patients
never showed clinical symptoms or MRI evidence of LM,
although 1 of these patients (ID 3) had multiple CSF cyto-
logic evaluations positive for tumor cells.

We next evaluated whether a diagnosis of subclinical
LM resulted in the use of CNS-directed and/or change in
systemic therapy. Of the 5 patients with NSCLC (ID 3-7),
4 were receiving epidural growth factor receptor tyrosine
kinase inhibitors therapy with erlotinib (n = 1), afatinib



Table 3 Subclinical and treatment characteristics of patients with LM

Case No. Diagnosis KPS Sex
Age at
SBRT (y) Site

Dose
(Gy) Fractions Indication

Parenchymal
brain
metastases

Number of
prior RT
courses

Time to
symptomatic
LM (mo) Status

LM
survival
(mo)

ID 1 BC 90 F 60 T4 27 3 Postoperative N 5 17.1 Dead 18.0

ID 2 BC 90 F 61 C7 27 3 Epidural disease/spinal
cord compression

N 0 1.4 Alive 13.6*

ID 3 NSCLC
(EGFR mut)

90 F 56 C3
L1

24
24

1
1

Symptom palliation N 0 - Dead 9.5

ID 4 NSCLC
(EGFR mut)

70 F 69 T7 27 3 Postoperative N 1 - Alive 9.0*

ID 5 NSCLC
(EGFR mut)

70 F 69 T7-T8
T11

27
24

3
1

Epidural disease/spinal
cord compression

Y 2 2.3 Dead 3.6

ID 6 NSCLC
(EGFR mut)

90 F 67 T12-L1 27 3 Epidural disease/spinal
cord compression

N 1 - Dead 1.9

ID 7 NSCLC
(EGFR mut)

80 F 75 L5-S3 30 5 Symptom palliation Y 2 1.1 Dead 1.3

ID 8 MM 70 M 61 T12 24 1 Epidural disease/spinal
cord compression

Y 0 <1 Dead 1.0

Abbreviations: BC = breast cancer; F = female; KPS = Karnofsky performance scale; LM = leptomeningeal metastasis; M = male; MM = malignant melanoma; mut = mutation; N = no; NSCLC = non-small cell
lung cancer; RT = radiation therapy; SBRT = stereotactic body radiation therapy; Y = yes.
* Patient living at time of analysis.
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Figure 2 Survival in patients with subclinical and clinically evident leptomeningeal metastasis (LM). (A) Kaplan-Meier
curves of patients with subclinical LM diagnosed on myelogram cytology (n = 8) and patients with clinically evident LM
(n = 43). Median LM survival 3.6 versus 3.0 months, respectively (P = .30). (B) Swimmer plot of patients with subclinical
LM showing time to symptomatic and radiographic LM progression. Two patients with breast cancer (BC) (ID 1-2), 4
patients with non-small cell lung cancer (NSCLC) (ID 3-7), and 1 patient with melanoma (MM) (ID 8) had subclinical
LM detected in CSF collected at the time of CT myelogram.
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(n = 2), or osimertinib (n = 1) at the time of subclinical
LM diagnosis. Subsequently, all 5 patients received tyro-
sine kinase inhibitors therapy, with the majority continu-
ing on or switching to osimertinib (n = 4, 80%). Of the 2
patients with BC (ID 1,2), both changed systemic thera-
pies at the time of subclinical LM diagnosis, including to
oral capecitabine (ID 2). By contrast, the patient with
MM (ID 8) died soon after his subclinical LM diagnosis
and did not change systemic regimens, possibly owing to
this short interval. No patients with subclinical LM
received intrathecal therapy. Only 1 patient (ID 1)
received LM-directed RT. She underwent whole brain RT
(WBRT) with 30 Gy in 10 fractions after neuroimaging
confirmed new brain metastases and LM approximately 7
months after positive CSF cytology. She was neurologi-
cally asymptomatic and had a negative CSF cytology at
the time of WBRT. Follow-up imaging showed isolated
radiographic disease progression in the brain 4 months
later based on the Response Assessment in Neuro-Oncol-
ogy criteria.17 She had continuous radiographic progres-
sion of spinal LM as early as 6 weeks after WBRT. Of the
6 patients with subclinical LM who succumbed to disease
at last follow-up, 2 patients (33%, IDs 7 and 8) died of
LM alone, 1 (17%, ID 1) of progressive brain disease (LM
and/or brain metastases), 2 (33%, IDs 3 and 6) of systemic
disease progression, and 1 (17%, ID 5) of unknown
causes, in line with data from patients with standardly
detected LM.18,19
Clinicopathologic factors associated with
survival with LM

The median survival from LM diagnosis for all 51
patients who developed LM was 3.4 months (2.0-5.3
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months). On univariate analysis, age at LM diagnosis and
histology were not associated with different survival. LM
patients with a KPS <80 had worse survival relative to
those with a KPS ≥80 (median LM survival 1.5 months
[0.9-7.1 months] vs 4.3 months [2.7-10.9 months],
P = .02) (Fig. 3A). Patients with concomitant parenchy-
mal brain metastases (n = 30, 59%) at the time of LM
diagnosis succumbed to disease sooner than patients
without brain metastases (2.4 months [1.5-4.8 months] vs
7.1 months [2.7-17.5 months], P = .02) (Fig. 3B). A multi-
variate model with KPS <80 (HR, 2.3; 1.2-4.7) and
Figure 3 Clinicopathologic factors associated with leptomenin
all patients with LM with Karnofsky performance scale (KPS) ≥
4.3 versus 1.5 months, respectively (P = .02). (B) Kaplan-Meie
(n = 21) preexisting and/or concurrent parenchymal brain meta
tively (P = .02).
parenchymal brain metastases (HR, 4.2; 1.8-9.8) showed
independent associations with worse outcome (P < .001).
Discussion
LM is a devastating and fatal complication of advanced
cancer. Historically, LM was diagnosed after patients
developed neurologic symptoms, prompting CSF evalua-
tion and neuroaxis imaging. With the increasing use of
local interventions, including spine SBRT in the
geal metastasis (LM) survival. (A) Kaplan-Meier curves of
80 (n = 39) and KPS <80 (n = 10). Median LM survival
r curves of patients with LM with (n = 30) and without
stases. Median LM survival 2.4 versus 7.1 months, respec-
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metastatic setting, there are opportunities to detect malig-
nant cytology in the absence of symptoms or radiographic
evidence of LM. The clinical relevance of such incidental
findings has not been systematically studied. As a result,
there is considerable uncertainty about the prognosis and
optimal management of patients with subclinical LM.

We present a single-institution retrospective analysis
of patients treated with spine SBRT and evaluate progres-
sion to LM, including subclinical LM. Consistent with
earlier studies, approximately 10% of patients developed
LM.1,3 Our analyses reveal an incidence of subclinical LM
of 2% among patients undergoing CT myelography for
spine SBRT planning. It might be expected that such a
malignant cytology would reflect a false positive result or
indicate an earlier manifestation of disease, for which
potentially earlier detection would result in lead time bias
and prolonged apparent survival. However, contrary to
expectations, survival in patients with subclinical LM was
not superior to that of patients with clinically overt LM.
Rather, the grim prognosis of patients with subclinical
LM suggests that these patients merit consideration of
CNS-directed therapy even in the absence of symptoms
or MRI evidence of LM. Notably, the patient who sur-
vived the longest with subclinical LM in this cohort was
the only patient to receive LM-directed RT.

An alternative hypothesis is that subclinical LM, like
other forms of type I LM, that is, confirmed LM with pos-
itive CSF cytology, portends worse prognosis compared
with patients who present with a constellation of typical
MRI features and clinical signs but negative CSF cytology
(type II LM).5,20 Supporting the notion that positive CSF
cytology is associated with a more aggressive LM pheno-
type, a recent retrospective analysis of 35 patients with
breast and/or lung cancer LM found that patients with
CSF-only LM succumbed to their disease sooner than
patients with LM diagnosed by MRI alone or by both
modalities (ie, CSF- and MRI-positive LM).21

To further understand the clinical outcomes associated
with cancer cell tropism, we examined the effect of con-
comitant parenchymal brain metastases on LM survival.
Consistent with prior studies,1,22,23 approximately two-
thirds of patients in this cohort had coexisting parenchy-
mal brain metastases and LM. Here, we report that a his-
tory of parenchymal brain metastasis is associated with
decreased LM survival, in line with data showing that
brain metastases, as well as increasing brain metastatic
burden, portend worse outcomes in the metastatic set-
ting.24 Notably, the literature on LM survival and paren-
chymal brain metastasis is less clear. A retrospective study
of 49 patients with LM secondary to breast cancer did not
find that presence of parenchymal brain metastases
affected survival outcomes; however, one-third of patients
in this study did not receive neuroaxis imaging at the
time of LM diagnosis.25 A study of 110 patients from the
UT—MD Anderson Cancer Center with metastatic mela-
noma and LM similarly found no association between
presence of parenchymal brain metastases and LM sur-
vival.26 In this cohort, all patients with preexisting CNS
parenchymal disease had been previously treated with
surgery, RT, or chemotherapy, which might theoretically
suppress cancer progression in the leptomeninges. As
well, there may have been increased CNS surveillance in
patients with known brain metastases, potentially artifi-
cially inflating LM survival assessment. Our data, col-
lected in a cohort of patients undergoing spine SBRT,
indicate that concurrent CNS parenchymal disease pre-
dicts worse LM outcomes.

This study has several limitations, many of which are
related to its retrospective nature. First, aspects of data
collection are necessarily incomplete. For example, per-
formance status was not available for all patients and,
when available, may have been influenced by existing pro-
vider biases and interobserver variability. Second, medical
details were not available for all patients at the end of life,
for example in patients who sought care closer to home or
were unable to travel as their status worsened, which may
have resulted in underestimation of the overall incidence
of LM in this cohort. Third, because all patients in this
study had a history of bony metastases and particularly
because oligometastatic disease was likely overrepresented
in this cohort compared with the general metastatic popu-
lation, our observations may not be generalizable to the
overall population of patients with LM.
Conclusion
Our findings indicate that subclinical LM, similar to
clinically overt LM, has a dismal prognosis and warrants
an early referral to neuro-oncology to generate multidisci-
plinary therapeutic strategies with radiation and medical
oncology in these patients. Furthermore, addressing goals
of care with patients and their families is crucial, as is
early involvement of palliative care specialists, which leads
to better quality of life and improved survival in the meta-
static setting.27 Taken together with the high specificity of
malignant cytology for LM,28 our findings indicate that a
diagnosis of subclinical LM warrants consideration of
CNS-directed therapy. In addition to standard therapies
for LM, recent findings from early-phase clinical trials in
patients with solid tumor LM showed favorable outcomes
with hypofractionated proton craniospinal irradiation, a
technique that has been successfully combined with spinal
SBRT.29,30 Given the poor prognosis of LM even with
maximal therapy, patients with subclinical LM detected at
the time of CT myelography may benefit from standard
3-dimensional conformal RT, rather than SBRT, for man-
agement of spinal bony metastases, as such an approach
provides comparable symptomatic benefit and enables less
labor-intensive planning and therefore earlier delivery of
therapy.
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With improving therapies for patients with advanced
malignancies and more sensitive CSF evaluation,31

including rare cell capture-based technologies,32−36

tumor cell-specific marker-based flow cytometry
approaches,37−39 and cell-free strategies examining the
CSF genome, transcriptome, and proteome,40−45 the inci-
dence of subclinical LM will increase. The expanding pop-
ulation of metastatic patients undergoing local therapies
for advanced disease provides opportunities for earlier
interventions and prospective studies. LM remains a dev-
astating metastatic manifestation of cancer for which
improved therapies, including targeted and/or combina-
torial treatment approaches, are desperately needed. Ear-
lier identification of patients who may benefit from such
approaches is warranted and merits attention in future
studies.
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