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Abstract
Objective
To perform a retrospective analysis examining the incidence and prognosis of glioma patients
with leptomeningeal disease (LMD) atMemorial Sloan Kettering Cancer Center over a 15-year
period and correlate these findings with clinicopathologic characteristics.

Methods
We conducted a retrospective review of glioma patients with LMD atMemorial Sloan Kettering
Cancer Center diagnosed from 2001 to 2016. Patients were identified through a keyword
search of their electronic medical record and by ICD-9 codes.

Results
One hundred three patients were identified with disseminated LMD and 85 patients with
subependymal spread of disease, 4.7% of all patients with glioma. These cohorts were analyzed
separately for time to development of disseminated LMD/subependymal LMD, median overall
survival, and survival from LMD diagnosis. Patients were pooled for subsequent analyses (n =
188) because of comparable clinical behavior. LMD was present at glioma diagnosis in 10% of
patients. In the remaining 90% of patients diagnosed at recurrence, time to LMD diagnosis,
survival after LMD diagnosis, and overall survival varied by original histology. Patients with
oligodendroglioma had a median survival of 10.8 (range 1.8–67.7) months, astrocytoma 6.5
(0.1–28.5) months, and glioblastoma 3.8 (0.1–32.6) months after LMD diagnosis. In addition,
we found that treatment of LMD was associated with superior performance status and in-
creased survival.

Conclusion
Patients with LMD diagnosed at relapse may not have decreased overall survival as compared to
historical controls with parenchymal relapse and may benefit from treatment.
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Glioma cell invasion into the CSF or leptomeninges, known
as leptomeningeal spread of disease (LMD), occurs in 4% of
patients with glioma.1–4 LMD is often ascribed a worse
prognosis than progression of parenchymal disease, with
a median survival in oligodendroglioma of 16 to 22 months,1,2

astrocytoma of 4 months,1 and glioblastoma, 3.5 to 3.9
months.3–5 Recent studies indicate that the incidence of LMD
is increasing, possibly because of prolonged survival, more
frequent testing, and antiangiogenic therapy.6–9

Suspicion of LMD arises when a patient develops cranial
neuropathies, cerebellar signs, conus medullaris/cauda equina
symptoms, or signs of hydrocephalus.10 Evaluation involves
MRI of the brain and spine, and often lumbar puncture. LMD
diagnosis can be made radiographically or through positive
CSF cytology, but this is rare in glioma.11 In addition, disease
can spread through the CSF along the ventricles, leading to
subependymal or ependymal enhancement on MRI. Con-
troversy exists regarding the prognostic significance of sub-
ependymal spread and whether it should be considered
a harbinger for CSF dissemination.12–14 However, no studies
have compared outcomes between glioma patients with
subependymal and disseminated disease.

Several series report on treatment of LMD in glioma. Sys-
temic and intrathecal chemotherapy, radiation, and anti-
angiogenic therapies have been tested, with some evidence
that combination therapy is more effective.1–3,5,15 A recent
case report demonstrated efficacy for intratumoral and in-
trathecal chimeric antigen receptor T cells.16

We collected data retrospectively from glioma patients with
LMD diagnosed over a 15-year period at our institution. We
investigated the incidence of LMD over time, clinicopathologic
correlates of LMD, treatment, and the effect of LMDon survival.

Methods
Standard protocol approvals, registrations,
and patient consents
The institutional review board at Memorial Sloan Kettering
Cancer Center approved the study, granting a waiver for in-
formed consent because of its retrospective nature.

Case ascertainment
This is a retrospective study of patients with leptomeningeal
spread of glioma diagnosed between January 1, 2001, and
June 16, 2016. After institutional review board approval, all
potential patients were identified through our institutional

database at Memorial Sloan Kettering Cancer Center. We
identified glioma patients with at least one office visit at
Memorial Sloan Kettering Cancer Center using the following
criteria: (1) clinical documentation of LMD in chart notes
including the terms “leptomeningeal,” “CSF dissemination,”
or “meningeal seeding”; (2) CSF cytology reports, for the
terms “malignant” or “positive”; and (3) ICD-9 codes 198.4
(spinal cord/meninges metastases), C79.32 (secondary ma-
lignant neoplasm of cerebral meninges), 198.3 (brain/spine
metastases), 192.2 (spinal cord cancer), C79.31 (secondary
malignant neoplasm of the brain), and C72.0 (malignant
neoplasm of the spinal cord).

All charts were manually reviewed. Patients were included in
the study if clinical radiology reports specifically mentioned
leptomeningeal dissemination of disease (figure 1, A and B)

Figure 1 MRIs of leptomeningeal tumor spread in patients
with glioma

(A) Sagittal T1-post contrast of the lower spine demonstrating superficial
enhancement (red arrows) along the distal cord, conus medullaris, and
cauda equina nerve roots secondary to LMD in a patient with anaplastic
astrocytoma. (B) Axial T1 postcontrast brain MRI showing superficial lep-
tomeningeal enhancement along the cerebellar folia and surface of the
pons in a patient with glioblastoma. (C) Axial T1 postcontrast brain MRI
showing subependymal LMD (white arrow) in a patient with anaplastic oli-
godendroglioma. The primary tumor site (D) was contralateral to and dis-
tant from the new subependymal disease. LMD = leptomeningeal disease.

Glossary
dLMD = disseminated leptomeningeal disease; ICD-9 = International Classification of Diseases, Ninth Revision; IDH = isocitrate
dehydrogenase; KPS = Karnofsky Performance Status; LMD = leptomeningeal disease; PNET = primitive neuroectodermal
tumor; sLMD = subependymal leptomeningeal disease; VP = ventriculoperitoneal.
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on either the brain or spine MRI or subependymal or epen-
dymal enhancement on the brain MRI (which differ by one
cell layer and are radiographically indistinguishable; figure 1,
C and D). Patients with positive CSF cytology per the official
pathology report were also included in the study.

Further eligibility criteria included age 18 years or older at
original tumor diagnosis, and a confirmed pathologic di-
agnosis of a grade 2 to 4 glioma. Specifically, patients with
grade 1 tumors, ependymoma, or primary brainstem or spinal
cord gliomas were excluded. The date of LMD diagnosis was
defined as the earliest date of imaging on which LMD was
noted or positive CSF cytology. When radiographic evidence
of LMD preceded the surgery that diagnosed the glioma, the
date of LMD diagnosis used was the date of surgery and
glioma diagnosis.

Original search hits outnumbered true cases approximately 4
to 1. We manually confirmed all search hits, rather than
reviewing all patients with glioma in the study period, because
of practical limitation. Cases of glioma within the radiation
field that did not show clear evidence of tumor growth over
time were excluded, as radiation-induced pseudoprogression
could not be excluded. Cases in which subependymal disease
preceded disseminated LMD (dLMD) were assigned to the
dLMD cohort and date of LMD diagnosis was the time
dLMD developed.

Data collection
Data collected for each patient included date of birth, date of
initial glioma diagnosis, date of LMD diagnosis, Karnofsky
Performance Status (KPS) score at LMD diagnosis (esti-
mated by the investigator based on chart review if not
recorded), histologic and molecular pathologic analysis, initial
and subsequent treatment of LMD, MRI results, CSF results,
and date of death or last follow-up.

Original histologic diagnosis was made in accordance with the
2016 World Health Organization classification system when
possible. Grade 2 and 3 tumors that were negative for 1p19q
codeletion or in which 1p19q analysis was not done were
considered astrocytoma, while 1p19q codeletion was a re-
quirement for diagnosis of an oligodendroglioma. Isocitrate
dehydrogenase (IDH) mutations were considered present if
patients tested positive for IDH1 R132H by immunohisto-
chemistry, PCR for alternate R132 mutations, or if IDH1 or 2
was mutated on next-generation sequencing. Patients without
a documented date of death were censored at date of last
follow-up; there were 5 patients with oligodendroglioma, 3
patients with astrocytoma, and 4 patients with glioblastoma
censored from survival analysis.

Statistical analysis
Overall survival was defined as the time from glioma diagnosis
to the time of death or last follow-up. Survival rates were
determined using the Kaplan-Meier method, and survival
curves were compared using the log-rank test. A p value <0.05

was considered significant for all analyses. All statistical
analyses were performed in GraphPad Prism version 6.04
(GraphPad Software, La Jolla, CA).

Data sharing
Any data not available within this article will be anonymized
and made available on request from any qualified investigator.

Results
Patient characteristics
A total of 4,082 unique patients with glioma with at least one
office visit at Memorial Sloan Kettering Cancer Center over
a 15-year period (2001–2016) were identified. Cases detected
in the initial database inquiry were manually confirmed by
chart review, including clinical notes, radiology reports, pa-
thology reports, and molecular data when available. One
hundred three patients had dLMD as identified on the clinical
radiology reports for the brain or spine MRI, or positive CSF
cytology. Upon manual review of charts, there were also 85
patients who exhibited clinical signs concerning for lep-
tomeningeal spread of disease who were noted on official
radiology reports to have ependymal or subependymal en-
hancement and not dLMD. There were 9 patients who de-
veloped subependymal spread of disease, then later developed
dLMD, who were included in the dLMD cohort with date of
LMD diagnosis being the time of disseminated disease.

We initially conducted a separate analysis on these 2 groups of
patients—dLMD and subependymal LMD (sLMD)—to as-
sess whether the clinical outcomes were comparable between
these 2 groups. Patients with sLMD or dLMD diagnosed at
glioma recurrence were analyzed by original histology (n =
168). We found that the time to development of sLMD or
dLMD did not differ (glioblastoma, 14.7 vs 11.4 months,
respectively, p = 0.32; astrocytoma, 18.4 vs 23.5 months, p =
0.51; and oligodendroglioma, 76.4 vs 61.7 months, p = 0.84).
In addition, survival from LMD diagnosis (glioblastoma, 3.8
for sLMD vs 3.2 months for dLMD, p = 0.31; astrocytoma,
6.6 vs 5.2 months, p = 0.75; oligodendroglioma, 11.7 vs 10.66
months, p = 0.77) and overall survival for the groups with
sLMD and dLMD were also equivalent (glioblastoma, 21.7
[range 3.1–99.1] vs 16.3 [5.3–83.7] months, p = 0.17; figure
2A; astrocytoma, 28.7 vs 42.2 months, p = 0.35; oligoden-
droglioma, 191.2 vs 132 months, p = 0.64). Moreover, of 17
patients with glioblastoma found to have LMD at glioma
diagnosis, there were 9 with sLMD and 8 with dLMD (median
survival 5.0 vs 9.0 months, p = 0.49). We also found that symp-
toms of increased intracranial pressurewere equal between sLMD
and dLMD (14% vs 17%, p = 0.63; table 1), and the number of
patients who required ventriculoperitoneal (VP) shunting was
equal for those with sLMD and dLMD (n = 18; 23% vs 19%; p =
0.98). Based on the comparable clinical outcomes between these
cohorts, they were pooled for all further analyses.

In total, our study included 188 patients (n = 188, 4.6%) with
dLMD and sLMD. Incidence at our institution appears to be
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increasing: 1.8% of patients diagnosed with gliomas between
2001 and 2005 developed LMD, 4.4% in 2006–2010, and
6.9% in 2011–2016. Of these 188 patients, 31 had astrocy-
toma (n = 7World Health Organization grade 2, n = 24 grade
3), 29 had oligodendroglioma (n = 13 grade 2, N = 16 grade
3), and 128 had glioblastoma. Only the glioblastoma cohort
was sufficiently large for most within-group comparisons.
While almost all patients with LMD became symptomatic
from LMD, nearly half of patients were diagnosed on sur-
veillance imaging and were asymptomatic (n = 90, 47%; table
1). Fifty patients (26%) were diagnosed with LMD after they
developed cranial symptoms, such as cranial neuropathies and
ataxia, and 31 patients (16%) developed symptoms of in-
creased intracranial pressure. Twenty-two patients (12%)
developed spinal symptoms such as radicular pain, urinary or
bowel dysfunction, or meningismus. Twenty-one patients
(11%) presented with symptoms due to a combination of
cranial, spinal, or intracranial hypertension symptoms.

Within our cohort, 20 patients were diagnosed with LMD at
glioma diagnosis (10% of patients with LMD and 0.5% of
patients with glioma); 17 with glioblastoma, 2 with astrocy-
toma (one initially a grade 2 and one initially a grade 3 tumor),
and one with an anaplastic oligodendroglioma. The 17

patients with LMD at presentation of glioblastoma survived
a median of 8.3 (range 1.5–25.9) months after diagnosis,
approximately half the time of the patients with glioblastoma
who developed LMD at recurrence, who had an overall me-
dian survival of 17.1 (3.1–82) months (p < 0.0001; figure 2B).

There were 168 patients diagnosed with LMD at recurrence,
29 with astrocytoma, 28 with oligodendroglioma, and 111
with glioblastoma. The median age was 44 (range 20–88)
years and median KPS score was 70 (range 30–100) at LMD
diagnosis for all groups except oligodendroglioma, in which it
was 80 (50–100; table 2). There were more men (61%) than
women. One hundred fifty-nine of 168 patients (95%) were
diagnosed with radiographic LMD on brain MRI and 42 of 75
patients (56%) were found to have LMD onMRI of the spine.
Thirty-three patients met radiographic criteria in both brain
and spine MRI, and 9 patients met criteria only on spine MRI
(table 1). Forty-four patients also underwent lumbar puncture
in order to diagnose LMD or to predict responsiveness to
CSF diversion; CSF cytology was positive in 11 (25%). Nine
of 11 patients with positive CSF cytology were also found to
have radiographic LMD. Of the 9 patients with positive CSF
cytology and radiographic evidence of LMD, 8 were found to
have radiographic LMD on both the brain and spine MRI.

Table 1 Symptoms at time of diagnosis of leptomeningeal spread of disease

Asymptomatic Cranial Spinal Increased ICP

Subependymal 58 (66) 18 (20) 0 (0) 13 (14)

Disseminated 32 (31) 32 (31) 22 (21) 18 (17)

All patients with LMD 90 (47) 50 (26) 22 (12) 31 (16)

Abbreviations: ICP = intracranial pressure; LMD = leptomeningeal disease.
Data represent n (%). Twenty-one patients had multiple symptom types at time of diagnosis of LMD.

Figure 2 Median survival times

(A) Median survival in GBMwas 21.7 (range 3.1–99.1) months for subependymal LMD and 16.3 (5.3–83.7) months for disseminated LMD (p = 0.21). (B) Median
survival was 8.3 (range 1.5–25.9) months for patients whose LMD was present at GBM diagnosis and 17.1 (3.1–82) months for those with LMD diagnosed at
recurrence (p < 0.0001). GBM = glioblastoma; LMD = leptomeningeal disease.
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Within our cohort, the median lines of treatment prior to
LMD was 2 in the patients with glioblastoma and astrocy-
toma, indicating LMD was most often associated with ad-
vanced disease (second recurrence). Of 28 patients originally
diagnosed with astrocytoma, 8 (28%) had histologically

confirmed progression to glioblastoma at LMD diagnosis.
Eleven of 28 patients (39%) with oligodendroglioma were
originally diagnosed with grade 2 tumors, and all had pro-
gressed to grade 3 by the time of LMD diagnosis; moreover,
patients with oligodendroglioma received a median of 4 lines

Table 2 Patient characteristics

All
patients

Histology

LMD at
recurrence Astrocytoma Oligodendroglioma Glioblastoma

LMD at GBM
diagnosis

No. (%) 188 (100) 168 (89) 29 (17) 28 (17) 111 (66) 17 (9)

Sex, n (%)

Female 73 (39) 64 (38) 9 (31) 10 (36) 45 (41) 9 (53)

Male 115 (61) 104 (62) 20 (69) 18 (64) 66 (59) 8 (47)

Age at LMD diagnosis, y, median
(range)

56
(20–88)

44 (20–88) 41 (20–73) 44 (34–68) 58 (20–88) 67 (32–84)

KPS score at diagnosis of LMD,
median (range)

70
(30–100)

70 (30–100) 70 (40–100) 80 (50–100) 70 (30–100) 70 (50–90)

Molecular pathology, positive/
tested (%)

1p19q codeletion 30/39
(77)

28/36 (78) 0/8 (0) 28/28 (100) NA NA

IDH mutationa 36/93
(39)

34/82 (41) 6/9 (67) 27/28 (96) 1/45 (2) 0/10 (0)

MGMT methylation 19/66
(29)

14/56 (25) NA NA 14/56 (25) 5/10 (50)

LMD diagnosis, positive/tested (%)

Brain MRI 179/188
(95)

159/168 (95) 29/29 (100) 27/28 (96) 103/111 (93) 17/17 (100)

Spine MRI 46/82
(56)

42/75 (56) 4/7 (57) 9/18 (50) 29/50 (58) 3/7 (43)

Brain and spine MRI 36/82
(44)

33/75 (44) 4/7 (57) 7/18 (39) 22/50 (44) 3/7 (43)

CSF cytology 12/51
(24)

11/44 (25) 0/7 (0) 3/10 (30) 8/27 (30) 1/7 (14)

Treatment prior to LMD

No. of operations, median (range) 1 (0–6) 1 (0–6) 1 (0–6) 2 (1–5) 1 (0–4) NA

No. of lines of therapy, median
(range)

2 (0–10) 2 (0–10) 2 (0–10) 4 (0–7) 2 (0–7) NA

Therapy prior to LMD, n (% LMD at
recurrence)

Radiation 156 (83) 156 (93) 27 (93) 24 (86) 105 (95) NA

Cytotoxic chemotherapy 152 (81) 152 (90) 25 (86) 26 (93) 101 (91) NA

Antiangiogenic therapy 40 (21) 40 (24) 6 (21) 6 (21) 28 (25) NA

Experimental therapy 51 (27) 51 (30) 9 (31) 6 (21) 36 (32) NA

Targeted therapy 25 (13) 25 (15) 3 (10) 2 (7) 20 (18) NA

Abbreviations: GBM = glioblastoma; IDH = isocitrate dehydrogenase; KPS = Karnofsky Performance Status; LMD = leptomeningeal disease; MGMT = O6-
methylguanine-DNA methyltransferase; NA = not applicable.
Three patients had LMD at presentation and were included in the left column but not elsewhere in the table: one with oligodendroglioma and 2 with
astrocytoma.
a Positive by immunohistochemistry or NextGen sequencing.
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of therapy before LMD diagnosis (table 2), reflecting their
longer disease course. Among all 168 patients with glioma,
156 (93%) had received prior radiation, 152 (90%) received
cytotoxic chemotherapy, 40 (24%) received antiangiogenic
therapy, 51 (30%) had been in a clinical trial, and 25 (15%)
received targeted therapy (table 2).

Histopathology among glioblastoma patients with LMD at
presentation was compared with those diagnosed with LMD
at recurrence; 2 patients with LMD at diagnosis (11.7%; 2/
17) had gliosarcoma, while there were 8 patients with glio-
sarcoma (7.1%; 8/112) who developed LMD at recurrence,
giving a total frequency of gliosarcoma of 7.8% (10/129)
within our cohort. None of the patients with LMD at disease
presentation had primitive neuroectodermal tumor (PNET)
features, while 6 (5.3%; 6/112) with LMD at recurrence had
PNET features, giving an overall frequency of 4.7% (6/129)
for glioblastoma with PNET features. Three patients with an
original diagnosis of astrocytoma, progression to glioblas-
toma, and LMD at recurrence had histologic PNET features
(11%; 3/28 for astrocytoma).

Time to leptomeningeal spread of disease
Time from glioma diagnosis to development of LMD varied
by histology; patients with oligodendroglioma developed

LMD at a median of 61.7 (range 3.9–274.8) months, astro-
cytoma at a median of 19.1 (1.4–202.8) months, and glio-
blastoma at a median of 11.9 (0.9–92.6) months (p < 0.0001;
figure 3A).

Survival
Of the 168 patients with LMD at recurrence, 159 (93%) have
died. Median overall survival from initial tumor diagnosis for
patients with LMD and oligodendroglioma was 132 (range
8.5–279) months, for astrocytoma 33.5 (1.5–207) months,
and for glioblastoma 17.1 (3.1–99) months (p < 0.0001;
figure 3B). Survival from the time of LMD diagnosis also
varied by histology: patients with oligodendroglioma survived
a median of 10.8 (range 1.8–67.7) months, while those with
astrocytoma and glioblastoma survived a median of 6.5
(0.1–28.5) and 3.8 (0.1–32.6) months, respectively (p <
0.0004; figure 3C).

Treatment of leptomeningeal spread
of disease
A median of one line of treatment was given following di-
agnosis of LMD in all 3 histologic groups (table 3). Of the 168
patients with LMD at recurrence, 118 (69%) received some
form of therapy, whereas 52 (31%) did not receive further
tumor-directed therapy. Sixteen patients (9%) received

Figure 3 Time to LMD, overall survival, and survival from LMD in patients with glioblastoma diagnosed with LMD at
recurrence

(A) Median time from glioma diagnosis
was 11.9 (range 0.9–92.6) months for
glioblastoma, 19.1 (1.4–202.8) months for
astrocytoma, and 61.7 (3.9–274.8) months
for oligodendroglioma (p < 0.0001). Median
survival (B) from glioma diagnosis was 17.1
(range 3.1–99) months for glioblastoma,
33.5 (1.5–207) months for astrocytoma, and
132 (8.5–279) months for oligoden-
droglioma (p < 0.0001). (C) Median survival
after LMD diagnosis was 3.8 (range
0.1–32.6) months for glioblastoma, 6.5
(0.1–28.5)months for astrocytoma, and10.8
(1.8–67.7) months for oligodendroglioma
(p = 0.0004). LMD= leptomeningeal disease.
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radiotherapy, which included intensity-modulated radiother-
apy to the brain or spine, whole-brain radiotherapy, or whole-
spine radiotherapy. Cytotoxic chemotherapy was used in 59
patients (35%) and antiangiogenic therapy was administered
to 49 patients (29%). Four patients were enrolled in a clinical
trial immediately following a diagnosis of LMD (2%), and 9
(5%) were treated with targeted therapy off-label. The de-
velopment of hydrocephalus is a common complication of
leptomeningeal spread of cancer, and symptoms may be al-
leviated by VP shunt placement. Thirty-six patients (23%)
underwent a VP shunt for CSF diversion, of whom 11 (7%)
had shunting immediately after diagnosis of LMD (table 3).
One patient underwent Ommaya reservoir placement and
treatment with intrathecal cytarabine.

After diagnosis of LMD, the 36 patients with glioblastoma
who ceased tumor-directed therapy had a median KPS score
of 60 and survived a median of 1.6 months. The 75 patients
with glioblastoma undergoing some form of treatment had
a median KPS score of 80 and survived a median of 5.0
months after LMD diagnosis. Time to LMD did not differ
between these 2 groups (median 11.5 months in treated LMD
vs 12.3 months in untreated LMD; p = 0.88).

Furthermore, patients with glioblastoma who received treat-
ment were divided into those who received any radiotherapy,
antiangiogenic therapy with or without chemotherapy, cyto-
toxic chemotherapy alone, or targeted therapy/clinical trial
therapy. Patients with LMD who initially received some form
of radiotherapy, with or without other treatments, survived
a median of 5.0 months. Patients initially receiving anti-
angiogenic therapy survived a median of 7.6 months, patients
who received chemotherapy alone survived a median of 4.8
months, and those treated with targeted or clinical trial

therapies survived 7.6 months; median survival did not differ
among these treatment groups (p = 0.33; data not shown).

Discussion
This retrospective series examines the clinical disease course
and survival outcomes of 188 patients with glioma who had
LMD over the past 15 years. The estimated overall incidence
of LMD in patients with glioma was 4.7% at our institution,
but over time the incidence increased. Incidence may have
increased because of more frequent testing for LMD, the
improvement in MRI resolution at our center, improved
overall survival, and/or changing referrals to our tertiary care
center. While rigorously matched comparisons are not avail-
able, median overall survival from time of glioma diagnosis in
our cohort was roughly equal to historic cohorts, except for
slightly prolonged survival in anaplastic astrocytoma and
glioblastoma.17,18 Patients given standard of care treatment
for glioblastoma in recent prospective trials, although re-
ceiving the same regimens as in original publications, are
living several months longer, an improvement thought to be
attributable to optimization of standard of care.18–20 This
incremental improvement in overall survival in a large number
of patients may have contributed to increased incidence of
LMD. Overall, the increasing incidence in our study echoes
that of other studies and discussions in the neuro-oncology
community that LMD is an increasingly prominent clinical
problem.

Time to development of LMD, survival from LMD, and
overall survival in patients with LMD are highly dependent on
original histology. LMD in patients with oligodendroglioma
appears at a median time of the fourth recurrence. The

Table 3 Initial treatment of leptomeningeal disease in patients with glioma diagnosed at recurrence

All patients

Histology

Astrocytoma Oligodendroglioma Glioblastoma

No. (%) 168 (100) 29 (17) 28 (17) 111 (66)

Type of therapy

Brain radiation 11 (7) 1 (3) 2 (7) 8 (7)

Spine radiation 5 (3) 0 (0) 3 (11) 2 (2)

Cytotoxic chemotherapy 59 (35) 10 (34) 17 (61) 32 (29)

Antiangiogenic agents 49 (29) 7 (24) 7 (25) 35 (32)

VP shunt 11 (7) 1 (3) 2 (7) 8 (7)

Clinical trial therapy 4 (2) 0 (0) 0 (0) 4 (4)

Targeted therapy 9 (5) 1 (3) 1 (3) 7 (6)

No treatment 52 (31) 11 (38) 5 (18) 36 (32)

Abbreviation: VP = ventriculoperitoneal.
Data represent n (%). Many patients received more than one type of therapy concomitantly upon leptomeningeal disease diagnosis.
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relatively slower course of oligodendroglioma is consistent
with previous reports on LMD in oligodendroglioma21 and is
likely reflective of the underlying growth rate and rate of
clonal evolution of these tumors.

We searched for factors that predisposed to the development
of LMD, but none were definitively identified. Our limited
molecular data could not establish whether unfavorable mo-
lecular features such as IDH wild type in grade 2 and 3 tumors
or other genetic mutations predispose to LMD development.
Many but not all cases of LMD involved concomitant pa-
renchymal progression of disease, with all cases of grade 2
oligodendroglioma progressing to grade 3, and 8 of 29 cases of
astrocytoma progressing from grade 2 or 3 to glioblastoma.
There were also cases of LMD, disseminated and sub-
ependymal, in which LMD appeared in the absence of pa-
renchymal progression. This variability in spread of glioma is
in keeping with knowledge that specific gene mutations are
implicated and required for LMD in animal models in sys-
temic solid malignancies.22 Larger tumor burden may enable
enough genomic diversity to increase the probability of
a CSF-adaptable mutation, but such a mutation may occa-
sionally develop without clear evidence of parenchymal tumor
growth.

It has also been hypothesized that antiangiogenic therapies
may induce invasive cellular programs and increase the risk of
LMD in glioma. In our cohort, 24% of 168 patients had re-
ceived bevacizumab prior to development of LMD, compared
to 49% of patients with recurrent anaplastic astrocytoma and
glioblastoma at our institution from the same time period.23

Thus, our study provides no evidence that antiangiogenic
therapies predispose to LMD. More research is required to
better understand whether a relationship exists between anti-
angiogenic therapy and the development of LMD in patients
with glioma.

We also searched for histopathologic PNET features, which
are more frequently associated with LMD. PNET features
were overrepresented in our glioblastoma population (4.7% in
our cohort vs 0.5% of cases in the general glioblastoma pop-
ulation); the relative prevalence of PNET features in patients
originally diagnosed with astrocytoma who progressed to
glioblastoma is consistent with previous literature, which
noted that glioblastomas with PNET features appear to have
a tropism for CSF and more frequently arise from previously
lower grade astrocytomas.24

Subependymal spread of gliomamay indicate high risk of CSF
dissemination, but it has not historically been equated with
LMD in glioma. Our data demonstrate that both groups
have equivalent clinical behavior regarding the following:
(1) time to development of LMD/subependymal disease;
(2) survival from LMD/subependymal diagnosis; (3)
overall survival; (4) rates of hydrocephalus and VP shunt
placement; and (5) frequency of symptoms of increased
intracranial pressure. Together, these results support the

fact that subependymal spread is clinically equivalent to
dLMD.

Ten percent of our patients had LMD at glioma diagnosis,
but most patients developed LMD approximate to the
second recurrence. LMD at glioblastoma diagnosis carries
a worse overall prognosis, with median overall survival of
only 8.3 months despite full treatment, which is sub-
stantially shorter than the median of 16 months reported in
most series. It is unclear whether progression of glioblas-
toma in the form of LMD carries a worse prognosis than
progression of parenchymal disease, as proper comparisons
are lacking.

Limitations of our study include its single-center, retrospec-
tive nature and the extended time period of the study (with
inevitable heterogeneity in diagnosis and treatment over this
period). Our calculated incidence is probably lower than the
true incidence; the terms “subependymal” and “ependymal”
were not part of the initial database search, probably resulting
in failure to identify all cases. Identification of LMD through
chart documentation, such as “leptomeningeal,” “CSF dis-
semination,” or “meningeal seeding,” or ICD codes, is ad-
mittedly prone to bias from the clinician, who uses these terms
in notes and enters billing information. Determination of
treatment efficacy in patients with LMD was not possible
because of strong selection bias between untreated patients
with poor performance and treated patients with adequate
performance. Our study also did not permit an assessment of
morbidity or quality of life in those with LMD. Determination
of these critical clinical features would require a prospective
study.

Despite these limitations, our cohort demonstrates that glio-
blastoma patients survive a median of 5 months after LMD
diagnosis if the KPS score is ≥80. Overall, this retrospective
series of glioma patients with LMD suggests that patients who
develop subependymal or dLMD at the time of recurrence
should be evaluated clinically, and their LMD could be treated
if their performance status is adequate and aligned with the
patient’s/family’s wishes.
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