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Prognostic Utility of Neuraxis Imaging in Lepto-
meningeal Metastasis: A Retrospective Case Series

Abstract: Objective: Correlate imaging and
survival in a retrospective series of patients
with leptomeningeal metastasis (LM).

Methods: 240 patients with LM (125 solid tu-
mour patients with positive CSF cytology; 40
solid tumour patients with negative CSF cytol-
ogy and MRI consistent with LM; 50 lymphoma
and 25 leukaemia patients with positive CSF
flow cytometry), all considered for treatment,
underwent prior to treatment neuraxis MRl and
radio-isotope CSF flow studies.

Marc C Chamberlain

Results: Survival was significantly shortened
in patients with large volume MRI-defined dis-
ease and in patients with CSF flow obstruction
irrespective of primary tumour histology. Addi-
tionally, cause of death differed wherein pa-
tients with large volume of disease or ob-
structed CSF flow more often died of progres-
sive LM disease.

Conclusions: Neuraxis imaging utilizing brain
and spine MRI as well as radio-isotope CSF
flow studies has prognostic significance and is

predictive of median overall survival in this
large cohort of patients all considered for treat-
ment with LM. Eur Assoc NeuroOncol Mag
2012; 3 (1): 6-10.
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Introduction

Leptomeningeal metastasis (LM) is the third most common
central nervous system (CNS) metastatic complication of can-
cer occurring in 2-5 % of al patients with solid tumour can-
cers[1-8]. Thereisgeneral agreement that in patients consid-
ered for LM-directed therapy, CNS staging isindicated as for
example articulated in the CNS tumour section of the Na-
tional Comprehensive Cancer Network guidelines [8]. How-
ever, there is limited consensus regarding the extent of CNS
imaging required to assess a patient with LM prior to treat-
ment as there have been few studies that correlate CNS
imaging abnormalities with survival in patients with LM and
consequently the relevance of imaging is unknown. At
present, there are no large prospective or retrospective studies
that have compared results of pre-treatment imaging with sur-
vival in patients with LM [9-23]. This retrospective case se-
ries of 240 patients with solid tumours (exclusive of primary
brain tumours) and haematological cancer-related LM corre-
lates brain and spine MRI findings as well as radio-isotope
CSF flow study findings prior to treatment with overall sur-
vival in patients considered eligible for LM-directed therapy.

Methods

Patient Population

The retrospective analysis commenced in January 1987 and
closed in December 2011. 240 adult patients with a median
age of 58 years (range 20-86) with LM defined by CSF posi-
tive for cancer (defined as positive or suspicious by cytopa-
thology; atypical was considered negative) with one patient
group exception (solid cancers with negative CSF cytology;
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vide infra) were evaluated and considered for LM-directed
treatment (Table 1). The intent in all patients was to proceed
with intra-CSF chemotherapy and CNS site-specific radio-
therapy or systemic chemotherapy when clinically appropri-
ate. Patients with LM defined clinically and with negative
CSF cytology or flow cytometry and normal neuraxisimaging
and patients with primary brain tumours were not included in
thisretrospectiveimaging analysis. Approximately two thirds
of the current patients have previously been reported in other
contexts not however specifically addressing pre-treatment
neuroimaging findings or correlation with survival [24-31].
In addition to excluding patients with negative CSF cytology
or flow as well as normal neuraxis MR imaging, patients not
considered candidates for LM-directed treatment (defined by
alow Karnofsky performance status < 60; expected limited
survival, and progressive systemic disease) were not evalu-
ated inthisanalysis. One category of solid tumour-related LM
considered in the analysis was defined by an LM compatible
clinical syndrome, negative CSF cytology, and neuraxis
imaging demonstrating radiographic abnormalities consistent
with LM. All but 25 patients (8 solid tumours, 17 haemato-
logic malignancies) were symptomatic with signs and symp-
toms of LM.

All patients underwent asimilar pre-treatment LM evaluation
including CSF assessment (cytology for solid tumoursor flow
cytometry and cytology for haematological cancers), con-
trast-enhanced brain and entire spine MR imaging, and radio-
isotope M-Indium CSF flow study as previously reported [9—
23]. LM was confirmed in all patients (except for a group of
40 patients with solid cancer and radiographic-only LM) by
either positive CSF cytology (in instances of solid tumours
and haematol ogic cancers) or flow cytometry (in haematologic
cancers). A mgority of patients (85 %) had an Ommaya ven-
tricular access device implanted to facilitate administration of
intra-CSF chemotherapy.

The primary tumour histology in patients with solid tumour-
related LM (n=165; 69 % of all patients in the analysis) was
breast (45 %) and non-small cell lung cancer (34 %) (Table 1).
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No primary brain tu-

. Table 1. Patient characteristics
mours were consider-

edinthisretrospective  Characteristics Solid tumour Lymphoma Leukaemia
study. Haematologic negatve | posttve | | positve | positve. Y
cancers (N=75; 31 %
of al patients in the " L 122 20 2
anaysis) were com- Ag'\e}I (éears) . . o o
; edian 5 5
prised of lymphoma (n Range 2071 32-78 30-86 31-82
= 50; 75 % of al pa- .
logic cancer of which Karnofsky Performance Status
. Median 80 70 80 80
80 % were diffuse lar- Range 50-100 50-100 50-100 50-100
ge B-cell lymphoma) :
d leuk . = o5 Symptomatic
and leukaemia (n = 25; No 18% (7) 0% 5% (3) 15 % (4)
25% of al patients Yes 72 % (33) 100 % (125) 95 % (47) 85 % (21)
with haematologiccan-  Jumour histology
cer of which 64 % Breast 45 % (18) 45 % (56)
NSCLC 30 % (11) 35 % (44)
were AML). Karnofs- Melanoma 15 % (6) 10 % (13)
ky performance status SCLC 5% (2) 5% (6)
ranged from 60-100 Other 10 % (3) 5% (6)
with a median of 80. DLBCL 80 % (39)
Follicular lymphoma 10 % (5)
Data CO"(;ECTIOI’I Mantle cell lymphoma 5% (3)
Data regarding CNS ;
. . Burkitt's lymphoma 5% (3)
evaluation (brain and ymp i
. 0
spine MRI; CSF flow ﬁ[/'LL % ; (1(3
. . 0
studies) obtained be- | 0% (2)
fore any LM-directed  CML 10 % (2)

treatment and patient
characteristics  was

prospectively collect- CML: Chronic myelogenous leukaemia

NSCLC: Non-small cell lung cancer; SCLC: Small cell lung cancer; DLBCL: Diffuse large B-cell lymphoma;
AML: Acute myelogenous leukaemia; ALL: Acute lymphoblastic leukaemia; CLL: Chronic lymphocytic leukaemia;

ed and entered into a

database. Institutional

review board approval was obtained for data collection as
well as patient consent for all prospective data collection. No
institutional or corporate funding was provided for thisanaly-
Sis.

Imaging
Magnetic Resonance (MR) Imaging

All patients underwent complete neuraxis magnetic reso-
nance imaging (MRI; brain and complete spine) using stan-
dard sequences (T1-weighted, T2-weighted, and FLAIR) and
pre- and post-contrast imaging as previously described [9-13,
19]. MR imaging was performed on either a 1.5 or 3.0 Tesla
MRI machine. Hydrocephal us was noted as present or absent
to permit coding of radiographic abnormalities. Contrast en-
hancing nodules were characterized as subarachnoid (defined
as nodules in the CSF containing subarachnoid space), ven-
tricular, or parenchymal (defined as nodules within brain pa-
renchyma) and as present or absent. In addition, nodular dis-
ease was characterized as either < or > 5 x 10 mm in ortho-
gonal diameters. Using these parameters, patients with LM
and tumour nodules in any location (brain or spine paren-
chyma or subarachnoid space or ventricular) were subdivided
into small or large volume LM disease. Pia enhancement was
defined as focal, diffuse, or none. Other abnormalities cha-
racterized and tabulated were ependymal, sulci, folia, crania
nerve, or spinal root enhancement as either present or absent.

Radio-Isotope CSF Flow Studies
All patients underwent either lumbar or ventricular adminis-

tered -Indium DTPA CSF flow studies prior to treatment
and as previously described [9, 14-18, 20-23]. Failure of ra-
dio-isotope movement was defined as compl ete obstruction or
blockage of CSF flow. The site of CSF flow interruption was
identified aseither in brain (ventricular, skull base, or convex-
ity) or spine (cervical, thoracic, or lumbar). Partial CSF flow
obstruction was not considered as constituting a CSF flow
block. Inthe event CSF flow obstruction wasidentified, site of
obstruction directed radiotherapy (30 Gy in 10 fractions) was
administered. Patients were categorized as normal (no ob-
struction) or abnormal (obstruction present) with respect to
CSF flow obstruction. In patients with obstruction, a repeat
CSF flow study was performed following site-directed radio-
therapy and patients were categorized as normal (termed re-
established) or abnormal (obstruction persists) with respect to
CSF flow obstruction.

Therapy

Intra-CSF chemotherapy using a variety of agents but pre-
dominantly liposomal cytarabine and administered by the in-
traventricular route was given to > 85 % of all patients as pre-
viously described [23-31]. Site-specific radiotherapy (to sites
of symptomatic disease, to MRI defined large volume disease
and to sites of CSF flow obstruction) was administered to
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45 % of patients. Systemic chemotherapy was used in the ma-
jority (90 %) of patients with haematological cancers and in
approximately 27 % of solid tumour-related LM patients.

Survival Analysis

Overall survival (OS) was defined as the time from LM diag-
nosis to death or last follow-up when patients were still alive.
Survival rates were determined using the Kaplan Meier
method and survival curveswere compared using thelog-rank
test. Statistical analysis were performed using the SAS Soft-
ware (USA, Cary, NC) V9.2.

Results

Four categories of patients with LM were retrospectively
analyzed; solid tumour-related LM with (n = 125) or without
(n = 40) positive CSF cytology, lymphoma (n = 50), and leu-
kaemia (n = 25; Table 2). Both categories of haematologic
cancers (lymphoma and leukaemia) were positive by CSF
flow cytometry and in 40 % positive aswell by CSF cytology.
In 4 patients (5 % of al patients with haematologic cancers)
with haematologic malignancies CSF flow cytometry was
negative and LM was determined by CSF cytology.

Patient categories were further divided into normal or abnor-
mal MRI findings (Table 2). Abnorma MRI findings were
then divided into small or large volume disease as defined by
measurable tumour nodules < or > 5 x 10 mm in orthogonal
diameter. Solid tumour-related LM had a higher incidence of
patients with abnormal MRI findings as well as patients with
large volume disease as compared to haematological cancer-
related LM. Patients were also characterized by having nor-
mal or abnormal (ie, obstructed) radio-isotope CSF flow stud-
ies. One further category included patients with initial ob-
structed CSF flow that following radiotherapy converted to
normal CSF flow (re-established) as determined by post-ra-
diotherapy CSF flow study (Table 2).

Median overall survival (mOS) was similar (p = 0.3) in both
categories (CSF positive and CSF cytology negative) of pa-
tients with solid tumour-related LM (Table 3). However, sur-
vival in patients with solid tumour-related LM with large vol-
ume disease was significantly less than in patients with either
norma MRI findings or small volume disease (p = 0.03).
Similarly, mOSwas not significantly different in solid tumour
patients with normal or re-established CSF flow studies (p =
0.2). There was a significant difference in patients with ob-

Table 2. CNS imaging

Pre-treatment imaging Solid tumour Lymphoma Leukaemia
Cytology negative Cytology positive

n 40 125 50 25

MRI (brain + spine)

Abnormal 40 (100 %) 0 (40 %) 10 (20 %) 4 (16 %)
Small volume disease 10 (25 %) 25 (50 %) 8 (80 %) 3 (75 %)
Large volume disease 30 (75 %) 25 (50 %) 2 (20 %) 1 (25 %)

Normal 0 (0 %) 75 (60 %) 40 (80 %) 21 (84 %)

CSF flow study

Abnormal 10 (25 %) 35 (28 %) 5 (10 %) 2 (8 %)

Re-established 4 (40 %) 12 (34 %) 2 (40 %) 1 (50 %)

Normal 30 (75 %) 90 (72 %) 45 (90 %) 23 (92 %)

Small volume disease: number of patients (percent) with MRI abnormalities and without tumour nodules or nodules < 10 mm in diameter;
Large volume disease: number of patients (percent) with MRI abnormalities and tumour nodules > 5 x 10 mm in diameter; Abnormal:
number of patients (percent) with obstructed CSF flow study; Re-established: number of patients (percent of total obstructed) post-

radiotherapy with normal CSF flow study

Table 3. Median overall survival with respect to CNS imaging

Pre-treatment imaging Solid tumour Lymphoma Leukaemia
Cytology negative Cytology positive
n 40 125 50 25
MRI (brain + spine)
Abnormal
Small volume disease 3 months 3.5 months 5 months 6 months
Large volume disease 2 months 2 months 3 months 2 months
Normal 3 months 3.5 months 5 months 6 months
CSF flow study
Abnormal 2 months 2 months 2 months 2 months
Re-established 3 months 3.5 months 5 months 6 months
Normal 3 months 3.5 months 5 months 6 months
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structed (abnormal) CSF flow that could not be corrected by
radiotherapy compared to the other 2 categories (normal or
re-established; p = 0.04).

Comparable findings were seen with haematological cancer-
related LM wherein normal or small volume MRI abnormali-
ties defined a longer surviving cohort of patients relative to
patients with large volume disease (p = 0.018). In addition,
CSF obstruction not corrected by radiotherapy characterized
ahaematological cancer patient category with worse outcome
than those with normal or re-established CSF flow studies
(p=0.015).

Cause of death, an arguably subjective analysis, showed simi-
lar trends across all categories of patients wherein patients
with either large volume disease defined by MRI or non-cor-
rected CSF flow obstruction by radio-isotope imaging more
often died of LM (2-fold increase) compared to patients with
normal or small volume MRI disease and normal or re-estab-
lished CSF flow (Table 4). By contrast, patients with normal
or small volume MRI disease and normal or re-established
CSF flow more often (3-fold increase) died of systemic dis-
ease progression.

Discussion

It has previously been suggested that there are categories of
patients with LM that are not candidates for LM-directed
therapy [8]. Asoutlined in the NCCN CNS tumour guidelines
vide supra, these include patients with poor performance,
likely short life expectancy, carcinomatous encephal opathy,
uncorrected CSF flow obstruction, and large CNS tumour
burden [8]. These recommendations are primarily based upon
expert opinion with a paucity of literature-based evidence.
The current retrospective study selected patients considered
eligible for LM-directed therapy based upon these recom-
mendations and excluded patients a priori not considered by
clinical criteriato warrant intra-CSF chemotherapy. What re-
mains problematic in treating patients with LM is deciding
whom to treat and the current large retrospective study pro-
vides some illumination in this regard.

Previous work has suggested CSF flow studies are informa-
tive with respect to outcome and the current study corrobo-
rates these findings in a considerably larger patient data set
[14-18, 20-23]. CSF flow obstruction as defined by radioiso-
tope studies appears prognostic as patients with non-corrected
CSF flow obstruction survive asignificantly shorter time than
patients with normal or re-established CSF flow irrespective of
tumour histology (solid tumour or haematological cancer-re-
lated LM). In part the impoverished survival seen in patients
with CSF flow obstruction is reflective of tumour burden as
well as the pharmacologic barrier posed by interrupted CSF
flow dynamics that mitigates intra-CSF chemotherapy admin-
istration. Whether intra-CSF chemotherapy alters survival in
patients with LM is as yet undetermined and controversia as
there has never been a large prospective randomized trial that
shows a survival benefit for the receipt of intracCSF chemo-
therapy [32, 33]. Inthat CSF flow obstruction was not predicted
by MRI aside from the finding of hydrocephalus (nor by pa-
tients presenting symptoms) in the current study (data not
shown), radio-isotope CSF flow studies appear complimentary
to MRI in determining outcome in patients otherwise consid-
ered for LM-directed therapy. The current study supports the
paradigm of utilizing CSF flow studies in patients with LM
considered for treatment regardless if intra-CSF chemotherapy
isused as survival is negatively impacted with evidence of in-
terrupted CSF flow. Importantly, the current findings, ie that
CSF flow obstruction is prognostic, require validation in a pro-
spective study of LM wherein radio-isotope CSF flow studies
are incorporated into pre-treatment evaluation. It was aso
noted that patients with non-correctable CSF flow obstruction
more often succumb to LM as a cause of death than patients
with normal or re-established CSF flow. Though the current
study represents the largest data set of patients with
haematol ogical cancer-related LM (n = 75), the total number of
patients, particularly with obstructed CSF flow, is compara-
tively small (n =7) and therefore may not be generalizable.

MRI-based imaging in patients with LM has primarily been
utilized to define brain involvement and when spine MRI is
used, itsuseismostly to define clinically site-relevant disease
involvement [10-13]. The current study is unique in defining

Table 4. Cause of death with respect to CNS imaging

Pre-treatment imaging Solid tumour Lymphoma Leukaemia
Cytology negative Cytology positive
n 40 125 50 25
Cause of death (%) LM SD LM+ SD LM SD LM+ SD LM SD LM + SD LM SD LM + SD
MRI (brain + spine)
Abnormal
Small volume disease 23 58 25 25 48 27 26 51 25 24 b2 23
Large volume disease 48 15 37 58} 12 85 47 16 37 51 14 85
Normal 25 51 24 23 55 22 24 52 24 25 50 25
CSF flow study
Abnormal 51 14 85 47 16 37 55 12 85! 48 15 37
Re-established 25 50 25 25 50 25 25 50 25 25 50 25
Normal 25 50 25 25 50 25 25 50 25 25 50 25

LM: leptomeningeal metastasis; SD: systemic disease; LM + SD: combined LM and systemic disease
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Prognostic Utility of Imaging in Leptomeningeal Metastasis

the total burden of CNS disease in patients with LM as all
patients underwent both brain and whole spine MRI. Al-
though the data is not shown, there was limited concordance
between symptoms and MRI findings whether in brain or
spine. Consequently, CNS disease burden is not predicted by
LM-related symptoms and therefore neuraxis imaging is re-
quired to adequately stage the CNS. More important, how-
ever, isthe correlation between survival and MRI-defined dis-
ease burden. In patients with large volume disease defined in
this study as patients with tumour nodule(s) > 5 x 10 mm in
size, survival is significantly shortened relative to patients
with normal or small volume MRI disease. Whether tumour
nodules>5x 10 mmin diameter define all categories of large
tumour burden is unknown as there has never been a study
attempting to quantify LM disease burden. Five by 10 milli-
metre diameters were selected as nodules of thissize or larger
were easily and reproducibly measured by MRI. Other com-
mon radiologic findingsby MRI of LM for example |eptomen-
ingeal, cranial nerve, or spinal nerve root enhancement do not
lend themselves to quantification. An improved radiographic
method to quantify LM disease burden would be a welcome
tool inassessing LM disease. Also noted in patientswith large
volume disease burden, cause of death was more often aresult
of LM as compared to patients with normal or small volume
MRI disease that more frequently died due to systemic dis-
ease progression.

In conclusion, neuraxis imaging utilizing brain and spine
MRI aswell as radio-isotope CSF flow studies may have prog-
nostic significance and appears predictive of median overall
survival in thislarge cohort of patientswith LM. The study is
limited by the retrospective design, the novel definition of
MRI large volume disease, and multiple small categories of
patients upon which these conclusions are based. However,
pending a larger prospective trial the current retrospective
data set is the most robust data available regarding the utility
of CNSimaging in predicting survival in patients with LM.
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