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Abstract

Background. The EANO ESMO guidelines have proposed a classification of leptomeningeal metastases (LM) from
solid cancers based on clinical, magnetic resonance imaging (MRI), and cerebrospinal fluid (CSF) cytology presen-
tation. MRI patterns are classified as linear, nodular, both, or neither. Type | LM is defined by positive CSF cytology
(confirmed LM) whereas type Il LM is defined by typical clinical and MRI signs (probable or possible LM). Here we
explored the clinical utility of these LM subtypes.

Patients and methods. We retrospectively assembled data from 254 patients with newly diagnosed LM from solid
tumors. Survival curves were derived using the Kaplan—-Meier method and compared by Log-rank test.

Results. Median age at LM diagnosis was 56 years. Typical clinical LM features were noted in 225 patients (89%); 13
patients (5%) were clinically asymptomatic. Tumor cells in the CSF were observed in 186 patients (73%) whereas the
CSF was equivocal in 24 patients (9.5%) and negative in 44 patients (17.5%). Patients with confirmed LM had inferior
outcome compared with patients with probable or possible LM (P=0.006).Type | patients had inferior outcome than
type Il patients (P=0.002). Nodular disease on MRI was a negative prognostic factor in type Il LM (P=0.014), but not
in type | LM. On multivariate analysis, administration of either intrathecal pharmacotherapy (P = 0.012) or systemic
pharmacotherapy (P = 0.0003) was associated with improved outcome in type | LM, but not in type Il LM.
Conclusion. The EANO ESMO LM subtypes are highly prognostic and should be considered for stratification and
overall design of clinical trials.

Key Points
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Importance of the Study

The recently proposed EANO ESMO LM subtypes of
leptomeningeal metastasis (LM) from solid tumors are
highly prognostic. Type | LM, with positive cytology in
the cerebrospinal fluid (CSF), has a poorer outcome
than type Il LM, without positive CSF cytology. Nodular
disease is a negative prognostic factor in patients with

The lifetime risk of patients with metastatic solid tumors to
develop leptomeningeal metastasis (LM) approaches 10%."2
The prognosis remains poor with an estimated median sur-
vival of 2-6 months.3'® Only few randomized clinical trials
in patients with LM have been completed'®?" and response
assessments and endpoints in such trials have remained
controversial.?> Moreover, most of these trials have been
published long ago, compared various strategies of intra-
thecal pharmacotherapy and failed to demonstrate the su-
periority of one specific regimen in a tumor-specific manner.

The first European Association of Neuro-Oncology
(EANO) and European Society for Medical Oncology
(ESMO) Guidelines on LM proposed a novel classification
of LM to guide therapeutic decision making according to
clinical, neuroimaging, and CSF findings.? The aim of the
guidelines was to standardize diagnostic criteria of LM
and to derive treatment recommendations based on the
presentation of LM. However, the recommendations were
based on expert consensus rather than high-level evidence
because of a lack of results from controlled clinical trials.

Although the diagnosis of LM is based on clinical,
MRI, and CSF findings,?* the identification of malignant
cells in the CSF remains the gold standard for diagnosis.
However, the sensitivity of CSF analysis has been esti-
mated in the range of 34-90% in recent large cohorts of
LM patients.®-'2%5Thus, clinical and MRI findings have also
to be taken into account for the diagnosis of LM and may
allow a diagnosis of probable LM in the absence of tumor
cell detection in the CSE%

The EANO ESMO guidelines sought to define standards
for the clinical, imaging and CSF analysis in case of sus-
pected LM. Typical clinical signs include headache, nausea
and vomiting, mental changes, gait difficulties, cranial
nerve palsies, for example, with diplopia or visual distur-
bance (cranial nerves I, lll, IV, VI) and hearing loss (cranial
nerve VII), radicular signs including weakness, voiding
and cauda equina problems, and focal or radiating (radic-
ular) neck and back pain. Characteristic MRI findings in-
clude sulcal and folial enhancement or obliteration, linear
ependymal enhancement, cranial nerve root enhancement
and leptomeningeal enhancing nodules, notably of the
cauda equina. The EANO ESMO recommendations pro-
pose to classify LM by neuroimaging findings based on
MRI without and with contrast enhancement into: linear
leptomeningeal disease (type A), nodular leptomeningeal
disease (type B), both, requiring an estimated minimum
of 20% of each pattern to the disease burden (type C), or
neither nor, for example, no neuroimaging evidence of
LM except possibly hydrocephalus (type D). CSF analysis

negative CSF cytology. Administration of intrathecal or
systemic pharmacotherapy is associated with better
survival in Type | LM patients, but not or less so in Type
Il LM patients. EANO ESMO LM subtypes should be
considered for stratification and overall design of clin-
ical trials.

shall be reported as positive, defined as the presence of
malignant cells in the CSF; equivocal, corresponding to
the detection of “suspicious” or “atypical” cells in the
CSF; or negative, defined as the absence of malignant
or potentially malignant (“equivocal”) cells in the CSE
According to the EANO ESMO criteria, the diagnosis of LM
can be verified (or not) only cytologically or histologically:
yes (type ) or equivocal/no (type Il). Based on the disease
characteristics, the diagnosis of LM is considered con-
firmed (type |), probable (clinical plus neuroradiological
evidence) or possible (clinical or neuroradiological evi-
dence only) (Supplementary Table 1). Here we explored
the potential clinical utility of these newly proposed EANO
ESMO LM subtypes to guide clinical decision making and
to estimate course and outcome.

Patients and Methods
Patients

The LM patient cohort was assembled by the University
Hospital Zurich, the University Hospital Lille, the
University Hospital Bonn, the University Hospital of Turin,
the Netherlands Cancer Institute Amsterdam, the Medical
University of Vienna, and the Erasmus MC Cancer Institute,
University Medical Center Rotterdam. Individual pa-
tient data were collected at the respective sites in an an-
onymized Excel file that captured data on cancer history,
diagnosis of LM, response to treatment of LM per local as-
sessment, and outcome; moreover, raters were instructed
to apply the EANO ESMO classification to document clin-
ical, MRl and CSF cytology findings (Supplementary Table
2). Patients had histologically confirmed solid cancer
except primary brain tumors and a diagnosis of LM ac-
cording to the treating physicians, a CSF analysis report at
LM diagnosis available, contrast-enhanced cerebral (ide-
ally cerebrospinal) MRI at LM diagnosis available, and had
died or had a follow-up of one year or more. LM-related
progression-free survival (LM-PFS) was defined as the
time interval from diagnosis of LM to date of LM progres-
sion or date of death from any cause. Global PFS was de-
fined as the time interval from diagnosis of LM to date of
progression at any site or date of death from any cause.
Overall survival was defined as the time interval from LM
diagnosis to date of death from any cause. Observations
were censored at the last follow-up date for patients alive
at last follow-up.
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Study Design

The main objective of this retrospective multicenter study
was to evaluate the applicability, clinical correlations,
tumor-specific disease characteristics, and prognostic
value of the EANO ESMO LM classification.?

Ethics Statement

The sponsor of the study was the University Hospital Zurich.
The Cantonal Ethics Committee of the Canton of Zurich
approved the project (2018-00192). Appropriate ethics ap-
provals as required were obtained at all participating centers.

Statistical Analyses

Descriptive analyses were performed to present the
data in tables. Survival curves were generated using the
Kaplan-Meier method. Comparisons of subgroups were
performed with the log-rank test. Hazard ratios (HRs) and
adjusted HR were computed using the Cox proportional
hazard model. Prognostic factor analysis included sex, age
at LM diagnosis and age with a cut-off at 60 years, cancer
type, LM level of evidence, administration of any systemic
treatment, and administration of any intrathecal treatment.
Karnofsky performance status (KPS) was omitted because
of its largely retrospective assessment. Statistical analyzes
were performed using the SAS V9.4 software (Cary, NC).

Results
Patient Characteristics

We assembled data of 254 LM patients diagnosed between
1996 and 2019 at seven different sites, 245 patients were
treated in 2005 or later. Hundred-sixty six patients (65%)
were female, median age at LM diagnosis was 56 years
(interquartile range, IQR: 48-66). Breast cancer (41%),
lung cancer (26%), and melanoma (20%) were the most
common primary tumors.The median KPS at LM diagnosis
was estimated at 70 (IQR: 60-80). The median number of
lines of systemic treatment prior to the diagnosis of LM
was one (IQR: 1-3). Hundred-two of 254 patients (40%)
had a history of parenchymal brain metastases prior to
the diagnosis of LM; 77 of 102 patients (75%) had received
treatment for parenchymal brain metastases prior to LM
diagnosis, including surgery in 30 patients (29%), ster-
eotactic radiotherapy in 33 patients (32%), whole brain
radiotherapy in 32 patients (31%) and systemic pharmaco-
therapy in 47 patients (46%); 92 of 254 patients (36%) had
progressing or new brain parenchymal metastases at the
time of LM diagnosis (Supplementary Table 3).

Classification According to EANO ESMO
Guidelines

At LM diagnosis, 225 of 254 patients (89%) presented with
typical clinical symptoms and signs whereas 13 patients

(5%) were asymptomatic. Hundred-seventeen patients
(46%) had an EANO ESMO type A MRI imaging subtype
with linear meningeal disease only, 32 patients (12%) had
type B with nodular disease only, 55 patients (21%) had
a type C imaging subtype combining linear and nodular
meningeal disease. MRI was interpreted as normal or as
showing hydrocephalus only in 50 patients (20%) (type
D). Tumor cells were identified in the CSF in 186 patients
(73%), the CSF was equivocal in 24 patients (9%); it was
negative in 44 patients (17%). A leptomeningeal biopsy
was positive in 4 of 5 patients. Distribution among the
eight EANO ESMO classes and disease characteristics by
subtype are compiled in SupplementaryTable 3.

Treatment of LM and Outcome

In response to LM diagnosis, 104 patients (41%) received
systemic pharmacotherapy, 117 patients (46%) received
intrathecal therapy and 104 patients (41%) received radio-
therapy. Forty-three patients (17%) were not treated. First-
line treatment of LM was radiotherapy alone for 42 patients
(16%), intrathecal treatment alone for 41 patients (16%), a
combination of systemic and intrathecal pharmacotherapy
for 38 patients (15%), and a combination of systemic treat-
ment and radiotherapy for 29 patients (11%); 171 patients
(70%) were on steroids at the time of LM treatment initia-
tion (Table 1).

Clinical response was documented in 41 patients (16%),
a stable status for a minimum of 4 weeks in another 64 pa-
tients (25%), and early progression in 99 patients (39%); 50
patients (20%) were not evaluable and their median sur-
vival was 1.4 months, neurological death was documented
for 19 of these patients.

The best MRI response was response in 19 patients (7%),
stability in 30 patients (12%) and early progression in 41
patients (16%). The imaging response assessment was not
evaluable for 164 patients (64%) who had a median overall
survival of 1.6 months, neurological death was docu-
mented for 88 of these patients.

The best CSF response was response in 19 patients (7%),
stability in 54 patients (21%) and early progression in 6 pa-
tients (2%). CSF response assessment was not evaluable
for 171 patients (67%). Their median overall survival was
1.9 months; neurological death was documented for 93 of
these patients (54%) (SupplementaryTable 4).

First progression was LM progression alone in 134 pa-
tients (53%) and progression of extra-CNS disease alone
in 24 patients (9%) (Table 1). LM progression was docu-
mented in 186 patients (73%) overall. The median LM PFS
was 1.75 months (IQR: 0.7-3.7). Parenchymal brain me-
tastasis progression was observed in 32 patients (13%)
with a median brain metastasis PFS after LM diagnosis of
3.4 months. Progression of extra-CNS disease was noted
in 56 patients (22%), with a median extra-CNS PFS of
3.3 months (IQR: 2.2-5.0). The median global PFS after LM
diagnosis was 1.7 months (IQR: 0.9-5.2). At the time of the
analysis, 240 patients (95%) had died. The median overall
survival was 2.8 months (IQR: 1.0-6.0). Cause of death was
mainly neurological in 131 patients (55%).

Univariate prognostic factor analysis (Cox analysis)
showed that female gender (P = 0.003) and lower age at
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Fig. 1 Survival correlates of the EANO ESMO classification. Survival stratified by level of evidence of the LM diagnosis (confirmed, probable,

possible) (A), by presence vs absence of tumor cells in the CSF (B), by pattern of neuroimaging (C), by absence vs presence of nodular disease in
type | (D) and type Il (E) patients, and by the most common primary tumor (F).

LM diagnosis (P = 0.022), lower diagnostic level of evi-
dence for LM diagnosis (confirmed, probable, possible, no
evidence) (P = 0.005) and administration of any systemic
treatment were associated with longer overall survival
(P=0.001). A trend was also noted for the cancer subtype
(P=0.047), with a longer survival for breast cancer patients
than for patients with other cancer. In contrast, there was

no association with outcome for administration of any in-
trathecal treatment (P = 0.226).

To specifically explore interactions between sex, age
and cancer type, we performed a multivariate analysis
(backward method) including these factors with the age
cut-off at 60 years. In this analysis, only sex remained sig-
nificant (P = 0.003). On subsequent multivariate analysis
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Table2 Prognosis Among the EANO ESMO Classification of LM at Baseline

Items Among All Patients

Survival (Mo)

Median (IQR)

Level of evidence of LM

Type 1 (confirmed LM): n = 189 (74%)
Type 2 (probable LM): n =51 (20%)
Type 2 (possible LM): n = 14 (5%)
Type 1 (confirmed LM): n = 189 (74%)

Type 2 (diagnosis based on clinical and MRI signs): n = 65 (26%)

MRI subtype

A (linear LM presentation): n = 117 (46%)

B (nodular LM presentation): n = 32 (13%)

C (linear and nodular LM presentation): n = 55 (22%)

D (normal MRI or hydrocephalus (n = 50) (20%)

Nodular vs non-nodular MRI presentation

A plus D: n =167 (66%)

B plus C: n =87 (34%)

Nodular vs non-nodular MRI presentation among type 1 patients
A plus D: n =131 (69%)

B plus C: n =58 (31%)

Nodular vs non-nodular MRI presentation among type 2 patients
A plus D: n =36 (55%)

B plus C: n =29 (45%)

Abbreviations: |QR, interquartile ranges; LM, leptomeningeal metastases.

including only sex (P = 0.035), level of LM diagnostic evi-
dence (P=0.006) and administration of any systemic treat-
ment (P = 0.001), all three factors were confirmed to be
prognostic.

Outcome by EANO ESMO Classification in the
Overall Cohort

Survival differed significantly by level of evidence for the
diagnosis of LM: (confirmed, probable, possible): possible
LM had the longest survival (5.1 months, IQR: 2.4-14.2)
and confirmed LM had the shortest survival (2.3 months,
IQR: 0.8-4.9) (Fig. 1A, Table 2). Accordingly, the prognosis
was also different between type |, with cytological or his-
tological confirmation, and type Il, with diagnosis based
on the combination of clinical and imaging signs (Fig. 1B,
Table 2). When comparing the four different MRI patterns,
no significant survival difference between groups be-
came apparent (Fig. 1C, Table 2). Yet, the survival curves
for A and C patients and the curves for B and D patients
looked similar, respectively, and B and D patients had nu-
merically inferior outcome than A and C patients. Of note,
most patients presenting with a D MRI subtype were clas-
sified as EANO ESMO type | (with tumor cells in the CSF)
(n =43) whereas only 7 D patients were classified as EANO
ESMO type Il (without tumor cells in the CSF). In these 7
patients, clinical features without or with MRI evidence

2.3(0.8-4.9)
3.4(1.6-9.2)
5.1 (2.4-14.2)
2.3(0.8-4.9)

0.006

0.002

3.5(1.7-9.4)

2.9 (0.8-6.5)
2.9 (1.4-4.9)
2.7 (1.3-6.9)
2.2 (0.8-3.8)

0.439

2.1(0.7-4.3) 0.999

2.9(1.1-6.7)

2.1(0.7-4.3)
2.9 (1.1-6.7)

0.189

5.0 (2.0-13.3)
2.7 (1.5-5.7)

0.014

of hydrocephalus led to the diagnosis of LM, and the di-
agnosis is least certain among all patients reported here.
To estimate the prognostic impact of nodular disease, we
compared imaging types A and D pooled with types B and
C pooled, but there was no difference in the overall popu-
lation (P = 0.999) (data not shown). When the same anal-
ysis was done in types | and Il separately, there was still no
difference in outcome for type | patients (Fig. 1D, Table 2),
but a strong association of nodular disease with inferior
survival in type Il patients (Fig. 1E, Table 2).

Outcome by EANO ESMO Classification and
Treatment

We next asked whether the absence or presence of tumor
cells in the CSF would correlate with the relative efficacy
of treatment as administered (Supplementary Tables 5
and 6). Among the whole population, administration of
intrathecal treatment was not associated with survival
(Supplementary Figure 1A) whereas patients treated
with systemic pharmacotherapy had longer survival
than those who were not (P = 0.0007, log-rank analysis)
(Supplementary Figure 1B). Half (49%) of all patients
with tumor cells in the CSF (type |) received intrathecal
therapy whereas 38% of patients without cells in the
CSF (type ll) received intrathecal treatment (Fig. 2A and
C). There was a significant association with improved


http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa298#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa298#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa298#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa298#supplementary-data
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Fig.2 Survival associations with intrathecal and systemic pharmacotherapy per LM subtype. Numbers of patients treated with intrathecal (A,C)
or systemic (E,G) pharmacotherapy per LM subtype and corresponding survival (B,D,FH) (Type I: A, B, E, F; Type II: C, D, G, H).

outcome in type | patients receiving intrathecal therapy
(P=0.018), but not in type Il patients (P = 0.561) (Fig. 2B
and D). An analysis of the association of outcome with
systemic treatment revealed similar results in that the
administration of systemic treatment was linked to sur-
vival in type | patients (P = 0.0003) to a greater extent
than in type Il patients (P = 0.465) (Fig. 2E-H).

We then further dissected potential contributions to
outcome of these two treatments in type | LM patients.
On univariate analysis, a survival benefit was observed
among patients treated with intrathecal therapy vs pa-
tients not receiving intrathecal therapy (HR = 0.703,
95% Cl 0.524-0.945, P = 0.020). A longer survival was
also noted for patients treated with systemic pharma-
cotherapy relative to those who were not (HR = 0.578,
95% Cl 0.426-0.784, P = 0.0004). When combining the
two treatment modalities in a multivariate analysis, a
significant effect remained for both therapeutic inter-
ventions (P = 0.001 and P = 0.0003) (Table 3), but there
was no difference in outcome of patients receiving both
modalities compared with either modality alone (data
not shown).

LM Presentation, Treatment, and Outcome by
Primary Tumor

Detailed disease-specific characteristics including molec-
ular marker status for the major tumor entities are pro-
vided in Supplementary Tables 7-9. Breast cancers were
mainly ductal carcinomas (n = 67, 64%) and lobular (n = 22,
21%). They were HER2-positive in 26 patients (25%) and
triple negative in 25 patients (24%). Lung cancers were
mainly non-small cell lung cancer (89%), an EGFR muta-
tion was found in 16 patients (25%) and an ALK fusion in
2 patients (3%). Melanomas had BRAF V600E mutations
in 30 patients (59%) and another BRAF mutation in 8 pa-
tients (17%). Survival was best for breast cancer, interme-
diate for lung cancer and lowest in melanoma (Fig. 1F).
Fig. 3 shows the distribution of EANO ESMO types and
type-specific outcome in the main cancer types.Type | was
more common in lung cancer whereas type Il was most
common in breast cancer. Type D was most frequent in
breast cancer where nodular disease was most common
in melanoma. Type | LM was associated with worse out-
come than type Il LM across entities. The strongest survival

ABoroouQ
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difference between type | and type Il LM was seen in pa-
tients with breast cancer and linear disease only (type A)
(Supplementary Figure 2).

Discussion

The first EANO ESMO guidelines on the diagnosis and
treatment of LM were largely based on expert consensus.?
One urgent need identified during guideline preparation
was the need to better classify LM patients clinically to de-
rive recommendations for interventions and to facilitate
the design of more meaningful clinical trials. As a result
of this, a provisional classification based on clinical find-
ings, MRI pattern and CSF cytology has been proposed
(SupplementaryTable 1).

The present study aimed at exploring clinical correlates
and prognostic value and thus the clinical utility of this new
classifier. Several observations support the value of the
EANO ESMO classification. The level of evidence by which
the LM diagnosis is supported is prognostic (Fig. 1A).


http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa298#supplementary-data
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Table3 Univariate and Multivariate Analysis of Survival Associations with Intrathecal and Systemic Pharmacotherapy in Patients with Type | LM
(with Tumor Cells in the CSF)

Parameter Multivariate Analysis
Pr > ChiSq
0.012

0.0003

Univariate Analysis
95% ClI
0.507
0.416

Hazard Ratio
0.684
0.565

Pr > ChiSq
0.018
0.0004

95% ClI
0.524
0.426

Hazard Ratio
0.703
0.578

0.921
0.768

0.945
0.784

Intrathecal pharmacotherapy

Systemic pharmacotherapy

Abbreviation: CSF, cerebrospinal fluid.

Positive CSF cytology is not only the gold standard of LM
diagnosis (type |), but also highly prognostic (Fig. 1B),
suggesting that it may be a surrogate marker of disease
burden. Future studies should explore whether actually
quantifying CSF tumor cells could refine prognostica-
tion."26 Conversely, nodular disease was a strong prog-
nostic factor in the absence of positive CSF cytology (type
II) (Fig. 1D and E). Failure to detect tumor cells in type Il pa-
tients with MRI patterns A and D could indicate that these
patients have low tumor burden in the CSF Alternatively,
notably with MRI pattern D, that is, lack of linear enhance-
ment, it cannot be ruled out that some of these patients did
not have LM at all. This would bias the survival analyses
against type | patients where tumor cells were detected in
the CSF. Conversely, the poor outcome of MRI type D pa-
tients with type | LM was remarkable, and future studies
should explore whether hydrocephalus might be prog-
nostic in this patient group. That there were no apparent
differences in outcome between type A and C patients sug-
gests that the absence or presence of nodular leptomenin-
geal disease is of little relevance in patients with positive
CSF cytology (type I) (Fig. 1C). The administration notably
of intrathecal, but also of systemic pharmacotherapy was
associated with survival significantly only in type | LM, al-
though patient numbers with type Il were lower and there
was a trend towards better survival with systemic pharma-
cotherapy, too (Fig. 2).

This contemporary cohort of LM patients confirms
breast cancer, lung cancer and melanoma as the main pri-
mary tumors'#' and shows that the prognosis remains
best in breast cancer (Fig. 1F),"* despite recent advances
in systemic therapy for lung cancer and melanoma. We as-
sume that too few lung cancer and melanoma patients of
our cohort may have been diagnosed and treated in recent
years where such novel treatments have become widely
available.That type Il and pattern D were most common in
breast cancer (Fig. 3) may indicate that the diagnosis of LM
could be more challenging in patients with this cancer than
in patients with lung cancer or melanoma.

The limitations of the study include its retrospective and
uncontrolled design, the lack of validation of the neuroim-
aging classifier of the EANO ESMO proposal, and small
patient numbers for some subgroup analyses. Further, the
lack of central review of source data, notably of MRI im-
aging, is a weakness although central imaging review of
patients with LM has recently been shown to be very chal-
lenging, for example, even using RANO criteria.?’ Yet, com-
pared with other contemporary series, the cohort is large
and clinically well annotated, and we have demonstrated

that EANO ESMO LM subtypes may be highly prognostic
and should be considered in the design of future clinical
trials of LM.

Supplementary Material

Supplementary material is available at Neuro-Oncology
online.
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