
SPECIAL ARTICLE
Leptomeningeal metastasis from solid tumours: EANOeESMO Clinical
Practice Guideline for diagnosis, treatment and follow-up5
E. Le Rhun1,2, M. Weller2, M. van den Bent3, D. Brandsma4, J. Furtner5, R. Rudà6, D. Schadendorf7,8,9, J. Seoane10,
J.-C. Tonn11,12, P. Wesseling13,14, W. Wick15,16, G. Minniti17,18, S. Peters19, G. Curigliano20,21 & M. Preusser22,
on behalf of the EANO Guidelines Committee and ESMO Guidelines Committee�
Departments of 1Neurosurgery; 2Neurology, Clinical Neuroscience Center, University Hospital and University of Zurich, Zurich, Switzerland; 3The Brain Tumour Center
at the Erasmus MC Cancer Institute, Rotterdam; 4Department of Neuro-Oncology, Netherlands Cancer Institute, Amsterdam, The Netherlands; 5Research Center for
Medical Image Analysis and Artificial Intelligence (MIAAI), Faculty of Medicine and Dentistry, Danube Private University, Krems, Austria; 6Division of Neuro-Oncology,
Department of Neuroscience, University of Turin, Turin, Italy; 7Department of Dermatology, University Hospital Essen, Essen; 8University of Duisburg-Essen, Essen;
9German Cancer Consortium (DKTK), Partner Site Essen, Essen, Germany; 10Vall d’Hebron Institute of Oncology (VHIO), Vall d’Hebron University Hospital (HUVH),
Universitat Autònoma de Barcelona, Institució Catalana de Recerca i Estudis Avançats (ICREA), CIBERONC, Barcelona, Spain; 11Department of Neurosurgery, Ludwig-
Maximilians-University School of Medicine, Munich; 12German Cancer Consortium (DKTK), Partner Site Munich, Munich, Germany; 13Department of Pathology,
Amsterdam University Medical Centers/VUmc and Brain Tumour Center, Amsterdam; 14Princess Máxima Center for Paediatric Oncology, Utrecht, The Netherlands;
15Neurology Clinic, Heidelberg University Hospital, Heidelberg; 16Clinical Cooperation Unit Neuro-Oncology, German Consortium for Translational Cancer Research
(DKTK), German Cancer Research Centre (DKFZ), Heidelberg, Germany; 17Department of Radiological Sciences, Oncology and Anatomical Pathology, Sapienza
University of Rome, Policlinico Umberto I, Rome; 18IRCCS Neuromed, Pozzilli IS, Italy; 19Department of Oncology, Centre Hospitalier Universitaire Vaudois (CHUV),
Lausanne University, Lausanne, Switzerland; 20European Institute of Oncology, IRCCS, Milan; 21Department of Oncology and Hemato-Oncology, University of Milano,
Milan, Italy; 22Division of Oncology, Department of Medicine 1, Medical University, Vienna, Austria
*Corresp
Ginevra 4,
E-mail: c
*EANO O
E-mail: o

5Note: T
Oncology (
guideline
guideline.
Guidelines
supersedes
iv84-iv99.
2059-70

European S
CC BY-NC-

Volume 8
Available online 19 September 2023
Key words: central nervous system, cerebral, cerebrospinal fluid, clinical practice guideline, neurological, recommendations
INTRODUCTION

These joint European Association of Neuro-Oncology
(EANO)eEuropean Society for Medical Oncology (ESMO)
recommendations for the diagnosis and treatment of lep-
tomeningeal metastasis (LM) from solid tumours provide an
update of the first joint EANOeESMO guideline1 and com-
plement the EANOeESMO guideline on brain metastasis
from solid tumours.2

LM is defined as the spread of tumour cells within the
leptomeninges and the subarachnoid space. The present
recommendations address LM from extra-central nervous
system (CNS) solid tumours, but do not address LM from
primary brain tumours, lymphoma or leukaemia. The rec-
ommendations cover diagnosis, treatment and follow-up, but
ondence to: ESMO Guidelines Committee, ESMO Head Office, Via
6960 Lugano, Switzerland
linicalguidelines@esmo.org (ESMO Guidelines Committee).
ffice, c/o WMA GmbH, Alser Strasse 4, 1090 Vienna, Austria
ffice@eano.eu (EANO Guidelines Committee).

his guideline was developed by the European Association of Neuro-
EANO) and the European Society for Medical Oncology (ESMO). The
committees of the two societies nominated authors to write the
Approved by the EANO Guidelines Committee and the ESMO
Committee: July 2017, last update January 2023. This publication
the previously published versiondAnn Oncol. 2017;28(suppl 4):

29/© 2023 The Author(s). Published by Elsevier Ltd on behalf of
ociety for Medical Oncology. This is an open access article under the
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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do not cover the differential diagnosis, treatment-related
adverse events (AEs) or supportive or palliative care in detail.

The authors propose diagnostic criteria and assign levels
of certainty to the diagnosis of LM in order to provide
guidance regarding when to treat versus when to intensify
diagnostic efforts and which patients to include in clinical
trials. The authors also provide a pragmatic treatment al-
gorithm based on LM subtypes. Supporting evidence for
this guideline focuses on LM-specific data with reference to
the EANOeESMO guideline on brain metastasis from solid
tumours2 when LM-specific data are not available. Given
the low level of evidence available, recommendations are
often based on expert opinion and consensus rather than
on evidence from informative clinical trials. Still, these
EANOeESMO multidisciplinary recommendations serve as a
valuable source of information for physicians and other
health care providers, as well as for patients and relatives.

INCIDENCE AND EPIDEMIOLOGY

Details of incidence and epidemiology can be found in
Section 1 of the Supplementary Material, available at
https://doi.org/10.1016/j.esmoop.2023.101624.
Recommendation

� LM should be considered, particularly in patients with
breast or lung cancer or melanoma who present with
neurological symptoms or signs [EANO: III, C; ESMO: IV, B].
https://doi.org/10.1016/j.esmoop.2023.101624 1
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DIAGNOSIS, PATHOLOGY AND MOLECULAR BIOLOGY

Clinical presentation

A detailed and standardised neurological examination is
recommended (Table 1). Symptoms and signs depend on the
specific CNS area of LM involvement. Multifocal clinical
impairment is highly suggestive of LM, but patients may also
present with isolated or subtle neurological symptoms or
signs or may have a normal neurological evaluation. The
typical clinical signs and symptoms include headache;
nausea and vomiting; neurocognitive changes; gait diffi-
culties; cranial nerve palsies, notably with diplopia or visual
disturbance (cranial nerves II, III, IV, VI), facial palsy (cranial
nerve VII) and hearing loss (cranial nerve VIII); radicular signs
including weakness, voiding and cauda equina problems;
and focal or radiating (radicular) neck and back pain.3-11

Neurological sequelae from previous or concomitant brain
metastases or extra-CNS metastases, treatment,
comorbidities or any other medical event, and also
comedications, should be considered during the clinical
assessment.

A detailed and standardised clinical neurological score-
card for patients with LM would be welcome, notably in the
context of clinical trials. However, the one proposed by the
Response Assessment in Neuro-oncology (RANO) group LM
committee has not been validated.12 The Neurological
Assessment in Neuro-oncology (NANO) scale, which was
developed for the evaluation of patients with brain tumours
in general, does not cover all the clinical manifestations
of LM.13
Table 1. Recommended evaluation of suspected LM to establish the level of ev

Recommended protocols of evaluation

Clinical evaluation Thorough neurological examination focused on abnorma
patients with LM

Neuroimaging Field strength of 1.5 or preferably 3 T
Gadolinium should be injected 10 min before data acqui
mmol/kg. The slice thickness should be �1 mm at the br
at the spinal level
Brain: 3D pre-contrast T1-weighted, 2D or 3D FLAIR, 2D
imaging, 2D pre-contrast T2-weighted, post-gadolinium 3
Post-gadolinium 3D FLAIR sequences should be consider
Spinal axis: sagittal fat-suppression T2-weighted sequenc
contrast T1-weighted sequences, T1-weighted post-gado
fat-suppressed sequence

CSF cytology Fresh CSF samples should ideally be processed within 30
CSF volume is ideally >10 ml but at least 5 ml
After centrifugation, cytospins can be air-dried and subs
May-Grünwald-Giemsa (MGG ¼ Pappenheim) stained
Alternatively, fresh CSF samples can be fixed with Ethan
(CSFefixative ratio 1:1) to reduce time pressure, followe
staining of the cytospins
Upon indication and availability of material, additional im
stainings for epithelial and melanocytic markers should b
A second CSF sample should be analysed if the initial CS

Adapted from Le Rhun et al.1

2D, two-dimensional; 3D, three-dimensional; CSF, cerebrospinal fluid; CNS, central nervous
LMD, leptomeningeal disease; MRI, magnetic resonance imaging.
aTypical clinical signs of LM include headache, nausea and vomiting, mental changes, gait diffi
signs including weakness, voiding and cauda equina problems and focal or radiating (radic
bNeurological sequelae from previous brain metastases or extra-CNS metastases, treatm
considered during the clinical assessment.
cSee Table 2 and text.

2 https://doi.org/10.1016/j.esmoop.2023.101624
Neuroimaging

Cerebrospinal magnetic resonance imaging (MRI), without
and with contrast enhancement, is the gold standard im-
aging method for the diagnosis and follow-up of patients
with suspected or confirmed LM.1,12 The role of cerebro-
spinal MRI in addition to standard extracerebral staging for
LM detection during the follow-up of patients at high risk of
CNS metastases, e.g. patients with metastatic melanoma,
lung or triple-negative breast cancer, has not been
evaluated.2

The following technical aspects should be considered in
order to acquire high-quality images (Table 1): a magnetic
field strength of 1.5 or preferably 3 T, a slice thickness of
1 mm for brain sequences and 3 mm for spinal sequences
and intravenous (i.v.) injection of gadolinium at 0.1 mmol/kg
10 min before T1-weighted post-contrast data acquisition.
Brain MRI should include three-dimensional (3D)
pre-contrast T1-weighted, two-dimensional (2D) or 3D fluid-
attenuated inversion recovery (FLAIR), 2D diffusion-
weighted imaging, 2D pre-contrast T2-weighted, post-
gadolinium 3D T1-weighted and post-gadolinium 3D FLAIR
sequences. Spinal MRI should include sagittal fat-
suppression T2-weighted sequences, sagittal pre-contrast
T1-weighted sequences and T1-weighted post-gadolinium
sagittal fat-suppressed sequence. Additional sequences can
be helpful, notably axial T1-weighted post-gadolinium im-
ages of regions of interest. Since lumbar punctures may
induce dural enhancement, MRI should be carried out
before a lumbar puncture whenever possible; the date(s) of
idence for the diagnosis

Results

lities typically seen in Presence of typical clinical signs of LMa

Any other neurological abnormalityb

Normal neurological evaluation

sition at a dose of 0.1
ain level and �3 mm

diffusion-weighted
D T1-weighted.
ed
es, sagittal pre-
linium sagittal

Typical MRI findings of linear LM (type A)c

Typical MRI findings of nodular LMD (type B)
Both (type C)
Hydrocephalus only (type Dehydrocephalus)
Equivocal leptomeningeal findings or absence of
leptomeningeal MRI findings (type Denormal)

min after sampling

equently

ol-Carbowax
d by Papanicolaou

munocytochemical
e considered
F sample is negative

Positive: presence of tumour cells
Equivocal: suspicious or atypical cells
Negative: absence of tumour cells

system; FLAIR, fluid-attenuated inversion recovery; LM, leptomeningeal metastasis;

culties, cranial nerve palsies with diplopia, visual disturbances, hearing loss, radicular
ular) neck and back pain.
ent, comorbidities or any other medical event, but also comedication should be
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the last cerebrospinal fluid (CSF) analysis should be docu-
mented when requesting an MRI.

MRI findings are not specific and should be interpreted in
the specific clinical context. Various differential diagnoses
must be considered. Typical MRI findings include contrast
enhancement of cerebellar folia and sulci, basilar cisterns,
cranial nerves, brain surface, surface of the lateral ventricles
and lumbar nerve roots, notably the cauda equina. Lep-
tomeningeal lesions can be linear or nodular. Cerebrospinal
MRI can be normal even in patients with tumour cells in the
CSF.6,14 In a retrospective review of 171 patients with LM
from lung cancer, MRI at the time of LM presentation
showed cranial meningeal-only involvement in 67 (40%)
patients, spinal meningeal-only involvement in 17 (10%)
patients, cranial and spinal meningeal involvement in 41
(24%) patients and a normal MRI in 46 (26%) patients.15 In a
cohort study of 318 patients with LM from breast cancer,
cranial meningeal-only involvement was reported in 135
(43%) patients, spinal meningeal-only involvement in 84
(26%) patients, cranial and spinal meningeal involvement in
83 (26%) patients and a normal MRI in 12 (4%) patients.16

The MRI presentation can be divided into five main
subtypes: linear leptomeningeal disease (type A); nodular
leptomeningeal disease (type B); both linear and nodular
leptomeningeal disease, requiring a minimum of 20% of
each pattern contributing to the disease burden (type C);
hydrocephalus only (type Dehydrocephalus) or no neuro-
imaging evidence of LM (type Denormal). Due to the small
volume and geometric complexity, a quantitative assess-
ment of LM lesions is often not possible. Thus, it has been
proposed to distinguish ‘measurable’ LM, defined by at
least one measurable nodular lesion, from ‘non-measurable’
disease, which encompasses all other MRI abnormalities. A
nodule is a contrast-enhancing lesion that is defined as
leptomeningeal as opposed to parenchymal if there is direct
contact (<2 mm) between the rim of the nodule and
the leptomeninges on contrast-enhanced T1-weighted
MRI. Nodules are considered as measurable if their size is
�5 � 5 mm in orthogonal diameters in two planes.17

In a cohort of 254 patients with LM from various extra-
CNS solid tumours, a linear presentation was noted in 117
(46%) patients, a combination of both linear and nodular
enhancing disease in 55 (22%) patients and enhancing
nodules only in 32 (13%) patients.17 Hydrocephalus has
been reported in 11%-17% of patients with LM,18,19 but
definitions of hydrocephalus taking both age and prior
treatment into consideration are difficult to establish for
patients with cancer.

A standardised and prospectively validated scorecard,
such as the one proposed by the European Organisation for
Research and Treatment of Cancer (EORTC) Brain Tumor
Group (BTG) and the RANO group, should be used to assess
LM disease burden, particularly within clinical trials.17

Concomitant brain metastases are frequently associated
with LM. Indeed, concomitant brain metastases have been
reported in 36%-66% of patients with LM from breast
cancer, 66%-82% of patients with LM from lung cancer and
69%-87% of patients with LM from melanoma.6,7,10,16,19-22
Volume 8 - Issue 5 - 2023
Spinal cord metastases and spinal epidural metastases
may also be noted in patients with LM.

Computed tomography (CT) should be restricted to
patients with contraindications to MRI and to emergency
settings, e.g. to rule out CSF obstruction or cerebral
haemorrhage in case of rapid neurological deterioration.
[18F]2-fluoro-2-deoxy-D-glucose (FDG)epositron emission
tomography (PET)eCT has no role in the diagnosis of LM
due to technical limitations.23 Radionuclide studies using
either 111indium-diethylenetriamine pentaacetic acid (In-
DTPA) or 99technetium (Tc) macro-aggregated albumin can
be carried out to establish CSF flow dynamics.24,25 However,
these studies give no information regarding the actual
dissemination of LM. Also, no recent data are available
regarding the incidence of CSF flow abnormalities in LM.
Radionuclide studies should therefore be considered in
patients with suspected CSF flow blocks, e.g. in the pres-
ence of hydrocephalus, when intrathecal treatment is a
therapeutic option, or in the presence of unexpected
toxicity during the course of intrathecal treatment.12
CSF analysis

Lumbar punctures should be carried out after neuroimaging
to avoid placing patients at risk from the procedure, e.g.
from herniation because of major brain metastases or
complications from local bulky disease. This sequence may
also reduce possible challenges with interpreting dural
versus leptomeningeal enhancement that may be seen after
lumbar punctures. Unspecific abnormalities on routine CSF
analysis are common in LM. These findings include an
increased opening pressure (>200 mm H2O) in 21%-42% of
patients,11,26,27 increased leukocyte counts (>4 per mm3) in
39%-77.5%, elevated protein (>500 mg/l) in 56%-91%
and decreased glucose (<600 mg/l) in 22%-38% of
patients.11,19,25,28

In contemporary large cohorts of patients with probable
or confirmed LM, tumour cells have been detected at
diagnosis in 60.5%-83%.1,14,15,27 CSF cytological analysis
should 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 CSF (Table 1). The
following simple measures may improve the sensitivity of
CSF studies and should be followed in patients with sus-
pected LM: obtaining sufficient volumes of CSF (ideally
>10 ml but at least 5 ml), processing CSF within 30 min
after sampling and avoiding haemorrhagic contamina-
tion12,29,30 (Table 1). Of note, several days, ideally 14 days,
should be awaited between CNS surgery and a diagnostic
CSF analysis when LM is suspected.

A higher sensitivity has been reported with thin-layer
preparations (Thinprep) than with Cytospin-coupled
Wright-Giemsa stains.31 If the first CSF analysis is negative,
a second lumbar puncture should be carried out under
optimised conditions as outlined above, which increases the
sensitivity. The yield of further CSF assessments after a
https://doi.org/10.1016/j.esmoop.2023.101624 3
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second negative assessment carried out according to
contemporary recommendations remains doubtful. CSF
sample storage tubes such as Transfix or CellSave™ preser-
vative tubes may diminish the need for rapid sample pro-
cessing and have been proposed for LM from haematological
malignancies.32 Their value in clinical practice remains to be
established in LM from solid tumours since the specificity of
these assays remains controversial. Staining of neoplastic
cells for specific alterations such as HER2 in breast cancer or
BRAF V600E in melanoma by immunocytochemistry may be
useful in selected equivocal cases.The assessment of tumour-
specific markers or molecules thought to be involved in the
metastatic process, such as vascular endothelial growth fac-
tor or matrix metalloproteinases, has a limited role in the
diagnosis of LM in current clinical practice.

Novel techniques using epithelial cell adhesion molecule
(Ep-CAM) antibodies or other tumour-specific antibody-
covered magnetic nanoparticles to identify circulating
tumour cells have shown promising results using various
adaptations of the device initially designed for peripheral
blood studies combined with flow cytometry or tumour
marker immunofluorescence in situ hybridisation. A cut-off
of 0.9-1 tumour cells per ml CSF has been proposed for the
diagnosis of LM using such approaches.33,34 However, the
value of this cut-off over standard cytopathology where one
tumour cell defines LM remains to be explored. A repro-
ducible quantification of circulating tumour cells in the CSF
during follow-up could also potentially help to define
response to treatment.35 Further validation in large pro-
spective studies is required before the introduction of such
technologies in routine clinical practice.

Genomic alterations can be detected in the CSF by DNA-
based microarrays,36 digital or real-time PCR and targeted
amplicon sequencing, whole exome sequencing or next-
generation sequencing.37-40 A higher sensitivity for the
detection of genomic alterations, including EGFR mutation,
ALK rearrangements and ROS1 rearrangements, has been
reported for CSF compared with plasma samples in patients
with LM from lung cancer.37,38 However, in clinical practice,
there is still insufficient evidence to substitute a positive
CSF cytology result with the detection of tumour-specific
mutations at a DNA level in the CSF, e.g. BRAF V600E or
EGFR T790M. It remains unclear whether tumour DNA
detection in the CSF compartment always reflects the local
presence of tumour cells or whether this DNA may be
derived from concomitant brain metastases, tumour cells
circulating in the blood or even from distant extracerebral
metastases. Future studies need to address the question of
what quantitative cut-off of tumour DNA in the CSF corre-
sponds to clinically relevant LM. However, genomic analysis
of the CSF can be considered in patients with LM from
cancers where targeted therapies are available in order to
define the molecular profile.37,38,41
Leptomeningeal biopsy

Leptomeningeal biopsies are rarely carried out to confirm
the diagnosis of LM,42 but may be required to rule out
4 https://doi.org/10.1016/j.esmoop.2023.101624
differential diagnoses such as sarcoidosis or tuberculosis. It
may be especially useful when the CSF cytology result is
repeatedly negative, when there is no history of cancer or if
there are doubts regarding the cause of the clinical and
imaging features where therapeutic decision making is
required. The site for leptomeningeal biopsies is guided by
MRI findings.

Peripheral blood liquid biopsies

At present, there is no role for liquid biopsies from pe-
ripheral blood in the management of LM; the potential role
for this still needs to be explored.

Recommendations

� The clinical work-up in cases of suspected LM should
include a detailed neurological evaluation, cerebrospinal
MRI and CSF studies using optimised analysis conditions
[EANO: III, B; ESMO: IV, B].

� Typical clinical signs of LM, such as headache, nausea
and vomiting, mental changes, gait difficulties, cranial
nerve palsies with diplopia, visual disturbances, hearing
loss, sensorimotor deficits of extremities and cauda
equina syndrome, radicular, neck and back pain, espe-
cially in a patient with cancer, should alert clinicians to
consider LM [EANO: III, B; ESMO: IV, B].

� A detailed neurological examination, potentially using a
standard evaluation form, such as the one proposed by
the Leptomeningeal Assessment in Neuro-Oncology
(LANO) group, should be carried out at diagnosis
[EANO: IV, not applicable (NA); ESMO: V, NA].

� Brain MRI should include axial T1-weighted, axial FLAIR,
axial diffusion-weighted, axial T2-weighted, post-
gadolinium 3D T1-weighted and post-gadolinium 3D FLAIR
sequences. Spinal MRI should include post-gadolinium
sagittal T1-weighted sequences. Spine sagittal T1-
weighted sequences without contrast and sagittal fat-
suppression T2-weighted sequences, combined with axial
T1-weighted images with contrast of regions of interest,
may also be considered [EANO: III, B; ESMO: III, B].

� One repeat lumbar puncture with optimised analysis
conditions should be carried out in patients with sus-
pected LM and initial negative or equivocal cytological
CSF studies [EANO: IV, NA; ESMO: V, NA].
STAGING AND RISK ASSESSMENT: EANOeESMO
DIAGNOSTIC CRITERIA FOR LM

The use of standardised diagnostic criteria is highly rec-
ommended in clinical trials and when reporting on retro-
spective cohorts. Interpretation of results from clinical trials
and cohort studies should also take the applied inclusion
and exclusion criteria into consideration. In the first EANOe
ESMO Clinical Practice Guideline (CPG), a classification of
LM from solid tumours based on clinical, MRI and CSF
cytology presentation was developed to address the large
spectrum of LM presentation and guide clinical decision
making (Table 2).1 This classification has been confirmed as
Volume 8 - Issue 5 - 2023
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prognostic and is useful for guiding treatment decisions.42

The diagnosis of LM is confirmed in the presence of
tumour cells in the CSF or by a positive leptomeningeal
biopsy (type I). In the absence of tumour cells in the CSF or
histological confirmation of meningeal metastases, the
diagnosis of LM can be deemed as probable (type II) in
patients with a history of histologically proven cancer with a
reasonable risk of LM and after consideration of alternative
diagnoses. The diagnosis is probable in the presence of
typical clinical findings and typical MRI findings (clinical plus
neuroradiological evidence) whereas the diagnosis is
possible in the presence of typical MRI findings but without
typical clinical findings or in the presence of typical clinical
findings and an MRI demonstrating hydrocephalus only or a
normal MRI (clinical or neuroradiological evidence only). In
patients with a histologically proven cancer presenting with
atypical clinical signs of LM only and with normal MRI or
hydrocephalus only, a diagnosis of LM should not be made.
The authors propose that such patients should be docu-
mented as having ‘lack of evidence’ for LM. The type of
neuroimaging findings is also integrated into the EANOe
ESMO criteria, and five imaging subtypes are now pro-
posed (types A-D, as described above).

Recommendations

� Clinical, imaging and CSF cytology assessments are all
mandatory to classify LM [EANO: IV, NA; ESMO: IV, B].

� The use of standardised diagnostic criteria to define co-
horts of patients with LM is highly recommended [EANO:
III, C; ESMO: IV, A].

� Only patients with confirmed or probable LM after a
complete clinical, cerebrospinal MRI and CSF analysis
should be enrolled into LM-specific clinical trials
[EANO: IV, NA; ESMO: IV, B].
MANAGEMENT OF ADVANCED AND METASTATIC DISEASE

Given the poor prognosis of patients with LM, the goal of
treatment is to prolong survival with an acceptable quality
Table 2. Diagnostic criteria and level of evidence for LM

Cytology/biopsy MRI Confirmed

Type I: positive CSF
cytology or biopsy

IA þ Linear þ
IB þ Nodular þ
IC þ Linear þ nodular þ
ID þ Hydrocephalus þ
ID þ Normal þ

Type II: clinical findings
and neuroimaging only

IIA � or equivocal Linear NA
IIB � or equivocal Nodular NA
IIC � or equivocal Linear þ nodular NA
IID � or equivocal Hydrocephalus NA

IID � or equivocal Normal NA

Adapted from Le Rhun et al.1

Type A: LM with typical linear MRI abnormalities; type B: LM with nodular disease; type C: LM
hydrocephalus).
CSF, cerebrospinal fluid; LM, leptomeningeal metastasis; MRI, magnetic resonance imaging
aRequires a history of cancer with a reasonable risk of LM and consideration of alternative
bIncluding in patients with a history of cancer.
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of life and to prevent or delay neurological deterioration.
Tumour-specific approaches are usually used in isolation or
as part of combination therapy with the specific aim of
controlling LM, but preferably to also control CNS paren-
chymal and systemic disease. Only a limited number of
prospective clinical trials specifically evaluating LM have
been completed and reported, and interpretation of these
data is difficult due to the heterogeneity of inclusion
criteria, incomplete diagnostic work-up, pooled cohorts of
different tumour entities and the use of poorly defined
response criteria. Trials enrolling patients with LM should be
dedicated to these patients only or have a pre-planned arm
or subgroup analysis for patients with LM with adequate
assessment tools and statistical power. Given the paucity of
clinical trials dedicated to LM, most of which addressed
intrathecal pharmacotherapy, the authors also considered
results for LM patient subgroups enrolled into trials of
pharmacotherapy focused primarily on brain metastases,
most of which were non-randomised and require further
confirmation and validation of the results. Trials focussing
on brain metastases have been analysed elsewhere.2 No
clinical trial data are available to assess the efficacy of
radiotherapy (RT). Thus, the recommendations below are
largely based on expert opinion.

Pharmacotherapy

General considerations. LM often occurs in the setting of
progressive brain metastases and extra-CNS disease, and so
the systemic treatment should target the CNS and the extra-
CNS compartment, if feasible. Systemic pharmacotherapy
includes cytotoxic chemotherapy (ChT), targeted therapy
and immunotherapy. The choice of pharmacotherapy de-
pends on its efficacy in the primary cancer and its molecular
type, ability to penetrate the CNS compartment, number
and type of previous lines of treatment and patient char-
acteristics. The rationale for choosing an intrathecal route of
administration is to achieve higher CSF drug concentrations
while minimising systemic toxicity. Only a few dedicated LM
trials are available. In the absence of data from such trials,
Probablea Possiblea Lack of evidenceb

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
With typical clinical signs Without typical clinical signs NA
With typical clinical signs Without typical clinical signs NA
With typical clinical signs Without typical clinical signs NA
NA With typical clinical signs Without typical

clinical signs
NA With typical clinical signs Without typical

clinical signs

with both linear and nodular disease; type D: LM without MRI abnormalities (except

; NA, not applicable.
diagnoses.
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therapeutic options are often selected based on trials in
patients with parenchymal brain metastases or those with
metastatic disease. Available data on CSF penetration are
provided below but these data should be interpreted with
caution due to the low number of cases, potential variability
according to the systemic dose administered, lack of
established pharmacological tests and potential interpatient
variability.

Intrathecal pharmacotherapy of LM. Although lep-
tomeningeal contrast enhancement and increased levels of
protein are observed in the vast majority of patients, the
penetration rate of many drugs into the CSF is limited, with
reported CSF:blood ratios usually below 5%.43,44 The intra-
thecal route may be more efficient for targeting floating
tumour cells in the CSF42 and in the absence of bloodeCSF
barrier dysfunction, e.g. in case of diffuse leptomeningeal or
ependymal spread. The penetration of drugs after intra-
thecal administration into nodules or brain parenchyma is
probably limited to a few millimeters;45 however, no
contemporary data for novel pharmacotherapy are avail-
able. Intrathecal administration is not appropriate in the
presence of CSF flow blocks.

When intra-CSF ChT is used, administration may be via
repeated lumbar punctures or preferably via a subgaleal
reservoir linked to an intraventricular catheter. The best
surgical procedure for reservoir implantation must be
defined by the neurosurgeon in charge of the patient. The
conceptual advantages of the ventricular route include the
certainty that the drug is delivered into the CSF compart-
ment and not the epidural or subdural space, a more uni-
form distribution of the agent, less invasiveness, improved
patient comfort and a faster procedure, all of which
improve compliance and safety of drug administration,
particularly in patients requiring anticoagulation. No sur-
vival benefit of the ventricular versus the lumbar route has
been demonstrated. However, in a subanalysis of a rando-
mised trial using the ventricular route, a longer progression-
free survival (PFS) was observed for methotrexate (MTX)
whereas no significant difference was seen for liposomal
cytarabine, presumably due to the different half-lives of
these agents.25 The safety of ventricular devices has been
shown in several cohort studies using different technologies
and devices,46-48 but careful handling is required to ensure
strictly aseptic puncture and drug application to minimise
the risk of infection. Lumbar catheters have not been sys-
tematically studied in LM and thus remain experimental.
Alternative approaches such as ventriculolumbar perfusion
are interesting but require further study.49,50

In shunts with programmable valves (which are the most
frequently used), the opening pressure can be temporarily
raised to maximum so that the shunt does not drain CSF
and drugs can be injected through the reservoir into the
ventricles. Otherwise, shunts with a valve that can be
switched on and off by pressing a button are available.
Shunts can be blocked by either method for 12-24 h to
allow the drug to be distributed within the CSF without
drainage into the peritoneal space. A test occlusion without
6 https://doi.org/10.1016/j.esmoop.2023.101624
drug delivery for at least 12 h is recommended to check
whether shunt-dependent patients will tolerate this pro-
cedure.51 Successful drug delivery via VP shunt devices to
the ventriculothecal space with minimal relative peritoneal
drug uptake was demonstrated using In-DTPA
scintigraphy.52

An equivalent or larger volume of CSF should be removed
before each intra-CSF injection. After lumbar injection, pa-
tients are often placed in a flat position for 1 h.53 Standard
operating procedures are proposed in Table 3.

The choice of intrathecal therapy should be guided by
local approval as well as available safety and efficacy data
for the considered tumour entity. Three agents are
commonly used for the intrathecal treatment of LM: MTX,
cytarabine, including liposomal cytarabine (not available at
present), and thiotepa. Thus, the compounds routinely used
for intra-CSF treatment do not have a key role as single
agents for the systemic treatment of most common cancers
causing LM. Different schedules for these agents have been
proposed (Table 4), although there is currently no
consensus regarding the optimal dose, frequency of
administration or duration of treatment.

A critical review of the first six randomised trials of patients
with LM from solid tumours (Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2023.101624)
revealed a lack of standardisation for evaluating response as
well as methodological limitations regarding the tumour type
(haematological versus solid tumours), baseline evaluation,
evaluation of response to treatment and safety, and all trials
experienced long accrual times.54 Moreover, all trials were
open label and most compared different intrathecal agents,
but no agent showed a significant survival advantage over
another upon intrathecal administration.55,56 Longer time to
neurological progression was reported for liposomal cytar-
abine compared with MTX.56 Combination intra-CSF ChT did
not demonstrate superiority over single intra-CSF agents.57

Only two trials evaluated the addition of intrathecal treat-
ment to systemic treatment versus systemic treatment alone,
both in patientswith breast cancer.The first trial attempted to
explore the value of adding intra-CSF MTX to systemic ther-
apy and involved-field RT, but it was closed prematurely.58 In
this trial, 35 patients were evaluated based on clinical find-
ings alone. There were no differences in clinical response or
overall survival (OS; primary endpoint), but intra-CSF ChTwas
associated with more treatment-related neurotoxicity
(scored according to a local scale) compared with the control
arm (47% versus 6%). The complication rate in the intra-CSF
ChT arm was also high (18% of reservoir revisions)
compared with other cohorts (<7.3% of reservoir re-
visions).46-48 The second trial enrolled 73 patients and
showed a significantly longer LM PFS (primary endpoint) with
intrathecal liposomal cytarabine plus systemic therapy versus
systemic therapy alone {3.8 months [95% confidence interval
(CI) 2.3-6.8 months] versus 2.2 months [95% CI 1.3-3.1
months]};59 the median OS was numerically superior with
intrathecal therapy: 7.3 months (95% CI 3.9-9.6 months) in
the experimental group versus 4.0 months (95% CI 2.2-6.3
months) in the control group.
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Table 3. Proposed technical standard operating procedure for administration of intra-CSF anticancer pharmacotherapy

Administration via the ventricular route
(ventricular device in place)

Administration via the lumbar route

Specific contraindications � Local skin infection
� Dehiscence of the scar
� Neurological symptoms or signs suggestive of intracra-

nial hypertension (headache, nausea, vomiting, visual
disturbances, vigilance disorders) or spinal cord
compression

� Cerebral lesion with mass effect on imaging

� Local skin infection
� Major haemostatic disorders: thrombocytopenia

<20 000 per mm3; therapeutic anticoagulation
� Symptoms or signs suggestive of intracranial hyperten-

sion (headache, nausea, vomiting, visual disturbances,
vigilance disorders) or spinal cord compression

� Cerebral lesion with mass effect on imaging
Medial technical procedure � Check the material

� Wash hands, carry out hand hygiene using a hydroalco-
holic solution

� Get dressed: put on a single-use overcoat, a mask, eye
protection, sterile gloves

� Clean the skin area to be punctured according to local
SOP (for example, antiseptic soap such as Betadine
Scrub, rinse the antiseptic soap with saline, then dry the
area to be punctured and apply dermal Betadine)

� Prick into the ventricular device to the bottom with the
Huber needle. A butterfly cannula may also be
considereda

� Fit an empty 10-ml syringe
� Slowly withdraw a minimum of 6 ml CSF, at least the

volume that will be injected (treatment and rin-
singdsee below) (1 ml in 30 s maximum)

� Distribute the CSF in sterile tubes (for example, 5 ml of
non-haemorrhagic in one sterile tube for CSF cytology
and 1 ml in the other sterile tube for other standard
analysesdor as indicated per study protocol, as
applicable). If more CSF must be withdrawn, use a new
syringe

The patient should not have any complaints during the
procedure. If headache occurs, stop the withdrawal and
wait.
� Adapt the pharmacotherapy syringe
� Slowly inject the pharmacotherapy (1 ml in 1 min)
� Prepare (with technical support) the physiological saline

syringe for rinsing before disconnecting the pharmaco-
therapy syringe

� Disconnect the pharmacotherapy syringe
� Adapt the pre-filled syringe of saline solution as quickly

as possible
� Rinse the reservoir by injecting saline solution; the vol-

ume of the ventricular device (and potentially
connector) and the catheter (with or without side holes)
should be considered to decide what volume should be
used to rinse the reservoir. The type of material used by
the surgeon should be communicated to the treating
team

� Remove the syringe and the needle
� Proceed to a new round of antiseptic cleaning of punc-

tured skin area
� Apply a compress and press smoothly for 1 min

� Check the material
� Wash hands, carry out hand hygiene using a hydroalco-

holic solution
� Get dressed: put on a single-use overcoat, a mask, eye

protection, sterile gloves
� Clean the skin area to be punctured according to local

SOP (for example, antiseptic soap such as Betadine
Scrub, rinse the antiseptic soap with saline solution,
then dry the area to be punctured and apply dermal
Betadine)

� Prick with lumbar puncture needle until CSF returns
� Take a minimum of 6 ml CSF, at least the volume that

will be injected
� Distribute the CSF in sterile tubes (for example, 5 ml of

non-haemorrhagic in one sterile tube for CSF cytology
and 1 ml in the other sterile tube for other standard
analysesdor as indicated per study protocol, as
applicable).

� Adapt pharmacotherapy syringe
� Slowly inject the pharmacotherapy (1 ml in 1 min)
� Disconnect the pharmacotherapy syringe
� Remove the syringe and the needle
� Proceed to a new round of antiseptic cleaning of punc-

tured skin area

Comments No pressure should be necessary for the withdrawal of
CSF or the injection of intrathecal pharmacotherapy.
If no CSF can be withdrawn, stop the intervention and
explore with the neurosurgeon on call whether
neuroimaging is required.

Main risks � Malaise
� More rarely local haematoma, infection, subdural hae-

matoma, brain herniation, thrombophlebitis

� Painful paresthesias (electric shock) in the lower limbs
� Orthostatic headaches
� Malaise
� More rarely: local haematoma, infection, subdural hae-

matoma, brain herniation, thrombophlebitis

Patients must only receive intrathecal pharmacotherapy in designated areas where staff are routinely involved in the administration of drugs by the intrathecal route. The nurse
should first install the patient comfortably (seated position, leaning well forward, arched back or in left lateral decubitus). The whole procedure must respect rigorous aseptic
conditions. The patient should remain lying in decubitus position for 1 h (strict decubitus after lumbar administration, as feasible). The absence of possible immediate side-effects
should be checked before discharge.
CSF, cerebrospinal fluid; SOP, standard operating procedure.
aA three-way connector can also be used, depending on the physician’s preferences.
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Toxicities of the various intrathecal agents differ. More
neurological complications were observed with MTX than
with thiotepa.55 For MTX and liposomal cytarabine, Cancer
Volume 8 - Issue 5 - 2023
and Leukemia Group B (CALGB)-expanded Common Toxicity
Criteria (CTC) treatment-related grade �3 toxicity was
similar.56 The combination of MTX and whole brain RT
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Table 4. Characteristics and proposed schedules of administration of intra-CSF therapy

Agent Description Half-life in
the CSF

Recommended schedules of
administration

Prophylaxis of AEs

MTX Folate antimetabolite, cell cycle specific 4.5-8 h 10-15 mg twice weekly (total 4 weeks),
then 10-15 mg once weekly (total 4
weeks), then 10-15 mg once monthly

Folinic acid rescue 25 mg every 6 h
orally for 24 h starting 6 h after
administration

Cytarabine Pyrimidine nucleoside analogue, cell
cycle specific

<1 h 10 mg twice weekly (total 4 weeks),
then 10 mg once weekly (total 4
weeks), then 10 mg once monthly

None

Liposomal
cytarabinea

Pyrimidine nucleoside analogue, cell
cycle specific

14-21 days 50 mg every 2 weeks (total 8 weeks),
then 50 mg once monthly

Oral steroids, e.g. 6 mg/day
dexamethasone or equivalent (day 1-4)

Thiotepa Alkylating ethyleneimine compound,
cell cycle non-specific

3-4 h 10 mg twice weekly (total 4 weeks),
then 10 mg once weekly (total 4
weeks), then 10 mg once monthly

None

AE, adverse event; CSF, cerebrospinal fluid; MTX, methotrexate.
aThis medicine is currently not available.

ESMO Open E. Le Rhun et al.
(WBRT) is not recommended, especially MTX after WBRT,
based on older literature from the haematological cancer
field.

No significant difference in incidence rates of severe AEs
was noted between systemic therapy alone versus systemic
therapy plus intrathecal liposomal cytarabine, except for
more systemic infections in the experimental group; the
Quality-adjusted Time Without Symptoms of disease and
Toxicity (Q-TWiST) difference was also not significant.59

Intrathecal topotecan was explored in a phase II trial in
62 patients with LM from various primaries.60 However,
further data are needed to assess its role in LM. New
therapeutic intrathecal agents are currently being explored.
A meta-analysis of 58 patients with HER2-positive breast
cancer and LM treated with intrathecal trastuzumab alone
(n ¼ 20) or in combination with systemic pharmacotherapy
(n ¼ 37) reported a median OS of 13.2 months.61 Two
phase I/II studies have shown a good tolerance of intra-
thecal trastuzumab in human epidermal growth factor re-
ceptor 2 (HER2)-positive breast cancer. In the first trial
(NCT01373710), intrathecal trastuzumab was administered
alone or in combination with systemic pharmacotherapy
once weekly. The recommended phase 2 dose (RP2D) was
150 mg.62 In the other trial (NCT01325207), intrathecal
trastuzumab was administered twice per week for 4 weeks,
then weekly for 4 weeks and then every 2 weeks; the RP2D
was 80 mg.63 In both trials, the final dose selected was not
associated with significant toxicity but was the predefined
highest dose. A trial evaluating any type of CNS RT followed
by intrathecal trastuzumab and pertuzumab in patients with
LM from HER2-positive breast cancer is ongoing
(NCT04588545).64

Intrathecal pemetrexed was explored in a phase I/II trial
of 30 patients with LM from epidermal growth factor
receptor (EGFR)-mutant non-small-cell lung cancer
(NSCLC). In this trial, 50 mg pemetrexed was combined with
vitamin B12 and folic acid supplementation.65 Treatment
was well tolerated and a clinical response rate of 85% was
reported, the significance of which remains uncertain.

Intrathecal nivolumab has been explored in a phase I/II
trial in patients with LM from melanoma (NCT03025256). At
doses of 20 and 50 mg every 14 days, nivolumab was well
8 https://doi.org/10.1016/j.esmoop.2023.101624
tolerated in combination with systemic nivolumab.66 How-
ever, the introduction of such strategies into routine clinical
practice should be based on data from randomised studies.

The optimal duration of intra-CSF treatment has also not
been adequately explored. Most patients are treated until
progression or for 1 year, if tolerated. In the absence of
evidence from appropriate clinical trials, clinical symptoms,
MRI and CSF findings and tolerance of treatment should
guide individual decisions on the duration of treatment.
Notably, the role of persisting positive CSF cytology alone
for decision making regarding the continuation of treatment
remains controversial.12
Systemic pharmacotherapy of LM

Breast cancer. Very few data are available on systemic
treatment of LM from breast cancer. Most data come from
sub-cohorts or pilot studies with <30 patients and most of
them had limitations in the inclusion criteria. More details
are provided in Section 2.1 of the Supplementary Material,
available at https://doi.org/10.1016/j.esmoop.2023.
101624.

NSCLC. Only preliminary data are available from cohorts with
<45 patients and without complete work-up for the assess-
ment of the LM diagnosis. Oncogene addiction offers the
prospect of new generations of CNS-penetrant and active
targeted therapies in LM. Promising results have been re-
ported in patients with EGFR-mutated NSCLC and LM using
osimertinib, the agent with themost available data. A phase II
trial was also carried out exploring ceritinib in 18 patients
with confirmed or probable LM from ALK-positive NSCLC.
Very few patients with LM from NSCLC treated with an im-
mune checkpoint inhibitor at the time of LM diagnosis have
been evaluated. More details are provided in Section 2.2 of
the Supplementary Material, available at https://doi.org/10.
1016/j.esmoop.2023.101624.

Melanoma. No dedicated trials have been published for
patients with LM from melanoma. Four patients with LM
from melanoma were treated with systemic nivolumab
in a phase II trial within a cohort of 16 patients with
brain metastases progressing after local therapy, with
Volume 8 - Issue 5 - 2023
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neurological symptoms or with LM. The median OS for this
cohort was 5.1 months.67 Small retrospective cohorts have
also been reported, mostly with heterogeneous
interventions.10,14,68

LM from other cancers. No trial evaluating systemic phar-
macotherapy in patients with LM from other cancers has
been published. Therapeutic options should be discussed
considering the recommendations and results of trials in
brain metastases or advanced metastatic cancer.

High-dose systemic pharmacotherapy of LM. Cytotoxic CSF
concentrations of MTX or thiotepa may be achieved using
high-dose systemic administration, and these agents have
induced responses in patients with LM from various solid
tumours.69-71 The major limitations of these approaches are
haematological toxicity and their incompatibility with other
systemic regimens potentially needed for the control of
systemic disease. Accordingly, these regimens are not used
in current clinical practice.
RT

No randomised clinical trial to assess the efficacy and
tolerance of RT has been conducted in patients with LM. RT
can result in rapid symptom improvement but has not been
shown to improve OS. Focal RT, given as involved-field
hypofractionated stereotactic RT or stereotactic radio-
surgery, is the consensual preferred option to treat nodular
disease and symptomatic cerebral or spinal sites, notably in
patients with favourable prognostic factors. In exceptional
cases, focal RT can be carried out for cauda equina syndrome
or cranial nerve palsies after exclusion of other causes, even
in the absence of corresponding MRI findings at the symp-
tomatic level and positive CSF cytology. For patients with
cauda equina syndrome, target volumes usually include the
lumbosacral vertebrae. Typical target volumes for cranial
neuropathies include the skull base, including the cribriform
plate and the whole pituitary fossa, the entire length of the
optic nerves, the basilar cistern and the spinal canal to the
plane up to the second cervical vertebra. A margin of 5 mm
below the cribriform plate and at least 10 mm for the rest of
the skull base is recommended in order to cover cranial
nerve meningeal reflections. In the presence of CSF flow
obstruction, restoration of CSF flow can be obtained by focal
RT in 30% of patients with spinal blocks and in 50% of pa-
tients with intracranial blocks.72 RT in this setting has been
proposed to reduce the toxicity from, and enhance the ef-
ficacy of, intra-CSF therapy.

No association between WBRT and OS has been reported
in retrospective studies of contemporary LM
patients.7,9,14,20,27,28,49,73 Accordingly, WBRT should not be
considered standard of care for patients with newly diag-
nosed LM, mainly because of the absence of a survival
benefit but also because of toxicity, notably in patients
receiving concomitant systemic treatment. WBRT is usually
considered for patients with extensive nodular or symp-
tomatic linear LM or co-existing brain metastases as an
entirely palliative intervention. WBRT at doses of 30 Gy in
Volume 8 - Issue 5 - 2023
10 fractions of 3 Gy is usually administered, although an
abbreviated course of 20 Gy in 5 fractions of 4 Gy may be
considered in selected patients with a poor prognosis.7,74

Cerebrospinal RT is rarely an option for adults with LM
from solid cancers because of the risk of bone marrow
toxicity, enteritis and mucositis, as well as the usual co-
existence of systemic disease. Common Terminology
Criteria for Adverse Events (CTCAE) grade 3-4 myelosup-
pression was observed in up to 37% of patients. A survival
time of 3.4-4.8 months was reported in small cohorts of
patients selected for this approach, and up to half of the
patients did not finish the planned course of RT.75,76 A
randomised phase II trial comparing proton craniospinal
irradiation and photon involved-field RT showed a benefit
for CNS PFS and OS in patients treated with protons.77 This
trial compared two different techniques of RT and different
volumes of irradiation. More data are required to define
how proton craniospinal therapy should be integrated with
other therapeutic options. Concomitant craniospinal RT and
systemic or intra-CSF treatment should be avoided outside
of clinical trials to prevent severe toxicity, notably myelo-
suppression for systemic treatment and neurotoxicity for
intra-CSF treatment. Intra-CSF administration of radioiso-
topes or radiolabelled monoclonal antibodies is currently
being explored in the context of clinical trials.

Integrated therapeutic approaches

The management of patients with LM should follow multi-
disciplinary tumour board recommendations throughout
the disease course. The therapeutic strategy should
consider the general health of the patient, histological and
molecular subtype of the primary cancer, medical history
and oncological history with previous lines of treatment,
extent and available therapeutic options for extra-CNS dis-
ease, presence of concomitant brain metastases, clinical
neurological status, imaging presentation of LM and the CSF
cytology. The therapeutic recommendations summarised in
Figure 1 and Table 5 are largely based on small prospective
cohort data, retrospective cohort data or expert agreements
and must be considered as low level of evidence. Rando-
mised clinical trials with standardised and complete criteria
for diagnosis and response, including clinical status, neu-
roimaging and CSF analysis, in well-defined patient pop-
ulations with appropriate endpoints are urgently needed to
better define the role of systemic and intra-CSF treatments.
This EANOeESMO expert group strongly recommends pri-
oritising randomised studies whenever possible and rec-
ommends against considering any approach as standard of
care based on preliminary results, however promising, ob-
tained from non-randomised small prospective studies or
retrospective cohorts. The limited evidence should be made
transparent when discussing treatment options with pa-
tients when no data from clinical trials are available.

Recommendations

� Trials enrolling patients with LM should be dedicated to
patients with LM, ideally newly diagnosed LM, or have a
https://doi.org/10.1016/j.esmoop.2023.101624 9
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Figure 1. Treatment algorithm for the management of patients with LM.
Intrathecal therapy: Intrathecal therapy should be considered in the presence of tumour cells in the CSF or in the presence of linear LM.
Systemic pharmacotherapy: A modification of systemic therapy should always be discussed in case of progressive brain metastases or progressive extra-CNS disease.
RT: Progressive brain metastases or progressive extra-CNS disease should be considered when selecting the choice of RT technique (in case of progressive brain
metastases amenable to SRT, SRT should be preferred; in case of progressive brain metastases not amenable to SRT or in case of progressive extra-CNS disease without
effective options for systemic treatment, WBRT can be considered).
þ, recommended; (þ), can be considered; e, not recommended.
CNS, central nervous system; CSF, cerebrospinal fluid; IT, intrathecal; LM, leptomeningeal metastasis; MRI, magnetic resonance imaging; RT, radiotherapy; SRT,
stereotactic radiotherapy; VP, ventriculoperitoneal; WBRT, whole brain radiotherapy.
aIf no CSF obstruction and no indication for a VP shunt without ON/OFF valve.
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1

pre-planned arm or subgroup analysis for patients with
LM with adequate assessment tools and statistical power
[EANO: IV, NA; ESMO: IV, C].

� Intra-CSF pharmacotherapy should be considered for pa-
tients with type IA/C LM [EANO: III, B; ESMO: III, B].

� Intra-CSF ChT should be administered via the ventricular
rather than lumbar route whenever feasible [EANO: IV,
NA; ESMO: V, NA].

� Systemic pharmacotherapy based on the primary tumour
and previous treatment should be considered for most
patients with type B/C LM [EANO: IV, NA; ESMO: V, NA].

� Focal RT should be considered for circumscribed, notably
symptomatic lesions [EANO: IV, NA; ESMO: V, NA].

� WBRT can be considered for extensive nodular or symp-
tomatic linear LM [EANO: IV, NA; ESMO: V, NA].

� Randomised studies should be conducted whenever
possible [EANO: IV, NA; ESMO: V, NA].

� Any approach based on preliminary results, even if
promising, obtained from non-randomised small pro-
spective studies or retrospective cohorts should not be
considered as standard of care [EANO: IV, NA; ESMO:
V, NA].
0 https://doi.org/10.1016/j.esmoop.2023.101624
FOLLOW-UP, LONG-TERM IMPLICATIONS AND
SURVIVORSHIP

Monitoring and follow-up

No robust data are available and monitoring recommen-
dations for LM are based on consensus and expert opinion.
Response should be evaluated based on a complete
neurological assessment, cerebrospinal neuroimaging eval-
uation and standard CSF cytology (Table 5). Clinical, imaging
and CSF evaluations should be carried out at baseline and at
defined timepoints thereafter to assess response. Evalua-
tions should be planned every 2 months for the first 6
months in order to modify the treatment early, if needed,
before clinical deterioration and every 3 months thereafter
in stable patients. However, evaluations should be carried
out earlier whenever there is suspicion of progression based
on clinical assessment. Ideally, assessment of CNS disease
should be synchronised with general disease assessment.

Compartmental response assessment criteria

Clinical baseline and follow-up assessments should be car-
ried out by the same physician wherever possible.
Volume 8 - Issue 5 - 2023
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Table 5. Overall EANOeESMO response assessment and guidance for LM treatment

Clinical Cerebrospinal
imaging

CSF cytology Response determination Action

Improved or
stable

Improved Improved or stable Response Continue treatment

Stable Stable Stable Stable Continue treatment
Worse Improved or stable Improved or stable Suspicion of progression Consider alternative neurological diagnoses or other

reasons for clinical deterioration, change treatment
only if there is no other explanation and if there is
significant worsening of clinical signs for >2 weeks

Improved or
stable

Improved or stable Worse Suspicion of progressiona or
progression in case of de novo
appearance of tumour cells
in the CSFb

aContinue treatment with close follow-up (e.g. for 4
weeks)
bChange treatment for de novo appearance of tumour
cells from the same CSF site (lumbar or ventricular)

Worse Improved or stable Worse Suspicion of progressiona or
progression in case of de
novo appearance of tumour
cells in the CSFb

aConsider alternative neurological diagnoses; continue
treatment with close follow-up (e.g. for 4 weeks)
bChange treatment if there is worsening of clinical
signs for >2 weeks or if there is appearance of tumour
cells from the same CSF site (lumbar or ventricular)

Improved or
stable

Worse Improved or stable Progression Change treatment

Improved or
stable

Worse Worse Progression Change treatment

Worse Worse Improved or stable or worse Progression Change treatment

Adapted from Le Rhun et al.1

In case of suspicion of clinical deterioration or uncertain imaging assessment, the response should be considered as stable. In these situations, a new assessment should be
planned within a reasonably short time interval.
CSF, cerebrospinal fluid; EANO, European Association of Neuro-Oncology; ESMO, European Society for Medical Oncology; LM, leptomeningeal metastasis.
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Standardised scorecards should be developed, validated
and used for clinical,12,13 imaging17 and cytological assess-
ment1,12 of LM in clinical trials, but can also be used in
routine practice.

Neurological symptoms or signs that develop during
follow-up and are related or suspected to be related to
comorbidities or any other medical event should be
considered as non-evaluable and appropriate tests should
be carried out to exclude a different concomitant condition
or treatment-related toxicity. If these symptoms and signs
are retrospectively considered as LM-related (and not
related to any comorbidity), the date of appearance of the
symptoms or signs should be considered to assess the
response. Comedications such as steroids, pain killers and
anti-emetics should be considered when evaluating the
clinical response. A general overall assessment (improve-
ment, stability, deterioration) should be carried out at the
end of the clinical evaluation. This rating should be
compared with the baseline neurological evaluation or the
best clinical evaluation after enrolment to determine the
best clinical response.

A cerebrospinal MRI is recommended to evaluate the
imaging response in clinical trials and is also preferable in
routine practice. The value and diagnostic yield of spinal
sequences in patients asymptomatic for spinal disease
remain controversial. However, as 34%-52% of patients15,16

may present with spinal LMs and neurological deficits rarely
improve, the addition of spinal sequences to brain se-
quences, ideally during the same procedure, is recom-
mended to optimise the clinical management of patients
with LM. Ideally, brain and spinal MRI should be carried out
on the same day or within an interval of not more than 7
days. During follow-up, MRI scans should be carried out
Volume 8 - Issue 5 - 2023
preferably on the same scanner or at least a device of
identical field strength and the standardised imaging pro-
tocol should be used at all timepoints during follow-up
(Table 1). Validated criteria should be used for response
assessment. The response assessment should consider
changes in size but not changes in intensity of contrast
enhancement (Supplementary Table S2, available at https://
doi.org/10.1016/j.esmoop.2023.101624).17

In trials using immunotherapy, iRANO criteria should be
adapted for the imaging response assessment.78 If a patient is
clinically stable or if clinical decline can be attributed to
causes other than LM, then deterioration on MRI should not
result in premature termination of treatment. In these cases,
imagingmay be repeated at least 4weeks later. If progression
is confirmed, the date of progression within clinical trials
should be backdated to the initial MRI with criteria of pro-
gression. In clinical trials, concomitant brain metastases or
extradural spinal metastases are evaluated separately for
response. Other imaging modalities, such as magnetic reso-
nance (MR) spectroscopy, MR perfusion or PET, currently
have no role in the assessment of LM during follow-up.

CSF studies should be carried out at the time of each
injection in patients undergoing intrathecal pharmaco-
therapy, and every 2-3 months in patients not undergoing
intra-CSF pharmacotherapy. Criteria for CSF response
assessment are proposed in Supplementary Table S3,
available at https://doi.org/10.1016/j.esmoop.2023.
101624. A complete CSF cytological response requires a
conversion of a previously positive to a negative CSF
response maintained for at least 4 weeks. If only lumbar CSF
was positive and the patient is treated via a ventricular
reservoir, the CSF response cannot be evaluated unless
further lumbar CSF samples are obtained. An unequivocal
https://doi.org/10.1016/j.esmoop.2023.101624 11
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de novo appearance of malignant cells in the CSF after
repeated negative CSF cytology carried out under optimised
conditions should be considered as progression and does
not require a confirmatory analysis. In contrast, a change
from negative to equivocal is not considered relevant for
clinical decision making. CSF cytology may remain positive
in patients with stable or improved clinical or imaging
features. CSF cell counts could, in principle, be obtained
specifically for tumour, as opposed to non-neoplastic, cells
but this has remained challenging and requires more so-
phisticated techniques than those commonly available at
most centres. The levels of CSF protein, glucose or lactate,
or novel biomarkers or new methodologies for the identi-
fication of tumour cells in the CSF or circulating tumour
DNA load have not been integrated into routine response
determination.

LM overall response assessment

The overall response should consider the three levels of
assessment (Table 5). Alternative neurological diagnoses,
decline related to comorbid events or concomitant medi-
cation or other reasons for clinical deterioration should be
considered in case of clinical deterioration with improved or
stable cerebrospinal imaging and standard CSF cytology. The
treatment should be changed only if there is no other
explanation and if there is significant worsening of clinical
signs for >2 weeks. If the progression is confirmed at the
next evaluation, the date of progression within clinical trials
should be backdated to initial MRI with criteria of pro-
gression.When reporting on treatment efficacy, response to
treatment and the prognosis of LM, mixed populations
including both patients with newly diagnosed and recurrent
LM should be avoided.

Response to treatment and prognosis

Most neurological deficits in patients with LM are irre-
versible. The best anticipated clinical response is usually
stable disease. Almost no prospective studies report on the
best response to treatment in patients with newly diag-
nosed LM and standardising response assessment has
remained challenging.1,79 Moreover, few clinical trials have
used standardised scorecards for the response assessment.
The best responses are usually clinical stabilisation, imaging
stabilisation or deterioration.59,62,80,81 CSF cytology re-
sponses are more frequently reported.59

Median OS in large contemporary cohorts of >90 pa-
tients with newly diagnosed LM varies: 3.8-5.4 months in
breast cancer,6,27,82 4.2-8.1 months in lung cancer,15,28 4.8
months in melanoma14 and 3 months in cohorts including
various tumours.83 Long-term survivors may be observed,
notably in breast cancer, with 63 out of 318 patients (20%)
surviving >1 year in one study,16 thereby underlying the
necessity to consider potential treatment-related toxicity in
patients with LM.

Favourable prognostic factors reported in at least two
large contemporary patient cohorts with confirmed or
probable LM include younger age at LM diagnosis,49,82,84
12 https://doi.org/10.1016/j.esmoop.2023.101624
good performance status at LM diagnosis,14,26-28,49,84 low
tumour burden with absence of tumour cells in the CSF at
LM diagnosis,15,42 absence of CSF flow interruptions,24,25,85

administration of systemic treatment6,14,27,28,42,84 and
administration of intrathecal treatment.14,26,42,49,84 In most
reports, WBRT has not been associated with improved
OS,6,7,14,27,28,49 although rare reports of a link with
improved OS do exist.26,84 In breast cancer, LM from triple-
negative tumours was associated with a worse prognosis
compared with other subtypes of breast cancers.6,82 In LM
from NSCLC, the absence of a druggable oncogenic target
was associated with a poor prognosis in one cohort.15

However, in LM from melanoma, BRAF status was not
prognostic.14
Recommendations

� The use of standardised scorecards for the assessment of
clinic status, as well as imaging and CSF cytology data,
are recommended for patient follow-up [EANO: IV, NA;
ESMO: V, NA].

� A detailed neurological examination using a standard
evaluation form should be carried out every 2 months
for the first 6 months and every 3 months thereafter
in stable patients or at radiological progression or
when new neurological symptoms or signs are reported
[EANO: IV, NA; ESMO: V, NA].

� Cerebrospinal MRI should be carried out every 6-12
weeks and at any timepoint where clinical progression
is suspected [EANO: IV, NA; ESMO: V, NA].

� CSF studies should be carried out every 6-12 weeks in
patients undergoing intra-CSF pharmacotherapy [EANO:
IV, NA; ESMO: V, NA].
SUPPORTIVE CARE

Although the aim of this guideline is not to comprehen-
sively describe palliative and supportive care for patients
with LM, a few points deserve consideration. The role of
steroids has not been specifically studied in patients with
LM, notwithstanding their role for associated brain metas-
tases, chemical meningitis or other systemic complications
of cancer. When required clinically, the lowest dose of ste-
roids should be used for the shortest time possible. Seizures
should be managed using drugs that do not interact with
systemic treatments. Primary prophylaxis is not recom-
mended.86,87 Symptoms and signs related to increased
intracranial pressure related to CSF circulation disturbances
may be rapidly alleviated by CSF drainage. VP shunting may
provide durable relief from symptomatic hydrocephalus88

and does not carry a relevant risk of peritoneal seeding in
patients with LM from solid cancers. Shunt failure during
the lifetime of patients with LM is not of major concern.88

In a cohort of 190 patients with LM who underwent a CSF
shunt procedure, 83% of the patients experienced clinical
improvement and 56% underwent further oncological
treatment. One hundred and fifty patients (79%) had no
complications; infections were observed in 9 patients (5%),
Volume 8 - Issue 5 - 2023
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subdural hygroma or haematoma in 25 patients [13%;
which was symptomatic in 12 patients (6.3%)] and shunt
malfunction in 9 patients (5%). An externalisation, removal
or revision was indicated in 15 patients (8%).88 The median
protein level was 0.68 g/l and high protein levels were not
associated with shunt complications. National and institu-
tional supportive care guidelines may provide further
guidance.87,89

OUTLOOK

Guidelines reflect knowledge and consensus at a given
timepoint. Updates on these recommendations will be
announced on the websites of EANO (www.eano.org) and
ESMO (www.esmo.org).

Randomised trials based on well-defined diagnostic and
inclusion criteria, in appropriately selected subgroups of LM
patients, enriched for molecular genetic signatures, where
feasible, and with adequate criteria for evaluation, are
required to improve outcomes for patients with LM in a
primary cancer-specific manner. Important questions to
address include the role of liquid biopsies for the diagnosis
and the management of LM, the role of intrathecal phar-
macotherapy and novel systemic therapies, notably tar-
geted agents and immunotherapy.

METHODOLOGY

This CPG was developed in accordance with the ESMO
standard operating procedures for CPG development (http://
www.esmo.org/Guidelines/ESMO-Guidelines-Methodology).
The relevant literature has been selected by the expert au-
thors. References were identified through searches of
PubMed with the search terms ‘carcinomatous meningitis’,
‘cerebrospinal fluid’, ‘CNS’, ‘intrathecal’, ‘leptomeningeal’,
‘metastasis’, ‘neoplastic meningitis’, ‘trial’, ‘clinical’, ‘surgery’,
‘radiotherapy’, ‘chemotherapy’, ‘targeted therapy’, ‘immuno-
therapy’, ‘imaging’, ‘MRI’ and ‘PET’ in various combinations
from 01 March 1993 to 31 April 2022. Articles were also
identified through searches of the authors’ own files. Only
papers in English were reviewed. The final reference list was
generated by consensus of the authors and based on origi-
nality and relevance to the broad scope of this guideline.
Levels of evidence and grades of recommendation were
applied using the European Federation of Neurological So-
cieties criteria, as recommended by EANO (Supplementary
Table S4, available at https://doi.org/10.1016/j.esmoop.
2023.101624),90 as well as an adapted version of the In-
fectious Disease Society of America-United States Public
Health Service Grading System, as recommended by ESMO
(Supplementary Table S5, available at https://doi.org/10.
1016/j.esmoop.2023.101624).91 Statements without
grading were considered justified standard clinical practice
by the experts.
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