Leptomeningeal metastasis from solid tumours: EANO-ESMO Clinical Practice

Guideline for diagnosis, treatment and follow-up

SUPPLEMENTARY MATERIAL

SUPPLEMENTARY TEXT
SECTION 1. INCIDENCE AND EPIDEMIOLOGY
Incidence and risk factors

The incidence of leptomeningeal metastasis (LM) remains uncertain since the clinical
diagnosis is challenging and the diagnostic work-up often remains incomplete in
clinical practice. Despite this, the sensitivity of diagnostic methods is steadily
improving. In an autopsy study published in 1979, 73 of 363 (20%) patients with a
primary brain tumour, an extra-central nervous system (CNS) tumour or a
hematological malignancy with suspicion of CNS involvement (either during the
course of the disease or raised by the prosector) had leptomeningeal involvement.!
In this cohort, parenchymal brain metastases were noted in 142 (39%) patients, and
among these, were associated with LM in 44 (31%) patients. The best estimate
available in the literature is that up to 10% of patients with metastatic cancer will

develop LM during the course of the disease.?

In cohort studies comprising more than 100 patients with breast cancer diagnosed
after 2000, the development of LM appeared to vary according to breast cancer
subtype [ductal carcinoma: 65%-84%, lobular carcinoma: 10%-29%, human
epidermal growth factor receptor-2 (HER2)-positive tumours: 20%-25%, triple-
negative tumours: 15%-23%].%“ According to Surveillance, Epidemiology, and End
Results (SEER) data for 2010-2016, which included 225,417 female patients with
breast cancer, the distribution among the different breast subtypes was: 78% of
ductal carcinoma, 10% of lobular carcinoma, 15% of HER2-positive tumours and
11% of triple-negative tumours.® Thus, there may be a moderately increased LM risk
for patients with HER2-positive and triple-negative breast cancer. In lung cancer, LM
was reported in 78%-96% of patients with adenocarcinomas.®’ In a cohort of 171
patients with lung cancer and LM, an oncogenic driver mutation was identified in 84
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of 160 (52%) patients, including an epidermal growth factor receptor (EGFR)
mutation in 63 (75%) patients, an anaplastic lymphoma kinase (ALK) mutation in 8
(10%) patients and HER?2 alterations in 7 (8%) patients.® Among patients with non-
small-cell lung cancer (NSCLC) across Europe, the incidence of an EGFR mutation
is approximatively 15%, an ALK rearrangement is approximatively 4% and a HER2
amplification is approximatively 1%,° suggesting an increased lifetime risk of
developing LM in patients with tumours expressing oncogenic driver mutations. Only
a few large cohorts of patients with melanoma and LM have been reported. In the
largest of these cohorts, BRAF mutations were identified in 69 of 103 (67%)
patientsi® whereas they are found in 47% of the general population of patients with
melanoma.l! BRAF mutations are also observed more frequently in metastatic

compared with non-metastatic melanoma.*?

The surgical technique employed for the resection of brain metastasis may impact on
the risk of developing LM. A meta-analysis of 13 retrospective studies reported that
ventricle opening during surgery and a subtotal or piecemeal resection were
associated with an increased risk of developing LM.3 Proximity of brain metastases
to cerebrospinal fluid (CSF) spaces and infratentorial location of brain metastases
were also associated with a risk of developing LM. However, in most studies
assessing risk factors of LM,415 no CSF cytology work-up was reported to confirm

the diagnosis of LM.
Pathogenesis

The invasion of the leptomeninges by tumour cells may occur by (i) haematogenous
spread via the arterial or venous circulation through the venous plexus of Batson, (ii)
direct extension from contiguous tumour deposits in the brain or spine parenchyma,
(iii) centripetal migration from extra-CNS tumours along perineural, endoneural or
perivascular spaces or (iv) via the lymphatic system. latrogenic spread may occur
after neurosurgical interventions. De novo tumours originating in the leptomeninges
with melanoma histology represent a distinct disease entity.*® Once seeded in the
meninges, tumour cells may disseminate along the meningeal and ependymal
surfaces or with the CSF flow, with a predilection of colonising regions with slow CSF

flow and gravity-dependent locations, e.g. the posterior fossa, basilar cisterns and



lumbar cistern.'” Tumour deposits may impair the function of the arachnoid

granulations leading to CSF flow obstruction and hydrocephalus.

SECTION 2. MANAGEMENT OF ADVANCED AND METASTATIC DISEASE
2.1 Systemic pharmacotherapy for breast cancer

A single arm phase Il study of ANG1005, a taxane derivative comprising three
paclitaxel molecules covalently linked to Angiopep-2, yielded a response rate of 8%
on central review and a median overall survival (OS) of 8.0 months among 28
patients with clinical and magnetic resonance imaging (MRI) features of LM without
CSF analysis.*® A pilot study of eight patients with LM from breast cancer evaluated
bevacizumab combined with etoposide and cisplatin. A response was noted in three
of five evaluable patients, but the other three patients survived for only 0.7-1.6
months after treatment initiation; the median OS was 4.7 months.*® Ten patients with
hormone receptor-positive breast cancer and a diagnosis of European Association of
Neuro-Oncology (EANO)—-European Society for Medical Oncology (ESMO) probable
LM were enrolled into a dedicated arm of a phase Il study evaluating the cyclin-
dependent kinase 4 and 6 (CDK4/6) inhibitor, abemaciclib. No objective responses
were observed and only the median OS for the 7 patients with HER2-negative
tumours was reported (8.4 months).?° Few patients with LM (n = 2-5) have been
enrolled into other CNS metastases trials evaluating EGFR/HER2 or HER2 inhibitors

and no meaningful conclusions can be derived.

In a study evaluating the efficacy of tucatinib—trastuzumab—capecitabine for the
treatment of LM in patients with HER2-positive breast cancer, the authors reported a
median tucatinib CSF to plasma ratio of 83% (range 19%-21%) and similar values
for the metabolite, ONT-993, after administration of 300 mg tucatinib twice daily
(BID).?t Only 17 of the 30 initially planned patients were enrolled, five (29%) of whom
had confirmed LM. No response rate was reported. The median time to CNS
progression was 6.9 months (95% CI 2.8-13.8) and the median OS was 11.9 months
[95% CI 4.1-not reached (NR)].??



In a phase Il study, intravenous (i.v.) pembrolizumab 200 mg was administered every
3 weeks to a cohort of 20 patients with LM, including 17 patients with breast cancer,
four of whom also received other concomitant systemic treatment. The median OS
was 3.6 months for the whole cohort, 4.4 months for patients with HER2-positive
tumours, 3.4 months for patients with HER2-negative tumours, 5.1 months for
patients who were not treated with steroids at baseline and 2.4 months for patients
who were treated with steroids at baseline.?® In another study, i.v. pembrolizumab
200 mg was administered every 3 weeks to 13 patients (including five with breast
cancer) with confirmed (n = 6) or probable (n = 7) LM. Most patients enrolled had a
primary cancer not usually considered responsive to immune checkpoint inhibition
[e.g. breast cancer (n = 5) and ‘high-grade’ glioma (n = 3)]. One patient received
concomitant trastuzumab and tamoxifen. A CNS response was reported in three
patients. The median OS for the whole cohort was 4.9 months.?* Eighteen patients
with various primary cancers (including eight patients with breast cancer), 13 of
whom had EANO-ESMO confirmed LM, were enrolled in a phase Il study of
nivolumab and ipilimumab. Six patients had one or more grade 3/4 adverse events
(AEs). One patient had a complete response and seven had stable disease. The

median OS was 2.9 months.?®
2.2 Systemic pharmacotherapy for NSCLC

In a phase Il study of 21 patients with confirmed LM from NSCLC, including 17
patients with tumours harbouring classical EGFR activating and sensitising mutations
(without T790M), a median OS of 3.4 months was reported following treatment with
erlotinib 150 mg/day. The OS was 4.0 months for the EGFR-mutated subgroup and
1.2 months for patients with EGFR wildtype tumours.26

In the AURA studies, 22 patients with LM from NSCLC and EGFR sensitising and
resistance T790M mutations who had progressed on EGFR tyrosine kinase inhibitor
(TKI) therapy received osimertinib 80 mg/day.?’ In this subgroup, a median OS of 19
months was reported. Of note, the diagnosis of LM was based on MRI criteria only
and LM specific diagnostic work-up was not mandated. Of note, the AURA phase |
study compared varying doses of osimertinib (20-240 mg/day) with no impact on

efficacy but increasing toxicity?2.



In the phase | BLOOM study, 41 patients with cytologically confirmed LM who had
progressed under previous EGFR TKIs received osimertinib 160 mg/day. The
median OS was 11 months.?® Among the 21 patients not assessed for the T790M
mutation at inclusion and with stable non-CNS disease, the median OS was 16.6
months, whereas for the 20 patients with the T790M mutation who were not required
to have stable non-CNS disease, the median OS was 8.1 months. The clinical benefit
of osimertinib was also shown by neurological improvements in neurological
performance in 57% of patients. Of note, in this study, the median time from LM
diagnosis to the initiation of osimertinib was 37 months in the unselected cohort and
32 months in the T790M cohort.

In the subsequent phase Il study, 40 patients with LM from EGFR T790M-positive
NSCLC (38 cytologically confirmed) received osimertinib 160 mg/day after prior
EGFR TKI failure. A subset of patients had received prior treatment for LM, including
osimertinib 80 mg/day or intrathecal methotrexate. The median OS (including
patients with prior treatment for LM) was 13.3 months (95% CI 9.1-NR).%° Of note,
current evidence does not support increasing the osimertinib dose to 160 mg/day for
patients who develop leptomeningeal disease while receiving osimertinib 80 mg/day.
Very few prospective clinical trials evaluating EGFR TKI monotherapy or in
combination with antiangogenic agents in EGFR-mutated NSCLC are ongoing (e.g.
NCT04425681).

In the ASCEND-7 phase Il trial, a median OS of 7.2 months was reported for 18
patients with confirmed or probable LM from ALK-positive NSCLC who received
ceritinib.®! Various case reports and case series of patients with LM have shown
significant and durable radiological responses with both standard (600 mg BID) and
increased dose (900 mg BID) alectinib. Brigatinib and lorlatinib have also shown

activity in a few LM patient cases to date.

No prospective trials evaluating the use of systemic immunotherapy in patients with
LM from lung cancer have been published. Programmed death-ligand 1 (PD-L1)
expression is a predictive factor for response to immune checkpoint inhibitors (ICIs)
but its expression in LM remains unknown. Case reports and retrospective series
have reported neurological improvement and disease responses/stabilisations after
treatment with nivolumab. In a prospective clinical trial, 19 patients with LM from
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NSCLC (including six confirmed, 12 probable and one case diagnosed based on PET
imaging data) and a time between LM diagnosis and initiation of immunotherapy of 0-
16.6 months received nivolumab (n = 13) or pembrolizumab (n = 6). The median PFS
was 3.7 months from ICl initiation, and the 6- and 12-month OS was 36.8% and

21.1%, respectively.3?

Very few patients with LM from NSCLC treated with ICls at the time of LM diagnosis
have been evaluated, and clinical trials evaluating anti-PD-(L)1 monotherapy (e.g.
NCT03091478) or in combination with radiotherapy (e.g. NCT04356222) or
chemotherapy (e.g. NCT04356222) in this setting are ongoing or awaiting results.



TABLES

Supplementary Table S1. Randomised clinical trials in patients with LM from solid tumours?

Reference  Design Population Primary Efficacy Toxicity (selected data)
endpoint
Grossman et IT MTX versus N =52 Neurological IT MTX versus IT thiotepa: IT MTX versus IT thiotepa:
33 i b . . ) . 0
al. 1993 IT thiotepa Solid tumours  "€SPonse rate No neurological Serious AEs: 16 patients (58%)
(n = 41) improvements versus 8 patients (34%)
Lymphoma Neurological stabilisation: 32%  Among serious toxicities:
= 0
(n=10) versus 12.5% e Grade 4 seizure: 1 patient versus O
CUP (n=1) Median OS: 15.9 versus 14.1 patients
weeks e Leukoencephalopathy: 1 patient
versus 0 patients
e Grade 4 haematotoxicity: 3 patients
versus 2 patients
Hitchinset IT MTX versus N =44 Response rate IT MTX versus IT MTX-Ara-C: IT MTX versus IT MTX-Ara-C:
34 _ _Cb . it .
al. 1997 IT MTX-Ara-C Solid tumours RR: 61% versus 45% Nausea/vomiting: 8 (36%) versus 11
(P <0.10) (50%) patients

(n=30)




Reference Design Population Primary Efficacy Toxicity (selected data)
endpoint
CUP (n=7) Median OS: 12 versus 7 weeks  Meningitis: 4 (18%) versus 2 (10%)
Lymphoma (P <0.05) patients
(n=7) Septicaemia, neutropenia: 2 (9%)
versus 3 (15%) patients
Uncomplicated pancytopenia: 2 (9%)
versus 2 (10%) patients
Glantz etal. IT liposomal N =61 Neurological RR IT liposomal cytarabine versus IT liposomal cytarabine versus IT
19993 cytarabine at the end of the IT MTX: MTX:

versus IT MTXP

Solid tumours
induction period

RR: 26% versus 20% (P = 0.76)

OS: 105 versus 78 days
(P =0.15)

TTP: 58 versus 30 days
(P =0.007)

LM-specific OS: 343 versus 98
days (P =0.074)

Headache grade 3/4: 4 (13%) versus
2 (7%) patients

Drug related meningitis: 5 (16%)
versus 2 (7%) patients

Nausea/vomiting: 3 (10%) versus 2
(7%) patients




Reference Design Population Primary Efficacy Toxicity (selected data)
endpoint
Boogerdet IT MTXversus N =35 OoS IT MTX versus no IT MTX: IT MTX versus no IT MTX:
36
al. 2004 no IT MTX Breast cancer Improvement or stabilisation: Serious headache: 2 (18%) versus 4
59% versus 67% (23%) patients
Median TTP: 23 versus 24 Serious cognitive impairment: 3 (18%)
weeks versus 2 (11%) patients
Median OS: 18.3 vs. 30.3 Serious gait disturbances: 11 (65%)
weeks (P =0.32) versus 5 (28%) patients
Reservoir revision: 3 patients (18%)
Shapiro et al. IT liposomal N =103 PFS IT liposomal cytarabine versus Not specified for solid tumours

200637

cytarabine
versus IT MTX,
or IT liposomal
cytarabine
versus

cytarabine®:c

Solid tumours

IT MTX and cytarabine

combined:

PFS: 35 versus 43 days
(P =0.7321)




Reference Design Population Primary Efficacy Toxicity (selected data)
endpoint
Liposomal cytarabine was non
inferior to MTX in solid tumours
(HR 0.94, 95%CI 0.58-1.53)
Le Rhunet Systemic N=73 LM-PFS Systemic treatment versus IT Systemic treatment versus IT

al. 2020%®  treatment
versus IT
liposomal
cytarabine +
systemic

treatment

Breast cancer

liposomal cytarabine + systemic

treatment:

LM-PFS: 2.2 versus 3.8
months (P = 0.04)

0OS: 4.0 versus 7.3 months

liposomal cytarabine + systemic

treatment:

Serious AEs in 22 (61%) versus 30
(81%) patients; QoL up to progression

did not differ between groups

AE, adverse event; Ara-C, cytarabine; ChT, chemotherapy; Cl, confidence interval; CSF, cerebrospinal fluid; CUP, cancer of

unknown primary; HR, hazard ratio; IT, intrathecal; LM, leptomeningeal metastasis, MTX, methotrexate; PFS, progression-free

survival, OS, overall survival, QoL, quality of life; RR, response rate; TTP, time to progression.

a All randomised trials explored the role of IT ChT and systemic therapy was commonly allowed but not controlled for.

b Compared two intra-CSF pharmacotherapies.
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¢ Published as a conference abstract only. Patients with neoplastic meningitis from solid tumours (n = 103) were randomised to IT
liposomal cytarabine or IT MTX and patients with lymphomatous neoplastic meningitis (n = 25) were randomised to IT liposomal

cytarabine or cytarabine. Toxicities were reported for the whole cohort.
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Supplementary Table S2. EORTC RANO Scorecard for imaging assessment

Patient identification

Number

Sex, date of birth

Reference scan

Follow-up scan

Response assessment

Dates of MRI

Brain: DD-MM-YYYY

Spine: DD-MM-YYYY

Brain: DD-MM-YYYY

Spine: DD-MM-YYYY

Date of last CSF
sampling prior to
MRI

DD-MM-YYYY

DD-MM-YYYY

MRI findings Present or absent or Individual dimensions (dimension 1, dimension 2, Present or absent or non- Individual dimensions (dimension 1, dimension 2, Change from
non-evaluable dimension 3: X x Y mm) of 3 largest measurable nodules | evaluable dimension 3: X x Y mm) of 3 largest measurable nodules | previous MRI
(measurable defined as >5 x 5 mm (orthogonal (measurable defined as 25 x 5 mm (orthogonal
diameters in 2 planes) diameters in 2 planes)
ITEMS RELATED TO ASSESSMENT OF LEPTOMENINGEAL METASTASIS
BRAIN
Nodules O present For measurable nodules® O present For measurable nodules® O improved
(subarachnoid
. O measurable : O measurable :
or ventricular)? N1 NI: O CR
O non-measurable size: (2 largest perpendicular diameters in mm) ... x ... O new measurable nodule | gjz¢ (2 jargest perpendicular diameters in mm) ... x ... O PR

O non-measurable
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O absent

O not evaluable

location:

O right hemisphere O left hemisphere

O frontal O parietal O insular
O midline

O ventricular O other

O temporal

O occipital O cerebellar O brainstem

free text

N2:

size (2 largest perpendicular diameters in mm) ... x ...

location:

O right hemisphere O left hemisphere

O frontal O parietal O insular
O midline

O ventricular O other

O temporal

O occipital O cerebellar O brainstem

free text

N3:

size: (2 largest perpendicular diameters in mm) ... x ...

location:

O absent

O not evaluable

N2:

size (2 largest perpendicular diameters in mm) ... X ...

N3:

size (2 largest perpendicular diameters in mm) ... X ...

For new largest measurable nodule®
NN1:

size (2 largest perpendicular diameters in mm) ... x ...

location:
O right hemisphere O left hemisphere

O frontal O parietal O temporal O insular

O occipital O midline O cerebellar O brainstem

O ventricular O other

free text

O no change

O worse

O not evaluable
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O right hemisphere 0O left hemisphere

O frontal O parietal O temporal
O occipital O midline O cerebellar

O ventricular O other

free text

O insular

O brainstem

Leptomeningeal | O present O present improved
enhancement¢
O absent O de novo linear O CR
enhancement
O not evaluable O PR
O absent
no change
O not evaluable
worse
not evaluable
Hydrocephalus? | O present O present improved
O absent O absent no change
O not evaluable O not evaluable worse

not evaluable
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Evan's index

Al: ... mm
Bl:...mMm
E1=A1/B1: ...

A2: ... mm
B2: ... mMm
E2=A2/B2: ...

(EL/E2) x 100: ...

O improved or

no change <25%)

O worse (225%)

O not evaluable

SPINE
Nodules present For measurable nodules® present For measurable nodules® O improved
(subarachnoid)
measurable N1: measurable N1: O CR
non-measurable size: (2 largest perpendicular diameters in mm) ... X ... new measurable nodule | gj;e (2 Jargest perpendicular diameters in mm) ... x ... O PR

absent

not evaluable

location: O cervical O thoracic O lumbar

N2:

size: (2 largest perpendicular diameters in mm) ... x ...

location: O cervical O thoracic O lumbar

non-measurable

absent

not evaluable

N2:

size (2 largest perpendicular diameters in mm) ... x ...

N3:

O no change

O worse

O not evaluable




N3:

size: (2 largest perpendicular diameters in mm) ... x ...

location: O cervical O thoracic O lumbar

size (2 largest perpendicular diameters in mm) ... x ...

For new largest measurable nodule®

NN1:

size (2 largest perpendicular diameters in mm) ... X ...

location: O cervical O thoracic O lumbar

Leptomeningeal

enhancement?

O present

O absent

O not evaluable

O present

O de novo linear

enhancement

O absent

O not evaluable

O improved

O CR

O PR

O no change

O worse

O not evaluable

Progression is diagnosed

- if there is at least one new measurable nodule, or

- if at least one measurable nodule that does not reach 10 mm in its two largest perpendicular diameters, increases in the product of the largest perpendicular diameters by 50% or more, or

OVERALL
RESPONSE
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- if at least one nodule of at least 10 mm diameter in its two largest perpendicular diameters increases in the product of the largest perpendicular diameters by 25% or more, or
- if the Evan’s index increases by at least 25% O CR
- de novo linear leptomeningeal contrast enhancement alone also qualifies for progression unless attributable to lumbar puncture
O PR
Partial response requires regression of all nodules by 50% or more, without an increase in ventricular size.
O sD
Complete response requires resolution of all contrast-enhancing, LM-related measurable lesions, without an increase in ventricular size assessed by Evan’s index of more than 25%.
O PD
All other situations are considered stable disease.
LM without measurable nodules can only remain stable as its best response. Linear enhancement cannot be quantified and is thus only noted as absent or present, but not used for response assessment unless
developing de novo or affecting leptomeningeal regions not previously affected — then this constitutes progressive disease. Deterioration in any one item qualifying for progression will be sufficient to call O not
progression. Not evaluable refers to scans that cannot be assessed for poor quality or incomplete sequences or if the assessment is uncertain and requires a new follow-up imaging. evaluable
ITEMS NOT RELATED TO ASSESSMENT OF LEPTOMENINGEAL METASTASIS®
BRAIN
Parenchymal O present For measurable metastases® O present For measurable metastases® O improved
(brain)
O measurable M1: O measurable M1: O CR
metastases
O non-measurable size: (2 largest perpendicular diameters in mm) ... x ... O new measurable size: (2 largest perpendicular diameters in mm) ... x ... O PR
metastasis
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O absent

O not evaluable

location:

O right hemisphere O left hemisphere

O frontal O parietal Otemporal O insular

O occipital O midline O cerebellar O brainstem
O other

free text

M2:

size: (2 largest perpendicular diameters in mm) ... x ...

location:

O right hemisphere O left hemisphere

O frontal O parietal Otemporal O insular

O occipital O midline O cerebellar O brainstem
O other

free text

M3:

size: (2 largest perpendicular diameters in mm) ... x ...

location:

O non-measurable

O absent

O not evaluable

M2:

size: (2 largest perpendicular diameters in mm) ... x ...

M3:

size: (2 largest perpendicular diameters in mm) ... x ...

For new largest measurable metastasis®

NM1:

size (2 largest perpendicular diameters in mm) ... X ...

location:

O right hemisphere 0O left hemisphere

O no change

O worse

O not evaluable
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O right hemisphere 0O left hemisphere

O frontal O parietal Otemporal O insular

O occipital O midline O cerebellar O brainstem
O other

free text

O frontal O parietal Otemporal O insular

O occipital O midline O cerebellar O brainstem
O other

free text

SPINE
Parenchymal O present For measurable metastases® O present For measurable metastases® improved
(intramedullary)
O measurable : O measurable :
metastases ML: ML: O CR
O non-measurable size: (2 largest perpendicular diameters in mm) ... X ... O new measurable size: (2 largest perpendicular diameters in mm) ... x ... O PR
metastasis
O absent location: O cervical O thoracic O lumbar no change
O non-measurable
O not evaluable M2:
worse

M2:

size: (2 largest perpendicular diameters in mm) ... x ...

location: O cervical O thoracic O lumbar

M3:

Size: (2 largest perpendicular diameters in mm) ... x ...

O absent

O not evaluable

size: (2 largest perpendicular diameters in mm) ... x ...

M3:

size: (2 largest perpendicular diameters in mm) ... x ...

For new largest measurable metastasis®

not evaluable
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location: O cervical O thoracic O lumbar NM1:

size (2 largest perpendicular diameters in mm) ... X ...

location: O cervical O thoracic O lumbar

Epidural O present For measurable metastases® O present For measurable metastases® O improved
metastasis
O measurable M1: O measurable M1: O CR
O non- size: (2 largest perpendicular diameters in mm) ... x ... O new measurable size: (2 largest perpendicular diameters in mm) ... x ... O PR
metastasis
measurable ocation: O cal O thoracic O lumb
ocation: O cervical O thoracic O lumbar O no change
O non-measurable
O absent M2:
O absent O worse
O not evaluable M2: size: (2 largest perpendicular diameters in mm) ... x ...

O not evaluable O not evaluable

size: (2 largest perpendicular diameters in mm) ... x ...

M3:

location: O cervical O thoracic O lumbar
size: (2 largest perpendicular diameters in mm) ... x ...

M3:

ize: (2 lar rpendicular diameters in mm) ... X ... .
size: (2 largest perpendicular diameters in mm) ... x For new largest measurable metastasis®

location: O cervical O thoracic O lumbar

NM1:
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size (2 largest perpendicular diameters in mm) ... X ...

location: O cervical O thoracic O lumbar

Technical considerations: MRI scans should be carried out on the same scanner or at least a device of identical field strength during
follow-up using the same imaging protocol at all timepoints during follow-up. Standardised MRI protocols should be used. Contrast
agent should be injected ideally 10 minutes, but not less than 5 minutes, before acquisition of T1-weighted sequences and the slice
thickness should be €1 mm in the brain and <3 mm for the spinal cord, as the leptomeningeal enhancement may have complex
aspects and is commonly linear.®® As lumbar punctures may induce leptomeningeal enhancement, the date(s) of the last CSF

analysis carried out before MRI acquisition should be documented on the grid.

CR, complete response; CSF, cerebrospinal fluid; DD, day; EORTC, European Organisation for Research and Treatment of
Cancer; LM, leptomeningeal metastasis; M, metastasis; MM, month; MR, magnetic resonance; MRI, magnetic resonance imaging;
N, nodule; NM, new metastasis; NN, new nodule; PD, progressive disease; PR, partial response; RANO, Response Assessment in

Neuro-oncology; SD, stable disease; YYYY, year.

a A nodule is a contrast-enhancing lesion that is defined as LM-related as opposed to parenchymal if there is direct contact (<2 mm
distance) between the outer edge of the nodule and the leptomeninges on contrast-enhanced scans.

b Measurable nodules or metastases should be ordered by size, starting with the largest nodule.

¢ Leptomeningeal linear enhancement may include cranial nerve or spinal nerve root, cerebellar folia, ventricular ependymal or

cerebral sulcal enhancement.
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d Hydrocephalus is assessed by determining the Evan’s index calculated on T1-weighted axial MR images. It represents the ratio of
the largest diameter at the maximal width of the frontal horns relative to the largest internal diameter of the cranium on the same

slide.*® The most appropriate cut-off value must be predefined in the protocol considering the studied population.

€ These items should be documented as present or absent but are not used for LM response assessment. In the context of LM,

measurable lesions for parenchymal brain or spinal metastases and for epidural metastases should measure at least 5 x 5 mm for
standardisation.

Reproduced from Le Rhun et al.*!
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Supplementary Table S3. EANO-ESMO CSF response assessment?

Baseline Follow-up 1 | Follow-up 2 | Response for Response for
follow-up 1 follow-up 2
Negative Negative Negative SD SD
Negative Negative Equivocal SD SD
Negative Negative Positive SD PD
Negative Equivocal Negative SD SD
Negative Equivocal Equivocal SD SD
Negative Equivocal Positive SD PD
Negative Positive Negative PD NA
Negative Positive Equivocal PD PD
Negative Positive Positive PD PD
Equivocal Negative Negative SD SD
Equivocal Negative Equivocal SD SD
Equivocal Negative Positive SD PD
Equivocal Equivocal Negative SD SD
Equivocal Equivocal Equivocal SD SD
Equivocal Equivocal Positive SD SD
Equivocal Positive Negative SD NA
Equivocal Positive Equivocal SD SD
Equivocal Positive Positive SD SD
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Positive Negative Negative NA CR
Positive Negative Equivocal NA SD
Positive Negative Positive NA SD
Positive Equivocal Negative SD SD
Positive Equivocal Equivocal SD SD
Positive Equivocal Positive SD SD
Positive Positive Negative SD NA
Positive Positive Equivocal SD SD
Positive Positive Positive SD SD

CR, complete response; CSF, cerebrospinal fluid; EANO, European Association of
Neuro-Oncology; ESMO, European Society for Medical Oncology; NA, not
applicable; PD, progressive disease; SD, stable disease.

@ The follow-up examinations described here should be at least 4 weeks apart from
the preceding examination. If a response is achieved, this becomes the new

baseline.

Adapted from Le Rhun et al.®®
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Supplementary Table S4. Levels of evidence and grades of recommendation

for a diagnostic measure and therapeutic intervention (using the European

Federation of Neurological Societies criteria as recommended by EANO)

Evidence classification for a diagnostic measure

Class |

A prospective study in a broad spectrum of persons with the suspected
condition, using a ‘gold standard’ for case definition, where the test is
applied in a blinded evaluation, and enabling the assessment of
appropriate tests of diagnostic accuracy

Class Il

A prospective study of a narrow spectrum of persons with the suspected
condition, or a well-designed retrospective study of a broad spectrum of
persons with an established condition (by ‘gold standard’) compared with a
broad spectrum of controls, where test is applied in a blinded evaluation,

and enabling the assessment of appropriate tests of diagnostic accuracy

Class Il

Evidence provided by a retrospective study where either persons with the
established condition or controls are of a narrow spectrum, and where test

is applied in a blinded evaluation

Class IV

Any design where test is not applied in blinded evaluation OR evidence
provided by expert opinion alone or in descriptive case series (without
controls)

Rating of recommendations for a diagnostic measure

Level A Established as useful/predictive or not useful/predictive
Requires at least one convincing class | study or at least two consistent,
convincing class Il studies

Level B Established as probably useful/predictive or not useful/predictive
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Requires at least one convincing class Il study or overwhelming class Il

evidence

Level C

Established as possibly useful/predictive or not useful/predictive

Requires at least two convincing class Il studies

Evidence classification for a therapeutic intervention

Class |

An adequately powered prospective, randomised, controlled clinical trial
with masked outcome assessment in a representative population or an
adequately powered systematic review of prospective randomised
controlled clinical trials with masked outcome assessment in representative

populations. The following are required:

(a) Randomisation concealment

(b) Primary outcome(s) is/are clearly defined

(c) Exclusion/inclusion criteria are clearly defined

(d) Adequate accounting for dropouts and crossovers with numbers

sufficiently low to have minimal potential for bias

(e) Relevant baseline characteristics are presented and substantially
equivalent among treatment groups or there is appropriate statistical

adjustment for differences

Class I

Prospective matched-group cohort study in a representative population
with masked outcome assessment that meets a-e above or a randomised,

controlled trial in a representative population that lacks one criteria a-e

Class Il

All other controlled trials (including well-defined natural history controls or
patients serving as own controls) in a representative population, where

outcome assessment is independent of patient treatment
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Class IV

Evidence from uncontrolled studies, case series, case reports or expert

opinion

Rating of recommendations for a therapeutic intervention

Level A

Established as effective, ineffective or harmful

Requires at least one convincing class | study or at least two consistent,

convincing class Il studies

Level B

Probably effective, ineffective or harmful

Requires at least one convincing class Il study or overwhelming class Il

evidence

Level C

Possibly effective, ineffective or harmful

Requires at least two convincing class Il studies

EANO, European Association of Neuro-Oncology.

Reprinted by permission of European Journal of Neurology. Copyright © 2004, John

Wiley and Sons.*?
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Supplementary Table S5. Levels of evidence and grades of recommendation

(adapted from the Infectious Diseases Society of America-United States

Public Health Service Grading System)?

Levels of evidence

Evidence from at least one large randomised, controlled trial of good
methodological quality (low potential for bias) or meta-analyses of

well-conducted randomised trials without heterogeneity

Small randomised trials or large randomised trials with a suspicion of
bias (lower methodological quality) or meta-analyses of such trials or
of trials demonstrated heterogeneity

Prospective cohort studies

Retrospective cohort studies or case-control studies

Studies without control group, case reports, expert opinions

Grades of recommendation

A Strong evidence for efficacy with a substantial clinical benefit, strongly
recommended

B Strong or moderate evidence for efficacy but with a limited clinical benefit,
generally recommended

C Insufficient evidence for efficacy or benefit does not outweigh the risk or the
disadvantages (adverse events, costs, etc), optional

D Moderate evidence against efficacy or for adverse outcome, generally not
recommended

E Strong evidence against efficacy or for adverse outcome, never
recommended

aReprinted by permission of Oxford University Press on behalf of the Infectious

Diseases Society of America.*3

28




REFERENCES

1.

Glass JP, Melamed M, Chernik NL, et al. Malignant cells in cerebrospinal fluid
(CSF): the meaning of a positive CSF cytology. Neurology. 1979;29(10):1369—
1375.

Posner JB, Chernik NL. Intracranial metastases from systemic cancer. Adv
Neurol. 1978;19:579-592.

Le Rhun E, Taillibert S, Zairi F, et al. A retrospective case series of 103
consecutive patients with leptomeningeal metastasis and breast cancer. J
Neurooncol.2013;113(1):83-92.

Griguolo G, Pouderoux S, Dieci MV, et al. Clinicopathological and Treatment-
Associated Prognostic Factors in Patients with Breast Cancer Leptomeningeal
Metastases in Relation to Tumor Biology. Oncologist. 2018;23(11):1289-1299.

Fang W, Huang Y, Han X, et al. Characteristics of metastasis and survival
between male and female breast cancer with different molecular subtypes: A

population-based observational study. Cancer Med. 12, 2021;

Morris PG, Reiner AS, Szenberg OR, et al. Leptomeningeal metastasis from
non-small cell lung cancer: survival and the impact of whole brain radiotherapy.
J Thorac Oncol. 2012;7(2):382—-385.

Gwak H-S, Joo J, Kim S, et al. Analysis of treatment outcomes of
intraventricular chemotherapy in 105 patients for leptomeningeal
carcinomatosis from non-small-cell lung cancer. J Thorac Oncol.
2013;8(5):599-605.

Nevel KS, DiStefano N, Lin X, et al. A retrospective, quantitative assessment of
disease burden in patients with leptomeningeal metastases from non-small-cell
lung cancer. Neuro Oncol. 2020;22(5):675-683.

Volckmar A-L, Leichsenring J, Kirchner M, et al. Combined targeted DNA and
RNA sequencing of advanced NSCLC in routine molecular diagnostics:
Analysis of the first 3,000 Heidelberg cases. Int J Cancer. 2019;145(3):649—

29



10.

11.

12.

13.

14.

15.

16.

17.

18.

661.

Ferguson SD, Bindal S, Bassett RL, et al. Predictors of survival in metastatic
melanoma patients with leptomeningeal disease (LMD). J Neurooncol.
2019;142(3):499-5009.

Hayward NK, Wilmott JS, Waddell N, et al. Whole-genome landscapes of major
melanoma subtypes. Nature. May 11, 2017;545(7653):175-180.

Rubié-Casadevall J, Carbé-Bagué A, Puigdemont M, et al. Population-based
analysis of the prevalence of BRAF mutation in patients diagnosed with
cutaneous melanoma and its significance as a prognostic factor. Eur J
Dermatol. 2021;31(5):616—622.

Tewarie IA, Jessurun CAC, Hulsbergen AFC, et al. Leptomeningeal disease in
neurosurgical brain metastases patients: A systematic review and meta-
analysis. Neurooncol Adv. 2021;3(1):vdab162.

Nguyen TK, Sahgal A, Detsky J, et al. Predictors of leptomeningeal disease
following hypofractionated stereotactic radiotherapy for intact and resected
brain metastases. Neuro Oncol. 2020;22(1):84-93.

Prabhu RS, Turner BE, Asher AL, et al. A multi-institutional analysis of
presentation and outcomes for leptomeningeal disease recurrence after surgical
resection and radiosurgery for brain metastases. Neuro Oncol.
2019;21(8):1049-1059.

Klsters-Vandevelde HVN, Kiisters B, van Engen-van Grunsven ACH, et al.
Primary melanocytic tumors of the central nervous system: a review with focus

on molecular aspects. Brain Pathol. 25(2):209-226.

Boyle R, Thomas M, Adams JH. Diffuse involvement of the leptomeninges by
tumour--a clinical and pathological study of 63 cases. Postgrad Med J.
56(653):149-158.

Kumthekar P, Tang S-C, Brenner AJ, et al. ANG1005, a Brain-Penetrating

Peptide-Drug Conjugate, Shows Activity in Patients with Breast Cancer with

30



19.

20.

21.

22.

23.

24,

25.

26.

Leptomeningeal Carcinomatosis and Recurrent Brain Metastases. Clin Cancer
Res. 2020;26(12):2789-2799.

Wu P-F, Lin C-H, Kuo C-H, et al. A pilot study of bevacizumab combined with
etoposide and cisplatin in breast cancer patients with leptomeningeal
carcinomatosis. BMC Cancer. 2015;15:299.

Tolaney SM, Sahebjam S, Le Rhun E, et al. A Phase 2 Study of Abemaciclib in
Patients with Brain Metastases Secondary to Hormone Receptor Positive
Breast Cancer. Clin Cancer Res. 2020;26(20):5310-5319.

Stringer-Reasor EM, O’Brien BJ, Topletz-Erickson A,et al. Pharmacokinetic
(PK) analyses in CSF and plasma from TBCRCO049, an ongoing trial to assess
the safety and efficacy of the combination of tucatinib, trastuzumab and
capecitabine for the treatment of leptomeningeal metastasis (LM) in HER2
positive breast cancer. JCO. 2021;39(15_suppl):1044—-1044.

Murthy RK, O’Brien B, Berry DA, et al. Abstract PD4-02: Safety and efficacy of
a tucatinib-trastuzumab-capecitabine regimen for treatment of leptomeningeal
metastasis (LM) in HER2-positive breast cancer: Results from TBCRC049, a
phase 2 non-randomized study. Cancer Research.
2022;82(4_Supplement):PD4-02.

Brastianos PK, Lee EQ, Cohen JV, et al. Single-arm, open-label phase 2 trial of
pembrolizumab in patients with leptomeningeal carcinomatosis. Nat Med.
26(8):1280-1284.

Naidoo J, Schreck KC, Fu W, et al. Pembrolizumab for patients with
leptomeningeal metastasis from solid tumors: efficacy, safety, and

cerebrospinal fluid biomarkers. J Immunother Cancer. 2021;9(8):e002473.

Brastianos PK, Strickland MR, Lee EQ, et al. Phase Il study of ipilimumab and

nivolumab in leptomeningeal carcinomatosis. Nat Commun. 2021;12(1):5954.

Nosaki K, Yamanaka T, Hamada A, et al. Erlotinib for Non-Small Cell Lung
Cancer with Leptomeningeal Metastases: A Phase Il Study (LOGIK1101).
Oncologist. 2020;25(12):€1869—-e1878.

31



27.

28.

29.

30.

31.

32.

33.

34.

35.

Ahn M-J, Chiu C-H, Cheng Y, et al. Osimertinib for Patients With
Leptomeningeal Metastases Associated With EGFR T790M-Positive Advanced
NSCLC: The AURA Leptomeningeal Metastases Analysis. J Thorac Oncol.
2020;15(4):637—-648.

Janne PA, Yang JC-H, Kim D-W, et al. AZD9291 in EGFR Inhibitor—-Resistant
Non-Small-Cell Lung Cancer. N Engl J Med. 2015;372(18):1689-1699.

Yang JC-H, Kim D-W, Kim S-W, et al. Osimertinib activity in patients (pts) with
leptomeningeal (LM) disease from non-small cell lung cancer (NSCLC):
Updated results from BLOOM, a phase | study. JCO., 2016;34(15_suppl):9002—
9002.

Park S, Lee M-H, Seong M, et al. A phase I, multicenter, two cohort study of
160 mg osimertinib in EGFR T790M-positive non-small-cell lung cancer patients
with brain metastases or leptomeningeal disease who progressed on prior
EGFR TKI therapy. Ann Oncol. 2020;31(10):1397-1404.

Barlesi F, Kim D-W, Bertino EM, et al. Efficacy and safety of ceritinib in ALK-
positive non-small cell lung cancer (NSCLC) patients with leptomeningeal
metastases (LM): Results from the phase Il, ASCEND-7 study. Annals of
Oncology. 2019;30:v143-v144.

Hendriks LEL, Henon C, Auclin E, et al. Outcome of Patients with Non-Small
Cell Lung Cancer and Brain Metastases Treated with Checkpoint Inhibitors. J
Thorac Oncol. 2019;14(7):1244-1254.

Grossman SA, Finkelstein DM, Ruckdeschel JC, et al. Randomized prospective
comparison of intraventricular methotrexate and thiotepa in patients with
previously untreated neoplastic meningitis. Eastern Cooperative Oncology
Group. J Clin Oncol. 1993;11(3):561-569.

Hitchins RN, Bell DR, Woods RL, et al. A prospective randomized trial of single-
agent versus combination chemotherapy in meningeal carcinomatosis. J Clin
Oncol. 1987;5(10):1655-1662.

Glantz MJ, Jaeckle KA, Chamberlain MC, et al. A randomized controlled trial

32



36.

37.

38.

39.

40.

41.

42.

43.

comparing intrathecal sustained-release cytarabine (DepoCyt) to intrathecal
methotrexate in patients with neoplastic meningitis from solid tumors. Clin
Cancer Res. 1999;5(11):3394-3402.

Boogerd W, van den Bent MJ, Koehler PJ, et al. The relevance of
intraventricular chemotherapy for leptomeningeal metastasis in breast cancer: a
randomised study. Eur J Cancer. 2004;40(18):2726—-2733.

Shapiro WR, Schmid M, Glantz M, et al. A randomized phase Ill/IV study to
determine benefit and safety of cytarabine liposome injection for treatment of
neoplastic meningitis. JCO. 2006;24(18 suppl):1528—-1528.

Le Rhun E, Wallet J, Malilliez A, et al. Intrathecal liposomal cytarabine plus
systemic therapy versus systemic chemotherapy alone for newly diagnosed
leptomeningeal metastasis from breast cancer. Neuro-oncology.
2020;22(4):524-538.

Le Rhun E, Weller M, Brandsma D, al. EANO-ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up of patients with
leptomeningeal metastasis from solid tumours. Ann Oncol.
2017;28(suppl_4):iv84—iv99.

Brix MK, Westman E, Simmons A, et al. The Evans’ Index revisited: New cut-off
levels for use in radiological assessment of ventricular enlargement in the
elderly. Eur J Radiol. 2017;95:28-32.

Le Rhun E, Devos P, Winklhofer S, et al. Prospective validation of a new
imaging scorecard to assess leptomeningeal metastasis: A joint EORTC BTG
and RANO effort. Neuro Oncol. 2022;24(10):1726-1735.

Brainin M, Barnes M, Baron J-C, et al. Guidance for the preparation of
neurological management guidelines by EFNS scientific task forces--revised
recommendations 2004. Eur J Neurol. 2004;11(9):577-581.

Dykewicz CA. Centers for Disease Control and Prevention (U.S.), Infectious
Diseases Society of America, American Society of Blood and Marrow

Transplantation. Summary of the Guidelines for Preventing Opportunistic

33



Infections among Hematopoietic Stem Cell Transplant Recipients. Clin Infect
Dis. 2001;33(2):139-144 [adapted from Gross PA, Barrett TL, Dellinger EP, et
al. Clin Infect Dis. 1994;18(3):421].

34



