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Incidence

• Reported incidence of LMD is rising across all tumor types
• Improved detection
• Better controlled  systemic disease

Lack of sufficient clinical trial options for melanoma patients with LMD (and other cancers)
Surg Neurol Int. 2013 May 2;4(Suppl 4):S265-88. doi: 10.4103/2152-7806.111304. Print 2013. Carcinomatous meningitis: Leptomeningeal metastases in solid tumors. Le Rhun E1, Taillibert S, Chamberlain M

• Late in disease course
• Brain parenchymal 

metastases may be 
associated with LMD in up 
to 82%

https://www.ncbi.nlm.nih.gov/pubmed/23717798
https://www.ncbi.nlm.nih.gov/pubmed/?term=Le%20Rhun%20E%5bAuthor%5d&cauthor=true&cauthor_uid=23717798
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taillibert%20S%5bAuthor%5d&cauthor=true&cauthor_uid=23717798
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chamberlain%20MC%5bAuthor%5d&cauthor=true&cauthor_uid=23717798


Freret ME, Boire A. The anatomic basis 
of leptomeningeal metastasis. J Exp 
Med. 2024 Apr 1;221(4

LMD-
Pathogenesis



• The median overall survival (OS) of 
untreated patients with LM is 4-6 
weeks.

• Despite aggressive treatment, LM has 
a poor prognosis. 

• The survival of patients with 
combined treatment is usually less 
than 8 months with a median OS of 
2-3 months

LMD-
Overall Survival across 
tumor types

Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous meningitis: Leptomeningeal metastases in solid tumors. 
Surg Neurol Int. 2013 May 2;4(Suppl 4):S265-88.



Importantly- Survival has not improved over the last 
decade

Ferguson et al Chorti et al Foppen et al Tetu et al Glitza et al

Year of Diagnosis 2009-2015 2011-2019 2010-2015 2013-2020 2015-2020

# of patients 178 52 39 29 172

Male Gender 62% 58% 59% 62% 60%
Median Age at LMD 
diagnosis

51 (18-89) 58 (32-85) 52.9 (26–84) 55 (50-67) 53 (range: 20-79)

BRAF Mutant 67% 65%
14 pts received 

BRAF/MEKi
45% 66%

% of patients with prior 
therapy

79% 81% 71% 52% 84%

Median Overall Survival 3.5 months 2.9 months 6. 9 weeks 5.1 months 4.9 months

Chorti E et al. Eur J Cancer. 2021;148:395-404
Ferguson SD et al. J Neurooncol. 2019;142(3):499

Geukes Foppen MH et al. Ann Oncol. 2016 Jun;27(6):1138-1142
Tétu P,et al. Cancers (Basel). 2020 Sep 16;12(9):2635

Glitza et al. ESMO 2022Melanoma patients only



Some of the areas we need to think about..

Diagnosis

Patient and Primary 
Tumor

The leptomeningeal 
microenvironment

Treatment



Conventional CSF Analysis

Cytology remains Gold-standard
• High specificity >95%
• Low Sensitivity, <50%
• Only ~50% show initially positive 

cytology
• Up to 3 LPs recommended

Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous meningitis: Leptomeningeal metastases in solid tumors. Surg Neurol Int. 2013 May 2;4(Suppl 4):S265-88.



MRI Brain and Spine

• Contrast enhanced T1-weighted and FLAIR sequences are 
the most sensitive to detect LMD

• Lumbar puncture can cause a meningeal reaction 

• Sensitivity varies from 20% to 91% 
• A normal MRI does not exclude the diagnosis of LMD Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous meningitis: Leptomeningeal metastases in solid tumors. Surg 

Neurol Int. 2013 May 2;4(Suppl 4):S265-88.



LMD CSF based diagnostic tools

Nguyen A, Nguyen A, Dada OT, Desai PD, Ricci JC, 
Godbole NB, Pierre K, Lucke-Wold B. Leptomeningeal 
Metastasis: A Review of the Pathophysiology, Diagnostic 
Methodology, and Therapeutic Landscape. Curr Oncol. 
2023 Jun 19;30(6):5906-5931.



Patient/Primary Tumor

• Patients develop LMD 
typically later in the 
course of their disease

• Had exposure to the 
currently available 
agents- mechanism of 
resistance?

• Performance status
• Poor overall survival, 

rapid deterioration

• LMD disease burden can 
not be compared with 
extracranial disease

• Tumor type specific:
• Breast: ER/PR/HER2 neg 

tumors, infiltrating lobular
• Lung: SCLC
• Melanoma: BRAF+ mutation

• Iatrogenic risk: 
• Piecemeal resection
• Cerebellar met resection
• Supratentorial resection with 

violation of the ventricular 
system

• Use of medication with poor CNS 
penetration 

• How to best monitor patients 
at high risk?

• How to avoid spread (not just 
iatrogenic)

• Is there a role for 
prophylaxis?

• Should certain medication be 
avoided? 

• How to improve/stabilize 
performance status for trial 
enrollment? 

• Who are the patients that do 
better than expected?

• How to best monitor response
• RANO-LM criteria

Some risk factors are known Unanswered QuestionsFacts



The leptomeningeal microenvironment
What we know

• Immune Cell Population
• CSF generally cell poor 

environment
• But recent data shows T Cells can 

migrate in and out of the CSF
• Role of the choroid plexus

• Role of cytokines in the 
intrathecal space

• IT Interleukin-2 can increase 
inflammatory cytokines

• Cancer cells deploy lipocalin-2 
to collect limiting iron in 
leptomeningeal metastasis

Unanswered Questions
• Immune Cell Population and 

Cytokines in intrathecal space
• Is this predefined or can we alter it with 

our treatment?
• How can we enhance the migration 

of immune cells into the CFS
• Direct injection of T Cells?
• Role of Radiation

• Role of cytokines in the intrathecal 
space

• Do LMD cancer cell use any other 
resistance/metabolic mechanism for 
survival?



Baseline CSF 
microenvironment

Exploratory single cell analysis of longitudinal CSF 
samples of LMD patients suggests that baseline and 
early on-treatment immune features may predict 
outcomes with intrathecal Nivolumab

LMD patient with long-term OS 
• immune repertoire distinct from that of poor survivors

• more similar to normal cerebrospinal fluid (CSF)
• Upon response to PD-1 showed increased levels of T cells 

and dendritic cells in their CSF, whereas poor survivors 
showed little improvement in their T-cell responses.

Smalley I et al.  Single-Cell Characterization of the Immune Microenvironment of Melanoma Brain and Leptomeningeal Metastases. 
Clin Cancer Res. 2021 Jul 15;27(14):4109-4125.

Morad et al. J Clin Oncol 41, 2023 (suppl 16; abstr 2015)



The role of iron-binding protein lipocalin-2 
(LCN2) and its receptor SCL22A17

• Cancer cells, but not macrophages, within 
the CSF express the iron-binding protein 
lipocalin-2(LCN2) and its receptor 
SCL22A17. 

• These macrophages generate 
inflammatory cytokines that induce 
cancer cell LCN2 expression but do not 
generate LCN2 themselves. 

• In mouse models of LM, cancer cell 
growth is supported by the 
LCN2/SLC22A17 system and is inhibited 
by iron chelation therapy.

Chi Y et al. Cancer cells deploy lipocalin-2 to collect limiting iron in leptomeningeal metastasis. Science. 2020 Jul 17;369(6501):276-282

Cancer cells generate LCN2 in response to 
inflammatory cytokines

Cancer cells appear to survive in 
the CSF by outcompeting 

macrophages for iron.



The drugs

Unanswered Questions
What is the ”best” route of administration?
• Intrathecal versus systemic
• Half-life of agents used for IT administration
• Formulation for IT administration not available (e.g. BRAF inhibitors)
What if patients have flow obstruction?
Increased CNS penetration of agents- ongoing clinical trials
Combining different treatment modalities (radiation and intrathecal or 
systemic?)



CNS/CSF Penetration of contemporary agents

Petereit HF, Rubbert-Roth A. Rituximab levels in cerebrospinal fluid of patients with neurological 
autoimmune disorders. Mult Scler. 2009 Feb;15(2):189-92

Rituximab was detectable 
after the first infusion in serum 
and CSF although the CSF 
rituximab concentration was 
found to be 400- to 1000-fold 
lower.

Intrathecal Checkpoint Inhibitors
Pluim D, Ros W, van Bussel MTJ, Brandsma D, Beijnen JH, Schellens JHM. Enzyme linked immunosorbent 
assay for the quantification of nivolumab and pembrolizumab in human serum and cerebrospinal fluid. J 
Pharm Biomed Anal. 2019 Feb 5;164:128-134. doi: 10.1016/j.jpba.2018.10.025. Epub 2018 Oct 17. PMID: 
30368118.

BRAF Inhibitors
Vemurafenib Dabrafenib

Vemurafenib: After steady state: 80-fold lower
Dabrafenib: 10-fold better than vemurafenib

Mittapalli RK, et al. J Pharmacol Exp Ther. 2013;344:655–664.

Mittapalli RK, et al. J Pharmacol Exp Ther. 2012;342(1):33-40.

Interleukin- 2
• Appearance of rIL-2 in lumbar CSF 4 to 6 

hours after the first intravenous dose
• Rise over 2 to 4 hours to a plateau of 3 

to 9 U/ml

Saris SC, Rosenberg SA, Friedman RB, Rubin JT, Barba D, Oldfield EH. Penetration of recombinant 
interleukin-2 across the blood-cerebrospinal fluid barrier. J Neurosurg. 1988 Jul;69(1):29-34



IT/IV Nivolumab for LMD
Demographics and Study

Factor Value Number %
Total patients No. 50 100

Age, years, at 1st dose IT Nivo Median (range): 49.3 years (19-75)
Sex Female 23 46

Site of Primary Cutaneous 22 44
Acral Lentiginous 1 2

Primary CNS 4 8
Mucosal 1 2

Uveal 3 6
Lung Cancer- NSCLC 2 4
Unknown primary 17 34

Mutation BRAF V600 (E/K) 33 6
NRAS 3 6

GNAQ/GNA11 4 8
Other or BRAF/NRAS wildtype 8 16

Not done, unknown 1 2
ECOG performance at baseline 0 24 48

1 20 40
2 6 12

Baseline LDH Level above normal limit 18 36
LMD detection method at 

baseline 
CSF Cytopathology 31 62

MRI Brain 43 86
MRI Spine 28 56

Prior Therapies Immunotherapy 42 88
Targeted Therapy 34 68

Radiation (WBXRT, SRS, SBRT) 40 80
Intrathecal IL-2 7 14

Median Number of prior 
systemic therapies (range) 

3 (0-7)

Concurrent Therapy  Targeted Therapy 27 54
Dexamethasone (Dexa, patient 

taking at baseline)
18 36

Median Dose of Dexa (range) 2 mg (0.9-4)

Glitza et al. ESMO 2023

Number of patients treated at each 
IT Nivo dose level

5 mg= 2 patients
10 mg= 3 patients

20 mg= 14 patients
50 mg= 31 patients



This First-in-human study 
• Demonstrate safety and efficacy, including at the 

recommended IT Nivo of 50mg

• Confirmation of feasibility of prospective clinical 
trial in patients with LMD

• Largest prospective clinical trial to date in 
melanoma patients with LMD

• Benefit in patients previously treated with anti-
PD1 based regimen(s), including Nivo+ Ipi

Evidence of clinical activity
• Median OS 7.5 months
• Landmark OS: 3-month OS = 68 %, 6-month OS 

54%, 12-month OS 35%

Awaiting the results from
• IT Ipi and Nivo (Switzerland, NCT05598853)
• IT Nivo (Germany, NCT05112549)

Ongoing translational work and additional trials evaluating IT 
immune checkpoint blockade are needed to further improve 

outcomes for patients with LMD
Glitza et al. ESMO 2023

Median OS: 7.5 months

Summary of Outcome- IT/IV Nivolumab



Checkpoint inhibitor in LMD- 
Do we know which route is the most beneficial one?

Author Brastianos et al. Brastianos et al. Naidoo et al. Glitza et al. 
Total number of patients 20 18 13 50
Cancer Subtype Breast, n=17 Breast, n=8 NSCLC, n=3 Melanoma, n=48

NSCLC, n=1 Melanoma, n=2 H/N Squam, n=1 NSCLC, n=2
SCLC, n=1 Ana. Astrocytoma, n=1 Cut. Squam, n=1

Ovarian, n=1 Esophageal Adeno, n=1 Breast, n=5
Ependymoma, n=1 Glioma, n=3

GE junction adeno, n=1
Glioblastoma, n=1

NSCLC, n=1
Ovarian, n=1

SCLC, n=1
Phase II II II I/IB
Immunotherapy used Pembrolizumab Ipilimumab and Nivolumab Pembrolizumab Nivolumab
Prior Checkpoint 
inhibitor

No No No Yes

Administration route Intravenous Intravenous Intravenous Intrathecal and intravenous
Concurrent Steroids 
allowed

Yes; up to 2mg Yes Yes Yes, up to 4mg

% of patients on steroids n=6 (30%) n=7 (38%) n=5 (38%) n=18 (36%)
Primary endpoint OS at 3 months OS at 3 months CNS response after 4 cycles Safety

Median OS 3.6 months 2.9 months 4.9 months 7.5 months 



Craniospinal Proton Radiation

Tsang DS, Patel S. Proton beam therapy for 
cancer. CMAJ. 2019 Jun 17;191(24):E664-E666



Phase II trial of pCSI versus IFRT in patients with non– 
small-cell lung cancer and breast cancers with LMD

Yang JT et al. . Randomized Phase II Trial of Proton 
Craniospinal Irradiation Versus Photon Involved-Field 
Radiotherapy for Patients With Solid Tumor 
Leptomeningeal Metastasis. J Clin Oncol. 2022 Nov 
20;40(33):3858-3867

Initially only breast and NSCLC, additional exploratory cohort, n=35
Melanoma: only 6 patients total included in this analysis

In the exploratory pCSI group, 35 patients enrolled:
• the median CNS PFS was 5.8 months (95% CI, 4.4 to 9.1 

months) 
• OS was 6.6 months (95% CI, 5.4 to 11 months)



Intrathecal Chelators

Deferoxamine
• prospective, open-label, single 

center phase Ia dose escalation 
study of IT-DFO

• 9 dosing cohorts (IT-DFO dose 
range 10mg to 495mg)

• Phase Ib will further explore the 
safety of IT-DFO at the RP2D in 20 
patients with NSCLC LMD

• NCT05184816

Intrathecal Radioisotope

Rhenium (186Re) obisbemeda
• short half-life, beta energy for 

destroying cancer cells, and gamma 
energy for real-time imaging

• completed dosing in Cohort 5 of the 
ReSPECT-LM Phase 1 dose escalation 
clinical trial

• total to 18 patients
• no DLTS observed to date at RT doses 

up to 66.14 millicuries in Cohort 5, a 
ten-fold increase over Cohort 1

• Ongoing clinical trial



Response Assessment changes over time- RANO- LM

Chamberlain M, Junck L, Brandsma D, Soffietti R, Rudà R, Raizer J, Boogerd W, Taillibert S, Groves MD, Le Rhun E, Walker J, van den Bent M, Wen PY, Jaeckle KA. Leptomeningeal metastases: a RANO proposal for response criteria. Neuro Oncol. 2017 Apr 
1;19(4):484-492



Le Rhun E, Weller M, van den Bent 
M, Brandsma D, Furtner J, Rudà R, 
Schadendorf D, Seoane J, Tonn JC, 
Wesseling P, Wick W, Minniti G, 
Peters S, Curigliano G, Preusser M; 
EANO Guidelines Committee and 
ESMO Guidelines Committee. 
Electronic address: 
clinicalguidelines@esmo.org. 
Leptomeningeal metastasis from 
solid tumours: EANO-ESMO 
Clinical Practice Guideline for 
diagnosis, treatment and follow-
up. ESMO Open. 2023 
Oct;8(5):101624.

Response 
Assessment 
changes over 
time- EANO-
ESMO



Wang Y, Yang X, Li NJ, Xue JX. Leptomeningeal metastases 
in non-small cell lung cancer: Diagnosis and treatment. 
Lung Cancer. 2022 Dec;174:1-13.

Intrathecal 
Studies in 
NSCLC and LMD



Wang Y, Yang X, Li NJ, Xue JX. Leptomeningeal metastases in non-small cell lung cancer: 
Diagnosis and treatment. Lung Cancer. 2022 Dec;174:1-13.

Proposed Clinical 
Algorithm in NSCLC 

and LMD



Popat S, Ahn MJ, Ekman S, Leighl NB, Ramalingam SS, 
Reungwetwattana T, Siva S, Tsuboi M, Wu YL, Yang JC. Osimertinib 

for EGFR-Mutant Non-Small-Cell Lung Cancer Central Nervous 
System Metastases: Current Evidence and Future Perspectives on 

Therapeutic Strategies. Target Oncol. 2023 Jan;18(1):9-24.

Osimertinib in 
NSCLC and LMD



Intrathecal Agents used in Breast LMD

Warrior S, Cohen-
Nowak A, Kumthekar 

P. Modern 
Management and 

Diagnostics in HER2+ 
Breast Cancer with 

CNS Metastasis. 
Cancers (Basel). 2023 
May 25;15(11):2908



Chew SM, Seidman AD. New strategies for the treatment of breast cancer with leptomeningeal metastasis. Curr Opin Oncol. 2023 Nov 1;35(6):500-506.

Summary of HER2+ TKI trials for BM and LMD patients



Chew SM, Seidman AD. New strategies for the treatment of breast cancer with 
leptomeningeal metastasis. Curr Opin Oncol. 2023 Nov 1;35(6):500-506.

Summary of T-
DXd trials for BM 
and LMD patients



Conclusion
• LMD remains a significant unmet need

• Survival still overall very poor
• Diagnosis and response assessment remain challenging

• Clinic trials are sparse and progress historically has been slow
• Unclear ‘best practice’ in sequencing ongoing clinical trial/ treatment options

More Questions than answers!

• But:

• Progress is being made 
• More clinical trials are happening

• Long term survival is possible!



Thank you for your attention!
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