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Abstract

Melanoma frequently metastasizes to the brain, with CNS involvement being clinically evident in 

~30% of patients (as high as 75% at autopsy). In ~5% cases melanoma cells also metastasize to 

the leptomeninges, the sub-arachnoid space and cerebrospinal fluid (CSF). Patients with 

leptomeningeal melanoma metastases (LMM) have the worst prognosis and are characterized by 

rapid disease progression (mean survival 8-10 weeks) and a death from neurological causes. The 

recent years have seen tremendous progress in the development of targeted and immune therapies 

for melanoma that has translated into an increased survival benefit. Despite these gains, the 

majority of patients fail therapy and there is a suspicion that the brain and the leptomeninges are a 

“sanctuary” sites for melanoma cells that escape both targeted therapy and immunologic therapies. 

Emerging evidence suggests that 1) Cancer cells migrating to the CNS may have unique molecular 

properties and 2) the CNS/leptomeningeal microenvironment represents a pro-survival niche that 

influences therapeutic response. In this Mini-Review we will outline the clinical course of LMM 

development and will describe how the intracranial immune and cellular microenvironments offer 

both opportunities and challenges for the successful management of this disease. We will further 

discuss the latest data demonstrating the potential use of BRAF inhibitors and immune therapy in 

the management of LMM, and will review future potential therapeutic strategies for the 

management of this most devastating complication of advanced melanoma.
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 Introduction

 Melanoma progression in the leptomeninges

Cutaneous melanomas are tumors that derive from melanocytes, the pigment producing cells 

of the skin. They represent the most deadly of all skin cancers, and account for the majority 

of skin cancer fatalities. Melanomas are notorious for their ability to metastasize early, with 

even lesions <1 mm thick (in 5-15% of cases) frequently disseminating to other organs. 

Melanomas often metastasize to the brain, with CNS involvement being clinically evident in 

~30% of patients (as high as 75% at autopsy)1. Melanoma brain metastases (MBM) are 

associated with a poor prognosis and a median survival of 17-22 weeks2, 3. Although 

stereotactic radiosurgery (SRS) and radiation can provide some local disease control in the 

brain, most systemic therapies - including chemotherapy and immune therapy - are 

associated low rates of response (~10%)4-6.

One of the most serious complications of advanced melanoma is the metastasis of cancer 

cells to intracranial structures and their infiltration into the cerebrospinal fluid (CSF)7-9. The 

involved tissues include the membranes that surround the brain; the arachnoid mater and the 

pia mater, which are collectively known as the leptomeninges (Figures 1A,B)10. Of these, 

the arachnoid mater consists of an avascular membrane of fibroblasts lined with epithelial-

like mesothelial cells that prevent the escape of CSF into the sub-dural space11. The sub-

arachnoid space is spanned by numerous arachnoid trabeculae that form a “spiders web” 

pattern between the arachnoid membrane and the pia mater11. The sub-arachnoid space 

contains numerous blood vessels and is filled with CSF that may also contain macrophages 

and lymphocytes. The pia mater adheres directly to the surface of the brain and consists of 

several layers of fibroblasts, capillaries and collagen fibrils (Figure 1B). The inner 

membrane of the pia mater sits on top of a basement membrane directly over joined 

astrocyte end feet, the latter of which form the membrane gliae limitans supeficialis (which 

is part of the BBB)11. Normal human melanocytes also reside in both the pia mater and 

arachnoid mater12. In rare cases, (1 in 10 million) these can develop into primary 

leptomeningeal melanoma12.

Leptomeningeal metastases primarily occur following the spread of cancer cells through the 

vascular system to the vessels of the arachnoid or choroid plexus13. After invading the 

leptomeninges, the tumor cells gain access to the subarachnoid space and circulate freely 

through the CSF13. Other potential mechanisms of leptomeningeal infiltration include direct 

migration from the brain parenchyma (possibly from existing brain metastases) and 

perineural spread where the tumor cells migrate along cranial or spinal nerves before 

entering the subarachnoid space14. The perineural route of entry into the CSF of systemic 

melanomas has been rarely reported, though some melanomas (particularly desmoplastic 

melanomas) exhibit perineural migration and can spread along the cranial nerves15.

Leptomeningeal metastasis typically affects ~5% of all patients with cancer. Tumor 

histologies with high rates of leptomeningeal metastasis development include breast cancer 

(3-5% with metastatic disease), small cell lung cancer (SCLC) (11%) and melanoma 

(5-7%) 10, 14. Patients with LMM have the worst prognosis of all, with a mean survival 8-10 

weeks and a death from neurological causes9, 16, 17. In melanoma, a link has been suggested 
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between the presence of parenchymal brain metastases and the development of LMM, with 

up to 19% of patients having concurrent tumor in the leptomeninges and the brain7. The 

reported incidence of leptomeningeal metastasis is rising across all tumor types probably 

due to improved detection (higher resolution contrast imaging), longer survival of patients 

with better controlled systemic cancer and the “sanctuary” nature of the CSF space.

 Diagnosis and treatment

The diagnosis of LMM is a challenge. Initial disease presentation includes acute 

neurological deterioration associated with headaches, impaired sensory/motor function, 

weakness, pain and possible cognitive impairment. Diagnoses are typically made on the 

basis of MRI with T1-weighted gadolinium enhancement of the entire neuroaxis (although 

this is often false negative) and the cytological evaluation of the CSF for tumor cells, which 

remains the “Gold Standard”9, 14 (Figure 2). Cytology, which is only a morphologic 

description of rare cells in the CSF, is the most definitive diagnostic with a very high 

specificity (>95%) but very low sensitivity (<50%) 18. Typically, only 55% patients with 

LMM show a positive cytology at initial examination. The poor sensitivity of CSF cytology, 

and its subjective nature, makes quantification of therapeutic responses difficult. The 

development of new techniques, such as those designed to identify circulating tumor cells 

(CTCs) in the blood, are promising. A recent study described the use of the Veridex 

CellSearch® technology to enumerate CTCs from the CSF of two patients with LMM19. 

Melanoma cells were identified on the basis of positive staining for CD146 (Mel-CAM) and 

HMW-MAA and negativity for CD45 and CD34. CTCs in the range of 5-1090 cells per 5 ml 

of CSF were enumerated and broadly agreed with the cytology counts (low vs high CTC 

numbers)19. Assessing cell free DNA, single cell analysis or CSF proteomics may prove 

useful as diagnostics in the future (e.g. assessing for circulating mutant BRAF).

At this time there are no effective treatments for LMM. Until recently, most patients 

received off-label therapies such as intrathecal (IT) chemotherapy and whole brain 

radiotherapy (WBRT)20-23. Commonly used drugs include thiotepa, methotrexate and 

liposomal cytarabine, which are typically administered through a surgically implanted 

Ommaya reservoir20-22 (Figure 1A). Although no large-scale clinical trials have directly 

evaluated these therapies, most anecdotal reports suggest they have little impact upon patient 

survival9. Isolated cases have been reported in which intrathecal chemotherapy, combined 

with systemic chemotherapy, leads to clinical benefit9. One of the most comprehensive 

clinical trials to date was a phase II multi-center trial of intrathecal topotecan in individuals 

with newly diagnosed or recurrent leptomeningeal metastases resulting from either primary 

CNS tumors or other hematological/solid tumors24. It was found that 30% of those treated 

achieved the primary endpoint of a progression-free survival (PFS) of 13 weeks, with a 

median overall survival (mOS) of 15 weeks. Poor prognostic factors included an MRI 

showing enhancement of the leptomeninges and positive cytology at diagnosis24. A second 

study, evaluating the efficacy of systemic temozolomide in patients with leptomeningeal 

metastases arising from breast cancer and lung cancer, was associated with a response rate of 

15% and a median time to progression of 43 days25. Since melanomas are relatively 

radioresistant, WBRT is typically used as a palliative measure to control headaches and 

other neurologic symptoms.
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 The role of targeted therapy in the management of leptomeningeal melanoma 
metastases

Disseminated melanoma is highly refractory to most standard anti-cancer therapies such as 

chemotherapy and radiotherapy. The discovery in 2002 that approximately half of all 

cutaneous melanomas harbored activating mutations in the serine/threonine kinase BRAF 
revolutionized care and led to the clinical development of small molecule BRAF kinase 

inhibitors26, 27. BRAF inhibitors such as vemurafenib (and now dabrafenib and encorafenib) 

have proven highly effective at shrinking the tumors of patients whose melanomas have 

activating position 600 mutations in BRAF (V600E, V600D, V600K)28-31. Despite rapid 

and dramatic responses, most patients develop resistance with reactivation of the MAPK 

pathway (resulting from acquired NRAS and MEK mutations, and BRAF-splice 

mutants) 32-34. Vertical targeting of the MAPK pathway in BRAF-mutant melanoma using 

the combination of a BRAF and MEK inhibitor (such as dabrafenib-trametinib and now 

vemurafenib-cobimetinib) limits resistance and increases overall survival (mOS 25.1 

months)35, 36.

The CNS is a “privileged” site and drug penetration across the blood-brain-barrier (BBB) is 

typically low. The BBB serves to limit the influx of potentially toxic chemotherapy drugs 

and activated immunocytes (induced by immunotherapies) into the brain. Balancing the 

highly protected nature of the brain/CSF microenvironment while exposing it to potentially 

neurotoxic therapies is a major challenge. Preclinical studies found that dabrafenib and 

vemurafenib were substrates for the drug efflux pumps, ABCB1 (P-glycoprotein) and 

ABCG2 (breast cancer resistance protein, BCRP) which reduce CSF drug levels through 

active transport mechanisms37, 38. In mouse models, the distribution of vemurafenib in the 

CSF was 3-logs lower than that of the plasma. Interestingly, the brain penetration of 

dabrafenib in mice was higher than vemurafenib, perhaps making this a better choice for 

patients with BRAF-mutant LMM and MBM 37, 38. Recent clinical data on vemurafenib 

levels in the CSF of melanoma patients with MBM confirmed the animal findings and 

showed CSF levels to be significantly lower (0.47 +/− 0.37 mg/ml) than those in plasma 

(53.4 +/− 26.2 mg/ml)39. No relationship was noted between the levels of the drug in the 

CSF and the plasma39. The high variability of vemurafenib levels in the CSF between 

individual patients may reflect differences in BBB permeability. Integrity of the BBB is 

compromised in MBMs as well as following interventions such as surgery and radiotherapy. 

Indeed, two of the patients with the highest CSF penetration of vemurafenib had received 

prior SRS39. Despite these caveats, BRAF inhibitors do have activity against intracranial 

disease with >30% of patients with BRAF-mutant MBM showing a response to 

dabrafenib 40.

It is likely that the CNS environment itself may confer resistance to BRAF-targeted drugs, 

and that this may arise in part through crosstalk between melanoma cells and cells of the 

host41, 42. There is already evidence that normal host cells, including fibroblasts and 

macrophages, protect melanoma cells from BRAF inhibitor treatment43-45. Importantly, 

melanoma cells residing in the brain environment have different signaling than those at 

extracranial sites. Melanomas that metastasize to the CNS have higher AKT signaling, 

which is frequently secondary to a loss of function of the tumor suppressor PTEN41, 46. The 
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increased AKT signaling in brain-resident melanoma cells is probably due to crosstalk with 

the neighboring astrocytes or other brain specific factors. Studies have shown that astrocyte-

conditioned media decreases the sensitivity of melanoma cells to BRAF inhibition by 

increasing intratumoral PI3K/AKT signaling, which in turn suppressed the apoptotic 

response41. It is known that host astrocytes can modulate PTEN expression directly in 

nearby tumor cells through the release of exosomes that contain PTEN-targeting 

microRNAs47. Secreted factors within the brain microenvironment can also modulate drug 

response, with CSF (from normal rat brains) being found to decrease the sensitivity of 

melanoma cell lines to BRAF inhibition48. Mechanistically, the addition of CSF decreased 

the kinetics of phospho-ERK inhibition in the melanoma cells leading to early signal 

recovery and reduced cell death. The addition of a PI3K inhibitor reversed the protective 

effects of the rat CSF48.

One question that remains is whether leptomeningeal melanoma metastases are genetically 

distinct from extracranial disease and if so, whether these have unique signatures that are 

therapeutically tractable. Importantly, up to 53% of brain metastases (non melanoma) have 

therapeutically actionable mutations in genes that confer sensitivity to PI3K/AKT/mTOR, 

CDK and HER2 inhibitors. These are lacking in matched non-cranial metastases49. One of 

the only genetic profiling studies on leptomeningeal metastases to date was a comparative 

genomic (array CGH) analysis of primary and leptomeningeal disease in metastatic breast 

cancer 50. Like the brain metastasis study, it was found that although genomic alterations 

were conserved between the primary tumor and the CTCs in the CSF, the CTCs tended to 

have more extensive genomic changes (including the c-Myc locus)50.

 Clinical experience with BRAF inhibitors in LMM

The relatively small numbers of patients with LMM has made the assessment of BRAF 

inhibitor therapy challenging. Despite this, there are now at least 5 published case reports 

suggesting that vemurafenib and dabrafenib may have some efficacy. One of the first 

reported cases described a 47 year old female patient with multiple brain metastases who 

underwent surgical resection and WBRT51. The patient then received systemic 

chemotherapy and intrathecal cytarabine before testing positive for Melan-A expressing 

tumor cells in her CSF. Her tumor was BRAF mutant and she was started on systemic 

vemurafenib treatment. After 12 weeks of therapy, a marked clinical improvement was seen 

associated with a regression of the leptomeningeal disease and the disappearance of 

melanoma cells from the CSF51.

A second study reported the case of a 53-year old woman with extensive BRAF-mutant 

metastatic disease who progressed on two cycles of biochemotherapy before receiving 

vemurafenib as part of a clinical trial52. The patient remained on BRAF inhibitor therapy for 

over 14 months and experienced a significant reduction in extracranial disease burden before 

a brain MRI showed an enhancement that was suggestive of LMM. Following the detection 

of melanoma cells in her CSF, the individual received WBRT and was restarted on 

vemurafenib. No further progression of her extracranial disease or the LMM was noted over 

the proceeding 18 months52. Similarly impressive responses were also reported in a 60-year 

old patient with LMM in which systemic vemurafenib treatment led to a near-complete 
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resolution of leptomeningeal enhancement by MRI and an improvement in neurological 

symptoms53.

The fourth case concerned a 61 year-old man with prior melanoma lung metastases who 

received ipilimumab and chemotherapy before presenting with disease in the brain 

parenchyma and LMM54. Vemurafenib treatment was initiated and responses were observed 

for 3 months before the onset of disease progression in the brain, leptomeninges and 

extracranial sites. After receiving WBRT the patient was then switched to dabrafenib-

trametinib and again responded in the brain and leptomeninges54. Responses at these sites 

continued for a further 5 months before disease progression in the peritoneum. The patient 

died 19 months after the diagnosis of MBM and LMM. The response of this individual to 

dabrafenib-trametinib at intracranial sites following failure on single agent BRAF inhibitor 

therapy was unexpected, as there is overlap between the mechanisms of resistance to BRAF 

monotherapy and the BRAF-MEK inhibitor combination55. Indeed, Phase II studies in 

melanomas at non-CNS sites have demonstrated that BRAF inhibitor monotherapy failure 

precludes any further response to the BRAF-MEK inhibitor combination56. The reasons 

underlying the secondary response to the combination are unclear but could be a 

consequence of the prior radiation therapy (BRAF inhibitors can be radiosensitizing) or the 

sanctuary status of BRAF mutant melanoma cells in the CSF/brain that shielded them from 

the initial round of therapy.

Single agent dabrafenib has also been reported to have activity in LMM57. A recent report 

detailed the case of a 57-year old woman who initially presented in 2006 with a primary 

melanoma on her foot. In 2012 she exhibited neurological symptoms and a diagnosis of 

LMM was confirmed by MRI enhancement of the leptomeninges and positive CSF cytology. 

Upon confirmation of a positive BRAF mutation test the patient was started on systemic 

dabrafenib therapy57. An immediate clinical improvement of neurological function was 

seen, accompanied by resolution of the leptomeningeal lesions by MRI 4 weeks after 

treatment initiation. At the last recorded follow up (15 weeks after treatment initiation), the 

patient remained in complete remission. Although together these reports suggest that BRAF 

inhibitor therapy may be effective in LMM, the small sample size and the bias towards 

reporting positive cases make the true level of efficacy hard to judge. It is worth noting that 

at least one case report to date has demonstrated systemic dabrafenib to be ineffective in an 

individual with BRAF-mutant LMM 58.

 Clinical experience with immune therapies in LMM

Like targeted therapy, there has been little published experience with immunotherapies in 

LMM. The rationale behind this approach is that the CSF in LMM is remarkably non-

inflammatory and stimulating an immune response might provoke an anti-tumor response. 

The paucity of data reflects both the rarity of this disease and concerns about the possibility 

of inducing “too much” inflammation in the CNS. And, though rare, when they occur, the 

neurologic side effects associated with the immune checkpoint inhibitors can be 

devastating 59, 60.

One of the earliest reports of immunotherapy approaches centered upon use of intrathecal 

interferon (IFN)-α in patients with LM disease associated with multiple tumor types 
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(including melanoma)61. Another early immune therapy that was often used in advanced 

melanoma was the cytokine interleukin (IL)-2. A number of cases have reported complete 

responses to IL-2 in patients with MBM, raising interest in its potential use in LMM62, 63. A 

recent report details a study in which IL-2 was administered intrathecally at 1-5 doses/week 

for four weeks, then weekly for four weeks, then every other week followed by monthly64. 

Although the data have not reached maturity, responses were seen in patients with LMM. A 

median survival of 9.1 months was reported with 16% of patients showing a median survival 

of >24 months64. Severe side effects of raised intracranial pressure and ICU admissions 

were reported.

Adoptive cell therapy is an immunological approach in which T-cells [e.g. extracted from the 

tumor itself (Tumor infiltrating lymphocytes; (TILS) or engineered to express a specific T-

cell receptor)] are expanded ex vivo before being infused back in to the patient. The 

potential utility of TIL therapy in LMM was suggested by a retrospective analysis of patients 

undergoing adoptive cell therapy who were discovered to also have coincidental MBMs. 

Within this group, seven of seventeen (41%) patients treated with TILs had a CR in the brain 

and six patients achieved a partial response (PR). Similarly, two out of nine patients that 

received TCR-transduced lymphocytes had CRs in the brain. These data suggest that T-cells 

may have trafficked into the CNS, perhaps with the potential to infiltrate the leptomeninges 

and CSF65. One example pointing the potential of adoptive cell therapy in LMM comes 

from a case report of an LMM patient who failed intrathecal IL-266. Cytotoxic T-

lymphocytes (CTLs) were then generated using autologous dendritic cells pulsed with 

peptides from melanoma-associated antigens tyrosinase, Melan-A/MART, and gp100/Pmel 

17. Delivery of the cells via an Ommaya resulted in retention in the brain for 48 hours and 

led to elevated levels of TNF-α, INF-γ and IL-6 in the CSF66. The patient showed 

improvement in neurologic symptoms and remained alive >18 months after the diagnosis of 

LMM.

Recently, a single patient was reported in which the LMM was successfully treated with the 

combination of intrathecal autologous TILs and IL-267. The individual had previously 

received TILs, derived from a systemic metastasis, and had developed LMM. He was treated 

with intrathecal IL-2 and progressed in his CSF and systemically. A compassionate use IND 

was obtained and intrathecal TILs were administered once a week in conjunction with 

intrathecal IL-2 twice a week. Five months after the first TIL infusion, the patient died from 

systemic disease but his LMM remained stable67.

Another strategy that has changed the face of melanoma treatment is the use of immune 

checkpoint inhibitors to upregulate T-cell function. This approach is predicated on the use of 

antibodies that block the inhibitory signals through receptors such as cytotoxic T-

lymphocyte antigen (CTLA)-4, programmed cell death (PD)-1 and programmed cell death 

like (PD-L)-1. Antibodies targeted against CTLA-4, PD-1 or PD-L1 are associated with 

increased survival in patients with advanced melanoma (with BRAF mutant and BRAF wild-

type disease) both alone and in combination. There is also evidence from a retrospective 

analysis of the phase II trial of ipilimumab that included patients with small symptomatic 

MBM that the drug may have activity68, 69. These reports led to a prospective Phase II study 

of ipilimumab designed specifically to treat MBMs where response rates were similar to 
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systemic melanoma and equally as durable6. From a MBM perspective the drug seems safe 

although it is not yet known whether the treatment will be more effective in LMM where a 

differentially permeable BBB may allow a greater ingress of activated cytotoxic T-cells. As 

noted above, rare neurological syndromes have been reported in Ipilimumab in patients with 

systemic melanoma.

At this time there has only been one report of Ipilimumab being successfully used against 

LMM70. The patient had metastatic melanoma and developed headaches with MRI scans 

characteristic of LMM. The individual then received WBRT without clinical improvement 

and Ipilimumab was started. Ipilimumab therapy led to an improvement of symptoms after 

the first dose and was associated with a complete radiographic response70. The patient was 

still alive 18 months after her diagnosis of LMM.

 Conclusions and future perspectives

The recent years have seen incredible progress in the treatment of advanced melanoma. One 

consequence of these breakthroughs has been the increase in patients developing MBM and 

LMM. Whether this is a direct cause of the treatment (the brain/leptomeninges being a 

sanctuary site) or is simply a result of the disease timeline being extended remains to be 

determined. What is clear is that the development of CNS disease, and in particular LMM, 

will limit the long-term therapeutic responses for some patients. The rapid progression of 

melanoma in the leptomeninges and the lack of research in this area offers both challenges 

and opportunities. More research is urgently needed into the biology that underlies the 

dissemination of melanoma cells to the leptomeninges and the CSF compartment. One 

important question is whether CTCs from the blood eventually migrate into the 

leptomeningeal environment as a result of transendothelial migration. There is already in 
vivo evidence that melanoma cells migrate into the brain following the co-option of cerebral 

blood vessels 71. The genetic profiles of CTCs in the CSF need to be analyzed to establish 

the absence or presence of therapeutically actionable mutations (such as those seen in brain 

metastases). These genetic analyses may also allow novel biomarkers of LMM to be defined. 

New insights are also needed into the immune microenvironment of the brain and 

leptomeninges/CSF, as this may give important insights into the potential utility of immune 

therapies.

At this time our understanding of MBM is slightly more advanced, with new spontaneous 

mouse melanoma models showing roles for both AKT1 and PTEN loss in brain metastasis 

development72. A number of other GEM models of melanoma brain metastasis are being 

developed. Many clinical trials are also ongoing to evaluate the efficacy of targeted therapies 

(including the BRAF inhibitors, the BRAF-MEK inhibitor combination, BRAF inhibition + 

radiation, CDK4/6 inhibitors and PI3K inhibitors), immune therapies (anti-PD-1, anti-

CTAL-4, anti-CTAL4 + anti anti-PD-1 and anti-CTLA-4 + radiation) and immune-targeted 

therapy combinations (anti-PD-1 + anti-VEGFR antibody) in patients with MBMs. The 

outcome of these trials is eagerly awaited.

To date, there are only a handful of reports suggesting that BRAF-MEK inhibitor therapy or 

immune therapy may have utility against LMM. Clearly these approaches need to be 

evaluated in prospective clinical trials with detailed tissue and CSF interrogation to learn 
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about mechanisms, efficacy and side effects. Clinical trial designs also need to be amended, 

so that patients with LMM can be evaluated. This is challenging in a rare disease in which 

patients deteriorate rapidly, so careful patient selection will be paramount. Progress will 

require the active collaboration between clinician-investigators at several major medical 

centers, and between basic scientists and clinicians. Only a better understanding of this 

disease will lead to better treatments. This most devastating disease is a significant challenge 

but, as the melanoma field recently proven, nothing should be taken for granted and intense 

collaboration can achieve significant progress.
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Figure 1. The anatomy of the CNS and leptomeninges
A). Representative figure of the head and neck showing the brain, meninges and the 

placement of the Ommaya reservoir into the ventricles.

B). High powered representation of the leptomeninges showing the relationship of the 

arachnoid mater, pia mater and brain parenchyma. Note the CSF is found between the two 

layers of the dura and within the sub-arachnoid space.
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Figure 2. MRI imaging of leptomeningeal disease
A). MRI image of a 46-year-old man with metastatic melanoma (BRAF V600E mutant) on 

his left upper back that was resected in 2011. In 12/2014 after developing fatigue, fevers, 

abdominal pain and syncope, he was found to have multiple masses in his liver and 

subcutaneous masses. He was started on dabrafenib/trametinib and shortly thereafter, he 

presented with headaches. An MRI brain demonstrated extensive supratentorial and 

infratentorial leptomeningeal carcinomatosis with involvement of the cranial nerves and 

mild hydrocephalus. Enhancement is seen on the surface of the brain on the surface of the 

gyri (blue arrow) and deep within the sulci (red arrows). He had an Ommaya reservoir 

placed and was treated with IT Thiotepa followed by whole brain radiation therapy. 

Cytology was diagnostic for malignancy.

B). MRI image of the spine of a 44 year old man who was successfully treated for metastatic 

melanoma in his lungs with Ipilimumab. Four years later he had a small brain metastasis and 

had SRS. Six months later he had back pain and a MRI showed characteristic findings of 

LMM. There is a small nodule in the cauda equina (orange arrow), an accumulation of 

enhancing tumor in the thecal sac (red arrow), and fine linear enhancement on the ventral 
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and dorsal surfaces of the spinal cord (blue arrow). His cytology was positive for malignant 

cells. He was treated with intrathecal thiotepa and local RT to his LS spine.
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