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ABSTRACT

Objective: Leptomeningeal carcinomatosis (LMC), a common complication of advanced malignancies, is associated with high morbidity and mortality, 
yet diagnosis and treatment decisions remain challenging. This study describes the diagnostic and treatment modalities for LMC and identifies factors 
associated with overall survival (OS). 

Materials and Methods: We performed a single-institution retrospective study (registration #: OSU2016C0053) of 153 patients diagnosed with LMC 
treated at The Ohio State University, Comprehensive Cancer Center, (OSUCCC)-James between January 1, 2010 and December 31, 2015. 

Results: Median age at diagnosis was 55.7 years, and 61% had Eastern Cooperative Oncology Group baseline performance status ≤1. Most common 
primary tumors were breast (43%), lung (26%), and cutaneous melanoma (10%). At presentation, most patients were stage III-IV (71%) with higher grade 
tumors (grade III: 46%). Metastases to bone (36%), brain (33%), and lung (12%) were the most common sites with a median of 0.5 years (range, 0-14.9 
years) between the diagnosis of first metastasis and of LMC. 153 (100%) patients had MRI evidence of LMC. Of the 67 (44%) who underwent lumbar 
puncture (LP), 33 (22%) had positive cerebrospinal fluid (CSF) cytology. Most patients received radiotherapy for LMC (60%) and chemotherapy (93%) 
for either the primary disease or LMC. 28 patients received intrathecal chemotherapy, 22 of whom had a primary diagnosis of breast cancer. 98% died with 
median OS of all patients was 1.9 months (95% CI: 1.3-2.5 months). 

Conclusion: Despite improved treatments and targeted therapies, outcomes of LMC remain extremely poor. Positive CSF cytology was associated with 
lower OS in patients who had cytology assessed and specifically in patients with breast cancer. CSF cytology serves as an important indicator for prognosis 
and helps aid in developing individualized therapeutic strategies for patients with LMC. 
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Key Points

•	 LMC most commonly presents with late-stage cancers with cancers of the breast, lung and melanoma being the most common primary cancers.

•	 Diagnosis of LMC may be challenging and imaging with MRI brain and spine was most frequently used in our study as an aid in diagnosis and in 
some cases as the primary tool for diagnosis.

•	 CSF cytology is the gold standard for diagnosis but is not always technically possible to obtain as demonstrated by only 67 of 153 patients in this review 
having CSF sampled.
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Introduction

Leptomeningeal carcinomatosis (LMC) is defined as metastatic 
involvement of the leptomeninges, subarachnoid space and 
cerebrospinal fluid (CSF) (1). Malignant tumor cells spread and 
disseminate to the subarachnoid space by hematogenous, perineural, 
lymphatic, or perivascular mechanisms or by direct extension from 
superficial brain metastases or bone metastases of the calvarium or 
spine (2-4). The incidence of LMC is increasing as patient survival 
improves with advances in the management of metastatic solid 
tumors and as magnetic resonance imaging (MRI) becomes more 
widely utilized (5, 6). LMC occurs in approximately 4%–15% of 
patients with malignant solid tumors, most commonly melanomas 
and malignancies of the breast, lung, and gastrointestinal organs 
(7-11). Signs and symptoms of LMC include headaches, vomiting, 
seizures, focal neurologic deficits, radicular neck and back pain, 
cerebellar dysfunction, altered mental status, cauda equina syndrome, 
dizziness, or syncope (12-14). The sensitivity and specificity of 
MRI in the diagnosis of LMC is difficult to estimate due to poor 
concordance with the gold standard diagnostic test of positive CSF 
cytology (15, 16). MRI with and without contrast is the initial and 
often the sole diagnostic tool for LMC (17). Definitive diagnosis 
of LMC depends on the presence of malignant cells in the CSF, 
but sensitivity is limited at about 50%–60% for the first lumbar 
puncture (LP) (6, 18, 19). If the first CSF analysis is negative, a 
second LP can increase sensitivity to 80%–85% (20). As a result of 
low sensitivity and patient intolerance one or more LPs, a probable 
diagnosis of LMC is made when MRI findings are present in the 
setting of systemic malignancy, even in the absence of positive CSF 
cytology (16). 

Once diagnosed with probable or definitive LMC, median survival time 
for patients is 2–6 months with treatment (21-25). Most treatment 
recommendations are based on clinical experience or studies with a 
low level of evidence due to a lack of prospective, randomized trials 
for patients with LMC (26). Intrathecal chemotherapy is the direct 
instillation of chemotherapy into the subarachnoid space, making it a 
promising treatment strategy. Intra-CSF pharmacotherapy should be 
reserved mainly for patients with a positive cytology on LP given that 
clearance of CSF cytology is used as one indicator for efficacy of this 
treatment (27). This is usually provided via an Ommaya reservoir after 
adequate CSF flow is confirmed using 111Indium-DTPA flow study. 

Whole Brain Radiotherapy (WBRT) with whole spine irradiation 
can target the entire craniospinal axis and thus a larger area of disease 
burden in LMC, however its use is limited by significant myelotoxicity 
(26). Focal external beam radiation to areas of bulky leptomeningeal 
involvement of the spine causing CSF obstruction can be utilized 
to relieve symptoms and allow for the administration of intrathecal 
administration (26, 28). The survival benefit of the various radiation 
therapy modalities in LMC is unclear.

We conducted a retrospective study to assess the diagnosis, 
management and outcomes of leptomeningeal carcinomatosis at The 
Ohio State University.

Materials and Methods

Study design and data collection

This study was an IRB-approved (registration #: OSU2016C0053) 
retrospective chart review of clinical and histopathologic data from 
patients treated at The Ohio State University Comprehensive 
Cancer Center, (OSUCCC)-James that was initially approved on 
05/04/2016 between January 1st, 2010 and December 31st, 2015. 
Eligible patients were identified by ICD-9 and ICD-10 codes 
(198.4/ C79.32, C79.49, respectively) and included patients who 
were diagnosed with leptomeningeal carcinomatosis or unspecified 
meningeal disease, as well as patients who were diagnosed with a 
malignant solid tumor, who had undergone a procedure indicative 
of leptomeningeal carcinomatosis according to current procedural 
terminology (CPT) codes. These procedures included insertion 
of cerebrospinal fluid drainage device or catheter, LP, intrathecal 
infusion or injection of a therapeutic or prophylactic substance, 
injection or infusion of cancer chemotherapeutic substance with 
destruction of blood brain barrier, or MRI imaging of the brain or 
spinal cord. Patients without LMC, patients with LMC secondary 
to leukemia, lymphoma, or primary central nervous system 
malignancies, patients with incomplete clinical data and those 
treated at other institutions were excluded. Per EANO-ESMO 
Clinical Practice Guidelines, MRI is the gold standard imaging tool 
for imaging suspected cases of LMC. Given the technical challenges 
of doing a lumbar puncture on some poor performance patients, 
we defined a case of LMC as having either positive CSF cytology or 
MRI imaging indicative of LMC. Of 469 medical records reviewed, 
153 patients were determined eligible.

Data for the eligible patients were initially obtained from The Ohio 
State University Information Warehouse and uploaded into REDCap 
(29). Data missing from the initial query were populated using manual 
review of each patient’s electronic medical record.

Outcome measures

The primary objectives of this study were to assess the overall 
survival (OS) of patients with LMC at the OSU-CCC James, and 
to examine if primary tumor characteristics, diagnostic information, 
management modalities (locoregional, systemic, or combined 
therapy) and demographic factors were associated with OS. We 
performed a specific subgroup analysis to assess treatment strategies 
and outcomes among LMC patients with primary breast cancer 
overall and each histologic subtype of breast cancer including 
hormone receptor positivity.

A change in treatment after LMC diagnosis was defined as a patient 
receiving any of the following new treatments or changes in initial 
therapy: focal radiation therapy to brain metastases, bulky sites of 
LMC burden or whole brain radiation therapy (WBRT); initiating IT 
chemotherapy, discontinuing previous systemic therapy, or initiating 
new systemic therapy. If a patient did not undergo any of the previously 
mentioned changes, they were considered as having no new treatment, 
even if continuing with any previous systemic therapy treatments or 
opting for supportive care alone.

•	 Prognosis was worse in patients with positive CSF cytology versus equivocal or negative cytology.

•	 Treatment of LMC either by intrathecal chemotherapy, radiation to the brain or spine, or systemic therapy was associated with an improvement in 
survival versus no treatment. 
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Statistical analysis

Demographic and clinical characteristics were summarized using 
descriptive analysis reported as medians and interquartile range for 
continuous variables and frequencies and percents for categorical 
variables. Overall survival (OS) was defined as the time from the date 
of diagnosis to date of death due to any cause or last known follow-up. 
Patients were censored at the date last known to be alive. OS estimates 
were generated using Kaplan-Meier methods and compared using 
log-rank tests. All data analyses were performed using SAS 9.4 (SAS 
Institute Inc., Cary, NC) or Stata 14 (StataCorp LLC, College Station, 
TX). For comparison of continuous data of one variable between two 
groups, student’s t-test was used. A two-sided p-value of <0.05 was 
considered significant in all analyses.

Results

Demographic features and clinical findings

A summary of demographic and clinical characteristics of eligible 
patients is displayed in Table 1. Eligible patients were predominately 
Caucasian (84%), with a median age at LMC diagnosis of 55.7 years 
(range: 25.0–84.9 years). The most common sites of primary tumor 
were breast, lung, and melanoma (43%, 26%, and 10%, respectively). 
Tumors associated with LMC were characterized by high grade 
histology (3% grade 1, 18% grade 2, and 46% grade 3), advanced 
stage disease at presentation (Stage I 7%, Stage II 17%, Stage III 
25%, and Stage IV 46%), and nodal involvement (71%). In patients 
with metastases prior to LMC diagnosis, the most common sites were 
bone (36%), brain (33%), and lung (12%). The baseline Eastern 
Cooperative Oncology Group (ECOG) performance status at the time 
diagnosis of LMC was <1 in 61% ≥2 in 35% of patients.

Outcomes

Among this cohort, there were 150 (98%) observed deaths. The 
median OS was 1.9 months [95% confidence interval (CI): 1.3, 2.5]. 
The median time from primary cancer diagnosis to development of 
LMC was 2 years [interquartile range (IQR): 1–5.4 years]. The median 
time from initial metastatic disease to development of LMC was 0.5 
years (IQR: 0–1.9 years) overall and was similar among primary cancer 
subtypes. Breast cancer was associated with the longest interval from 
metastasis to LMC of 0.7 years (IQR: 0.0–2.4 years), and lung cancer 
was associated with the shortest interval of 0.5 years (IQR: 0.0–0.8 
years). 

Differences were noted in the Kaplan-Meier estimates for OS between 
primary cancer diagnoses. The median OS in primary breast cancer 
was 2.4 months (95% CI: 1.2, 4.4), primary lung cancer was 1.3 
months (95% CI: 0.9, 2.1), primary melanoma was 1.7 months (95% 
CI: 0.8, 3.5), and other primary cancers was 2.6 months (95% CI: 
0.7, 3.5) (analysis of variance p = 0.012) (Figure 1). There was no 
difference detected in OS between ECOG performance status groups 
with a median OS of 2.0 months (95% CI: 1.5, 2.8) for patients with 
ECOG performance status 0–2 and 0.7 months (95% CI: 0.5, 3.2) for 
those with ECOG performance status 3 or 4 (p = 0.255).

Diagnostic findings

MRI of the brain and/or spine was performed in all patients (100%), 
and of those, 97% of patients had radiographic evidence of LMC. 
Figure 2 (a, b) shows an example of an MRI brain and lumbar spine 
with leptomeningeal enhancement consistent with LMC. Of the 
67 patients who underwent LP, CSF cytology was positive in 49%, 

Table 1. Demographic Summary

Total (n = 153)

Age at LMC 
diagnosis 

Median [IQR] 55.7 years [48, 62.5]

Race

White 

Black

Other

128 (84%)

16 (10%)

9 (6%)

Site of primary cancer diagnosis

Breast 66 (43%)

Lung 40 (26%)

Melanoma 16 (10%)

Head/Neck 8 (5%)

Renal 2 (1%)

Ovarian 3 (2%)

Prostate 4 (3%)

Other 14 (9%)

Initial stage at diagnosis

I 10 (7%)

II 26 (17%)

III 38 (25%)

IV 71 (46%)

Unknown 8 (5%)

Histologic Grade

I 4 (3%)

II 28 (18%)

III 71 (46%)

Unknown 50 (33%)

Biomarker status for breast primary (n = 66)

Estrogen receptor

Negative 24 (16%)

Positive 40 (26%)

Unknown 2 (1%)

Progesterone receptor

Negative 30 (20%)

Positive 30 (20%)

Unknown 3 (2%)

HER2 status

Negative 45 (29%)

Equivocal 2 (1%)

Positive 18 (12%)

Unknown 3 (2%)

Nodal involvement

Yes 109 (71%)

No 36 (24%)

Unknown 8 (5%)
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equivocal (suspicious or atypical cells present) in 15%, and negative in 
36%. Figure 3 shows an example of CSF cytology showing LMC from 
a patient with poorly differentiated gastric carcinoma with signet ring 
features. As depicted in Figure 4, the Kaplan-Meier curves revealed 
differences in OS by CSF cytology: median OS for CSF negative 
patients was 3.8 months (95% CI: 2.1, 9.8), for CSF equivocal was 
2.4 months (95% CI: 0.5, 11.0), and for CSF positive patients was 0.9 
months (95% CI: 0.5, 1.3) (p<0.005).

Management of therapeutic strategy

Of the 153 patients, 24 (16%) had no new treatment after LMC 
diagnosis and 129 (84%) had a new addition of radiation to the 
brain or spine, addition of intrathecal chemotherapy, or a new 

systemic chemotherapy agent. The most common addition was 
radiotherapy in 30 patients (42%). The most likely new agent was 
the addition of capecitabine in six patients (8%). Twenty-eight 
(18%) patients received intrathecal chemotherapy with 27 (96%) 
receiving liposomal cytarabine and one (4%) receiving thiotepa. The 
median OS for patients with no new treatment after LMC diagnosis 
was 0.7 months (95% CI: 0.6, 1.2) and for those with a change 
in treatment after LMC diagnosis, 2.4 months (95% CI: 1.6, 3.1) 
(p<0.001).

Breast cancer subset analysis

A separate analysis was performed specifically on the subset of 
patients with a primary breast cancer (see Table 1 for tumor 

Table 1. Continued

Total (n = 153)

ECOG performance status

0 31 (20%)

1 62 (41%)

2 33 (22%)

3 17 (11%)

4 3 (2%)

Unknown 7 (5%)

Site of first metastasis

Bone 55 (36%)

Brain 51 (33%)

Lung 18 (12%)

Liver 8 (5%)

Spinal Cord 1 (1%)

Other 17 (11%)

None 2 (1%)

Missing 1 (1%)

LMC: Leptomeningeal carcinomatosis, IQR: Interquartile range, HER2: 
Human epidermal growth factor receptor 2, CSF: cerebrospinal fluid, ECOG: 
Eastern Cooperative Oncology Group, n: Number

Figure 2. a) MRI brain with leptomeningal enhancement in the 
parietal sulci b) A leptomeningal enhancing focus along a nerve root 
in the lumbar spine.

MRI: Magnetic resonance imaging
Figure 1. Kaplan-Meier survial curves showing the overall survival 
for patients with LMC secondary to breast cancer, lung cancer, 
melanoma, and other tumors
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characteristics). Thirty-seven breast cancer patients received 
radiotherapy for LMC (56%) and 64 received chemotherapy for 
either the primary disease or LMC (97%), with 22 patients (36%) 
receiving intrathecal chemotherapy and 42 patients (64%) receiving 
hormonal therapy. 

Of the 66 patients, there were 64 (97%) observed deaths; and the 
survival differed for patient based on their biomarker status. Median 
OS for all patients was 2.4 months (95% CI: 1.2–4.4). Median OS for 
ER+/PR+/HER2- patients (n = 40, 61%) was 4.1 months (CI: 1.7, 
9.8), for triple negative breast cancer (TNBC) patients (n = 17, 26%) 
was 0.9 months (CI: 0.2, 1.9) and for HER2+ patients (n = 6, 9%) 
was 0.7 months (CI: 0.0, 15.8). A significant difference in OS between 
subtypes based on hormone receptor status was found (p-0.002, log-
rank test). OS was improved with new treatment after LMC diagnosis, 
with median OS of 2.8 months (CI: 1.3, 5.7) in treated patients (n = 
57, 86%) compared to 1.2 months (CI: 0.03, 3.6) in untreated patients 
(n = 9, 14%) (p-0.026). The median OS in CSF negative patients was 
15.3 months (CI: 3.6, 30.1), 6.9 months in CSF equivocal patients 
(CI: 1.5, 76.2), and 0.9 months in CSF positive patients (CI: 0.4, 2.0) 
(p = 0.009, Log rank test).

Discussion: 

In patients with solid tumor malignancies, LMC is considered one of 
the most serious complications. We present a comprehensive overview 
of diagnostic methods and treatments of patients with LMC associated 
with solid tumors over a 10-year period at our institution. LMC is 
commonly associated with breast cancer, lung cancer, skin melanoma 
along with various other cancers (5, 30). In our cohort, all patients 
underwent MRI of the brain and/or spine and 97% demonstrated 
radiographic evidence of LMC. This high rate demonstrates that at 
our institution MRI is the preferred initial diagnostic modality prior 
to attempting high volume LP.

The presence of malignant cells in the CSF versus equivocal or negative 
cytology was associated with a significantly lower overall survival in our 
cohort (0.9 months vs 3.8 months). This highlights the importance of 
repeating LP if CSF is initially negative as accurate CSF cytology is 
essential to further delineate an individual patient’s prognosis.

Patients with LMC at our institution most commonly presented with 
stage IV breast cancer, lung cancer, or melanoma with metastases to the 
brain or bone. In the literature, the survival from the time of diagnosis 
of LMC is 4 to 6 weeks without treatment and 2 to 6 months with 
therapy (5, 6, 22-25, 31). Our cohort included 153 patients with a 
mixed population including patients who received treatment and some 
who proceeded with comfort care or hospice alone following diagnosis 
of LMC. The median OS of our cohort was 1.9 months (CI: 1.3, 2.5). 

In our study, treatment of LMC either by intrathecal chemotherapy, 
radiation to the brain or spine, or systemic therapy was associated with 
an improvement in survival versus no treatment (Figure 4). The higher 
CSF protein level present in patients with LMC demonstrates that 
there is likely a blood-brain barrier disruption and resultant increased 
levels of systemic chemotherapy delivered to the subarachnoid space 
(32). Systemic chemotherapy is primarily based on the histology of the 
primary tumor as in other forms of metastatic disease. Use of systemic 
cytotoxic agents such as high-dose methotrexate can induce a response 
in LMC from various solid tumors and improve survival outcomes, 
however its use is limited due to systemic side effects, the potential 
for significant hematologic toxicity and the need for inpatient 
administration (32). A significant limitation to the efficacy of systemic 
chemotherapy in the treatment of LMC is resistance to therapy as 
most patients developed disease progression despite multiple lines of 
systemic chemo and/or hormonal therapy prior to development of 
LMC.

Intrathecal methotrexate is a commonly utilized and relatively well-
tolerated agent associated with leukoencephalopathy (33). The 
efficacy of intrathecal trastuzumab is currently unclear and is being 
investigated for LMC from HER2-positive breast cancer given that 
systemic trastuzumab appears to have poor penetration into the CSF 
(26, 27). Liposomal cytarabine administered intrathecally has been 
associated with complete cytological remission likely due to its unique 
formulation which allows for persistence for up to 28 days in the CSF 
(19). However, this agent is no longer available for clinical use due 
to the manufacturer discontinuing production of this preparation; 
the shorter acting version can still be utilized. The decision to use 
intrathecal chemotherapy in the setting of LMC must be carefully 
considered taking into account the extent and status of systemic 
disease, the patient’s functional status, and impact of the treatment 
and frequency of administration on the quality of life.

Figure 3. CSF cytology showing LMC from a patient with poorly 
differentiated gastric carcinoma with signet ring features

CSF: Cerebrospinal fluid, LMC: Leptomeningeal carcinomatosis

Figure 4. Kaplan-Meier survival curves showing the overall survival 
based on the CSF cytology

CSF: Cerebrospinal fluid
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Breast cancer appears to be particularly responsive to therapy with 
overall survival of 7.5 months with therapy in the literature (34). 
However, as evidenced in our cohort of breast cancer patients, TNBC 
and HER2+ patients have a significantly worse prognosis as compared 
to ER+/PR+/HER2- patients. Patients with a primary lung cancer 
or melanoma appear to be less responsive. In these patients, targeted 
therapy in the setting of certain actionable mutations (e.g osimertinib 
in EGFR mutant NSCLC or BRAF inhibitor or checkpoint inhibitors 
in melanoma) have shown preliminary evidence of activity against 
LMC in these tumors (35). In this mixed cohort of patients with 
and without treatment, the median OS for primary breast cancer was 
2.4 months which was significantly longer than primary lung cancer 
(OS: 1.3 months) and primary melanoma (OS: 1.7 months). Despite 
treatment, prognosis remains poor and confirmation of diagnosis is 
challenging. 

Strengths and limitations

A strength of the study was the relatively large cohort size of 
153 patients given the relative rarity of LMC. We used not only 
the ICD9 and ICD10 codes for carcinomatous meningitis or 
unspecified meningeal disease, but we also included patients who 
were diagnosed with a malignant solid tumor, who had undergone 
a procedure indicative of leptomeningeal carcinomatosis according 
to CPT codes. There are several limitations to our study including 
its retrospective nature, somewhat limited sample size for specific 
treatment modalities, and the 5-year period of review during 
which time imaging techniques and treatment options changed 
significantly for many solid tumors. The range of treatments and 
histologic diagnoses was too heterogeneous, and sample sizes were 
too small to statistically assess the impact of specific drugs or 
treatment modalities on specific cancer diagnoses. Future multi-
institution studies may reveal more information specific to LMC of 
difference histologies.

In conclusion, the risks and benefits of treatment in patients with 
LMC must be considered in detail on an individual basis. This study 
may provide additional information for physicians to communicate 
prognostic information to patients based on an individual’s cancer 
type, stage, grade, molecular status, and CSF cytology results. 
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