
Abstract. Background/Aim: Secondary leptomeningeal
gliomatosis (LG) is a rare and severe progression pattern
of glioma. Our objective was to evaluate the characteristics
and outcome of patients with LG. Patients and Methods: We
retrospectively reviewed 31 patients diagnosed with
secondary LG. At the time of LG diagnosis, the median age
of patients was 45 years. The histological grade was IV in
20 patients and II to III in 11 patients. As a first-line of
therapy for LG, 22 patients received an oncological
treatment: i) BCNU-temozolomide (TMZ) (n=15), ii) other
type of chemotherapy (n=7), and iii) no treatment
(supportive care) (n=9). Results: Following LG diagnosis,
the median progression-free survival (PFS) and overall
survival (OS) were 1.8 months [95% confidence interval
(CI)=0.9-2.7] and 2.1 months (95%CI=1.3-3), respectively.
The univariate analyses showed an improved OS with age
of less than 45 years (p<0.001), a prolonged interval from
the initial glioma diagnosis (IGD) to LG diagnosis
(p=0.003), BCNU–TMZ as the preferred first-line treatment
for LG out of the three options (p=0.008), and Karnofsky
performance status (KPS) ≥70 (p=0.012). Prolonged
interval from IGD to LG diagnosis (HR=5.839) and BCNU–
TMZ as the chosen first-line treatment for LG (HR=6.635)
remained significant in the multivariate analyses as well.
Among the 22 treated patients, the median OS was
significantly higher (p=0.008) with the BCNU–TMZ
treatment (5.7 months; 95%CI=4.2-7.1), compared to other

types of treatment offered (2 months; 95%CI=1.1-2.9).
Conclusion: The time interval from the IGD to the LG
diagnosis is a potential prognostic factor for LG. BCNU–
TMZ may be a therapeutic option in the present setting.

Primary diffuse leptomeningeal gliomatosis (LG) is a
neoplasm confined to the meninges without evidence of a
primary tumor in the brain or spinal cord parenchyma (1). In
contrast, secondary diffuse LG is a rare and severe clinical
metastatic complication resulting from the extension of a
primary central nervous glioma (2). It has not been recognized
as a distinct pathological disease entity by the 2016 WHO
classification of tumours of the central nervous system and as
such, its occurrence is probably underestimated (3).

LG occurs when tumor glial cells disseminate into the
cerebrospinal fluid (CSF) through its drainage channels,
migrate to distant sites, form colonies, and multiply (4). The
rate of secondary LG varies mainly between 1% to 15% in
clinical reports (2, 5, 6) and may increase up to 25% in
autopsy reports (7). Recently, the incidence of secondary LG
was found to be increasing, concomitant with the higher life
expectancy of patients with glioma (2). However, to date, a
consensus on the definitive diagnostic criteria of LG remains
debatable, and is generally based on an association with
certain pathological anomalies (8).

The clinical diagnosis of LG is challenging because of
the polymorphous and unspecific symptoms varying
according to the affected region in the central nervous
system. Pleomorphic and multifocal neurological symptoms
and signs, such as headache, cognitive disturbance and
cranial nerve impairment (diplopia, dysphagia, dysarthia
and hear loss) are observed in more than half of the patients
with neoplastic meningitis (9). Head or back pain have
been frequently reported because of nerve root damage,
however, a typical meningeal syndrome is rarely observed
(10, 11).
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Gadolinium-enhanced brain and spine magnetic resonance
imaging (MRI) is the preferred radiographic method for
establishing the diagnosis of LG. Although the neuroimaging
features of LG are not very specific, they include enhanced
visualization of the leptomeninges of the brain or spinal
cord, the cranial nerves and the spinal nerve roots, the
surface of the brain, the cerebellar foliae, and the inner
region of the cerebral sulci (8). Unfortunately, the risk of
false-negatives limits the use of MRI as a stand-alone
diagnostic tool. The diagnosis of LG is usually confirmed by
the presence of glioma cells in the CSF, which are possibly
associated with high levels of CSF proteins (8).

Although several studies have looked for potential
predictive factors of secondary LG occurrence, the
prognostic factors of this disease at the time of diagnosis
remain unknown. To date, the rarity and heterogeneous
presentation of this disease has not allowed the development
of a standard therapeutic approach (8). Recently, a standard
response evaluation method (based on a standardized
neurological examination, CSF cytology, and radiographic
evaluation) was proposed by the Response Assessment in
Neuro-Oncology (RANO) leptomeningeal metastases
working group (12). The use of radiotherapy (13), systemic
alkylating agents, such as temozolomide (TMZ) (4), and
intrathecal cytarabine (14) or methotrexate (6) has been
described only in case reports or in small retrospective
cohorts, and to date, the prognosis of secondary LG remains
poor, with the mean overall survival (OS) ranging from 2 to
4 months (10, 15, 16).

Therefore, our objective was to evaluate the characteristics,
the prognostic factors, as well as treatment options for
patients with LG, with a focus on assessing whether there are
any potential benefits in using BCNU-TMZ instead of other
chemotherapeutic agents.

Patients and Methods

A retrospective monocentric analysis of 31 patients diagnosed with
LG referred to our institution between 2004 and 2013 was conducted.
The present study was approved by our local ethics committee and
complies with the principles of the Declaration of Helsinki.

Patients. Patient characteristics at LG diagnosis are listed in Table
I. Of the 31 patients examined, 12 were females and 19 were males,
varying in age from 22 to 78 years and having a median age of 45.2
years. The diagnosis of LG was based on i) positive CSF cytology
(n=12), ii) MRI data (n=16) with or without hyperproteinorrachia
(CSF protein levels) (>1.2 gr/l); or iii) clinical data with
hyperproteinorrachia (n=3).

Method. The following data were obtained from the patients’ charts:
i) age, ii) Karnofsky performance status (KPS), iii) neurological
symptoms (cognitive disturbance, motor or sensitivity deficit,
aphasia, epilepsy, intracranial pressure, and meningism) at the time
of LG diagnosis, iv) history of ventricular openings during glioma

debulking surgery, v) treatments for glioma before the LG diagnosis,
vi) the interval between initial glioma diagnosis (IGD) and LG
diagnosis, vii) the presence of meningeal contrast enhancement, viii)
the tumor location, ix) the tumor contact with CSF (defined by a
minimum contact zone of 10 mm), x) the LG treatment modalities
and their toxicities, xi) the administered BCNU–TMZ or any other
type of chemotherapy (17), and xii) the results of the CSF analysis
at the time of LG diagnosis and for the duration of the treatment
(cytology, number of CSF elements, protein and glucose levels). For
the disease assessment, imaging data were reviewed at the time of
the study using the RANO criteria. Progression-free survival (PFS)
was defined as the time from the LG diagnosis to documented
progression or death, censored at the date of the last documented
disease evaluation. Overall survival (OS) was defined as the time
from the LG diagnosis to death from any cause, censored at the date
of last communication. The date of LG diagnosis was defined as the
date of positive cytology or the date of MRI diagnosis with negative
CSF histology. The LG treatment toxicities were retrospectively
assessed and graded based on the Common Terminology Criteria for
Adverse Events v4.0 (18).

Data were described as frequencies (percentages) or medians
(range), as appropriate. PFS, OS, and median OS were estimated
using the Kaplan–Meier product limit method. The log-rank test was
performed to compare survival rates obtained from the univariate
analysis, and the Mann–Whitney test was performed to compare
median delays. Qualitative variables were compared using the chi-
square test. Prognostic factors with p<0.05 in univariate analysis
were explored in the multivariate analysis. Cox proportional hazards
models were used for multivariate analyses and for estimating the
hazard ratios in the regression models. Reported p-values were 2-
sided, and p<0.05 was considered statistically significant. Statistical
analyses were performed using the SPSS version 20® (SPSS, Inc.,
Chicago, IL, USA).

Results

Patient characteristics and outcomes. At the time of LG
diagnosis, most patients (22/31, 71%) displayed a general
status (KPS) of <70, showed cognitive disturbance and a
motor or a sensitivity deficit (Table I). Thirty-six percent
(11/31) of the patients experienced meningism, while only
10% (3/31) experienced intracranial hypertension. A primary
supratentorial tumor was found in 81% (25/31) of the
patients, while a spinal or posterior fossa localized tumor
was found in the remaining patients. Almost all patients with
available imaging data (25/31) showed a tumor in contact
with CSF at the time of LG diagnosis. 

The median times from IGD to LG occurrence tended to
be shorter for patients with glioblastoma than for those with
a grade II to III glioma (8 and 29 months, respectively;
p=0.08).

Most patients received at least one treatment line before
LG diagnosis. At the time of LG diagnosis, 71% of the
patients received treatment (22/31). A majority of the treated
patients were treated with BCNU–TMZ as the first-line
treatment (15/22). Following LG diagnosis, 55% (12/22) of
patients were administered with bevacizumab as a first,
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second or third line of treatment. Grade III to IV treatment
toxicities (mainly hematological) were observed in 45.5%
(10/22) of the treated patients and in 47% (7/15) of patients
treated with BCNU–TMZ (Table II). Among the 22 treated
patients, 9 (41%) were clinically stable or showed an
improvement following chemotherapy (Table II). Only one
patient was alive at the time of the last follow-up (22
months). The median PFS and OS from the time of the LG
diagnosis were low: 1.8 months [95% confidence interval

(CI)=0.9-2.7)] and 2.1 months (95% CI=1.3-3), respectively.
The 6- and 12-month OS rates were 26% and 6%,
respectively, whereas the 6- and 12-month PFS rates were
13% and 6%, respectively.

Prognostic factors. In univariate analysis, administration of
BCNU-TMZ as a first line of LG therapy increased the PFS
and OS of patients compared to other types of chemotherapy
(p=0.036 and p=0.08 respectively, Figure 1). In addition, age
at <45.2 years, KPS≥70, and a delay between glioma and LG
diagnosis ≥13.45 months were significantly associated with
a better PFS and OS (Table III). Similarly, confirmation of
oligodendroglioma through histological examination also
showed significant improvement in PFS (Table III). No
prognostic value was found in the initial grading, CSF
protein levels, or CSF protein level evolution (range, +41%
to +994%) during the treatment for LG (Tables III and IV).
The median OS values for patients treated with BCNU–
TMZ, patients treated with other types of chemotherapy, and
untreated patients were 5.7 (95% CI=3.1-8.2), 2.0 (95%
CI=1.1-2.9), and 0.6 (95% CI=0.5-0.7) months, respectively
(Table IV).

In the multivariate analysis (Table IV), BCNU–TMZ as
the first-line treatment for LG (p=0.002; HR=6.635) as well
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Table I. Patient characteristics before LG Diagnosis.

Characteristics                                                                                         

Age (median, range)                                              45.2 (21.6-77.9)
Gender
   Male (N, %)                                                                19/31            61.3
   Female (N, %)                                                             12/31            38.7
Grading
   WHO grade II gliomas (N, %)                                    1/31               3.2
   WHO grade III gliomas (N, %)                                 10/31            32.3
   WHO grade IV gliomas (N, %)                                 20/31            64.5
Histology
   Low grade oligodendroglioma (N, %)                        1/31               3.2
   Anaplastic astrocytoma (N, %)                                   5/31             16.1
   Anaplastic Oligodendroglioma (N, %)                       5/31             16.1
   Glioblastoma (N, %)                                                   20/31            64.5
Interval between IGD and LG 
   (median months, range)                                       13.5 (0-241.9)
   WHO grade II & III gliomas (months, range)    28.9 (0-99.2)
   WHO grade IV gliomas (months, range)           8.1 (0-241.9)
KPS at LG diagnostic                                                                             
   70-80 (N, %)                                                                9/31             29.0
   50-60 (N, %)                                                               22/31            71.0
Symptoms at LG diagnostic
   Cognitive disturbance (N, %)                                    23/31            74.2
   Motor or sensitivity deficit (N, %)                            17/31            54.8
   Aphasia (N, %)                                                            7/31             23.3
   Epilepsy (N, %)                                                           4/31             12.9
   Intracranial hypertension (N, %)                                3/31             10.0
   Meningism (N, %)                                                      11/31            35.5
Tumor location at LG                                                                              
   Posterior fossa (N, %)                                                 1/31               3.2
   Spinal (N, %)                                                               4/31             12.9
   Supratentorial (N, %)                                                 25/31            80.6
   The three (N, %)                                                          1/31               3.2
Tumoral contact with CSF at the

time of LG diagnosis (N, %)                                      25/31            92.6
   Unknown                                                                      4/31                 
Treatment before LG (N, %)                                                                  
   0 line (N, %)                                                                5/31             16.2
   1 line (N, %)                                                               12/31            38.7
   ≥2 lines (N, %)                                                           14/31            45.1
Patients with positive CSF cytology (N, %)                12/31           46.2
   Unknown                                                                      5/31                 

LG, Leptomeningeal gliomatosis; WHO, world health organization;
IGD, initial glioma diagnosis; KPS, Karnofsky performance status; CSF,
cerebrospinal fluid.

Table II. Patient outcomes. 

Characteristics                                                                                           

CSF proteins level during LG treatment                                                 
  Increased (N, %)                                                             4/11          36.4
  Stable or decreased (N, %)                                            7/11          63.6
Treatment for LG (N, %)                                                                         
  0 line (N, %)                                                                   9/31             29
  1 line (N, %)                                                                  17/31         54.8
  2-3 lines (N, %)                                                              5/31          16.1
BCNU-TMZ as LG first line treatment (N, %)             15/31         48.4
Use of bevacizumab during LG treatment (N, %)         12/31         38.7
Disease assessment                                                                                   
  Clinical assessment                                                                                
  Improved (N, %)                                                          6/31          19.3
  Stable (N, %)                                                                3/31            9.7
  Deteriorated (N, %)                                                    22/31            71
  Radiological parenchymal assessment                                                  
  Response (N, %)                                                          3/31            9.7
  Stable (N, %)                                                                7/31          22.6
  Progression (N, %)                                                       6/31          19.3
  Not assessed                                                                15/31         48.4
  Radiological meningeal assessment                                                      
  Response (N, %)                                                          3/31            9.7
  Progression (N, %)                                                       6/31          19.3
  No meningeal contrast enhancement                          1/31            3.2
  Not assessed                                                                15/31         48.4
                                                                                              
CSF, Cerebrospinal fluid; LG, leptomeningeal gliomatosis; TMZ,
temozolomide.



as the delay between the IGD and LG diagnoses (p=0.009;
HR=5.839) were both independent prognostic predictors for
OS. Similar results were observed for PFS (Table III).

Stable or improved clinical statuses under treatment were
associated with a better initial KPS at the time of the LG
diagnosis (p=0.049) and these tended to associate with a
brain tumor volume decrease (p=0.059). However, no
correlation was observed between the clinical status and the
CSF protein levels at the time of LG diagnosis (p=0.716),
CSF protein level evolution (p=0.652), or meningeal
response (p=0.231).

Discussion

The present retrospective analysis of patients with secondary
LG identified the time interval from the IGD to the LG
diagnosis as a potential prognostic factor for OS. Among the
treatments used in our institution, BCNU–TMZ seems to be
an interesting therapeutic option for these patients.

LG diagnosis is challenging because several pleomorphic
clinical manifestations may be attributed to the primary
glioma. In our cohort, 35% of the patients had meningism.
To date, the diagnostic confirmation is based on the presence
of glioma cells in the CSF. However, repetitive lumbar
punctures appear to be necessary so as to confirm the LG
diagnosis, due to the frequent presence of false-negative
samples (19, 20). In this context, the improvement of MRI
discrimination is an attractive tool for the diagnosis of these
patients.

Literature on secondary LG remains inadequate; only a
few case reports or retrospective cohort studies have been
published so far, presenting limited amount of data in line
with the rare incidence of the disease and the methodology
described in them. Here, we report a median age of 45.2

years at the time of LG diagnosis, which is in line with one
of the largest cohort studies by Noh et al. (6). The median
time between IGD and LG diagnosis was 13.5 months, with
a mean of 32.5 months and a range of 0-242 months. These
results tend to be consistent with those reported by Arita et
al. (15) and Witham et al. (21), who have suggested that LG
remains an evolved stage of glioma even though the
dissemination of glial cells in the CSF can occur earlier in
certain cases.

The previous reports have suggested several risk factors
associated with secondary LG dissemination, including
intraoperative ventricular entry (2), proximity of the lesion
to the ventricular system (2, 11, 22, 23), and PTEN mutation
(24). In our study, we observed that 93% of tumors were in
contact with the CSF drainage site at the time of LG
diagnosis. However, it should be noted that our work focused
on the prognostic factors at the time of LG diagnosis;
therefore, the predictive factors of LG occurrence were out
of our study’s scope.

To our knowledge, the prognostic factors of LG at the
time of diagnosis are poorly documented. In our study, we
identified the duration of the interval between IGD and LG
diagnosis as a prognostic predictor. The use of BCNU–TMZ
was associated with a better patient outcome. Age, KPS, and
histological grade according to the World Health
Organization criteria did not seem to impact either PFS or
OS, even though they are well-known prognostic factors for
glioma at the time of the initial diagnosis. Furthermore, CSF
protein levels at the time of  LG diagnosis have often been
described as a diagnostic tool (10); however, the evolution
of CSF protein levels during LG treatment has failed to
predict a better OS or PFS in our small retrospective study.

To date, no standard treatment has been established for LG
while the benefits of chemotherapy remain controversial (25).
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Figure 1. Kaplan–Meier estimates of progression-free survival and overall survival according to treatment groups.



In high-grade gliomas, Bae et al. (10) have used intrathecal
methotrexate chemotherapy, with or without bevacizumab
plus irinotecan; however, these therapies did not show any
significant effect on OS.  Chamberlain et al. (26) used
intraventricular chemotherapies in 18 patients with high grade
gliomas and he concluded that these therapies had minimal
palliative efficacy and that additional supportive care should
be seriously considered. Nevertheless, Beauchesne et al. (14)
and Nandipati et al. (4) have reported interesting clinical
improvements and radiological responses amongst patients
treated with intrathecal cytarabine and TMZ, respectively.
However, these results remain isolated, and no clear approach
for the management of LG can be determined on the basis of
these literature reports. Among the treatments used following
diagnosis of LG, we found that the effects of BCNU–TMZ

were associated with a better patient outcome when compared
to other types of chemotherapy. Therefore, according to these
results, BCNU–TMZ could be an attractive therapeutic option
for the treatment of patients with secondary LG as well.
Indeed, BCNU and TMZ are two of the most potent drugs
used to treat malignant gliomas and the preclinical in vitro
studies of Plowman et al. (27) have showed that they display
a synergistic therapeutic effect in treating glioma. TMZ
determines depletion of O6-alkylguanine DNA transferase
(O6-AGT), which is one of the causes of the nitrosourea
resistance (27, 28). Furthermore, TMZ has a favorable safety
profile with mild toxicities that do not overlap with those of
BCNU (28). 

Our study was limited in that it was performed
retrospectively and included data from only one medical
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Table III. Univariate and multivariate analyses of potential prognostic factors for progression-free survival in our population.

                                                                                                                                               Univariate                                        Multivariate

Parameters                                                                                                 PFS (months)        95% CI         p-Value       HR      CI95% of HR       p-Value

Age (years)                                                                                                                                                     <0.001                                                   0.258
  <45.2                                                                                                                4.3                 0.6-8.1                                                                              
  ≥45.2                                                                                                                0.9                 0.6-1.2                                                                              
KPS                                                                                                                                                                 0.024                                                    0.793
  <70                                                                                                                   1.1                  0-2.2                                                                               
  ≥70                                                                                                                    5.3                 0-14.0                                                                              
Grading at initial diagnosis                                                                                                                             0.344                                                         
  WHO grade 2 and 3 gliomas                                                                          2.1                 0.2-4.1                                                                              
  WHO grade 4 gliomas                                                                                     1.3                  0-2.8                                                                               
Histology at initial diagnosis                                                                                                                                                                                            
  Oligodendroglioma                                                                                          3.4                  0-8.0             0.049                                                    0.877
  Others                                                                                                               1.3                 0.6-2.0                                                                              
No line before LG diagnosis                                                                                                                          0.786                                                         
  ≤1                                                                                                                      2.3                 0.4-4.3                                                                              
  >1                                                                                                                      1.5                    1.2                                                                                 
Tumor location                                                                                                                                                0.294                                                         
  Infratentorial                                                                                                    1.7                  0-3.7                                                                               
  Supratentorial                                                                                                   2.3                 1.7-2.9                                                                              
1st line treatment for LG                                                                                                                               0.036       3.864     1.340-11.139         0.016
  Contains BCNU-TMZ                                                                                     3.3                 0.8-5.8                                                                              
  Other treatment                                                                                                1.5                 0.4-2.7                                                                              
CSF proteins level at LG  diagnosis (g/L)                                                                                                    0.549                                                         
  <4.45 (median)                                                                                                2.1                 1.5-2.8                                                                              
  ≥4.45 (median)                                                                                                 1.8                 0.5-3.1                                                                              
CSF proteins level evolution during LG treatment (g/L) (N=11)                                                                0.122                                                         
  Decreased                                                                                                        6.0                 4.3-7.7                                                                              
  Increased                                                                                                          1.5                  0-3.3                                                                               
CSF glucose level at LG diagnosis (mmol/L) (N=17)                                                                                  0.182                                                         
  <2.4 (median)                                                                                                   1.1                 0.4-1.8                                                                              
  >2.4 (median)                                                                                                   2.1                 1.6-2.7                                                                              
Delay between glioma initial diagnosis and LG diagnosis (month)                                                            0.004       4.864     1.348-17.551         0.026
  <13.45 (median)                                                                                              1.0                 0.7-1.3                                                                              
  ≥13.45 (median)                                                                                               2.1                  0-4.9                                                                               

PFS, Progression-free survival; CI, confidence interval; HR, hazard ration; CI95%, 95% confidence interval; KPS, Karnofsky performance status;
WHO, world health organization; LG, leptomeningeal gliomatosis; TMZ, temozolomide; CSF, cerebrospinal fluid.



center. Despite these limitations, we carefully analyzed all
patients referred to our institution, who were further
followed-up and were diagnosed for secondary LG.

We retrospectively observed 31 cases of secondary LG
and identified the time interval from the IGD to the LG
diagnosis as a potential prognostic factor for LG; however,
initial proteinorrachia and its evolution during the course of
the treatment do not correlate with the patients’ outcome.
Instead, we found that BCNU–TMZ may be a beneficial
therapeutic option in this setting.
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world health organization; LG, leptomeningeal gliomatosis; TMZ, temozolomide; CSF, cerebrospinal fluid.
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