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EEMGCIEE]  High-grade glioma (HGG) with primary leptomeningeal seeding (PLS) at initial diagno-
sis is rare. The purpose of this study was to identify its clinical features and to describe the clinical
treatment outcomes.

PETEEE  We retrospectively reviewed the medical records of patients with HGG (World Health
Organization grade lll or IV) at our institution between 2004 and 2019, and patients with PLS at the ini-
tial diagnosis were enrolled in the study. Clinical features, such as the location of leptomeningeal seed-
ing, surgical methods, and degree of resection, were sorted based on electronic medical records also
containing performance scale, and hematological and serological evaluations. Radiological findings
and immunohistochemical categories were confirmed. Furthermore, we sought to determine whether
controlling intracranial pressure (ICP) via early cerebrospinal fluid (CSF) diversion increases overall sur-
vival (OS) after the initial diagnosis.

TS Of the 469 patients with HGG in our institution, less than 2% had PLS at the initial di-
agnosis. Most patients suffered from headache, diplopia, and dizziness. Pathological findings included
7 glioblastomas and 2 anaplastic astrocytomas. Seven of the 9 patients underwent CSF diversion. All
patients were administered concurrent chemoradiotherapy (CCRT) with temozolomide, 89% of which
started adjuvant temozolomide and 33% of which completed the six cycles of adjuvant temozolomide.
The OS of patients with HGG and PLS was 8.7 months (range, 4—37), an extremely poor result com-
pared to that of other studies. Also, the 1-year and 2-year OS rates were 44.4% and 16.7%, respectively.

Diagnosis and treatment of HGG with PLS are challenging. Aggressive control of ICP
followed by early initiation of standard CCRT seems to be helpful in improving symptoms. However,
despite aggressive treatment, the prognosis is poor. A multicenter trial and research may be necessary
to create a standardized protocol for this disease.

Key Words High-grade glioma; Glioblastoma; Ventriculoperitoneal shunt; Chemoradiotherapy;
Neoplasm seeding; Elevated intracranial pressure.

INTRODUCTION in high-grade glioma (HGG) is a rare and serious condition.
HGGs are either World Health Organization (WHO) grade
Primary diffuse leptomeningeal gliomatosis (PDLG) with- II or IV tumors and they tend to grow rapidly and spread
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faster than tumors of lower grades. The most common grade
III tumor is anaplastic astrocytoma (AA) and grade IV tumor
is glioblastoma multiforme (GBM). There is a lack of consen-
sus on the appropriate treatment for PDLG; most treatment
regimens mainly focus on chemoradiotherapy and palliative
management [1-3]. PDLG is typically characterized by glial
cell infiltration with or without specific evidence of a primary
brain or spinal cord mass lesion. It is clinically characterized
by a rapid and progressive course, and the outcome is invari-
ably fatal.

PDLG theoretically invades the meninges along the neural
network within white matter, and it can be seeded into the sub-
arachnoid space. Certain cases presented in this study appeared
to have mass lesions displayed by pre-operative MRI, and thus
do not strictly conform to the definition of PDLG. Therefore,
we defined it as HGG (i.e., WHO grade III or IV) with primary
leptomeningeal seeding (PLS) upon initial diagnosis.

In cases of secondary leptomeningeal dissemination, the
mean survival period after diagnosis reportedly ranges from
2.8 to 4.8 months. This seems to be the end stage of malignant
glioma [4,5]. The current study aimed to identify the clinical
characteristics and treatment outcomes of HGG with PLS.

MATERIALS AND METHODS

Patients

This study enrolled patients with HGG and PLS who met
the inclusion criteria; cases of secondary leptomeningeal seed-
ing (LMS) were excluded. Of the 469 patients with HGG, 35%
of which accorded with the tumors of WHO grade III such as
AA, anaplastic oligodendroglioma, anaplastic ganglioma, etc.,
65% of whole group were categorized in WHO grade IV like
glioblastoma. Nine of these patients with PLS in present study
were selected from the brain tumor database that collected in-
formation from a single center between 2004 and 2019. The
chosen cases had tumor seeding at the time of the initial di-
agnosis based on the MRI findings. This was confirmed using
radiological images and an assessment of the cerebrospinal
fluid (CSF). All the selected patients underwent a biopsy.

The collected data included demographic variables, tumor
characteristics, diagnostic results, treatment type and outcome,
and survival after the initial diagnosis. The survival time from
the initial diagnosis until death, the time of the patient’s first
surgery, the time of any additional surgeries for controlling in-
creased intracranial pressure (ICP), and the administration of
concurrent chemoradiotherapy (CCRT) were also evaluated.

Our baseline evaluations included a detailed patient histo-
ry, physical and neurological examinations, Karnofsky Perfor-
mance Scale (KPS) index, hematological and serological eval-
uations, and brain MRI results extracted from the electronic
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medical records. The Institutional Review Board (IRB) of the
Seoul National University Bundang Hospital (SNUBH) waived
the requirement for informed consent due to the retrospec-
tive study design, and the study was conducted according to
the guidelines of the Declaration of Helsinki for biomedical re-
search (IRB B-2010-640-107).

Treatment protocols

The treatment modalities were as follows: the first procedure
involved a surgical tissue confirmation with or without cyto-
reduction; the second process was the CSF diversion through
Ommaya reservoir insertion, extraventricular drainage (EVD)
or ventriculoperitoneal (VP) shunt placement if required; the
third treatment involved CCRT according to the Stupp proto-
col for glioblastoma.

The enrolled patients were continually followed up and moni-
tored for signs and symptoms of increased ICP, such as head-
ache, vomiting, and loss of consciousness. The patients pre-
senting with these symptoms underwent EVD and VP shunt
placement. In contrast, Ommaya reservoir insertion was per-
formed as a second step in the first surgery, in which the le-
sion was biopsied in advance. However, it was not performed
in the additional surgical procedures, as it might have inter-
fered with early CCRT.

In this study, patients received CCRT within 6 weeks after
the pathological confirmation of GBM and AA. They were ad-
ministered temozolomide (TMZ) at 75 mg/m?*/day for 6 weeks
during CCRT based on the Stupp protocol. After a 4-week
break, the patients received adjuvant TMZ for the first 5 days
of each of the 28-day cycles. The number of cycles was depen-
dent upon their situations, provided they showed signs of drug
tolerance. Seven patients received additional craniospinal irradi-
ation (CSI) for 1-4 weeks, which was also rely on the conditions.

Imaging study and CSF cytology screening

Typical findings from MRI with gadolinium contrast (Gd) in
LMS cases include an abnormal, diftuse leptomeningeal thick-
ening and Gd enhancement at multiple sites, including the spi-
nal cord [2]. Analysis of the CSF may show a marked increase
in protein level, normal or low glucose levels, lymphocytosis,
and an elevated pressure. However, staining for malignant cells
reveals a negative result [6].

We conducted an MRI scan of the brain and the spinal cord
at baseline and during follow-up to evaluate the primary seed-
ing lesion. All patients with a normal CSF Gram stain result
underwent a single lumbar puncture before the main surgery.

Evaluation
The extent of resection was evaluated using postoperative
brain MRI with Gd enhancement within 48 hours after sur-



gery. Tumor progression was evaluated using a series of MRI
scans taken after surgery, during the 3rd and 6th cycles of ad-
juvant chemotherapy, and every 3 to 4 months thereafter. The
purpose of this was to initially determine the dose of radio-
therapy 4 weeks after CCRT with TMZ.

The treatment responses of the patients were categorized
into four groups using the Response Assessment in Neuro-
Oncology (RANO) criteria, published in 2010. It is roughly
similar to other systems. It designates four types of response
based on MRI and clinical features: complete response, par-
tial response (PR), stable disease, and progressive disease. The
pathologic results were determined according to the 2016
World Health Organization classification of tumors of the cen-
tral nervous system. They were affirmed based on combined
phenotypic and genotypic classifications and on the generation
of integrated diagnoses, such as the mutation of isocitrate de-
hydrogenase-1 (IDH-1), status of the 1p19q co-deletion, and
the methylation status of the O6-methylguanine-DNA meth-
yltransferase (MGMT) promoter.

Statistics analysis

The log-rank test was performed to compare patient char-
acteristics. The survival rates between the newly-developed
GBM group and HGG with PLS group were estimated using
the Kaplan—-Meier method and compared using the log-rank
test by SPSS 22 software (IBM Corp., Armonk, NY, USA).

RESULTS

Patient characteristics

Of the 469 patients with HGG, 9 (1.92%) were found to have
PLS at the initial diagnosis. The clinical findings in these cases
are summarized in Table 1 and Supplementary Fig. 1 (in the
online-only Data Supplement). The age at diagnosis ranged
from 17 to 64 years (median, 41 years). Of the 9 patients, there
were 8 men and 1 woman. Symptoms at onset included head-
ache (67%), diplopia (22%), and dizziness (22%). A decrease
was observed in the KPS scores after the diagnosis of PLS.

Among the 9 patients, 7 were diagnosed with GBM and 2
were identified as AA. Analyses of MGMT methylation, IDH
mutations, and 1p19q co-deletion resulted in the diagnosis of
GBM in the remaining 7 patients. Among the 7 GBM patients,
5 were IDH-1 wild type and one was IDH-1 mutant; 4 had
an unmethylated and 3 had a methylated MGMT promotor.
There were no 1p19q co-deletions among them. However,
there was no results from genetic analysis for AA. Statistical
analyses of the two groups (methylated vs. unmethylated) were
difficult owing to the small sample size. Eight patients started
adjuvant TMZ and 3 completed the six cycles of adjuvant TMZ
(median value of duration of adjuvant TMZ: 4 cycles). The du-
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ration of CCRT was 41.4 days on average as seen in Table 2.

Leptomeningeal enhancement (LME) was observed on the
preoperative T1-Gd MRI of the brain and spinal cord in all
cases. Initially, CSF was obtained via lumbar puncture in all
patients. Six patients had negative cytology results for malig-
nancy. However, this result is not considered essential for the
confirmation of PLS [7,8]. HGG with PLS had already been
diagnosed in these patients based on the clinical and radio-
graphic findings. The results of CSF diversion served as a base-
line for monitoring the response of the patients to the treat-
ment administered.

Surgery was performed with tissue diagnosis and ICP con-
trol as the major objectives. After pathological confirmation,
CCRT was administered within 6 weeks according to the Stupp
regimen. The details of the treatment are summarized in Table 2.

Seven patients had undergone ICP control surgeries, such
as Ommaya reservoir insertion, EVD, and VP shunt insertion,
within an estimated median of 11 days after the diagnosis of
HGG with PLS. They had an average survival rate of approxi-
mately 14.2 months.

Survival and progression

All' 9 patients underwent surgery within 11 days of the LMS
diagnosis based on the preoperative MRI results. Five patients
underwent endoscopic biopsies and 4 underwent craniotomies
with a biopsy taken. All patients completed the CCRT with
TMZ as shown in Table 2.

Median overall survival (OS) was 8.7 months, and the 1-year
and 2-year OS rates were 44.4% and 16.7%, respectively. Ac-
cording to the RANO criteria, only 1 case showed PR, and the
remaining 8 patients displayed signs of disease progression
within 3 years.

Only 4 patients were initially diagnosed with GBM with LMS.
However, 3 patients were diagnosed with tuberculous enceph-
alitis based on nonspecific enhancing lesions on the MRI scans
and the inflammatory profile of the CSE. This can be attribut-
ed to the high incidence of tuberculosis (TB) in South Korea.
Consequently, the final diagnosis in these patients took longer
(25 days), compared to that of the other patients (4 days), thus
leading to a delay in the surgeries.

Moreover, one of the 4 patients who underwent VP shunt in-
sertion as an additional operation showed signs of extracra-
nial metastases in the shoulders, pelvic bone, and femurs.

Due to the small sample size, a comparison was difficult and
the prognosis of the majority of patients was poor. Thus, the
statistical differences could not be evaluated. However, follow-
ing the diagnosis, there was a subjective improvement in symp-
toms such as headache and double vision, with controlled ICP.
Two patients received delayed treatment because of bone mar-
row suppression. Three patients switched therapy and contin-
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Table 2. Treatment details and intensities

Variables Values

Treatment delivery

CCRT completed 9 (100)

Adjuvant TMZ started 8(89)

Six cycles of adjuvant TMZ completed 3(33)

More than six cycles of adjuvant TMZ completed 0 (0)
Duration of CCRT (days) 41 (30-51)
Duration of adjuvant TMZ (cycles) 4(0-6)
Best response to CCRT and adjuvant TMZ

Complete remission 0(0)

Partial remission 1(11)

Stable disease 0(0)

Progressive disease 8(89)

Data are presented as number (%) or median (range). CCRT, con-
current chemoradiotherapy; TMZ, temozolomide

Table 3. Kaplan-Meier estimates of overall survival (OS) of the 9
high-grade glioma (HGG) with primary leptomeningeal seeding
(PLS) patients in the present study compared to that of the 112
newly diagnosed GBM patients in the same institute

Time Survival rate (%)

(year) Newly diagnosed GBM* HGG with PLS palue
1 76.1 444
2 43.1 16.7
3 23.9 0
4 18.3
5 13.8
6 9.0
7 5.8
8 3.9

Median OS 20.2 8.7 0.024
(months)

*Newly diagnosed GBM in SNUBH, 2004-2013; unpublished
data by coauthor Kyeong-O Go in submission.

ued treatment with Avastin® (bevacizumab)/irinotecan for 2-7
cycles. This can be attributed to an ineffectiveness of treatment

based on the Stupp protocol.

DISCUSSION

Aggressiveness of PDLG

This was a novel study that enrolled patients with HGG with
PLS in a particular institute. At the time of this review, there
were 8 deceased patients among the original 9. The OS of HGG
with PLS was significantly less than 20.2 months as reported
by SNUBH between 2004 and 2013 for newly diagnosed GBM
(Table 3). This is based on unpublished data by the coauthor
Kyeong-O Go.

In our study, CSF diversion did not increase life expectancy.
However, it helped in alleviating pain. Nine patients complet-
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ed CCRT without any significant side-effects. No adverse ef-
fects were associated with TMZ administration during CSI.
Thus, the patients with LMS of the spine required active treat-
ment of their spinal cavity.

Differential diagnosis with TB encephalitis

There is a high incidence of TB encephalitis in Korea. Pa-
tients initially misdiagnosed with TB meningitis or encepha-
litis, with symptoms consisting of convulsions or headache and
LME displayed via MRI without specific findings upon CSF
examination, received TB treatment for more than 2 weeks
in our study. However, there was no improvement of symp-
toms, upon which those patients were referred to the neuro-
surgery department for the possibility of the presence of a tu-
mor. In these cases, the neurologists and radiologists did not
suspect GBM with LMS, which our study has revealed as a
possibility. Therefore, a tissue biopsy should be performed to
identify ill-defined lesions of the brain parenchyma associated
with clinical symptoms of encephalitis, with a high index of
suspicion for high-grade tumors. This specimen can be ob-
tained by stereotactic or navigation-guided biopsy.

LMS to extracranial sites

Systemic metastasis to extracranial sites is extremely rare, oc-
curring at an estimated incidence of less than 2% [9,10]. None-
theless, one of our patients who underwent VP shunting dis-
played signs of extracranial metastases to the shoulders, pelvic
bones, and femurs.

Furthermore, there have been numerous reports of postop-
erative and peritoneal metastases following the implantation
of a VP shunt. This suggests that metastases can occur because
of intraoperative manipulation and the displacement of ma-
lignant cells into the blood, CSE and lymphatic systems [11-13].
Thus, it would be advisable to explore a method that prevents
metastases to other organs after rapid ICP control and before
chemotherapy.

Though we could not compare the effectiveness of EVD, VPS,
and Ommaya insertion for CSF diversion because of the small
sample size within our study, it might prove beneficial to con-
trol ICP at the beginning and during the suspension of aggres-
sive tumor seeding to other organs.

The diagnosis of and treatment for PDLG are challenging.
A 10-year study on GBM conducted at the SNUBH between
2004 and 2011 had a median OS of 19.3 months. In addition,
the 1-year and 2-year OS rates were 78.3% and 41.7%, respec-
tively [10]. The results of our study indicate that patients ini-
tially diagnosed with HGG with PLS have a poor prognosis,
and the OS rate is considerably lower than that of glioblastoma
without LMS. Our study demonstrates a difference of around
5 months. Thus, the early initiation of standard CCRT imme-
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diately after CSF diversion might improve quality of life by
alleviating symptoms such as pain.

Conclusion

Despite the lack of consensus on the optimal management
of HGG with PLS, such treatments as stereotactic biopsy, cra-
nial radiotherapy, and tumor resection should aim at prevent-
ing further CSF dissemination. Maximal resection is the initial
therapy of choice for intracranial GBM. It frequently results
in a rapid improvement in symptoms and associated survival
rates. Preventive radiotherapy of the entire craniospinal axis
might also prove effective.

In conclusion, considering that patients with LMS in this
study had worsening symptoms and a poor prognosis, it is
necessary to implement chemoradiotherapy at an early stage
and more aggressively than in treatment implemented for GBM.
This study did not reveal significant differences between the
effectiveness of different types of CSF diversion owing to the
small sample size. In addition, future research should include
a multi-center study to create a standardized protocol for HGG
with PLS management.
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