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INTRODUCTION

Approximately two-thirds of glioblastoma (GBM) patients progress to leptomeningeal spread (LMS)
within two years. While 90% of LMS cases are diagnosed during the progression and/or recurrence of
GBM (defined as secondary LMS), LMS presentation at the time of GBM diagnosis (defined as primary
LMS) is very rare. "®F-fluorodeoxy glucose positron emission tomography computed tomography (6F-
FDG PET/CT) study helps to diagnose the multifocal spread of the malignant primary brain tumor. Our
patient was a 31-year-old man with a tumorous lesion located in the right temporal lobe, a wide area
of the leptomeninges, and spinal cord (thoracic 5/6, and lumbar 1 level) involvement as a concurrent
manifestation. After the removal of the right temporal tumor, the clinical status progressed rapidly,
showing signs of increased intracranial pressure and hydrocephalus caused by LMS. He underwent a
ventriculoperitoneal shunt a week after craniotomy. During management, progression of cord com-
pression, paraplegia, bone marrow suppression related to radiochemotherapy, intercurrent infections,
and persistent ascites due to peritoneal metastasis of the LMS through the shunt system was ob-
served. The patient finally succumbed to the disease nine months after the diagnosis of simultaneous
GBM and LMS. The overall survival of primary LMS with GBM in our case was nine months, which is
shorter than that of secondary LMS with GBM. The survival period after the diagnosis of LMS did not
seem to be significantly different between primary and secondary LMS. To determine the prognostic
effect and difference between primary and secondary LMS, further cooperative studies with large-vol-
ume data analysis are warranted.
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Since there is no standard treatment guideline for LMS in
patients with GBM, it is considered as end-stage complication

Glioblastoma (GBM) leptomeningeal spread (LMS) results
from the spread of tumor cells from the brain parenchyma to
the leptomeninges and cerebrospinal fluid (CSF) space and is
considered one of the most severe complications of GBM [1-3].

The reported incidence of LMS after the diagnosis of GBM
is approximately two-thirds of patients within the first two
years of diagnosis. However, the estimated incidence of symp-
tomatic LMS has been reported to be 2%. This is probably
underestimated because of the undiagnosed and asymptom-
atic cases [1].
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of the disease. The post-LMS diagnosis survival time was 0.2-
9.7 months with a mean of 4.7 months [1,4,5].

Several therapeutic approaches for LMS, including intra-
thecal chemotherapy, radiation therapy, and recently, molec-
ular targeted therapy, have been attempted; however, survival
after diagnosis of LMS in GBM is not lengthened for more
than eight months [6-12].

We present a case of 31-year-old man with GBM and LMS
diagnosed by early enhanced MRI and '**F-fluorodeoxyglu-
cose positron emission tomography/computed tomography
("*F-FDG PET/CT) studies, which can suggest primary LMS.

CASE REPORT

A 31-year-old man was transferred from Dankook Uni-
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versity Medical Center at Cheonan, where he presented with
seizures, headache, and incipient papilledema. However, his
neurological examination were normal with no history of ex-
tracranial primary carcinoma. Brain MRI revealed a small
mass lesion localized in the right temporal lobe with lepto-
meningeal enhancement on the ventral side of the brain stem.
No peritumoral edema or restricted diffusion was observed
(Fig. 1). Contrast-enhancing lesions in the right temporal
lobe and leptomeningeal contrast enhancement on the ven-
tral side of the brain stem were seen on MR, in addition "*F-
FDG PET/CT showed multifocal high metabolic uptake le-
sions in the brain and spinal cord. We suspected a primary
brain tumor with the LMS at the time of GBM diagnosis,
which is very rare even in malignant primary brain tumors.

However, metastasis from an extracranial source needs to
be ruled out; therefore, brain metastasis workups were per-
formed. There was no enhancing tumorous lesion on CT scans
of the abdomen and chest. Whole-body *F-FDG PET/CT was
also performed, which revealed high metabolic uptake lesions
at the left central sulcus, left Sylvian cistern, skull base, and
spinal cord of T5/6, L1 spinal levels (Fig. 2). A subsequent
spinal MRI showed enhanced lesions corresponding to the
BE-FDG PET/CT image. Optic fundus examination revealed
papilledema.

Craniotomy was performed for accurate diagnosis and ex-
cision of the tumor (Fig. 3). During surgery, the cortical sur-
face anatomy appeared normal and the mass was located in
the deep proximal Sylvian fissure. The superficial cortical sub-
arachnoid space appeared normal, and leptomeningeal thick-
ening was not observed. The tumor was composed of gray-

colored soft tissue with no cystic portion. Gross total removal
was performed. Intraoperative frozen biopsy revealed the tu-
mor as a high-grade malignant tumor, such as metastasis or
lymphomatous tumor, and is unlikely to be a high-grade glial
tumor.

Pathologic examination of the specimen showed as follows.
A microscopic view of the hematoxylin and eosin (H&E) stain
revealed nuclear pleomorphism, mitosis, microvascular prolif-
eration, and necrosis (Fig. 4). Immunohistochemical staining
was positive for glial fibrillary acidic proteins. The final patho-
logic report revealed GBM with isocitrate dehydrogenease
(IDH)-wild type (Grade 4) and positive O°-methylguanine
methyltransferase (MGMT) promoter methylation.

Therefore, concurrent chemoradiation therapy was initiat-
ed. However, five days after surgery, the patient fell into a stu-
por and was unable to obey verbal commands. A follow-up
brain CT scan showed no definite changes or intracranial
hemorrhage, but the electrolyte profile exhibited salt-wasting
syndrome. Seven days after craniotomy, the patient presented
with uncontrolled intracranial hypertension and a decreased
heart rate. Under the diagnosis of increased intracranial pres-
sure (ICP) and papilledema with acute hydrocephalus, a ven-
triculo-peritoneal (VP) shunt was performed. Although a small
amount of CSF had spilled out of the dura, the ICP was still
54 cm H,O. The dura mater was bulged and tense upon pal-
pation. One week after the VP shunt, the patient recovered
his alert mental status but exhibited paraplegia, and MRI con-
firmed increased tumor size at L1 spinal lesion (from 2.3 cm
to 2.8 cm).

One month after craniotomy, the patient underwent modi-

Fig. 1. Initial contrast enhanced midsagittal MRI reveals prominent leptomeningeal contrast enhancement along the ventral surface of the
midbbrain, pons, and medulla oblongata, and dorsal surface of high cervical and medulla (A, white arrows). Coronal view shows right medi-
al temporal lobe round tumor and bilateral basal temporal surface leptomeningeal contrast enhancement (B, white arrows).
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fied low-dose raditherapy at 39.6 Gy due to bone marrow sup- abdominal pain. Abdominal CT has shown no definite chang-
pression. Temozolomide treatment was postponed for three

es since the last study. Since the circumference of the patient’s
weeks due to multi-focal pneumonia and fever.

abdomen continued to increase, suggesting a normal-func-
The patient experienced moderate upper right quadrant tioning VP shunt, abdominopelvic CT and whole-body "F-

C D

Fig. 2. Whole-body FDG-PET revealing high metabolic uptake lesions on the left cerebral hemisphere (A, white arrows), right anterior tempo-
ral lobe tumor (B, white arrow), and spinal cord of T5/6, L1 spinal level (C and D, white arrows).

Fig. 3. Right pterional craniotomy and durotomy exposed the anterior Sylvian fissure and veins with normal-looking cortical surface (A,

white arrow). At deep Sylvian fissure yellow coating mass with a friable and finely vascularized surface was observed. The lesion was re-
moved near completely through the anterior Sylvian fissure (B, white arrow).
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Fig. 4. Hlstopathologlc f|nd|ngs of glloblastoma (Grade 4) The |mmunoh|stochem|cal stain shows posmve glial flbrlllary acidic protein, and
Ki-67 index of more than 30% of tumor cells.(A, X100; B, X400). Histological examination of the tumor shows neovascular proliferations and

pseudopalisading necrosis (C and D, H&E stain, x200)

FDG PET were performed. Follow-up abdominopelvic CT
showed increased ascites, peritoneal thickening, and nodular
infiltration. In addition, *F-FDG PET/CT showed lesions
with high metabolic uptake in the abdomen and pelvic bone,
which was considered abdominopelvic metastasis (spread) of
the GBM (Fig. 5). Paracentesis for relieving the distended ab-
domen was performed seven times. Nonetheless, evidence of
malignant cells was not found in any of the cytological studies
of ascitic fluid. The clinical status progressively deteriorated.

Nine months after the diagnosis of GBM and LMS, the pa-
tient succumbed to the disease with multiorgan failure due to
septic conditions.

DISCUSSION

We present a rare case of primary GBM with simultaneous
LMS (brain and spinal cord, primary LMS), followed by ab-
dominal metastasis via a VP shunt. Other case reports of pri-
mary GBM with concurrent LMS at the time of diagnosis are
summarized in Table 1 [4,13-25]. The LMS results from the
spreading of tumor cells from the brain parenchyma via the
perivascular space to the subpial, leptomeninges, and CSE. It
is one of the most severe complications of GBM and implies a
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Fig. 5. ®F-FDG PET/CT exhibited multifocal high metabolic up-
take lesions at the abdomen and pelvic bone (arrows) which were
considered as abdominopelvic metastasis (spread) of the glio-
blastoma via ventriculo-peritoneal shunt.



Table 1. Literature summary of primary glioblastoma with LMS

C Jang et al.

Study Age/sex Tumor location LMS diagnosis ~ Overall VP CSF
(or number) method survival shunt malignant cell
Nadkarni et al. [15] 50/M Lt. cerebellar MRI 9 months - No
Kwon et al. [14] 7 Corpus callosum 1, MRI 14.9 month 717 2/7
midbrain 1, (median)
cerebellum 1,
temporal lobe 3,
frontal lobe 1
Andersen et al. [13] 17 Brain and spine MRI 3.8 month - 1/17
(median)
Mandel et al. [4] 3 Brainstem 2, MRI 4.7 months - No
hypothalamus 1 (median)
Yamasaki et al. [16] 60/M Lt. temporal MRI 8 months - No
Dardis et al. [17] 3 - MRI 14.2 months - -
(median)
Intriago et al. [18] 59/M Frontal and MRI 1 month None -
cervicothoracic spine
Kanai et al. [19] 4/F Pons, midbrain and CSF tapping 4 months Yes Yes
intraspinal leptomeningeal
dissemination
Pohar et al. [20] 63/F Rt. parietal and MRI 3 months None Yes
cervicothoracic spine
Witham et al. [21] 2 - MRI 11.5 month - No
(median)
Reifenberger et al. [22] 70/F Brainstem Autopsy 6 weeks Ventricular -
drainage
Shuangshoti et al. [23] 23/M Brainstem and spinal Autopsy 8 months None No
cervicodorsal
Giordana et al. [24] 49/F Brainstem and Surgical biopsy 6 months Yes No
entire spinal leptomeninges
Norbut et al. [25] 36/M Pineal CSF tapping 4 months Yes Yes

LMS, leptomeningeal spread; VP, ventriculo-peritoneal; CSE, cerebrospinal fluid

more aggressive behavior and a worse prognosis. Patients
with LMS may experience increased ICP, hydrocephalus, and
cranial nerve palsies [2,26]. Intractable vomiting may occur
in patients with fourth ventricular involvement, but the fre-
quency of seizures does not seem to increase because of LMS
[27]. Moreover, a recent review article reported that two-thirds
of patients with GBM develop LMS within the first two years
after the diagnosis of GBM, and the median delay to the diag-
nosis of LMS varies from 5 to 16.4 months. In addition, this
delay may be shorter in specific tumor locations, such as the
pineal, spinal, periventricular, and infratentorial regions [1,2,28].
In this case, the LMS was present in the whole brain and spi-
nal cord at the time of the diagnosis of temporal lobe GBM,
which was in contact with the Sylvian cistern and may have
contributed to the LMS. This pattern of LMS at the time of
GBM diagnosis is very rare compared to secondary LMS dur-

ing the treatment or recurrence of GBM.

No risk factors for LMS of GBM have been demonstrated,
although multiple factors have been suggested, such as age,
histological features, molecular alterations, anatomical tumor
site, tumor volume, and therapeutic interventions [1].

In retrospective studies and case series regarding GBM with
LMS, the mean overall survival after diagnosis of treated LMS
was 4.94 months (range, 2-9 months). Our patient survived
for 9 months after the diagnosis of LMS and GBM. However,
the patient showed rapid initial disease progression. One
week after tumor removal, the patient underwent a VP shunt
due to increased ICP and hydrocephalus with a stupor men-
tality. One month after the tumor removal, the patient devel-
oped paraplegia.

The LMS of GBM can be classified into two types. The first
type is a positive parenchymal GBM with concurrent LMS at
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diagnosis (primary LMS). The second type is GBM with de-
layed LMS during treatment or recurrence of GBM (second-
ary LMS). Most LMS cases of GBM are of the secondary LMS
type. However, our case was of the first type (primary LMS).

A comparison between the survival time of our patient (pri-
mary LMS) and the current mean overall survival data for
GBM (secondary LMS) indicated a shorter overall survival
of our patient (9 months); however, if survival after diagnosis
of LMS was compared, the survival time of our patient was
in the upper range of the survival data (2-9 months). Prima-
ry and secondary LMS survival after the diagnosis of LMS did
not seem to differ, which means that LMS negatively affected
the overall prognosis of GBM.

As the patient’s abdominal circumference continued to in-
crease, we had to do consecutive paracentesis seven times to
relieve abdominal distension and alleviate compromised res-
piration. The aspiration fluid volume varied from 200 mL to
1,000 mL each time. All the samples were used for the fluid
cytology test, which was negative for malignant cells. A direct
peritoneal biopsy may be an option for the diagnosis of LMS
in cases with repeated negative ascitic fluid analysis of malig-
nant cells. However, in this case, a surgical peritoneal biopsy
was not performed because of poor performance status and
physical burden, a probable surgical complication related to
a distended abdomen due to ascites, and no additional treat-
ment modality could be beneficial to the patient. CSF cyto-
logic positivity in GBM with LMS is variable, 4%—-75% of cases
[1,3,13,29]. From a practical point of view, there is no doubt
that persistent ascites despite repeated paracenteses are relat-
ed to the peritoneal spread of GBM cells and compromising
the peritoneal CSF absorption capacity, not the problem of
shunt malfunction. In this case, *F-FDG PET/CT was helpful
for the clinical diagnosis of LMS in the peritoneal cavity.

In conclusion, the overall survival of primary LMS with
GBM in our case was nine months, which is shorter than that
of secondary LMS with GBM. The survival period after the
diagnosis of LMS did not seem to be significantly different
between primary and secondary LMS. To evaluate the prog-
nostic effect and differences between primary and secondary
LMS, further cooperative studies with large volumes of data
are warranted.
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