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Background: Metastatic spinal dissemination (MSD) is a rare phenomenon in glioblastoma (GBM). The
study aimed to analyze the clinical characteristics of GBM patients with MSD.

Methods: Fifteen GBM patients with MSD, who were treated and followed up with at the Department
of Oncology, Beijing Shijitan Hospital, Capital Medical University from September 2012 to February
2021, were selected for this study. Clinical data, such as demographic characteristics, clinical manifestation,
imaging, cerebrospinal fluid (CSF), treatment and prognosis data, were retrospectively analyzed. The time
to MSD and overall survival (OS) were estimated using Kaplan-Meier plotting. A univariate analysis was
performed using a logarithmic-rank test, and a multivariate analysis was performed using Cox proportional
hazards models.

Results: Of the 15 GBM patients with MSD (9 males and 6 females), the primary lesions were located
supratentorial region in 12 cases, and subtentorial region in 3 cases. After surgery, the ventricles were open
and closed in 7 and 8 cases, respectively. There were 10 cases, 2 cases, 2 cases, and 1 case of MSD in the
full spinal cord (FSC), FSC with spinal cord intramedullary infiltration, cervical spinal cord intramedullary
infiltration, and cervical/thoracic MSD, respectively. Whole spinal cord magnetic resonance imaging (MRI)
showed dotted-line, nodules, and mixed patterns in 3, 2, and 10 cases, respectively. The average CSF protein
level during MSD was 2.49 (range, 0.42-6.68) g/L, and the average CSF d-dimer level was 23,718 (range,
4,056-69,000) ng/L. By the end of the follow-up period, all the patients had died. The median OS of all
patients, the median time from surgery to diagnosis of MSD, and the median time after MSD to death was
15.0 (range, 8-52), 10.0 (range, 1-49), and 4.0 (range, 1-14) months, respectively.

Conclusions: MSD is a rare, metastasized type of GBM. The OS after MSD in GBM patients is very
short. Whole spinal cord-enhanced MRI may be the best way to determine the range of MSD.
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Introduction

Glioblastoma (GBM) is the most common and least
prognostic malignant glioma of primary origin in the
central nervous system (CNS). It has a median survival
time of 14.6 months after standard treatment with the
Stupp regimen, and the vast majority of patients die due
to progression of tumor recurrence (1,2). A proportion of
80% of patients have recurrence in situ, 21.0% have distant
metastases, and a few have metastatic spinal dissemination
(MSD) (3). MSD occurs at every stage of the disease,
mainly through the cerebrospinal fluid (CSF) (4). As cases
of MSD in GBM have rarely been reported (and most
reports are case reports), the clinical features of MSD are
poorly understood (5,6). In our institution, the incidence of
MSD in GBM patients was 3-5%. The study is to further
clarify the general clinical characteristics of glioblastoma
with metastatic spinal dissemination in China and sought
to summarize the clinical features of patients with MSD
in GBM to improve the clinical management of MSD.
We present the following article in accordance with the
STROBE reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-21-3387/rc).

Methods
Patients and study design

Fifteen GBM patients with MSD were treated at Beijing
Shijitan Hospital from September 2012 to February 2021
with complete follow-up. All patients were pathologically
diagnosed with GBM in the primary lesion tissue, and the
pathological diagnosis was made using the 2007 World
Health Organization (WHO) classification and diagnostic
criteria for CNS malignancies (7). Clinical data on clinical
symptoms, previous treatment, primary tumor site, post-
diffusion treatment, and survival were retrospectively
collected.

Confirmation of MSD includes the detection of tumor
cells on CSF cytology or whole spinal cord-enhanced
magnetic resonance imaging (MRI) showing abnormally
enhanced lesions at the periphery of the corresponding
spinal cord segment or within the spinal cord. MSD lesion
imaging shows three patterns: (I) dotted-line; (II) nodular,
and (III) mixed patterns (8). CSF cytology and protein
quantification were routinely performed in the patients
with confirmed MSD, and D-dimer (D-Dimer) levels were
measured.

The follow-up appointments were primarily conducted
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by outpatient and inpatient reviews or telephone visits.

Statistical analysis

Opverall survival (OS) was defined as the time from surgery
to the death of the patient. Survival after MSD was defined
as the time from diagnosis of MSD to death of the patient.
Time to MSD was defined as the time from initial surgery
to confirmed MSD. Survival curves were plotted using the
Kaplan-Meier method. All analyses were performed with
SPSS (version 23, IBM Corporation, Armonk, NY, USA). A
P value <0.05 was considered statistically significant.

Ethical statement

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved
by institutional ethics board of Beijing Shijitan Hospital
[No. sjtky11-1x-2021(64)]. Individual consent for this
retrospective analysis was waived.

Results
Patients’ characteristics

From September 2012 to February 2021, 15 patients with
GBM MSD were enrolled in this retrospective study. The
characteristics of the 15 patients are summarized in Table 1.
Of the 15 patients, 9 were male and 6 were female. The
patients had a median age of 37 (range, 21-78) years. The
primary lesion was located supratentorially in 12 cases
(5 frontal, 3 temporal, 2 parieto-occipital, and 2 temporo-
occipital), and there were 2 cases of invasion of the corpus
callosum. All 15 patients underwent surgery. Specifically,
12 patients underwent total or near-total resection, and
3 patients underwent partial resection. The ventricles
were open in 7 cases and closed in 8 cases after surgery. All
patients received concurrent radiotherapy after surgery,
and 14 patients received temozolomide (TMZ) after
radiotherapy (5/28 regimen), with a median of 6 (range,
1-24) cycles of adjuvant chemotherapy.

Clinical manifestations of MSD

Thirteen GBM patients with MSD presented with single or
multiple symptoms, including lower extremity dyskinesia,
lower extremity pain, neck pain, lower back pain, lower
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Table 1 Patients’ demographic characteristics

Chen et al. Clinical characteristics of GBM with MSD

Pt. No. Sex Age (years) Primary tumor location Surgery v:r?tsr :SL’;)I:act):)/:n Symptoms of MSD

1 F 21 B (brainstem) PR N Back pain & dyskinesia

2 M 30 B (L frontal) GTR Y Dyskinesia of the right lower limb

3 F 28 B (L temporal-occipital) GTR Y Headaches and foot pain & dyskinesia

4 M 23 B (L frontal) GTR Y MRI

5 M 37 B (R cerebellum) GTR Y MRI

6 M 37 B (R temporal) GTR N Numbness of the right lower limb with dyskinesia
7 M 27 B (R parietal-occipital) GTR N Headaches & dyskinesia

8 M 33 B (L occipital) GTR N Neck pain & dysuria

9 F 54 B (R callosum) PR Y Urinary and fecal incontinence & dyskinesia
10 M 39 B (L frontal) GTR N Dyskinesia

11 M 45 B (L temporal) GTR N Urinary retention & dyskinesia

12 M 54 B (L frontal) GTR Y Neck and shoulder pain

13 F 62 B (L frontal) PR N Drowsiness, epilepsy, dyskinesia of lower limb
14 F 29 S (C1-7) GTR Y Urinary incontinence & epilepsy

15 F 78 B (L temporal) GTR N Dyskinesia & consciousness

Pt, patient; No., number; F, female; M, male; B, brain; S, spine; L, left; R, right; C cervical; PR, partial resection; GTR, gross-total resection;
N, No; Y, yes; MSD, metastatic spinal dissemination; MRI, magnetic resonance imaging.

extremity numbness, urinary retention/incontinence,
impaired consciousness, gait abnormalities, headache, and
epilepsy. Lower limb dyskinesia was the most common
symptom (11/15), followed by neck and lower back pain in
4 patients, and urinary incontinence/retention in 3 patients.
Two patients were asymptomatic at the time of detection
of MSD.

Enhanced MRI of the whole spinal cord revealed 12
MSD cases in total, including 2 cases with intramedullary
invasion of the spinal cord. There was 1 case of
cervicothoracic MSD and 2 cases of intramedullary invasion
of the cervical medulla. Enhanced MRI of the spinal cord
showed disseminated lesions of the dotted-line, nodular,
and mixed pattern types in 3, 2, and 10 cases, respectively.

In 14 patients, no tumor cells were detected by CSF
cytology, and in 1 case were not tested. Ten patients had
CSF protein levels above the upper limit of normal, 1 case
had normal CSF protein levels, and in 4 cases, CSF protein
levels were not detected. Patients had a mean protein level of
2.49 (range, 0.42-6.68) g/L. Of the 15 patients, 8 had mean
CSF D-Dimer levels of 23,718.0 (range, 4,056—69,000) ng/L.

After the MSD diagnosis, a part of patients received
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surgery. 1 patient received total craniospinal radiotherapy,
and 2 patients received local radiotherapy to the affected
spinal cord segments. Eleven patients received single/2-
drug combination chemotherapy or targeted therapy with
TMZ, etoposide, carboplatin, cisplatin, irinotecan, sotan,
lomustine, teniposide, cyclophosphamide, verofenib,
darafenib, bevacizumab, and enduro, 6 patients received
intrathecal methotrexate, and 4 patients received
symptomatic supportive therapy only. The efficiency of the
treatment was little, and we provided representative images
of MRI before and after treatment about MSD in GBM (see
Figure 1).

Follow-up

By February 2021, all 15 patients had died. The median OS
was 15.0 (range, 8-52) months (see Figure 2). The median time
from initial surgery to MSD was 10.0 (range, 1-49) months
(see Figure 3). The median survival time after MSD was
4.0 (range, 1-14) months (see Figure 4). The median OS
time, median time from initial surgery to MSD, and median
survival time after MSD in the 6 cases with intracranial first
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Figure 1 One patient (female, 28 year-old) in this study with MSD about cervical and thoracic spinal spread, respectively. (A,C) Metastatic

spinal dissemination before treatment. (B,D) Metastatic spinal dissemination after treatment. MSD, metastatic spinal dissemination.

recurrence was 18.0 (range, 9-52), 15.5 (range, 10-49), and
2.0 (range, 1-6) months, respectively. Two patients with
spinal cord first recurrence and 7 patients with concurrent
spinal cord intracranial recurrence had a median OS time,
median time from initial surgery to MSD, and median
survival time after MSD of 14.0 (range, 8-32), 7.0 (range,
1-22), and 5.0 (range, 1-12) months, respectively.

Discussion

GBM accounts for 54% of intracranial primary brain
malignant glioma (9). Recently, due to the increasing
incidence of glioma and advances in examination techniques,
the number of reports of GBM patients with MSD has

gradually increased. In this study, the clinical characteristics
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of 15 GBM patients with MSD were reviewed and
analyzed. The clinical manifestations of these patients
mainly included the compression of the affected segments
of the spinal cord, resulting in corresponding dysfunction,
which often manifested as lower limb movement disorders,
pain, and abnormal urination. As MSD usually occurs
simultaneously or sequentially with the progression of
intracranial GBM, patients are often asymptomatic, or the
symptoms appear late. Indeed, as most symptoms occur in
the late stage of the disease, the progression of intracranial
GBM leading to motor disorders and sensory abnormalities
may mask the symptoms of MSD. When intracranial GBM
recurrence presents with clinical symptoms that cannot be
explained by intracranial GBM lesions and the progress is
rapid, the possibility of MSD should be considered. In this

Ann Palliat Med 2022;11(2):506-512 | https://dx.doi.org/10.21037/apm-21-3387



510

Probability of survival, %

0 T T T T T T 1
0 10 20 30 40 50 60
Survival time, months

Figure 2 Median overall survival time (15 months). A Kaplan-Meier

analysis was conducted to calculate the median time.
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Figure 3 Median time to metastatic spinal dissemination
(10 months). A Kaplan-Meier analysis was conducted to calculate

the median time. MSD, metastatic spinal dissemination.
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Figure 4 Median survival time after metastatic spinal dissemination
(4 months). A Kaplan-Meier analysis was conducted to calculate

the median time. MSD, metastatic spinal dissemination.
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study, two patients presented with MSD without obvious
clinical symptoms, suggesting that the occurrence of MSD
is insidious to some extent. Whole spinal cord-enhanced
MRI can help to detect MSD. Otherwise, the time point of
the whole spinal cord test from large-scale clinical studies
on the target population is still pending (10).

The diagnostic criteria for MSD include CSF cytology
and whole spinal cord-enhanced MRI. The finding of tumor
cells in the CSF is the highest criterion for a diagnosis of
MSD in GBM, but the chances of positive cytology are low.
In the 14 cases observed in this study, the CSF cytology
was negative. Thus, whole spinal cord-enhanced MRI is
currently the most effective means of diagnosing MSD
in clinical practice. We also measured protein levels and
D-Dimer in the CSF, and the results showed that 90.9%
(10/11) of patients with MSD had varying degrees of
elevated CSF protein levels, but there was a wide variation
in the magnitude of elevation. In this study, eight patients
had CSF D-Dimer levels that exceeded the upper limit of
normal plasma levels by more than 10-100 times. Thus,
increased CSF D-Dimer levels may be associated with the
occurrence of MSD. However, the question of whether CSF
D-Dimer levels can be used as a biomarker for GBM MSD
needs to be further investigated with a larger sample size.

MSD is a rare form of GBM metastasis (4,5,11-13).
There is no standard recommendation for the treatment of
MSD; the available treatment options include radiotherapy,
chemotherapy, intrathecal injection of chemotherapeutic
agents, and targeted drug therapy. Despite these treatments,
the mean survival of patients with MSD in the present study
was only 4 months; 66.7% (10 cases) survived <5 months,
and 93.3% (14 cases) survived <1 year. In the present
study, 1 patient with primary cervical GBM, who received
systemic therapy with irinotecan, Endo, and carboplatin
after the diagnosis of MSD, survived 14 months after MSD,
which suggests that chemotherapy combined with targeted
therapy may contribute to prolonging patient survival.
However, new clinical studies need to be designed and
conducted to determine how to improve patient prognosis
through treatment.

The mechanisms and risk factors of MSD in GBM
patients remain unclear. The main causes of MSD are the
metastasis of GBM cells with CSF, inadequate surgical
protection, open ventriculus cerebri, or the proximity of the
tumor to the ventriculus cerebri (14). Scoccianti reported
that risk factors for spinal dissemination include being
male, the surgical opening of the ventricles and multiple
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foci (15). Tsung concluded that repeated surgical resection,
male, ventricular invasion, ventricular epithelial rupture,
and decreased immunity can increase the incidence of
spinal dissemination. Tsung suggested that repeated surgical
resection, ventricular invasion, ventricular epithelial
rupture, and decreased immune function could increase
the incidence of MSD (16). Wright reported that MSD
occurred in all cases of ventricular opening after GBM and
in no cases without ventricular opening (17). Thus, the
ventricular opening, subventricular infiltration, and the
proximity of the tumor to the ventricles may be predictors
of MSD (15). Fifteen MSD cases were reported in this
study, of which 7 had a ventricular opening and 9 had
subventricular infiltration. Thus, subventricular infiltration
or a ventricular opening may increase the risk of MSD.
Further research needs to be conducted on the risk factors
for the occurrence of MSD during the treatment of GBM
to avoid the poor prognosis caused by MSD as much as
possible.

Several factors limited this retrospective research,
including its small sample size. A small number of the
sample reached the survival event, and in future, we will
accumulate more cases to further explanation.

In summary, MSD is a relatively rare form of metastasis
from GBM, and the molecular mechanisms by which it
occurs remain unclear. Its diagnosis relies mainly on positive
findings from whole spinal cord-enhanced MRI scans, and
its treatment lacks effective therapeutic tools, resulting
in a poor overall prognosis. The development of safe and
effective treatment regimens and the exploration of markers
associated with the progression of MSD are key directions
for future research.
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