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Simple Summary

Glioblastoma is the most common primary brain malignancy among adults and carries
a poor prognosis. In rare circumstances, glioblastoma can metastasize to the spinal cord,
resulting in severe focal neurological deficits, including paralysis and incontinence. We
report the clinical presentation, treatment, and outcomes of 15 patients with this rare phe-
nomenon, identified from a territory-wide brain tumor registry in Hong Kong. Treatment
for glioblastoma spinal metastasis may include a combination of spinal surgery, radiother-
apy, and/or systemic therapies. Reviewing the current medical literature, no particular
treatment has been proven to be effective in conferring longer survival, but they may serve
to alleviate symptoms and reduce further neurological damage. Despite its rarity, spinal
metastasis of glioblastoma should not be overlooked, and clinical vigilance is required in
order to provide timely treatment.

Abstract

Background: Spinal metastasis is a rare complication of supratentorial glioblastoma. We
report the clinical features and prognosis of this phenomenon and review the relevant
literature. Methods: This is a territory-wide, multicentre, retrospective review using data
from the Hong Kong High-grade Glioma Registry from 2006 to 2023. Data of consecutive
adult patients diagnosed with supratentorial glioblastoma and spinal metastasis were
extracted and analyzed. Results: Among the 1342 patients with supratentorial glioblastoma,
15 were diagnosed to have spinal metastasis (1.1%). The median time to spinal metastasis
from the initial diagnosis of glioblastoma was 38.7 weeks (IQR: 15.1–57.6). Multi-level
spinal involvement was present in 60% (9/15) of patients. Neither the topographical
location of the tumor in relation to the subventricular zone, extent of resection, occurrence
of intraoperative ventricular entry, nor methylguanine methyltransferase (MGMT) promoter
methylation status predicted the time to spinal metastasis. The median overall survival was
44.1 weeks (IQR: 29.9–80.2), and the median post-spinal metastasis survival was 12.6 weeks
(IQR: 5.0–15.0). Two-thirds of patients received spinal radiotherapy, 26.7% had systemic

Cancers 2025, 17, 2979 https://doi.org/10.3390/cancers17182979

https://doi.org/10.3390/cancers17182979
https://doi.org/10.3390/cancers17182979
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0009-0006-2680-9379
https://orcid.org/0000-0002-7789-1222
https://orcid.org/0000-0002-8476-0239
https://orcid.org/0000-0001-6427-114X
https://orcid.org/0000-0002-7345-7904
https://doi.org/10.3390/cancers17182979
https://www.mdpi.com/article/10.3390/cancers17182979?type=check_update&version=1


Cancers 2025, 17, 2979 2 of 17

therapy (chemotherapy, targeted therapy, and/or immunotherapy), and 13.3% underwent
surgical spinal decompression. No significant survival improvement was observed among
patients who received spinal radiotherapy (HR: 0.61; 95% CI: 0.17–2.23) or systemic therapy
(HR: 0.94; 95% CI: 0.20–4.39). Conclusions: This case series illustrates the management
practices and clinical course of glioblastoma patients with spinal metastasis. No treatment
modality was proven to be superior. Treatment remains largely palliative and should be
tailored on an individual basis.

Keywords: glioblastoma; spinal metastasis; overall survival; magnetic resonance imaging;
radiotherapy; spinal surgery

1. Introduction
Glioblastoma is the most common primary malignant brain tumor in adults and has an

incidence of 1–5 per 100,000 [1,2]. Standard of care consists of maximal safe tumor resection
followed by temozolomide (TMZ) chemoradiotherapy (CRT) [3]. Despite multimodal
treatment, the prognosis of glioblastoma patients remains poor, with an overall survival
(OS) of 10–14 months [2,4,5]. While most patients invariably experience tumor recurrence,
up to 90–95% are focal, i.e., within 2 cm of the resection cavity, and distant recurrences
typically remain intracranial [6–9]. Extracranial metastasis to the spinal cord is a rare
complication, and there is no consensus on their treatment. We present a series of 15 patients
diagnosed with supratentorial glioblastoma with spinal cord metastasis. We describe the
clinical characteristics and management of this rare phenomenon with a review of the
biomedical literature.

2. Methods
This was a retrospective territory-wide multicenter review of adult patients (≥18 years)

with histologically confirmed supratentorial glioblastoma with documented evidence of
spinal metastasis between 1 January 2006 and 30 December 2023. All patients received
maximal safe resection of their primary tumor across all seven neurosurgical centers in
Hong Kong. The original tumor diagnosis was made in accordance with the World Health
Organization (WHO) Classification of Central Nervous System Tumors, 4th Edition [10].
This study was approved by the institutional review board of the Hospital Authority (HA)
of Hong Kong (reference number: KC/KE-18-0262/ER-4). All patients were identified from
the Hong Kong High-grade Glioma Registry (HK-HGG registry), a centralized prospective
repository of consecutive patients with histologically proven high-grade glioma treated by
the city’s public healthcare system. In Hong Kong, universal public healthcare is provided
by the HA, a statutory government body that delivers care for over 90% of inpatient bed-
days in the city. From the HK-HGG registry, we manually reviewed the medical records
of all glioblastoma patients (n = 1342) within the study period. The following inclusion
criteria were adopted: (1) International Classification of Diseases, 9th Edition (ICD-9) codes
198.3 (secondary malignant neoplasm of brain and spinal cord), 198.4 (secondary malignant
neoplasm of other parts of the nervous system), 192.2 (malignant neoplasm of spinal cord),
and C72.0 (malignant neoplasm of spinal cord); (2) clinical documentation of spinal metasta-
sis in electronic patient records; (3) radiological evidence of leptomeningeal, intramedullary,
or drop dissemination to the spinal cord; and/or (4) lumbar puncture cerebrospinal fluid
(CSF) cytology reports confirming the presence of tumor cells. Patients who had primary
brainstem, cerebellar, or spinal gliomas, those with Isocitrate dehydrogenase-1 (IDH-1)
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mutant gliomas, or who only had a clinical suspicion of spinal dissemination without
supporting radiological or pathological evidence were excluded.

Collected data were broadly classified into patient-related, tumor-related, and
treatment-related categories. Patient-related data included demographics and preoperative
Karnofsky performance status (KPS) upon presentation of their brain tumor, and clinical
presentation upon diagnosis of spinal metastasis. Tumor-related data included the location
of the supratentorial glioblastoma, its relation to the subventricular zone (SVZ), methyla-
tion status of the methylguanine methyltransferase (MGMT) promoter, and the location of
spinal involvement. The SVZ was defined as a 3–5 mm region bordering the lateral wall
of the lateral ventricle [11,12]. This was ascertained by reviewing preoperative magnetic
resonance imaging (MRI) that demonstrated the gadolinium contrast-enhancing tumor’s
involvement of the SVZ. Treatment-related data included the extent of resection (EOR) of
the primary supratentorial tumor during the index operation, whether there was entry
into the ventricular system during resection, and the oncologic treatments for the primary
and subsequent metastatic spinal tumor. Kaplan–Meier curves were used to plot time-to-
outcome data, including time to spinal metastasis, post-spinal metastasis survival, and
overall survival (OS). OS was defined as the duration from the date of the index resection
to the date of death. The data-cutoff date for this study was 31 December 2023. Data are
reported using standard biostatistical methods. Patients without a documented date of
death were censored at the date of last clinical follow-up. Following univariate analysis, a
multivariate Cox regression analysis was performed to adjust for the effects of established
OS prognostic factors for glioblastoma patients. A p-value < 0.05 was considered statis-
tically significant. All statistical analyses and plots were generated using the Statistical
Package for the Social Sciences software version 21.0 (SPSS Inc., Chicago, IL, USA).

3. Results
Fifteen glioblastoma patients with spinal metastasis were identified among our review

of 1342 individuals with supratentorial glioblastoma (1.11%). The mean age at diagnosis of
the primary supratentorial glioblastoma was 40.7 years (±14.1 years; range: 18–63 years),
and the female-to-male ratio was 1:1.5. Preoperative Karnofsky Performance Scale (KPS)
was ≥80 in two-thirds (10/15) of patients. The majority of patients (12/15; 80.0%) were
ethnic Chinese. MGMT promoter methylation was present in five tumors (41.7%). The
primary tumor was predominantly located in the temporal lobe in 60% (9/15) of patients,
and half involved the SVZ (8/15; 53.3%).

Gross total resection (GTR) of the supratentorial glioblastoma was achieved at the
index operation for seven patients (46.7%). Ventricular entry (VE) occurred during primary
tumor resection in 80% (12/15) of patients, and seven (47.6%) subsequently required
ventriculoperitoneal shunting for hydrocephalus. Following the index surgery, eleven
patients (73.3%) proceeded with TMZ CRT. Nine patients (60%) received adjuvant-phase
TMZ therapy with a mean number of 6.8 cycles (±SD 4.4 cycles). Of the four patients
who were not offered adjuvant TMZ CRT, two patients had BRAFV600E mutated-tumors
(13.3%, 2/15) and both had spinal metastases upon presentation. They were hence offered
palliative targeted therapy instead of TMZ CRT. One patient (P14) received a series of
systemic agents including TMZ, combination dabrafenib (BRAF inhibitor) with trametinib
(MEK inhibitor), and subsequently nivolumab. She survived 31.4 weeks and 28.7 weeks
from her diagnosis of supratentorial glioblastoma and spinal metastases, respectively.
Another patient (P12) received combination dabrafenib with trametinib and succumbed
17.1 weeks after being diagnosed with supratentorial glioblastoma and 15.4 weeks since
spinal metastases (Table 1).
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Table 1. Baseline patient, tumor and treatment characteristics of the included patients.

Total (n = 15) (%)

Patient and tumour characteristics
Age, years,
mean ± SD (years) 40.7 ± 14.1
Sex (%),
Male, 9 (60.0)
Female 6 (40.0)
Preoperative KPS (%)
≥80 10 (66.7)
≤70 5 (33.3)
Location of tumour by lobe (%)
Frontal 2 (13.3)
Temporal 9 (60.0)
Parietal 3 (20.0)
Occipital 1 (6.7)
Central core * 3 (20.0)
Subventricular zone involvement (%)
Yes 8 (53.3)
No 7 (46.7)
IDH-1 mutation (valid %)
Wildtype 9 (100.0)
Not available 6
pMGMT promoter methylation (valid %)
Methylated 5 (41.67)
Unmethylated 7 (58.33)
Not available 3

First line treatment for supratentorial glioblastoma
Extent of resection (%)
Gross total resection 7 (46.7)
Subtotal resection 7 (46.7)
Biopsy 1 (6.7)
Intraoperative ventricular entry (%)
Yes 12 (80.0)
No/not applicable 3 (20.0)
First line treatment received (%)
Surgery 15 (100.0)
Concurrent chemoradiotherapy (CCRT) 11 (73.3)
Adjuvant-phase temozolomide therapy 9 (60)

Disease recurrence and survival
Intracranial disease recurrence (%) 8 (53.3)
Time to intracranial disease recurrence, 40.6
median (IQR), weeks (27.9-58.6)
Overall survival from glioblastoma diagnosis,
median (IQR), weeks

44.1
(29.9–80.2)

* The central core comprises of the insula, basal ganglia, and thalamus.

Spinal metastasis was present at the time of the diagnosis of supratentorial glioblas-
toma (i.e., within one month of the index operation) in three patients (20.0%) (Table S1).
Overall, the median time to spinal metastasis was 38.7 weeks (IQR: 15.1–57.6 weeks)
(Figure 1a). Eight patients (53.3%) had associated intracranial tumor recurrence at a median
of 40.6 weeks (IQR: 27.9–58.6 weeks). Univariate analysis of the 12 patients with spinal
metastasis upon recurrence demonstrated that the presence of residual tumor after the
index resection (HR 4.63, 95% CI: 1.08–19.9, p = 0.04; Figure 1b) and SVZ involvement (HR
10.1, 95% CI: 1.18–85.6, p = 0.03; Figure 1c) were associated with earlier spinal metastasis.
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MGMT promoter methylation (HR 0.60, 95% CI: 0.16–2.18, p = 0.43) or intraoperative VE
(HR 0.63, 95% CI: 0.13–3.18, p = 0.58) were not found to be associated with earlier spinal
metastasis. After adjusting for age, sex, and KPS, the association between SVZ involvement
and earlier spinal metastasis was significant (adjusted HR 8.3, 95% CI: 0.6–116.5, p = 0.12).
No association between EOR and time to spinal metastasis was demonstrated (HR 1.42,
95% CI: 0.1–17.6, p = 0.78).

Spinal involvement was symptomatic in 14 patients (93.3%). The majority presented
with paraparesis (9/15, 60.0%) and/or paraesthesia with neurogenic bladder symptoms
(6, 40.0%). Five patients (30.0%) had either neck pain or back pain (Table 2). Diagnosis
was confirmed radiologically in all 15 patients using spinal gadolinium contrast-enhanced
MRI (Figures 2 and 3). More than half (60%) had multi-level involvement, with metastases
involving two or more levels of the cervical, thoracic, lumbar, and/or sacral spine. The
most commonly affected spinal levels were the thoracic spine, affecting 12 patients (80.0%),
followed by the lumbar spine (10/15; 66.7%), cervical (9/15; 60.0%), and sacral regions
(4/15; 26.7%) (Figure 4). Among lumbar cistern CSF studies collected from eight patients,
five (62.5%) had positive tumor cytological findings.

(a) 

(b) 

Figure 1. Cont.
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(c) 

Figure 1. Time to spinal metastasis. (a) Cumulative incidence of spinal metastasis over time;
(b) stratified by extent of resection at index operation; (c) stratified by SVZ involvement.

 

Figure 2. Radiological features of glioblastoma spinal metastases (Illustrative patient 1): a 58-year-old
woman with right temporal glioblastoma involving the SVZ ((a), gadolinium-contrast–enhanced
T1-weighted MRI, axial) underwent near-total resection ((b), postoperative day 1 contrast-enhanced
T1W MRI, axial). After TMZ concomitant chemoradiotherapy, there was focal tumor recurrence
eight months after diagnosis ((c), axial), along with metachronous spinal tumor deposits at the cervi-
comedullary junction and C2/3 level ((d), T2W cervical spine MRI, sagittal; (e), contrast-enhanced
T1W cervical spine MRI, sagittal; (f), axial C2/3 level). (The green arrows denote the metastatic
spinal lesions).
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Figure 3. Radiological features of glioblastoma spinal metastases (Illustrative patient 2): a 64-year-old
man with a left lingula gyrus glioblastoma involving the SVZ (a) gadolinium-contrast enhanced
T1-weighted MRI, axial) underwent near-total resection. After TMZ concomitant chemoradiotherapy,
there was focal tumor recurrence ten months after diagnosis ((b), axial) with metachronous spinal
tumor deposits at the C7/T1, T5/6 and L3/L4 levels ((c), T2W whole-spine MRI, sagittal; (d), contrast-
enhanced T1W whole-spine MRI, sagittal, and corresponding spinal level involvement in the inset,
axial). (The green arrows denote the metastatic spinal lesions).

Table 2. Characteristics of glioblasatoma patients with spinal metastasis.

Total (n = 15) (%)

Spinal metastasis characteristics
Timing of spinal metastasis
Upon presentation 3 (20.0%)
Upon disease recurrence 12 (80.0%)
Time to spinal metastasis from the initial diagnosis of glioblas-
toma, median (IQR), weeks

38.7
(15.1–57.6)

Method of spinal metastasis diagnosis
Contrast-enhanced MRI spine (%) 15 (100.0)
Positive lumbar puncture CSF cytology
(% of the patient who had cytological studies for CSF) 5 (62.5)
Presenting symptoms
Limb weakness 9 (64.3)
Sensory disturbances 6 (42.9)
Sphincter symptoms (acute retention of urine/urinary incontinence) 6 (42.9)
Neck pain/back pain 5 (35.7)
Cranial nerve deficit 1 (7.1)
Asymptomatic 1
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Table 2. Cont.

Total (n = 15) (%)

Location/extent of spinal metastasis (%)
Cervical-spine only 1 (6.7)
Thoracic-spine only 4 (26.7)
Lumbar-spine only 1 (6.7)
Multi-level involvement † 9 (60.0)

Treatment for the spinal metastatic lesion ‡
Laminectomy for resection 2 (13.3)
Spinal radiotherapy 10 (66.7)
Systemic treatment § 4 (26.7%)
- Chemotherapy (TMZ) ¶ 2
- Targeted therapy (Dabrafenib with trametinib) 2
- Immunotherapy (Pembrolizumab or nivolumab) 2

Post-spinal metastasis survival

Post-spinal metastasis survival, median (IQR), weeks 12.6
(5.0–15.0)

† Multi-level involvement was defined as involvement in two or more spinal levels. ‡ Of the ten patients who
received spinal RT, two were also given systemic treatment. Of the five patients who did not receive spinal RT,
one patient was treated with immunotherapy monotherapy and another were treated with targeted treatment
alone. § One patient sequentially received chemotherapy, targeted therapy, and immunotherapy. ¶ One patient
had TMZ as part of the standard CRT for newly diagnosed glioblastoma, as the spinal metastases was diagnosed
before the start of CRT.

 

Figure 4. Distribution and extent of glioblastoma metastatic spinal lesions. (“X” denotes the levels of
spinal cord involvement as detected on spinal MRI).

Most patients (12/15; 80%) received treatment directed at the spinal metastasis, includ-
ing resection, radiotherapy, and/or systemic agents, either as monotherapy or combined
multi-modal treatment (Figure 5). The majority of patients (10/15; 66.7%) underwent
palliative fractionated spinal radiotherapy, and four (26.7%) were administered systemic
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oncologic therapy. The median biologically effective dose delivered using radiotherapy was
39.9 Gy (IQR: 31.3–41.8 Gy8; assuming an α/β ratio of 8 Gy [13]). Besides the two patients
with BRAFV600E-mutated tumors who received BRAF/MEK targeted therapy (dabrafenib
and trametinib), one patient continued with TMZ CRT, and another was prescribed pem-
brolizumab monotherapy.

Figure 5. Swimmer plot depicting the disease course of the glioblastoma patients with spinal metastasis.

The median OS was 44.1 weeks (IQR: 29.9–80.2 weeks) (Figure 6a) and the median
post-spinal metastasis survival was 12.6 weeks (IQR: 5.0–15.0 weeks) (Figure 6b). There
was no demonstrable benefit in post-spinal metastasis survival from either RT (HR 0.74,
95% CI: 0.23–2.35, p = 0.61) or systemic therapy (HR 0.85, 95% CI: 0.26–2.80, and p = 0.79).

(a) 

Figure 6. Cont.
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(b) 

Figure 6. Survival outcomes glioblasatoma patients with spinal metastasis. (a) Overall survival;
(b) post-spinal metastasis survival.

4. Discussion
Spinal metastasis is a rare and serious complication of glioblastoma. Since glioblastoma

invariably carries a short survival, most patients likely succumb to the primary tumor
before developing clinically evident spinal metastasis [14–17]. In spite of the rarity of this
phenomenon, historical autopsy series detected evidence of spinal metastasis in up to
15–25% of patients with supratentorial glioblastoma [18–20]. In contrast to the postmortem
observations, the incidence of clinically significant spinal metastasis has commonly been
reported to be 1–2% [15,21–24]. Under-reporting is likely to exist, since spinal imaging is
not routinely performed for asymptomatic patients, and spine-related symptoms may be
masked by neurological deficits arising from the primary intracranial tumor. To estimate the
incidence of asymptomatic spinal metastasis at initial diagnosis, Shibahara et al. performed
routine spinal MRI screening in newly diagnosed glioblastoma patients, regardless of the
presence of spine-related symptoms. Of the 87 patients who underwent screening spinal
MRI, 11 patients (12.6%) showed radiological evidence of spinal dissemination. Only
one of the 11 patients with spinal metastasis hadattributable limb weakness at diagnosis,
whereas the remaining 10 patients had no spine related symptoms [22]. Nevertheless, with
advancements in diagnostic radiology, such as the application of CSF-sensitivity imaging
(e.g., post-contrast fluid-attenuated inversion recovery imaging (FLAIR) sequences), it is
expected that spinal metastases could be detected more readily [25].

The clinical presentation of spinal metastases depends on the location and degree of
spinal cord compression, such as neck or back pain, radicular pain, gait disturbance,
paraplegia, paraesthesia, neurogenic bladder, bowel symptoms, and sexual dysfunc-
tion [14,15,21,23,24,26–40]. Therefore, detection of spinal involvement heavily relies on
maintaining a high index of clinical suspicion. In our cohort, while the majority of the
patients (60%) had multilevel involvement, the thoracic spine was the most commonly
affected region (80%), followed by the lumbar spine and cervical spine, corroborating
previous observations [15,23,41]. One postulation to explain this trend is that the thoracic
cord is more sensitive to compressive lesions, given the relatively narrower spinal canal in
this region [23].

MRI is the chief investigation for diagnosis of spinal metastasis but is usually not
performed as a routine screening tool in real-world practice [17,23]. Alongside conven-
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tional contrast-enhanced imaging, inclusion of FLAIR sequences to the routine glioma MRI
protocol has been advocated to improve the diagnostic accuracy for both intracranial and
spinal leptomeningeal metastasis, particularly in patients with IDH-1 wildtype astrocy-
toma [25,42]. The superior performance of FLAIR sequences in detecting leptomeningeal
disease has been ascribed to its ability in suppressing normal leptomeningeal vasculature,
allowing a clearer delineation of genuine lesions [25,43–45]. Lumbar CSF cytological exam-
ination for tumor cells is another investigation of choice. However, the sensitivity of CSF
cytology is low, and only a small proportion of glioblastoma patients with spinal metastases
demonstrate malignant or suspicious cells in CSF samples. The CSF cytology positivity
rate has been reported as low as 0% in a case series of 14 glioblastoma patients with ra-
diological evidence of spinal dissemination [14,22,46]. CSF protein levels and D-dimer
levels have been investigated as potential surrogate biomarkers for spinal dissemination of
glioblastoma, but larger-scale studies are required to support these findings [22,46].

The exact oncobiological mechanisms for spinal metastases remain elusive. It had been
suggested that the risk of spinal metastasis increases with unmethylated MGMT promoter
status, higher Ki-67 score, temporal lobe location, SVZ involvement, and multiple surgical
resections [22,47–51]. The role of intraoperative VE as a risk factor for leptomeningeal
dissemination has been debated. A meta-analysis of nine studies with high-grade gliomas
observed a strong association between intraoperative VE and leptomeningeal dissemination
(OR 3.9, 95% CI: 1.9–8.1, p = 0.0002), translating into shorter OS (HR 1.3, 95% CI: 1.1–1.5,
p = 0.01) [49]. Subsequent data revealed that instead of intraoperative VE, SVZ tumor
involvement was an independent risk factor for leptomeningeal spread (HR 1.9, 95% CI:
1.1–3.3, p = 0.01) and poorer OS (HR 1.9, 95% CI: 1.4–2.7, p < 0.001) [52]. Since VE is more
commonly encountered during resections of SVZ-involving glioblastomas (VE in 66/114 of
SVZ-involving tumors versus 19/118 of non-involving tumors), it was concluded that SVZ
tumor involvement likely confounded previous observations regarding the importance of
VE in leptomeningeal tumor dissemination and OS [52]. Similarly, a retrospective cohort
study of 200 patients did not observe a higher rate of subsequent leptomeningeal disease in
patients who had VE during primary glioblastoma resection (7.5% with VE versus 10.2%
without VE, p = 0.57) [53].

A number of molecular and genomic alterations have been observed in glioblastomas
with metastatic dissemination. Earlier case studies identified PTEN gene mutation, gains at
1p36 and 1q25 chromosomal regions, and a high MIB-1 labelling index to be prognostic of
leptomeningeal dissemination [54,55]. Prior to the publication of the 5th WHO classification
system for CNS tumors, which integrated IDH status to the molecular diagnostic criteria
for glioblastoma, an IDH-wildtype status has also been associated with a higher risk of
spinal metastasis [47,56]. More recently, stanniocalcin-1 (STC-1), a microRNA-regulated
secreted glycoprotein with physiological functions in autocrine-paracrine signalling, has
been recognised as a metastasis-promoting factor in various cancers, including glioblastoma,
by activating PI3K/AKT and JNK signalling pathways [57]. A retrospective study of tumor
tissues and CSF samples from 23 glioblastoma patients with metastatic dissemination to
the spinal cord or medulla oblongata demonstrated significantly reduced expression levels
of several STC-1-regulating microRNAs as well as increased STC-1 mRNA expression
compared to those without metastasis, implicating a possible association for STC-1 in
promoting glioblastoma CSF dissemination [58].

Despite neurosurgical resection, radiotherapy, and systemic therapy, the median
survival following spinal metastases was only 12.6 weeks in our cohort. This short survival
was similar to the median survival of 11.2 weeks in previous meta-analysis [23]. There is
currently no standard therapeutic recommendation given the rarity of this phenomenon. A
combination of radiotherapy, chemotherapy, targeted therapy, and immunotherapy was
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employed. We were unable to demonstrate a significant survival benefit from either RT
or systemic therapy. A single-center retrospective study of 168 recurrent glioma patients
with leptomeningeal spread, of which 29 patients had glioblastoma with spinal metastasis,
also did not observe any significant OS difference between patients that received RT,
chemotherapy, or antiangiogenic therapy [59].

Surgical resection is largely reserved for palliative purposes in selected patients, but
it has not been shown to confer a survival benefit [14,15,17,23,28–30,32,34–36,39,60–64].
Experience with primary spinal high-grade glioma suggested that postoperative RT, rather
than resection was associated with prolonged survival [65]. Since most patients with
spinal tumor metastasis already have recurrent disease, delays in initiating second-line
chemotherapy or RT after resective surgery for wound-healing reasons could inadvertently
truncate their OS.

External beam radiotherapy is the most common treatment offered for glioblastoma
spinal metastatic lesions [23]. A few case reports have described a modest effect of RT
in preserving neurological function and alleviating pain in patients withspinal metas-
tasis [29,34,35,66–70]. Nevertheless, no survival benefit was demonstrated with spinal
RT [15,59]. There is also no evidence-based consensus on the optimal RT regimen and
fractionation schedule. Data from QUANTEC (Quantitative Analyses of Normal Tissue
Effects in the Clinic) have estimated that, under full-circumference irradiation to the spinal
cord with conventional fractionation of 1.8–2 Gy/fraction, the risk of myelopathy is 0.03%
at a maximal cord dose (DMAX) of 45 Gy, 0.2% at DMAX of 50 Gy, <1% at DMAX of 54 Gy,
and <10% at DMAX of 61 Gy [71]. With emerging knowledge on spinal cord tolerance,
there has been growing interest in introducing stereotactic radiotherapy for primary spinal
glioblastomas, allowing for the delivery of a higher biologically effective dose to optimise
local tumor control and alleviate symptoms, while reducing the risk of radiation-induced
myelopathy [72,73].

Existing clinical practice guidelines for recurrent glioblastomas such as from, the
National Comprehensive Cancer Network (NCCN), the European Association of Neuro-
Oncology (EANO), and the European Society for Medical Oncology (ESMO) recom-
mended systemic therapy options including rechallenge with temozolomide, nitrosoureas,
procarbazine-lomustine, bevacizumab, and regorafenib [74–76], but none have been proven
to be superior [77]. Although bevacizumab, an anti-angiogenic vascular endothelial growth
factor inhibitor, has been suggested for patients with leptomeningeal glioblastoma metas-
tases [78,79].

There are several study limitations. The latest WHO classification adopts a multi-
layer integrated approach to defining glioblastoma, integrating histological features with
molecular signatures: IDH-1 mutation, EGFR amplification, TERT promoter mutations,
and the combined gain of chromosome 7 and loss of chromosome 10 [80]. However, this
study consisted of a historical cohort spanning over 15 years, and it was not standard
practice to perform the complete panel of molecular testing in previously. Second, the
sample size of this series was not large enough to conclude or compare the effectiveness of
various treatment modalities for spinal metastasis. Third, there was limited access to data
regarding spinal metastasis-related symptom control and quality of life. Finally, there was
no well-selected control cohort undergoing routine spinal MRI surveillance to delineate
which patients were most at risk of developing subclinical metastasis. However, given the
high morbidity and functional impact of this condition, real-world reviews of this distinct
glioblastoma condition should be considered.
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5. Conclusions
Spinal metastasis is a rare complication of supratentorial glioblastoma. No clear benefit

in OS was observed for any specific therapy adopted for this condition, and a high level
of vigilance is required when patients experience either neck pain, back pain, or spinal
cord compression syndromes. Suurvival after the detection of spinal meastasis is short, but
palliative treatment may be considered such as spinal decompressive surgery or RT.

Future research should aim at identifying the subset of glioblastoma patients at risk
of metastasis for opportunistic spinal image screening. With more frequent detection,
adequately powered prospective clinical trials may then become feasible to investigate
novel therapies for these patients.
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