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Glioblastoma multiforme is one of the most com-
mon and aggressive primary brain tumors in 
adults, composing 12%–20% of all intracranial 

tumors and more than 50% of glial neoplasms.70 It has a 
reported incidence of 2–3 cases per 100,000 individuals 
per year in Europe and North America, and patients typi-
cally present after the 6th decade of life.70 These tumors 
are less common in children, accounting for only 7%–9% 
of all pediatric intracranial lesions.14 Patient management 
has remained challenging given the tumor’s high prolif-
eration rate and extensive invasion throughout normal 
brain tissue, both of which lead to a mean survival of 
12–14 months after an initial diagnosis.22,25,43,54,56 This 

neoplasm is associated with an extremely poor progno-
sis and one of the worst 5-year survival rates among all 
human cancers, with nearly inevitable tumor recurrence. 
Although as many as 90% of these lesions recur intra-
cranially,34,47,56 the last decade has seen both prolonged 
survival rates and escalating reports of distal CNS recur-
rences. While systemic metastasis to extracranial sites is 
extremely rare,27,32,33,35 spinal cord metastases have been 
reported with increased frequency.16,35,65

Maximal resection is the initial therapy of choice 
for intracranial GBM, frequently leading to rapid im-
provement of symptoms and associated with prolonged 
survival.35,61,70 Recent technological advancements have 
allowed better planning and execution of neurosurgical 
procedures. Multimodal imaging, including conventional 
and functional MRI and diffusion tensor imaging se-
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quences to visualize eloquent brain areas and fiber tracts, 
are routinely used for surgical intervention to decrease 
morbidity and mortality.61 Additionally, 5-aminolevulinic 
acid fluorescence–guided neurosurgery has demonstrated 
more complete tumor resection, resulting in improved 
6-month progression-free survival rates.71 Furthermore, 
intraoperative monitoring and cortical and subcortical 
stimulation aid in reducing the risk of permanent disabil-
ity from tumor resection.63

Advances in radiation therapy and chemotherapy 
have significantly improved mean survival rates as well. 
Postoperative external radiation therapy, at a minimum 
total dose of 54 Gy, has been shown to improve mean sur-
vival from 4–5 to 9–12 months.21,28,44,70 Investigators for 
the European Organization for Research and Treatment 
of Cancer and the National Cancer Institute of Canada 
found similar results in a randomized Phase III trial on 
573 patients.72,73

Despite these advances, all patients eventually expe-
rience tumor recurrence. Approximately 80%–90% of all 
GBM recurrences are local to the site of original tumor 
burden, that is, > 80% of lesions arise within 2 cm of the 
original tumor border.34,47,56 However, metastases to more 
distal sites have become increasingly prevalent because 
of longer survival rates.8,52,56,73 Extracranial extraspinal 
metastases are extremely rare, occurring at an estimated 
incidence of less than 2%.27,32,33,35,37 In these cases, metas-
tases have been observed mainly in the lung, liver, lymph 
nodes, bone, and viscera. In the absence of a previous 
craniotomy, one mechanism of extracranial metastasis 
involves invasion of the dural veins or sinuses.3 Primary 
spinal cord tumors have also been reported to metastasize 
to intracranial sites as well.15,18,40,50 The most common 
sites of metastasis include the subarachnoid space, ven-
tricles, cerebellum, hypothalamus, brainstem, thalamus, 
and septum pellucidum.50

The rate of spinal metastasis from intracranial GBM 
has been variably reported to be 0.4%–2.0% of patients.16,35, 

65,70,77 Despite the limited number of well-documented 
cases, there has been an increase in the frequency of spi-
nal cord involvement in recent years.

In this review, we discuss the development of clinical-
ly significant spinal cord metastases from primary GBM. 
This clinical presentation, although still rare, has been re-
ported more frequently in the last decade. Given the scarce 
literature on effective treatment options, we address the 
current management of metastatic spinal cord disease and 
discuss areas for improvement in what has become a more 
common complication in patients with GBM.

Methods
A single investigator (C.D.L.) systematically selected 

specific reports written between 1980 and 2012. The key 
terms “GBM” and “spine,” as well as “glioblastoma” and 
“spine metastases,” were used to generate a broad selec-
tion of papers from both the PubMed and PubMed Central 
databases. The search generated 87 reports. We eliminated 
any non-English reports as well as any reports pertaining 
to primary malignancy in the spine, those on manifesta-
tions of the disease primarily located in the spinal column 
(including vertebral body disease), and those failing to 

present new cases or aspects of this particular presentation. 
Twenty-three separate reports were culled from this search, 
as well as a detailed review of the literature discussed in 
more recent case reports and series. In these 23 reports, 42 
separate cases were described; treatment and outcome data 
were available in 35 of these cases (Table 1).1,2,5,7,10,11,13,20,26, 

32,35,36,38,39,46,48,58,60,66,68,70,74,77 From these cases we quantita-
tively evaluated the presentation trends, as reported in the 
text and associated tables.

Results
Spinal Metastasis of GBM

Our analysis of presentation trends included data 
from all 42 documented cases of intracranial GBM with 
spinal metastatic lesions. Patients had a mean age of 43 
years and an average survival of 17 months from the ini-
tial intracranial diagnosis. Historically, GBM metastases 
to the spinal cord have most commonly occurred in the 
lower thoracic, upper lumbar, and lumbosacral regions 
(Fig. 1).46,57 Additionally, nerve roots of the cauda equina, 
nerve root sleeves, and fundus of the thecal sac have been 
other sites of metastasis (Fig. 2),46 with rare intramedul-
lary and entire spinal cord involvement.77 We found 13 
metastases (31%) to the cervical region, 22 (52%) to the 
thoracic region, 17 (40%) to the lumbar region, and 3 (7%) 
to the cauda equina/conus medullaris (Table 2).

Reports of spinal metastases remain scarce in the 
literature, in part because most patients with GBM do 
not live long enough for small tumor implants to grow to 
symptomatic size. Furthermore, surveillance imaging of 
the spine is often not undertaken. Accordingly, postmor-
tem observations of spinal seeding have been found to be 
much higher than the incidence of clinically symptomatic 
metastasis. Autopsy studies in which patients had no signs 
or symptoms of spinal metastasis have been documented, 
with rates of postmortem CSF spread ranging from 20% 
to 60%, with variation based on the original location of 
the primary tumor.9,24,57,62,78 Firsching et al.29 suggested 
that leptomeningeal dissemination in patients occurs 
when primary tumor invades the CSF circulation. Supra-
tentorial GBM lesions have demonstrated CSF infiltration 
in approximately 15%–25% of autopsy studies.4,24,62 

Increased CSF dissemination is associated with poorly 
differentiated intracranial tumors with a greater amount of 
necrosis, and yet leptomeningeal spread can be seen with all 
degrees of differentiation.30 While the incidence of symp-
tomatic metastases traditionally has been low, recent years 
have shown a steady increase in this rate. In one study in-
volving 600 patients, 2% of them had symptomatic CSF tu-
mor dissemination from an intracranial lesion.77 However, 
this relatively lower incidence of clinical manifestation as 
compared with the incidence of CSF seeding suggests that 
dissemination occurs in the end stages of the disease, with 
most patients not surviving long enough for symptomatic 
spinal metastasis to develop. In support of this notion, our 
analysis revealed an average interval of 13 months between 
the diagnosis of primary intracranial GBM and spinal met-
astatic disease (Table 3), a latency period that parallels the 
median survival for most patients aggressively treated for 
an intracranial lesion.25,43,56,77
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Regarding intracranial tumor location, the majority 
of primary GBMs tend to be located in the third and lat-
eral ventricles, with involvement of the fourth ventricle 
being uncommon in cases of CSF tumor dissemination.57 
The mechanism for dissemination involves invasion of 
the basement membrane structures, with subependymal 
growth and invasion of the choroid plexus, resulting in 
metastatic spread along the CSF pathways.30 Invasion of 
a primary tumor into the cortical surface can also lead 
to subpial spread, followed by leptomeningeal dissemi-
nation.12,30 Once a tumor cell penetrates the perivascular 
space, it can move freely within the subarachnoid space.

Direct invasion of the ependyma, fissuring of the epen-
dyma from hydrocephalus, and fragmentation of the tumor 

in contact with CSF are all risk factors for CSF tumor dis-
semination. Despite the microscopic spread of tumor cells 
resulting from GBM resection,24,57 some argue that there is 
no evidence that this spread increases the risk of implan-
tation and growth leading to metastatic disease.31 In con-
trast, other authors believe that the possibility of tumor cell 
spread to the spine is increased during craniotomy.23 Grabb 
at el.31 suggested that a greater risk of CSF dissemination 
is associated with recraniotomy, probably from repeated 
manipulation, a more aggressive tumor type, and radio-
therapeutic and chemotherapeutic depression of immune 
function. Furthermore, there have been numerous reports 
of postoperative and peritoneal metastases following the 
implantation of a ventriculoperitoneal shunt, demonstrat-
ing that metastatic disease can result from intraoperative 
manipulation and displacement of malignant cells into the 
blood, CSF, and lymph system.37,51,55,65 However, intraop-
erative ventricular entry and proximity of the intracranial 
lesion to the ventricular system remain controversial fac-
tors in the increased risk of CSF dissemination.23,31,57,62,77 
In addition, cases of extracranial metastasis have been re-
ported in the absence of craniotomy.1,35

Fig. 1. Sagittal T1-weighted MR images demonstrating a contrast-
enhanced lesion at L-3 (left) and C-6 (right). Reproduced with permis-
sion from Hübner et al: Acta Neurochir (Wien) 143:25–29, 2001.

TABLE 2: Location of spinal metastases from intracranial GBM in 
39 patients

Location of Metastasis No. of Cases (%)

cervical 13 (31.0)
thoracic 22 (52.4)
lumbar 17 (40.5)
cauda equina/conus medullaris 3 (7.1)

Fig. 2. Sagittal T1-weighted MR images demonstrating multiple 
contrast-enhancing lesions in the conus medullaris and cauda equina 
(left) and a more lateral view of these same lesions (right). Reproduced 
with permission from Buhl et al: Acta Neurochir (Wien) 140:1001–1005, 
1998.

TABLE 3: Patient demographics and survival analysis in patients 
with GBM

Parameter No. (%)

sex
 M 21 (50)
 F 16 (38)
 unknown 5 (12)
age in yrs*
 mean 43 
 range 4–68
interval from primary diagnosis to spinal metastasis in mos†
 mean 13.3
 range 1.5–60
interval from spinal metastasis to death in mos‡
 mean 3.7
 range 0.1–12
interval from primary diagnosis to death in mos§
 mean 17.2
 range 2.5–62

* Based on 37 patients.
† Based on 32 patients.
‡ Based on 37 patients.
§ Based on 27 patients.



C. D. Lawton et al.

444                                                                                                                      J Neurosurg: Spine / Volume 17 / November 2012

Symptoms related to spinal metastatic dissemina-
tion are largely related to tumor localization and extent 
of disease. Common symptoms include radicular pain, 
myelopathy, sensory loss, gait disturbances, weakness, 
and pain in the lower back, interscapular area, and neck, 
followed by paraparesis, quadriparesis, paraplegia, bowel 
and/or bladder dysfunction, and sexual dysfunction.10,20 In 
our analysis we found the following presentations (based 
on 36 patients for whom these data were available): pain 
(72%), paresis (53%), bowel and/or bladder dysfunction 
(33%), sensory loss (33%), and paralysis (11%; Table 4).

The reason for the increased number of reported spi-
nal metastasis cases remains highly controversial. One fac-
tor that plays a significant role is imaging of the neuroaxis. 
Because metastatic deposits consist of a thin layer of tumor 
and lack vasogenic edema, technical problems involving 
volume averaging with CSF and excessive artifacts make 
noncontrast MRI ineffective.42,77 The advantages of con-
trast MRI include the absence of bone-derived artifacts, 
good spinal cord–CSF–thecal sac contrast, multiplanar im-
aging capabilities, improved discrimination of intra- and 
extramedullary lesions, and lack of ionizing radiation.6,10,46 
Moreover, T1-weighted and intermediate T1- and T2-
weighted pulse sequences allow optimal identification of 
metastatic deposits in the subarachnoid space. Metastatic 
GBMs typically present with high signal intensity on T2-
weighted images and low signal intensity on T1-weighted 
images. However, given the relative brightness of CSF, 
metastatic lesions may be poorly defined in heavily T2-
weighted pulse sequences.

While contrast MRI is the preferred diagnostic op-
tion, other imaging techniques may be useful in selected 
cases. For example, PET scanning for biopsy target selec-
tion provides enhanced tumor delineation and differentia-
tion between residual lesion and posttherapeutic chang-
es.45 The introduction of open MRI, fluorescence, and 
neuronavigation has also contributed to the prolonged 
survival recently seen in patients with GBM.35 These im-
aging techniques have improved early detection of spinal 
metastases, enhanced treatment evaluations, and assisted 
in maximizing tumor resection.

Prognosis and Treatment
Survival following spinal metastases of GBM re-

mains invariably poor, with a fatal outcome always oc-
curring.70 Our analysis demonstrated an average interval 
of approximately 4 months from the diagnosis of a spi-
nal metastatic lesion until death, giving the population a 
mean survival period of 17 months from the time of their 
primary diagnosis (Table 3). However, in rare cases in-

volving younger patients, survival longer than 20 months 
has been seen after the diagnosis of a primary lesion.35,48,77

Despite the lack of consensus regarding optimal man-
agement of spinal cord metastases, several strategies with 
varying degrees of success have been documented. Possi-
ble treatment options have included external beam radia-
tion therapy (25–60 Gy in 2.5-Gy fractions),1,5,26,39,46,48,58,60 
decompressive surgery (confirmation of diagnosis, pain 
management),5,35,36,58,70 intravenous or intrathecal chemo-
therapy,5,26,35,36,39,48 corticosteroids and opiates,1 and pre-
vention of CSF dissemination (stereotactic biopsy, cranial 
radiotherapy, and delayed tumor resection).77 Radiothera-
peutic treatment of the entire craniospinal axis has also 
been suggested.60 In our analysis, 23 cases (66%) had 
treatment with radiation therapy alone and a mean sur-
vival of 6.2 months, 6 cases (17%) had no treatment and 
a mean survival of 8.7 months, 4 cases (11%) had both 
radiation therapy and chemotherapy and a mean survival 
of 5.6 months, 1 case (3%) had chemotherapy alone and a 
mean survival of 9 months, and 1 case (3%) had resection 
and a mean survival of 8 months (Table 5). While defini-
tive conclusions cannot be reliably drawn because of the 
small sample sizes, there does not appear to be any obvi-
ous survival advantage of one therapy over another, indi-
cating that treatment options may be best targeted toward 
symptomatic control. Nevertheless, radiation therapy was 
the most widely used intervention.  In one of the longest 
surviving cases, Lindsay et al.48 treated a patient with 
radiation therapy (1 dose at 8 Gy) and chemotherapy (3 
cycles of lomustine), and the patient survived 12 months 
after the diagnosis of a thoracic spinal metastasis. Onda 
et al.58 treated a patient with cervical metastasis using a 
laminectomy for decompression followed by radiation 
therapy, resulting in 12 months of survival after metas-
tasis diagnosis. Note, however, that the true efficacy of 
these treatments remains unknown and has not been vali-
dated by studies with higher-class evidence.

Several large series have demonstrated excellent 
clinical outcomes following the resection of various spi-
nal neoplasms.19,49,67 And while the resection of spinal 
metastases may be beneficial for symptomatic relief, the 
optimal surgical management of malignant intramedul-
lary spinal cord tumors remains controversial.49,53 Resec-
tion for nondisseminated tumors has been associated with 
increased survival, although such an association has not 
been established for intramedullary tumors. Consequent-
ly, some authors argue that aggressive surgical manage-
ment is unwarranted in spinal GBM.64 For intramedullary 
GBM, extensive resection is often difficult because of ill-

TABLE 4: Summary of clinical presentations in 36 patients

Presenting Symptom No. of Patients (%)

pain 26 (72.2)
paresis 19 (53) 
bowel/bladder dysfunction 12 (33)
sensory loss 12 (33)
paralysis 4 (11)

TABLE 5: Survival outcomes in the treatment of spinal  
metastases in 35 patients

Treatment No. of Cases (%) 
Mean Survival After  

Metastasis (mos)

XRT only 23 (65.7) 6.2
no treatment 6 (17.1) 8.7
XRT & chemo 4 (11.4) 5.6
chemo only 1 (2.9) 9
resection 1 (2.9) 8
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defined tumor margins from the spinal cord and adjacent 
tissues, with an overall poor prognosis regardless of the 
therapeutic intervention. Many institutions have resorted 
to diagnostic biopsy or limited resection followed by ra-
diation and adjuvant chemotherapy given the risk of seri-
ous postoperative neurological complications. However, 
many authors argue for an aggressive approach via gross-
total removal when possible.59,76 Postoperative irradiation 
is generally recommended, especially in cases of partial 
resection, and has been shown to result in increased sur-
vival and neurological improvements.17

Intraoperative neurophysiological monitoring has 
made the goal of gross-total resection and microsurgical 
removal more feasible. Surgical decompression may al-
low improved pain control, palliation of symptoms, and 
diagnostic confirmation. Debulking of larger metastatic 
deposits offers an important adjunct to radiotherapy and 
chemotherapy, but in many cases the diffuse nature of 
GBM may not allow meaningful resection.

Although intravenous or intrathecal chemotherapy is 
more effective for extraneural metastasis,69 its advantages 
for intramedullary metastasis have not been proven. How-
ever, ventriculolumbar perfusion of nimustine (ACNU) 
has been shown to be a safe and feasible treatment against 
subarachnoid dissemination of primary CNS tumors.41 It 
is possible that this regimen may be an alternative for pa-
tients with diffuse metastases.

Radiation therapy is the most common treatment 
modality for metastatic spinal lesions (25–40 Gy in 2.5-
Gy fractions).77 While this therapeutic strategy may of-
fer small improvements in neurological deficits and tem-
porary pain relief, it has not demonstrated a significant 
survival advantage.39 As the spinal metastasis of GBM 
becomes a more commonly reported complication, the 
development of new radiosurgical and chemotherapeutic 
techniques may become increasingly essential.

Future Treatment
Accumulating reports of extracranial metastases sug-

gest that improved surveillance of the spine may be nec-
essary in patients with GBM. Individuals with high-grade 
glial tumors who report back pain or radiculopathy should 
be evaluated with plain radiographs and MRI studies of 
the spine. Grabb et al.31 suggest routine MRI of the cranio-
spinal axis postoperatively, whereas Vertosick and Selker77 
promote surveillance of patients who survive more than 
1 year after diagnosis of the primary intracranial disease. 
While early detection and treatment may not significantly 
affect survival given current therapeutic options, it would 
probably improve patient quality of life. Moreover, future 
prophylactic measures against metastatic disease may be 
capable of preventing spinal metastases, including intrathe-
cally administered immunoconjugates capable of clearing 
malignant cells from the CSF. These immunoconjugates 
may prove beneficial for both prophylaxis and treatment of 
leptomeningeal gliomatosis.

Illustrative Case
History and Examination. A 60-year-old white man 

with a history of 2 left frontotemporal craniotomies as 

well as adjuvant chemotherapy and radiotherapy for GBM 
presented with primary symptoms of severe left lower-
extremity pain and painful dysesthesias in the left low-
er buttock and posterior left thigh. Magnetic resonance 
imaging of the lumbar spine demonstrated a prominent 
focus of enhancement at the S-1 nerve root, eccentric to 
the left side. Despite initial medical management with 
neuroleptic agents, symptom progression led to imaging a 
month later, which showed an interval increase in the size 
of the previously indistinct intradural spinal nodule at the 
S-1 nerve root (Fig. 3). Given the growth of this nodule 

Fig. 3. Sagittal (upper) and axial (lower) Gd-enhanced T1-weighted 
MR images demonstrating a significant enhancing S1–2 level enhanc-
ing mass (arrows) with slight eccentricity to the left. A second area of 
enhancement can also be seen at L1–2 (upper).
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as well as the patient’s progressive left lower-extremity 
radiculopathy, we were concerned that this was a distant 
metastatic lesion. 

Treatment. An initial lumbar puncture was performed 
for cytopathological studies and analysis of glioma mark-
ers in the CSF. Despite a sufficient tap volume, the findings 
were inconclusive. We elected to perform surgery primar-
ily to obtain a diagnosis. We chose a minimally invasive, 
unilateral hemilaminotomy and partial medial facetecto-
my using serial muscle dilators and an expandable retractor 
(Quadrant, Medtronic, Inc.). This procedure allowed visu-
alization under an operative microscope and direct biopsy 
of the significantly enlarged and pathological nerve root 
(Fig. 4). Using the operative microscope, we opened the 
nerve root sheath and dura of the S-1 nerve root. The nerve 
root itself was significantly larger than usual, and a soft 
grayish tumor was enveloping the contents of the nerve. 
The lesion was initially biopsied using pituitary forceps. 
Most of the tumor was serially debulked with a combina-
tion of Rhoton dissectors, and the dura was closed as previ-
ously described.75 The total operative time was less than 90 
minutes, and blood loss was less than 50 ml. 

Posttreatment Course. Pathological diagnosis con-
firmed GBM, and the patient’s radicular symptoms im-
proved for 3 months prior to a significant progression in 
intracranial disease.

Conclusions
Although the outcome of patients with intracranial 

GBM remains invariably poor, improvements in outcomes 
have been increasingly observed within the last decade. 
However, the trend of better survival rates has paralleled 
a rising incidence of metastases to the spine. It is likely 
that with continued advancements in the management of 
primary intracranial lesions, spinal metastases will be an 
increasingly evident complication in patients with GBM. 
Knowledge of this likelihood, as well as the preventative 
measures and effective treatments for spinal lesions, will 
soon become a necessity. While no adequate therapy for 
metastatic disease has been proposed, we must continue to 
explore a number of management and preventative options.
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