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Abstract Glioblastoma multiforme is the most common
and most malignant primary brain tumour. Prognosis after
diagnosis remains poor despite recent advances in adjuvant
therapy. Treatment of choice is gross surgical resection and
combined radio-chemotherapy with temozolomide as chemo-
therapeutic agent. Experimental continuous low-dose chemo-
therapy with temozolomide in combination with a
cyclooxygenase-2 inhibitor has shown encouraging effects
on progression-free survival and overall survival in patients,
but leads to a high proportion of distant recurrences. Here, we
describe extreme far-distant metastases along the neural axis
of glioblastoma multiforme in four patients receiving metro-
nomic antiangiogenic chemotherapy and review the literature
to discuss possible mechanisms.
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Introduction

Gliobastoma multiforme is the most common primary brain
tumour in adults [10]. Therapy nowadays consists of
surgical removal of the tumour and concomitant radio-
chemotherapy with temozolomide. The radio-chemotherapy
is followed by six cycles of conventional high-dose
chemotherapy according to the so-called “Stupp scheme”
[35]. Despite of prolongation of progression-free and
overall survival with this therapy, there is still a lot of
room for improvement, since the median survival is still
14.6 months.

Recent findings of our group showed a good effect on
progression-free and overall survival in patients with
glioblastoma multiforme when low-dose temozolomide is
continuously administered in combination with a
cyclooxygenase-2 (COX-2) inhibitor [38], but this therapy
regime leads to an increase in distant recurrences, i.e.,
recurrences >3 cm away from the original tumour location
[37].

Metastases of glioblastoma multiforme are rarely
reported [33, 39]. Brain stem, spinal axis and visceral
organs (liver, lung, pleura), local lymph nodes, skin and
bone or bone marrow occur in the literature as a target for
distant metastases [21, 29, 41].

We describe far-distant seeding of glioblastoma multi-
forme along the neural axis after surgical tumour removal,
radiotherapy and during continuous low-dose chemothera-
py with temozolomide and celecoxib in four patients.
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Clinical cases

Case 1

A 64-year-old female patient presented with hemianopsia
and gait disturbance. Magnetic resonance imaging (MRI)
scan showed a temporo-dorsal gadolinium-enhancing tumour
on the right side. Tumour was resected and the histopatho-
logical diagnosis was glioblastoma multiforme. Further
treatment was radiation and continuous low-dose chemother-
apy with temozolomide and celecoxib. Six months later,
follow-up MRI scan showed local tumour control during
chemotherapy. However, a gadolinium-enhancing mass in the
brain stem next to the fourth ventricle had developed (Fig. 1,
upper row). Local radiotherapy was performed, and chemo-
therapy was continued. In the next 3 months, the patient
suffered from progredient swallow and gait disturbances.
Two months later, the patient died.

Case 2

A 43-year-old female patient presented with a single
seizure. MRI scan showed a right temporal gadolinium-
enhancing lesion with central necrosis. After tumour
resection, the histopathological diagnosis was glioblastoma
multiforme. Further therapy included radiation and con-
tinuous low-dose chemotherapy with temozolomide and
celecoxib. Four months later, the follow-up MRI showed
local recurrent tumour. A second operation and tumour
resection was performed. After second radiation therapy
and further metronomic chemotherapy with temzolomide
and celecoxib, the patient presented with neck pain
without radicular symptoms and progressive fatigue.
MRI showed frontolateral gadolinium-enhancing mass on
the right side and a metastasis in the cervical spine (Fig. 1,
lower row). The patient refused further therapy and died
4 weeks later.
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Fig. 1 Upper row: T1-weighted axial MRI scan after gadolinium
showing baseline tumour volume in the dorsal temporal lobe on the
right side before treatment (a), after radiotherapy and antiangiogenic
chemotherapy (b) with regressive contrast enhancement. Persistent
local tumour control and far-distant metastasis in the brain stem (c) in
T1-weighted coronal MRI scan after gadolinium. Lower row: T1-

weighted axial MRI scan showing tumour volume on the left temporo-
mesial side (d), after radiotherapy and antiangiogenic chemotherapy
(e) with regressive contrast enhancement and extremely far-distant
metastasis under persistant local tumour control in T1-weighted
coronal MRI scan after gadolinium in the cervical spine (f, arrow)
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Case 3

A 42-year-old male patient presented with headache and
cognitive deficits. MRI scan showed a gadolinium-
enhancing mass in the left temporal lobe with central
necrosis. After craniotomy and tumour removal, histopath-
ological workup diagnosed glioblastoma multiforme. Com-
bined radio-chemotherapy, according to the Stupp scheme,
was initiated. Four months later, the patient's follow-up
MRI scan showed an in-loco recurrent tumour and
continuous low-dose chemotherapy when temozolomide
and celecoxib was initiated. Two months later, there was a
regression in the temporal recurrent tumour, but the patient
suffered from lower back pain. He was then administered to
our department a few weeks later with radicular pain in
both legs and walking impairment for 2 weeks. MRI of the
spinal axis detected multiple intraspinal lesions with

compression of the myelon in the thoracic spine. The
patient had septic temperature, and lumbar puncture showed
malignant glioma cells (Fig. 2). There was no evidence for
meningitis. Two days later, the patient died in septic status,
most probably due to fulminant pneumonia. The relatives
rejected autopsy of the patient.

Case 4

A 68-year-old male patient presented with aphasia; MRI
scan detected left-sided gadolinium-enhancing mass lesion.
After surgical gross total tumour removal, histopathological
diagnosis was glioblastoma multiforme. Adjuvant radio-
therapy and continuous low-dose chemotherapy with
temozolomide and celecoxib was administered. The further
course was uneventful, aphasia resolved postoperatively,
and the MRI follow-up examinations showed good local
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Fig. 2 Upper row: T1-weighted axial MRI scan after gadolinium
showing the resection cavity on the left temporal side after
radiotherapy and antiangiogenic chemotherapy (G), initial increase
(G) in contrast enhancement followed by regressive contrast enhance-

ment in the further course (H). Lower row: T1-weighted MRI sagittal
scan with fat suppression showing spinal seeding with epidural
enhancement and intraspinal tumour mass (J, arrow) with a tumour
cell in CSF (K)
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tumour control. MRI follow up was evident for local
recurrent tumour in the left temporal lobe, 9 months after
surgery and diagnosis routine; furthermore, there was a
new gadolinium-enhancing lesion at the pontomedullar
junction on the right side (Fig. 3) suspicious for distant
metastasis of glioblastoma multiforme. In the further
course, the status of the patient deteriorated rapidly due
to pulmonal infection, and no further therapy was started.
The patient died 4 weeks later, 10 months after diagnosis
of glioblastoma multiforme.

Discussion

We describe far-distant metastases of glioblastoma multi-
forme along the neural axis in patients treated with adjuvant
metronomic antiangiogenic low-dose temozolomide and
celebrex following surgical treatment and radiotherapy.
This issue is illustrated by a series of four patients harbouring
a far-distant relapse of their disease. The discussion further
contains possible mechanisms leading to this phenomenon.

In glioblastoma multiforme, local relapse is common. In
more than 90%, tumour recurrence occurs within a 2-cm
margin around the resection cavity [8]. Systemic metastases
of intracranial glioblastoma multiforme are rare. According
to Ley, this is due to the absence of lymphatic tissue
connecting the brain with the rest of the body, dense dural
coating of the sinuses preventing malignant invasion,
collapse of the thin-walled blood vessel due to the mass
effect preventing hematogeneous spread, immune response
against the malignant cells in cerebrospinal fluid (CSF) or
foreign territories and the rapid progress of the disease
leading to death before developing metastases [20]. Martin

et al. reported that the absence of CD15 in human glioma
cells partially explains the failure of brain gliomas to
metastasize by precluding the adhesion of circulating
neoplastic glioma cells to target organ endothelium [23].

There are factors that might promote metastases in
glioblastomas, like immunosuppression by chemotherapy,
radiotherapy or steroid therapy, surgical procedures and
close neighbourhood to the ventricular system. There are
even reports about extracranial metastases in regional
lymph nodes despite of the absent lymphatic system in
the brain [29]. Rare locations of systemic glioblastoma
multiforme metastases are visceral organs, bone and parotid
gland [9, 29, 36]. Metastases via venous drainage from the
infiltrated dura in the middle fossa to pleura or lung [5] or
via dural vessels in the vertebral bones occur in the
literature as well [9, 25].

Spinal leptomeningeal metastases of glioblastoma are
reported in the literature with an incidence range from 6%
to 21% [13, 32, 43]. This data is mostly from autopsy series
and published about a decade ago; therefore, the incidence
of symptomatic seeding along the neural axis is difficult to
estimate, since therapy has changed. In a recent series, Saito
et al. reported about symptomatic spinal leptomeningeal
seeding in five patients with glioblastoma multiforme and
in one patient with anaplastic astrocytoma out of 68 patients
with malignant astrocytoma (35 hemispheric glioblastoma,
33 hemispheric anaplastic astrocytoma) within a range from
7 to 35 months after initial diagnosis following radiother-
apy and chemotherapy with ACNU. Their patients, except
one, died within 4 to 8 months after diagnosis of the
metastases regardless of further therapy [31].

Taken together, spontaneous systemic metastases of
glioblastoma or seeding of malignant glioma cells along
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Fig. 3 T1-weighted axial MRI scan after gadolinium, 9 months after adjuvant radiotherapy and continuous low-dose chemotherapy (a axial, b
coronal, c sagittal) showing two contrast enhancing metastases in the right pontomedullary recess (dotted and solid arrows)
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the spinal axis is rare; this manuscript is focused on
therapy-induced factors leading to increased invasiveness
and spreading of the tumour cells. In general, two main
factors can be pointed out: (1) metastases related to
operative procedures and (2) metastases following adjuvant
antiangiogenic treatment.

Metastases related to operative procedures

After vetriculoperitoneal shunt implantation, abdominal and
pulmonal metastases are known [17]. Triggered by stereotac-
tic biopsies, craniotomies as well as spontaneous metastases
in the dura mater, cranial vault, muscle and skin occur in the
literature [1, 6, 30, 34]. In a recent publication, Mujic et al.
described a patient with glioblastoma metastases in small
bowel, pancreas and pleura. After initial surgical and
radiotherapeutical treatment, their patient developed second
mass lesion next to the original lesion. After biopsy and
surgery of the second intracerebral lesion-metastatic seeding
in small bowel, pancreas and pleura occurred 2 years after
initial diagnosis of glioblastoma multiforme [27]. They
discuss that initial treatment of the first tumour alters the
natural barriers around the lesion, giving rise to metastases.

According to the literature, risk factors for leptomenin-
geal spreading of malignant glioma cells are multiple
resections, ventricular entry during surgery and tumour
adjacent to the ventricular system [12, 14, 41]. Second
surgery or biopsy might increase the risk for hematoge-
neous spread of malignant cells [12, 14, 26, 41]. In patients
with space-occupying mass lesions, surgical cytoreductive
therapy remains the only treatment option to relieve
symptoms. Furthermore, in recurrent glioblastoma multi-
forme, reoperation results in a median survival of 3 to
5 months without significant increase in morbidity or
mortality and leads to an improvement in response to
chemotherapy and/or radiotherapy, according to a review of
Barbagello et al [4]. Although there might be a risk for
tumour cell spread and secondary metastases up to now,
there are no alternative treatment strategies for primary or
recurrent space-occupying glioblastoma multiforme.

Metastases following adjuvant antiangiogenic treatment

For chronic administration of temozolomide alone, antiangio-
genic effects have been shown as well in vitro and in vivo by
decreasing expression levels of proangiogenic factors like
HIF-1 alpha, ID-1, ID-2 and c-myc [24]. Adding COX-2
inhibition to metronomic temozolomide therapy, this treat-
ment provides good effects on progression-free survival and
even lower side effects in patients with highly vascularised
glioblastomas multiforme compared to the “Stupp scheme”
standard therapy [31]. However, antiangiogenic therapy
seems to increase the rate of distant metastases despite local

tumour control. This phenomenon has been well described
under experimental conditions especially with perivascular
infiltration of tumour cells “coopting” the preexisting
vasculature to guarantee nutrition under hypoxic conditions
[15, 18]. Taken together, these studies suggest that
antiangiogenic therapy may be changing the natural history
of tumours by inducing heightened tumour cell invasiveness
and, in solid tumour models, enhancing distant metastasis [11,
28]. We could recently describe a rate of 62.5% of distant
metastases (>3 cm of the original localisation) in a clinical
series of 32 patients harbouring glioblastoma multiforme
under continuous low-dose chemotherapy with temozolo-
mide and a COX-2 inhibitor [37]. The mechanism of this
increased invasiveness is not yet fully understood. Possible
explanations are overexpression of EGFR under hypoxic
conditions [19], activation of met-protooncogene [7], TGF-β
triggered invasion [42] or overexpression of tyrosine kinase
Axl [40] promoting invasion and escape of tumour cells.

In contrast to our recently published series, the patients
in this case series developed a far-distant seeding along the
neural axis with possible spread along the CSF pathway.
There is evidence that GFAP expression in metastatic
malignant glioma is less than in the original tumour [2].
Asano et al. described CSF dissemination, dural and
extracranial metastases like skin metastases in 9 of 11
patients harbouring glioblastoma multiforme. The lesions
occurred within an average time of 14.6 months after initial
diagnosis of glioblastoma multiforme. They found a
decreased expression of N-cadherin, suggesting that this
leads to the spread by a decrease of cell adhesion [3]. This
is in congruence with findings in the literature showing that
a loss of cadherin expression in epithelial tumours is
associated with a more invasive phenotype and metastasis
[16, 22]. Even under conditions of systemic metronomic
chemotherapy with local tumour control, metastases cannot
be prevented, but the precise mechanism leading to these
distant metastases is unclear up to now.

In two of our four cases, the initial tumour was
controlled by chemotherapy, and distant metastasis oc-
curred without second surgical approach. In three of our
tumours, there was no intraoperative opening of the
ventricular system, but gadolinium-enhancing tumour adja-
cent to the ventricle wall was seen. In one patient, the
temporal horn of the left side ventricle was opened during
surgery. In this patient, the metastasis occurred most distant
from the original tumour location in the thoracic spine, and
CSF was suspicious for malignant glioma cell.

In our selected cases, the localisation of the metastases was
extremely far distant to the original tumour site along the
neural axis representing another thread in the merging issue of
increased invasiveness and seeding of malignant gliomas
under antiangiogenic therapy. Further investigations are
required to better understand the biological changes and
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possible seeding mechanisms to find an effective preventive
therapy against metastases similar to other extracranial
cancers. Due to the increasing survival period, metastases in
glioblastoma multiforme patients will be one of the future
challenges for further treatment options.

Conclusion

In glioblastoma multiforme patients, metastases have to be
considered especially after tumour recurrence. In patients
under antiangiogenic chemotherapy, distant metastases
should be kept in mind despite of good local tumour
control. Surgical treatment of recurrent glioblastoma multi-
forme in selected patients should always be considered,
whereas in primary or recurrent malignant mass lesions
adjacent to or in the ventricular system or in tumour
approaches with opening of the basal cisterns, malignant
cell spread along the neural axis has to be kept in mind.
Follow-up MRI scans of the spine, especially when anti-
angiogenic chemotherapy is administered, should be per-
formed early, when patients suffer from spinal symptoms.

The prevention and further treatment of glioblastoma
multiforme metastases in these patients will be a future
challenge.
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Comments

Karl Frei, Zurich, Switzerland
Despite optimal treatment, the median survival for patients is only

12 to 15 months, and therefore, more effective and targeted therapies
are still needed for this devastating disease.

Seiz et al. describes in a series of four patients far-distant relapses of
GBM along the neural axis after surgical tumor removal, radiotherapy
and during continous low-dose chemotherapy with temozolomide and
the antiangiogenic COX-2 inhibitor celecoxib. This is in contrast to
their recent findings showing a good effect on progression-free and
overall survival in GBM patients when using this therapy regime, but
leading to an increased rate (20/32 patients) of metastasis (>3 cm of the
original localisation), but not far distant along the neural axis. The
manuscript is focused on therapy-induced factors leading to increased
invasiveness and spreading of the tumor cells. The two main factors are
pointed out: (1) metastases related to operative procedures (in one
patient, the temporal horn of the left ventricle was opened during
surgery) and (2) metastases following adjuvant antiangiogenic treat-
ment (in two patients, the initial tumor was controlled by chemotherapy
and distant metastsasis occurred without second surgical approach).
The phenomenon that angiogenic therapy increases the rate of distant
metastasis has been described under experimental conditions especially
with perivascular infiltration of tumor cells “coopting” the preexisting
vasculature to guarantee nutrition under hypoxia. However, the
underlying mechanisms of this increased invasiveness and escape of
tumor cells are still not known.

Extra-cranial metastases from GBM are quite rare, with an
incidence of <2% reported in the published literature. In general, they
are asymptomatic and found only at autopsy. Factors contributing to
the limited incidence of metastatic disease include the dense
impassable dura, the unique extracellular matrix of the brain, the
tough basement membrane that surrounds intracerebral blood vessels,
the lack of true lymphatics and limited patient survival. However, by
the development of novel therapies for this aggressive tumor, we may
witness an increase in the incidence of neural and extraneural
metastasis of these challenging tumors. As described in this study, in
GBM patients, metastases have to be considered after tumor
recurrence and under antiangiogenic therapy; distant metastases
should be kept in mind despite of good local tumor control.

Benoit JM Pirotte, Brussels, Belgium
Marcel Seiz and coworkers from Heidelberg addressed the unusual

problem of extreme far-distant metastases along the CSF pathway of
glioblastoma multiforme in four patients receiving metronomic
antiangiogenic chemotherapy with temozolomide and celecoxib and
discussed the possible mechanisms. Indeed, seeding of glioblastoma is
rarely observed by everyone of us. Usually, this represents an
additional feature of darker prognosis in an individual. However,
when seeding occurs, it always reminds the clinician that some
mechanism of tumor progression might remain unknown or different
from one tumor to another. It illustrates as well the heterogeneous
phenotypic patterns of high-grade gliomas. Additionally, it also
suggests that increasing patients' survival might allow other mecha-
nisms of tumor invasiveness to take place. Herein, the authors provide
an analysis of the microscopic tumor behavior. They suggest to take
into account not only the mitotic activity but also the motility and
invasiveness of cancer cells and emphasize that a potential effect of
some treatments might be to select some other metabolic pathways
and to orientate cell activity in unpredicted directions. Last but not
least, the present paper has the merit to emphasize that whereas in
primary or recurrent malignant tumors adjacent to or in the ventricular
system or in approaches with opening basal cisterns, malignant cell
seeding along the neural axis has to be kept in mind. The first
consequence of that statement is that patients who died from
glioblastomas are not candidates to organ donation anymore.
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