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A B S T R A C T

Introduction: Extraneural metastases (ENM) from glioblastoma (GBM) remain extremely rare with only a scarce 
number of cases described in the literature. The lack of cases leads to no consensus on the optimal treatment and 
follow-up of these patients.
Research question: Do patient or tumor characteristics describe risk factors for ENM in GBM patients, and is it 
possible to identify mechanisms of action?
Material and methods: This study presents a 55-year-old man with diagnosed GBM who was referred to a CT due 
to reduced general condition and mild back pain which revealed extensive systemic metastases. A literature 
review was conducted to identify potential patient or tumor characteristics that may serve as risk factors for 
metastasis.
Results: ENM from GBM are likely underreported, with limited examples in the literature and low survival rates of 
only a few months. Certain clinical and histopathological factors, such as male sex, younger age, temporal lobe 
location, and specific biological markers, have been associated with a higher likelihood of metastasis formation. 
Bone and/or bone marrow metastases are the most common sites. Despite various treatment regimens being 
attempted, there is no consensus on the optimal therapeutic approach for this patient group.
Conclusion: Clinical and histopathological factors can aid clinicians in recognizing the potential for ENM in GBM 
patients. Our review identifies some of the possible patient- and tumor-related risk factors. However, further 
research is crucial to identify specific molecular markers and elucidate the underlying biological mechanisms 
that is essential for development of targeted therapies.

1. Introduction

Glioblastoma (GBM) represents a highly malignant primary brain 
neoplasm with a median overall survival of approximately 15 months 
(Stupp et al., 2005, 2015). Despite extensive research efforts, much re
mains to be discovered regarding the tumor biology of this entity. The 
diagnosis is now based on both pathohistological and molecular char
acteristics. Advancements in treatment modalities are likely to lead to 
increased patient survival rates. Currently, extraneural metastases 
(ENM) from GBM are seldom identified and thus have limited clinical 

significance. The incidence of ENM is estimated to be less than 2% of 
cases (Kalokhe et al., 2012); however, current epidemiological data is 
scarce and often outdated. Additionally, the number of cases is likely 
underestimated, as clinicians seldom actively search for metastasis from 
GBM, likely due to a lack of awareness about its possibility and the 
asymptomatic nature of many cases.

We present a rare case of a GBM patient with metastatic spread to 
multiple organs, including bone, lung, peritoneum, and soft tissue. 
Additionally, we provide an extensive literature review of similar cases 
and discuss clinical and molecular findings to explore potential risk 

* Corresponding author. Department of Clinical Medicine, University of Bergen Faculty of Medicine and Dentistry, Bergen, Norway.
E-mail address: Rupavathana.mahesparan@helse-bergen.no (R. Mahesparan). 

Contents lists available at ScienceDirect

Brain and Spine

journal homepage: www.journals.elsevier.com/brain-and-spine

https://doi.org/10.1016/j.bas.2024.103927
Received 22 July 2024; Received in revised form 3 October 2024; Accepted 9 October 2024  

Brain and Spine 4 (2024) 103927 

Available online 10 October 2024 
2772-5294/© 2024 The Authors. Published by Elsevier B.V. on behalf of EUROSPINE, the Spine Society of Europe, EANS, the European Association of Neurosurgical 
Societies. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

mailto:Rupavathana.mahesparan@helse-bergen.no
www.sciencedirect.com/science/journal/27725294
https://www.journals.elsevier.com/brain-and-spine
https://doi.org/10.1016/j.bas.2024.103927
https://doi.org/10.1016/j.bas.2024.103927
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bas.2024.103927&domain=pdf
http://creativecommons.org/licenses/by/4.0/


factors and mechanisms for ENM.

2. Case presentation

A 55-year-old male presented with approximately two months his
tory of progressive headache, behavioral change, and concentration 
difficulties. MRI revealed a left temporal lesion suspicious of GBM 
(Fig. 1). An initial CT scan of the thorax and abdomen showed no evi
dence of ENM. Near-total surgical resection was performed using ami
nolevulinic acid, revealing a hard and dense tumor with necrosis and 
thrombosed vasculature. The patient made a satisfactory post-operative 
recovery, experiencing only mild aphasia that progressively improved 
over the subsequent days. A post-operative MRI revealed a possible 
minor residual tumor adjacent to the dura at the medial temporal region. 
Neuropathology confirmed GBM (MGMT promotor methylated, IDH-1/- 
2- and TERT promotor wild-type) (Table 1).

One month after operation, the patient commenced the Stupp 
regimen (Stupp et al., 2005) receiving 75 mg/m2 temozolomide 
concurrently with 2 Gy x 30 radiation. Subsequently, he was referred to 
the local hospital to continue temozolomide adjuvant therapy and 
completed 6 cycles. The patient tolerated the treatment well.

Eight months post-surgery, the patient exhibited partial abducens 
paresis on the left side. Subsequent follow-up MRI scans revealed signs 
of local tumor progression and involvement of the cavernous sinus, 
which could potentially explain the palsy (Fig. 2a). The multidisci
plinary team at the University Hospital review the patient’s case, 
resulting in a decision to proceed with the continuation of temozolomide 
and dexamethasone treatment (see Fig. 3).

One month later, the patient was admitted to the local hospital due to 
a decline in general condition. Infection was suspected, but a subsequent 
CT scan of the chest and abdomen revealed multiple suspicious lesions in 
the mediastinum, bones, lung, soft tissue, and mesentery. Additionally, a 
large lesion was found paravertebral at the level of Th6 with growth into 
the spinal canal (Fig. 2).

The patient was transferred back to the University Hospital, where 
an MRI of the head showed tumor progression in the left middle fossa, 
now measuring 69 x 42 x 40 mm. MRI of the thoracolumbar column 
showed lesions in several vertebrae and a large lesion in Th6, which was 
biopsied. The biopsy results confirmed that the tumor exhibited histo
logical and molecular characteristics consistent with a metastasis orig
inating from GBM (Table 1). The metastases were treated with radiation 
with 4 Gy x 5, and the patient showed only mild symptoms (only some 
back pain) of his ENM upon transfer back to the local hospital.

After commencing a therapeutic combination involving lomustine, 
vincristine, and bevacizumab at the local hospital, the patient’s condi
tion deteriorated rapidly. Within a mere two months, he suffered from 

his advanced stage of cancer, including thrombocytopenia, hypotension, 
and tachycardia, ultimately succumbing to systemic failure.

Details on the course, treatment, and outcome are shown in Table 2.

3. Discussion

A comprehensive examination of previous literature regarding 
metastasis from GBM is summarized in Table 3. While the median or 
mean age of patients in various studies ranged from 38 to 42 years, our 
patient was notably older at 55. The studies indicate a mean or median 
duration from initial diagnosis to metastasis formation spanning from 10 
to 26 months, with a median or mean interval from metastasis diagnosis 
to death ranging from 1 to 10 months. The overall survival duration for 
GBM patients with metastasis was observed to vary between 7.5 and 26 
months. The updated WHO classification, introduced in 2021, redefined 
GBM criteria, indicating that patients diagnosed before this change 
could include those with IDH-mutated tumors, associated with a better 
prognosis (Kumagai et al., 2023). Consequently, studies conducted 
before 2021 likely included patients with more favorable outcomes.

In our case, metastases were identified nine months following the 
initial diagnosis, with the patient surviving only two months post- 
detection of ENM, resulting in an overall survival period of 11 months 
since the initial diagnosis. These results are consistent with those Noch 
et al. (Rajagopalan et al., 2005) reported. Interestingly, the overall 
survival rates for patients with glioblastoma, irrespective of ENM status, 
remained consistent. (Kalokhe et al., 2012; Rajagopalan et al., 2005). 
However, a higher number of organ systems affected at the time of ENM 
diagnosis correlated with a poorer prognosis (Kalokhe et al., 2012). 
Symptoms of extracranial metastases in glioblastoma can often reflect 
the specific site of metastasis but may also be vague and non-specific. 
One of the most detectable signs is the presence of a soft tissue tumor 
or lymph node metastasis that forms a palpable mass, as observed in 

Fig. 1. Primary tumor and histology. 
Patient at initial diagnosis: (A) MRI of the head shows a temporoparietal irregular, inhomogeneous contrast-enhancing tumor with central necrosis and surrounding 
edema in the sagittal (to the left), transversal (in the middle) and coronal (to the right) planes. The largest diameter measured was 6,5 cm. (B) Histopathological 
analysis shows tumor cells diffusely infiltrating with areas of necrosis and highly cellular tumor tissue. Hematoxylin-eosin staining; x40.

Table 1 
Summary of immunohistochemistry and molecular features of our patient.

Primary tumor IDH-1/-2 Wild-type
MGMT Methylated
TERT promoter Wild-type
TP53 Wild-type
EGFR Amplification

Paravertebral metastasis BRAF Wild-type
GFAP Positive
OLIG2 Positive
S100 Positive
CD56 Positive
NTRK 1-3 No translocation
PD-L1 Highly upregulated
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cases of metastases to the scalp and neck region, among others (Colwell 
et al., 2017). Metastases to bone or bone marrow are the most common, 
and symptomatic patients may experience bone pain or cytopenia due to 
bone marrow suppression (Axelsen et al., 2007). On the other hand, lung 
metastasis, another common site, may present with respiratory distress 
(Voldborg et al., 1997), or in rare cases, it can manifest as acute parotitis 
(Müller et al., 2014). It’s important to note that many extracranial me
tastases can occur asymptomatically without exhibiting any noticeable 
symptoms. Therefore, early detection and meticulous monitoring with 
appropriate screening techniques (Munjapara et al., 2022) are crucial 
for effectively managing and treating extracranial metastases in 
high-risk glioblastoma patients.

The review further indicates that the development of ENM is 

associated with several risk factors, including young age, long-term 
survival, and male gender. Moreover, ENM exhibits a higher preva
lence in primary tumors situated within the temporal lobe, with the 
parietal lobe following as the secondary most common site (Rajagopalan 
et al., 2005). Another recent review highlights that the most frequently 
reported secondary sites for ENM are the bone, lymph nodes, and lungs, 
as in our patient. Patients with metastases to the lungs generally expe
rience the poorest prognosis (Kumagai et al., 2023). Furthermore, 
gliosarcoma has demonstrated a greater propensity to form ENM 
compared to other types of GBM (Noch et al., 2021). GBM with a 
primitive neuronal component is a rare subtype categorized by WHO in 
2016, and fewer than 100 cases have been reported (Kumagai et al., 
2023). GBM-PNC with extracranial metastases was first described in 

Fig. 2. Recurrence. MRI and CT from intra and extracranial progression (A) Transversal CT with contrast shows a large contrast-enhancing paravertebral soft tissue 
lesion at the left side in the level with Th6. The tumor is growing through the neuroforamina, measuring 5 x 3 cm. Star shows pathological lymph nodes. Arrow shows 
paravertebral metastasis. (B) Transversal T1 with contrast shows progression of residual tumor tissue basomedial in the temporal fossa. (C) Transversal T1 weighted 
MR shows multiple hypointense metastatic lesions in the skeleton (sacrum and ilium). Arrows show metastasis. (D) Transversal T2 weighted MRI of the same soft 
tissue lesion as A. Arrow shows paravertebral metastasis.

Fig. 3. Histology of metastatic lesion. 
Histology of paravertebral biopsy. (A) Biopsy of the paravertebral lesion showed infiltration of a low differentiated, highly cellular tumor. Immunohistochemically, 
tumor cells were positive for GFAP, OLIG2, and S100; 100x. (B) Immunohistochemical PD-L1 staining revealed a high percentage of positive cells (>90%) in this 
specimen; 100x.
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2019 as a metastasis to the lung (Tamai et al., 2019). It has also been 
detected in the spine (Vollmer et al., 2019) and throughout the skeleton 
system (Leske et al., 2023). Patients with mutations in MMR could 
potentially be at a higher risk of developing metastasis. In The Cancer 
Genome Atlas (TCGA) 499 cases were IDH wild-type and 3% of these 
had a MMR gene mutation (Kawaguchi et al., 2021). Only 3 cases have 
shown GBM with MMR gene mutation who metastasize (Kawaguchi 
et al., 2021; Didelot et al., 2006; Rajagopalan et al., 2005). Thus, these 
cases are so seldom that there is too early to conclude the potential risk. 
Understanding these risk factors and patterns of metastatic spread sug
gests the importance of vigilant monitoring and tailored treatment 
strategies for patients at higher risk of developing ENM.

The mechanism of metastasis in GBM is not fully understood. 
Traditionally, surgical intervention and peritoneal seeding via a ven
triculoperitoneal shunt have been postulated as rational routes for 
tumor cell dissemination (Kumagai et al., 2023; Tamai et al., 2019; 
Vollmer et al., 2019). However, newer reports show metastasizing GBM 
in cases where neither of these procedures have been performed (Leske 
et al., 2023), prompting a need to explore the underlying biological 
aspects. Detection of circulating tumor cells (CTCs) in both blood and 
cerebrospinal fluid (Kawaguchi et al., 2021; Didelot et al., 2006) in
dicates that this pathway may also serve as a potential route for 
metastasis. Further research is warranted to unravel the complex 
mechanisms driving metastatic spread in glioblastoma and identify po
tential preventive and therapeutic targets.

Tumor suppressor genes such as TP53, RB1, PTEN, and CDKN2A/B 
have previously been associated with metastatic glioblastoma (Noch 
et al., 2021; Chai and Shi, 2022). Additionally, MGMT promotor 
methylation is more common in the primary site of glioblastoma than in 
ENM (Zhang et al., 2021; Luan et al., 2021). Studies by Mohme et al. 
have described that ENM of GBM may involve different genetic drivers 
and immune escape mechanisms (Mohme et al., 2020). Previous 
research has identified genetic alterations between the primary lesion 
and metastasis, indicating an evolutionary process involving subclones 
(Park et al., 2000).

While evolutional branching in metastases to the brain is well- 
established (Brastianos et al., 2015), a comprehensive genomic study 
on metastases from the brain is still needed. Further research is war
ranted to better understand the molecular features driving the formation 
of pre-metastatic niches and CTC seeding in foreign tissues. Glioblas
toma cells expressing hematopoietic stem cell proteins essential for 
growth in bone marrow may contribute to bone metastases, which are 
the most frequent site of metastasis (Noch et al., 2021). 
Hypoxia-inducible factor-1a and vascular endothelial growth factor 
(VEGF) play significant roles in this process (Colwell et al., 2017).

Interestingly, GBM has shown overexpression of genes shared with 
lung and liver cancers (Axelsen et al., 2007), and some CTCs have EGFR 
amplification (Voldborg et al., 1997; Müller et al., 2014). Zhang et al. 
found that IDH-mutated grade 4 astrocytoma was as least as likely as 
GBM to form ENM (Zhang et al., 2021). This may be influenced by the 
fact that these patients are often younger at diagnosis and tend to have 
longer survival times. Studies contributing to the growing understand
ing of the genetic and molecular factors influencing ENM of GBM are 
essential and may have significant implications for developing targeted 
therapies and improved management strategies for patients with meta
static glioblastoma.

The screening for BRAF and NTRK alterations yielded negative re
sults (Table 1), ruling out the option of utilizing potential targeted 
therapies in our patient. A screening for IMPRESS, a national clinical 
study for targeted therapy, was planned, but insufficient tumor tissue 
hindered the analysis. The biopsy exhibited a partially high expression 
of PD-L1, suggesting a potential responsiveness to immune checkpoint 
inhibitors (ICI). In other cancer forms, ENM has been demonstrated to be 
linked with a high mutation burden, resulting in higher response rates 
when treated with immune checkpoint inhibitors (ICI). However, there 
is also a documented case of a patient who exhibited intracranial stable 
disease while undergoing ICI treatment but experienced extracranial 
progression (Colwell et al., 2017). A recent case report about a patient 
with a BRAF V600E-mutation treated with a combination of BRAF-MEK 
inhibition showed a response both intracranial and systemic, and 
progression-free survival for 9 months (Munjapara et al., 2022).

There is no consensus of treatment strategy for patients with 
metastasizing GBM. Chemotherapy is the only treatment that has shown 
to prolong the overall survival in metastatic GBM, and various different 
chemotherapy regimens have been attempted in the past (Kalokhe et al., 

Table 2 
Summary of our patient.

Patient 
Sex/ 
age

Oncological 
history

Molecular 
biology

Treatment Outcome

M/55 May 2022: 
Glioblastoma 
Grade 4. 
Jan. 2023: 
Development of 
abducens palsy 
and detection of 
intracranial 
progression. 
Feb. 2023 
ENM metastases 
to bone, soft 
tissue, lymph 
nodes, lung, and 
mesentery.

Primary tumor: 
IDH-1/-2 wild- 
type, MGMT 
methylated, 
TERT promotor 
wild-type, TP53 
wild-type, EGFR 
amplification 
Paravertebral 
metastasis: 
BRAF wild-type, 
NTRK 1-3 no 
translocation, 
PD-L1 partly 
highly 
upregulated.

May 2022: 
Neurosurgical 
debulking of 
primary tumor. 
June 2022: 75 
mg/m2 

temozolomide 
concurrent to 2 
Gy x 30 
radiation. 
Aug./Sept.: 
Temozolomide as 
adjuvant therapy, 
six cycles. 
Feb. 2023: 
Radiation 
therapy 4 Gy x 5 
against column. 
March 2023: 
Lomustine, 
bevacizumab and 
vincristine.

Time from 
diagnosis 
to death: 
11 months. 
Time from 
diagnosis 
to ENM: 
Nine 
months 
Time from 
ENM to 
death: 
Two 
months.

Table 3 
Review of the literature.

Nr Median or 
mean age

Localization 
metastasis

Median or mean survival 
from diagnosis

Median or mean survival 
from metastasis

Median or mean time interval from initial 
diagnosis to metastasis

Piccirilli et al., 2008 128 40 All 17 months NR NR
Lun et al., 2011 88 38 All 10.5 months 1.5 months 8.5 months
Kalokhe et al., 2012 79 42 All 13 months 5 months 9.5 months
Pietschmann et al., 
2015

150 42 All 13 months 6.0 months 9.0 months

Anghileri et al., 2016 94 NR All 12 months NR 8.5 months
Goodwin et al., 2016 28 38.4 Vertebra 26 months 10 months 26.4 months
Cunha and Maldaun, 
2019

115 38.2 
39.5

All 10/15 months 2.3/4.6 months 7.5/11.7 months

Noch et al., 2021 NR 40 All 11 months 2.5 months 8 months
Strong et al., 2022 92 44 Bone 16 months 3.1 months NR

NR; not reported.
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2012; Astner et al., 2006). In this specific case, we administered a 
combination of lomustine, vincristine, and bevacizumab, referred to as 
LAVA, which is utilized as a last-line treatment for GBM in Western 
Norway.

A limitation in this case is that only one biopsy was histologically 
confirmed as true metastasis from GBM. However, it is reasonable to 
consider that all these metastases were linked to the primary lesion, 
given the chronological alignment of events and the absence of metas
tases detected at the time of the primary diagnosis. The tumor was 
MGMT methylated, which usually means a better prognosis with 
temozolomide treatment (Leske et al., 2023), but ENM is related to poor 
prognosis. If we could have recognized the ENM earlier the prognosis 
might have been better.

4. Conclusion

The traditional belief that GBM does not metastasize needs reeval
uation. We report a rare case of GBM with extensive extraneural me
tastases. As overall survival improves, clinicians should consider 
metastases if relevant symptoms develop. Our literature review suggests 
that young age, long-term survival, male gender, and primary tumor 
location are potential risk factors for ENM, though no substantial mo
lecular markers have been identified yet. Further studies on molecular 
biology and other factors are necessary to pinpoint specific risk factors 
and mechanisms of ENM. With the new WHO classification, updated 
studies are needed to characterize ENM epidemiology in GBM patients, 
guiding future follow-up, treatment, and improving outcomes.
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