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Glioblastoma: an organ-confined disease?
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Gliomas are the most common primary malignant central
nervous system (CNS) tumours, and glioblastoma (GB)
is the most frequent and deadliest type. Median overall
survival (OS) in patients with GB falls below fifteen
months despite a maximal safe tumor resection followed by
radiotherapy with concurrent and adjuvant temozolomide
(TMZ) (1,2). In recent years, improvements in the
understanding of the molecular biology of gliomas have
led to the establishment of clearly differentiated molecular
subtypes (3). The 5th edition of the World Health
Organization (WHO) classification of CNS tumors,
published in 2021, underscores the importance of the
molecular profile for a proper denomination, particularly
in gliomas (4). However, despite these advances, there
have been no impactful therapeutic changes for patients
with GB in the past 15 years. This is probably because
GB is an infrequent cancer, with a complex biology and
a dismal prognosis in terms of survival and neurologic
functionality which, altogether, hinder the development of
new therapies from its pre-clinical to its clinical phases (5).

Gliomas have been historically considered as an organ-
confined disease due to the long-standing belief that
extra-CNS metastases never occurred. Several factors
may explain this, such as the existence of the blood-brain
barrier (BBB), the limited capacity of GB cells to invade
extracranial connective tissues and to grow in foreign
organs, and the short OS of these patients (6,7). However,
retrospective series and case reports of GB patients with
extra-CNS metastases, challenged this assumption. In
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addition, the development of extra-CNS metastases in
organ-transplant recipients from donor GB patients
reinforced these observations and lead to hypothesize
that immune-vigilance may be important to avoid GB
dissemination (7-9). Although the real incidence of extra-
CNS metastases in GB is unknown, it is estimated,
from the available series, that they occur in 0.5-2% of
patients. The true incidence is probably higher since GB
metastases are usually clinically silent and extracranial
imaging is not commonly performed in these patients
(6,10). Extra-CNS metastases from GB more commonly
occur in lymph nodes (LN), lungs, pleura, soft tissues,
glands, liver, and bone (10). Coca-Pelaz et al. (11),
recently conducted a systematic review of the literature
published in the period 1944-2021, finding 174 cases of LN
metastases from primary CNS tumors, with 52.8% being
of glial origin. In this series other sites of distant metastases
were bones (23%), lungs (11.5%) and non-cervical LN
(11%). A fourth of the cases had been reported in the
past 12 years, reflecting a growing interest for extra-CNS
metastases from primary CNS tumors.

In a recent case series of GB extra-CNS metastases, Noch
et al. (12) described 9 patients with GB and 1 patient with
gliosarcoma diagnosed at the Memorial Sloan Kettering
Cancer Center in the period 2003-2018. The median OS
since initial diagnosis and since the diagnosis of extra-CNS
metastases was 19.6 and 5.0 months, respectively. The most
common site of extra-CNS metastases was bone, followed
by LN, dura, liver, lung, and soft tissues. Matched next-
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generation sequencing (NGS) analyses of the primary tumor
and extra-CNS metastases revealed shared mutations in
tumor suppressor genes, such as TP53 as well as in TERT,
PTEN and CDKN2A/B, with some of the mutations only
detected in the metastases indicating clonal evolution, a well-
known phenomenon in GB (13,14).

Among the few reports that have conducted genomic
analyses in patients with GB and extra-CNS metastases,
mutations in 7P53 have been the most frequently reported
(6,12,15-19).

The mechanisms underlying the occurrence of extra-
CNS metastases are not well understood. Anatomical
mechanisms with local or regional post-surgical seeding
may explain scalp or cervical LN metastases. Other reported
mechanism is the occurrence of intraabdominal metastases
after placement of a ventriculoperitoneal shunt (20).

Interestingly, in recent years, key conceptual ideas such
as the inexistence of a lymphatic system in the CNS were
disproved thanks to the discovery of meningeal lymphatic
vessels as well as the presence of a glial-lymphatic—so
called “glymphatic”—system that connects astrocytes with
meningeal lymphatics draining to cervical LNs, thereby
confirming a probable route of dissemination of GB cells to
regional LN and beyond (21-23).

Finally, hematogenous dissemination is another
mechanism that may explain many extra-CNS metastases,
such as those in bone, lung, and other organs (7). Indeed,
the seed and soil hypothesis originally described by Paget,
was revisited in the past decades after the demonstration
that circulating tumor cells (CTCs), and, especially,
CTC clusters, were the main mechanism explaining
hematogenous seeding in cancer (24,25). Particularly in GB,
detection of CTCs in peripheral blood has been reported in
up to 20% of patients, which could explain biologically the
occurrence of extra-CNS dissemination in glioma (7).

BBB disruption after surgery and sarcomatous
dedifferentiation were proposed as clinical risk factors for
extra-CNS dissemination in GB, although the former was
challenged by the lack of association between surgery and
the detection of GB CTCs in peripheral blood (7,12).

In the current issue of Tianslational Cancer Research, Chai
et al. (16), report the case of a 43-year-old male diagnosed
of a left occipital GB, IDH-wildtype. After tumor resection
the patient received radiation with concurrent and adjuvant
TMZ. Six months after surgery a local recurrence occurred
and only one month later a histologically confirmed
metastatic mediastinal mass with bilateral pleural effusions,
was diagnosed. NGS genomic analysis of the mediastinal
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mass revealed mutations in TP53, CSMD3, PARP#4
and PTEN, and a tumor mutational burden (TMB) of
8.667 Muts/Mb. Despite receiving a first cycle of TMZ
and bevacizumab, the patient died from respiratory failure
one month later. This case adds to the limited evidence of
extracranial metastases from GB available in the literature,
and to the very few studies that have undertaken genomic
studies in metastases from gliomas. Coincident with prior
reports, this patient was relatively young and had a rapid
disease course after the diagnosis of metastases, which in
most reports falls below 7 months (6,12,26). As in prior
studies, mutations in tumor suppressor genes such as 7P53
were detected in the mediastinal LN metastasis of the
current case. As this case and prior reports demonstrate,
recurrent GB with extra-CNS metastases has very few
treatment options. Exceptions to this rule are regional
relapses such as those occurring in the dura and head and
neck LN, or in oligometastatic bone metastases, which
various reports have shown that may be subjected to local
treatments achieving longer local and systemic controls
(10,11,15,26). Considering that systemic therapy has not
demonstrated to prolong OS in patients with recurrent
GB, its management is even more complex in patients with
extra-CNS metastases. In the current case, the patient did
not benefit from a single cycle of TMZ + bevacizumab,
probably due to his rapidly deteriorating condition. Other
options that could be considered, are those commonly
used in the second line setting of recurrent GB such as
lomustine, fotemustine or irinotecan, alone or combined
with bevacizumab (5). Despite the fact that EGFR-directed
therapies did not demonstrate to benefit patients with
glioma, it would be worth considering them for extra-
CNS metastases, considering that 50-60% of GB are
EGFR-amplified and up to 20% harbor the EGFRuvlIl, and
both findings have been described in CTCs in peripheral
blood from patients with GB (5,7). NGS studies of extra-
CNS metastases may reveal potentially targetable genomic
alterations that could offer new therapeutic options to
these patients. Indeed, in this patient a relatively high
TMB of 8.667 Muts/Mb was found in the LN metastasis,
raising the question if immune checkpoint inhibitors could
have been of any benefit, despite the negative results of
immunotherapy trials in patients with GB. On the other
hand, while the patient was not under corticosteroids, many
patients with recurrent GB are under steroid therapy, which
would reduce any potential benefit from immunotherapy
for extra-CNS metastases (27,28).

Although screening for distant metastases is currently
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not a standardized procedure in patients with GB, given
the increasing awareness of their occurrence and the
demonstration of the frequent presence of CTCs in the
peripheral blood of patients with GB—which, in addition, it
may be hypothesized to increase in the recurrent setting—
it would be of interest to conduct diagnostic clinical trials
of liquid biopsy using CTCs and/or circulating tumor
DNA (ctDNA) coupled with imaging techniques such as
"F-FDG-PET, PET-choline, or PET-methionine scans in
order to stablish the true incidence of extra-CNS metastases
and expand our knowledge on the systemic fingerprints of
GB (7,29,30).

In summary, extra-CNS metastases are a rare but
increasingly recognized manifestation of primary
malignant CNS tumors. Tumor tissue NGS and liquid
biopsy studies should be undertaken for diagnostic
purposes and to offer potential therapeutic opportunities.
In addition, molecular studies may aid in deciphering the
biological nature and evolution of GB with extra-CNS
dissemination. Clinical trials should also contemplate
the enrollment of these patients to improve its currently
dismal prognosis.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Transiational Cancer Research. The
article did not undergo external peer review.

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://tcr.amegroups.
com/article/view/10.21037/tcr-22-1943/coif). SCC received
consulting fees from Bristol-Myers Squibb, Merck KGaA,
MSD; participated in Advisory Boards from Bristol-Myers
Squibb and Merck KGaA and received Grant/Research
support (Clinical Trials) from AstraZeneca, MSD; received
support for attending meetings and/or travel from Merck
KGaA, MSD, and Bristol-Myers Squibb. The other authors
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

© Translational Cancer Research. All rights reserved.

2475

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Ostrom QT, Patil N, Cioffi G, et al. CBTRUS Statistical
Report: Primary Brain and Other Central Nervous System
Tumors Diagnosed in the United States in 2013-2017.
Neuro Oncol 2020;22:iv1-96.

2. Stupp R, Mason WP, van den Bent MJ, et al. Radiotherapy
plus concomitant and adjuvant temozolomide for
glioblastoma. N Engl ] Med 2005;352:987-96.

3. Eckel-Passow JE, Lachance DH, Molinaro AM, et al.
Glioma Groups Based on 1p/19q, IDH, and TERT
Promoter Mutations in Tumors. N Engl ] Med
2015;372:2499-508.

4. Louis DN, Perry A, Wesseling P, et al. The 2021 WHO
Classification of Tumors of the Central Nervous System: a
summary. Neuro Oncol 2021;23:1231-51.

5. Tan AC, Ashley DM, Lépez GY, et al. Management of
glioblastoma: State of the art and future directions. CA
Cancer J Clin 20205;70:299-312.

6. Zhang X, Katsakhyan L, LiVolsi VA, et al. TP53 Mutation
and Extraneural Metastasis of Glioblastoma: Insights From
an Institutional Experience and Comprehensive Literature
Review. Am J Surg Pathol 2021;45:1516-26.

7. Miiller C, Holtschmidt J, Auer M, et al. Hematogenous
dissemination of glioblastoma multiforme. Sci Transl Med
2014;6:247ral01.

8. Chen H, Shah AS, Girgis RE, et al. Transmission
of glioblastoma multiforme after bilateral lung
transplantation. J Clin Oncol 2008;26:3284-5.

9. Armanios MY, Grossman SA, Yang SC, et al. Transmission
of glioblastoma multiforme following bilateral lung
transplantation from an affected donor: case study and
review of the literature. Neuro Oncol 2004;6:259-63.

10. Strong MJ, Koduri S, Allison JA, et al. Bone metastasis
from glioblastoma: a systematic review. ] Neurooncol
2022;158:379-92.

11. Coca-Pelaz A, Bishop JA, Zidar N, et al. Cervical
Lymph Node Metastases from Central Nervous System

Transi Cancer Res 2022;11(8):2473-2476 | https://dx.doi.org/10.21037/tcr-22-1943


https://tcr.amegroups.com/article/view/10.21037/tcr-22-1943/coif
https://tcr.amegroups.com/article/view/10.21037/tcr-22-1943/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

2476

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tumors: A Systematic Review. Cancer Manag Res
2022;14:1099-111.

Noch EK, Sait SF, Farooq S, et al. A case series of
extraneural metastatic glioblastoma at Memorial
Sloan Kettering Cancer Center. Neurooncol Pract
2021;8:325-36.

Sottoriva A, Spiteri I, Piccirillo SG, et al. Intratumor
heterogeneity in human glioblastoma reflects cancer
evolutionary dynamics. Proc Natl Acad Sci U S A
2013;110:4009-14.

Miller AM, Shah RH, Pentsova EI, et al. Tracking
tumour evolution in glioma through liquid biopsies of
cerebrospinal fluid. Nature 2019;565:654-8.

Rong T, Zou W, Qiu X, et al. A Rare Manifestation

of a Presumed Non-Osteophilic Brain Neoplasm:
Extensive Axial Skeletal Metastases From Glioblastoma
With Primitive Neuronal Components. Front Oncol
2021;11:760697.

Chai M, Shi Q. Extracranial metastasis of glioblastoma
with genomic analysis: a case report and review of the
literature. Transl Cancer Res 2022. doi: 10.21037/tcr-
22-955.

Tamai S, Kinoshita M, Sabit H, et al. Case of metastatic
glioblastoma with primitive neuronal component to the
lung. Neuropathology 2019;39:218-23.

Anderson KJ, Tan AC, Parkinson J, et al. Molecular and
clonal evolution in recurrent metastatic gliosarcoma. Cold
Spring Harb Mol Case Stud 2020;6:a004671.

Mohme M, Maire CL, Schliffke S, et al. Molecular
profiling of an osseous metastasis in glioblastoma during
checkpoint inhibition: potential mechanisms of immune
escape. Acta Neuropathol Commun 2020;8:28.

Barajas RF Jr, Phelps A, Foster HC, et al. Metastatic
Diffuse Intrinsic Pontine Glioma to the Peritoneal
Cavity Via Ventriculoperitoneal Shunt: Case Report and

Cite this article as: Cabezas-Camarero S, Pérez-Alfayate R,
Sotelo MJ. Glioblastoma: an organ-confined disease? Transl
Cancer Res 2022;11(8):2473-2476. doi: 10.21037/tcr-22-1943

© Translational Cancer Research. All rights reserved.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Cabezas-Camarero et al. Extra-CNS metastases in GB

Literature Review. ] Neurol Surg Rep 2015;76:¢91-6.
Ding D, Wang X, Li Q, et al. Research on the Glial-
Lymphatic System and Its Relationship With Alzheimer's
Disease. Front Neurosci 2021;15:605586.

Louveau A, Smirnov I, Keyes TJ, et al. Structural and
functional features of central nervous system lymphatic
vessels. Nature 2015;523:337-41.

Louveau A, Plog BA, Antila S, et al. Understanding the
functions and relationships of the glymphatic system and
meningeal lymphatics. ] Clin Invest 2017;127:3210-9.
Langley RR, Fidler IJ. The seed and soil hypothesis
revisited--the role of tumor-stroma interactions

in metastasis to different organs. Int J Cancer
2011;128:2527-35.

Fabisiewicz A, Grzybowska E. CTC clusters in cancer
progression and metastasis. Med Oncol 2017;34:12.

Xu M, Wang Y, Xu ], et al. Extensive Therapies

for Extraneural Metastases from Glioblastoma, as
Confirmed with the OncoScan Assay. World Neurosurg
2016;90:698.e7-698.e11.

Cabezas-Camarero S, Pérez-Alfayate R, Garcia-Barberdn
V, et al. Durable benefit and change in TCR clonality with
nivolumab in a Lynch syndrome-associated glioma. Ther
Adv Med Oncol 2022;14:17588359221100863.

Reardon DA, Brandes AA, Omuro A, et al. Effect of
Nivolumab vs Bevacizumab in Patients With Recurrent
Glioblastoma: The CheckMate 143 Phase 3 Randomized
Clinical Trial. JAMA Oncol 2020;6:1003-10.
Cabezas-Camarero S, Garcia-Barberdn V, Pérez-Alfayate
R, et al. Detection of IDH1 Mutations in Plasma Using
BEAMing Technology in Patients with Gliomas. Cancers
(Basel) 2022;14:2891.

Drake LR, Hillmer AT, Cai Z. Approaches to PET
Imaging of Glioblastoma. Molecules 2020;25:568.

Transl Cancer Res 2022;11(8):2473-2476 | https://dx.doi.org/10.21037/tcr-22-1943



