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Background: Glioblastoma (GBM) is the first most frequent type of primary malignant brain tumors in
adults. It is basically confined to the brain, and extracranial metastases (ECM) are rare. The genomic features
of GBM with ECM are not fully elucidated.

Case Description: Here, we present a case of a male patient with headache and left eye vision loss for
2 months who had a left occipital lobe tumor. GBM of grade IV [isocitrate dehydrogenase 1 (IDH-1) wild
type] was diagnosed based on the histological profiles of intracranial tumor according to the World Health
Organization standard. ECM of GBM located in the mediastinal lymph node occurred 6 months after
resection of the intracranial tumor. High throughput gene sequencing was performed using ECM lesions.
Mutated genes included tumor protein 53 (7P53), CUB and Sushi multiple domains 3 (CSMD?3), poly(ADP-
ribose) polymerase family member 4 (PARP4), and PTEN. The patient underwent surgery, radiotherapy,
chemotherapy, and anti-angiogenic drug treatment. Unfortunately, the patient died 8 months after surgery.
Conclusions: ECM of GBM is rare, and its prognosis is very poor. Mutated genes in ECM included 7P53,
CSMD3, PARP4, and PTEN in our case. Genomic analysis provides important insights into GBM and its ECM.
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Introduction

Glioblastoma (GBM) is the most common primary
malignant brain tumors in adults. It accounts for more
than 60% of primary brain tumors (1). Its median overall
survival (OS) is generally 13 months (2). Surgery is the main
treatment, followed by radiation therapy and chemotherapy
with temozolomide (TMZ). However, patients are still
prone to recurrence of intracranial lesions (3,4).
Extracranial metastasis (ECM) is a rare phenomenon
of GBM with an estimated incidence of less than 2% (5).
The prognosis of patients with ECM is poor. The median
time from ECM to death is 1.5 months (6). Great progress
has recently been made in the genomic analysis of GBM
tumorigenesis and recurrence. However, after a systematic
search on PubMed and Google Scholar, genomic features of
GBM with ECM was found in 5 reports (7able 1) (7-11).
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There are no reports on how to treat GBM patients with
ECM. In recent years, immunotherapy and targeted therapy
have developed rapidly in the treatment of solid tumors (12).
For example, targeted medicine aiming at tumor protein
53 (TP53) mutation, AZD1775, received much attention
in the treatment of recurrent GBM (13). However, better
treatments are expected for GBM.

We present a GBM patient with ECM that was
diagnosed by collecting a mediastinal lymph node sample
via mediastinoscopy. High-throughput gene sequencing was
performed using the mediastinal lymph node. The result
provides useful information about gene mutations in GBM
genesis and metastasis. We present the following case in
accordance with the CARE reporting checklist (available at
https://tcr.amegroups.com/article/view/10.21037/tcr-22-
955/rc).
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Table 1 Reported cases of gene variants of glioblastoma with extracranial metastasis
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First author and

Number of Location of the primary

Location of extracranial

S le t G
year of publication cases  tumor metastasis ample type enes
Tamai, 2019 Right temporal lobe Cervical spine, left lung 1. Primary glioblastoma 1. TERT
2. Cervical spinal metastases 2. TERT
3. Lung metastases 3. TERT
Anderson, 2020 Left frontal lobe Pelvic bones 1. Intracranial tumors 1./2. TP53; NFT,
2. Right iliac bone RBT; CDKN2A
Mohme, 2020 Right temporal lobe Vertebral bodies 1. Primary glioblastoma 1./2./3. Ch7; Chb5;
Ch9; TPDF52L3;
HIVEP2
2. Recurrence glioblastoma 3. PIK3CA; NF1;
TP53; CDKN2A/B
3. Vertebral metastasis
Noch, 2021 Frontal lobe (3 cases), Bone (6 cases), 1. Intracranial tumor 1. TP53; RB1T,
temporal lobe (3 cases), lymph nodes (2 cases), PTEN; TERT; ATRX;
parietal lobe (1 case), lung (2 cases), NF1
frontoparietal .Io.be |eptomemnges/dura 2. Extracranial metastases 2. TP53; RBT;
(2 cases), occipital lobe (3 cases), liver (1 case) PTEN: TERT:
(1 case) EGFR: MET:
CDKN2A
Rong, 2021 1 Left temporal lobe Vertebral and 1. Cervical spine metastases 1. TP53; MPL

thoracolumbar spine,

2. Thoracolumbar metastases 2. ANTXR1; TLR8

pelvic, and left femur

Case presentation

A previously healthy 43-year-old male patient was admitted
to our hospital because of headache and left eye vision loss
for 2 months. Two days after admission, cranial computed
tomography (CT) revealed a left occipital lobe tumor (Figure
14). Four days after admission, the patient underwent
intracranial tumor resection (Figure 1B). The chest CT did
not show obvious lesions (Figure 2). The abovementioned
symptoms disappeared after the operation. The Karnofsky
performance score increased to 90 points after surgery.
Histological analysis revealed GBM of grade IV according
to the World Health Organization (WHO) standard
[isocitrate dehydrogenase 1 IDH-1) wild type] (Figure 3).
One week after operation, the patient began to receive
adjuvant chemotherapy with TMZ (150 mg daily for 5 days
per cycle of 28 days for 5 cycles). After the first cycle of
chemotherapy, whole brain radiotherapy (54 Gy in 6 weeks
using linear accelerator) was conducted with concomitant
TMZ chemotherapy. The treatment went well. The patient
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had only mild gastrointestinal reactions.

Six months after surgery, cranial magnetic resonance
imaging revealed local recurrence in the surgical field and
the left thalamus for the first time (Figure 4). However,
the patient had no obvious symptoms. Then, the patient
received a sixth cycle of chemotherapy with TMZ. One week
after chemotherapy, the patient gradually developed cough
and dyspnea. Seven months after surgery, chest CT revealed
bilateral pleural effusions, pericardial effusion, and a
mediastinal mass (Figure 2B). Thoracentesis was performed for
bilateral pleural effusions. The analysis of the pleural effusions
confirmed that they were transudates. The cytological
examination of the pleural effusion did not reveal tumor cells.
Half a month after drainage, the patient underwent chest
enhancement CT scan, which showed that the mediastinal
mass was significantly larger than before (Figure 2C).

Mediastinoscopy was carried out to obtain lymph
nodes for histological examination. Histological analysis
revealed metastatic GBM. The patient did not take any
corticosteroid or immunosuppressor at the time when the
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Figure 1 Cranial CT images before and after surgery. (A) Preoperative cranial CT showing a large tumor in left occipital lobe (yellow

arrow). Peritumoral edema was obvious. (B) Cranial CT on the first day after surgery showing successful tumor resection (green arrow). CT,

computed tomography.

ECM was diagnosed. We performed high-throughput gene
sequencing using the mediastinal lymph nodes metastases
that examined 528 genes closely related to tumors [lllumina
Solexa Genome Analyzer platform, GBM related genes
included IDH-1/2, epidermal growth factor receptor
(EGFR), platelet-derived growth factor receptor, TP53,
cyclin-dependent kinase inhibitor 2 A/B, phosphatase and
tensin homolog (PTEN), telomerase reverse transcriptase,
phosphatidylinositol-4,5-bisphosphate 3-kinase A, murine
double minute 2, neurofibromatosis type 1, glioma-
associated oncogene homolog 1. Tested genes did not
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include O6-methylguanine-DNA methyltransferase
(MGMT), chr: 1P, chr: 19Q, chr: 7, chr: 10]. Mutated
genes included TP53, CUB and Sushi multiple domains 3
(CSMD3), poly(ADP-ribose) polymerase family member
4 (PARP4), and PTEN (Tuble 2). The TP53 gene had the
highest mutation peak. The tumor mutation burden (TMB)
of ECM lesions was calculated to be 8.667 Muts/Mb, and
no microsatellite instability was detected. The patient
received a course of treatment with bevacizumab (200 mg,
d 1) plus TMZ (100 mg, d 1-14). Although the pleural

effusion decreased, the patient’s impaired respiratory status
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Figure 2 Serial chest CT images during the treatment. (A) No obvious abnormality on chest CT images before intracranial surgery. (B)
Extracranial metastasis with bilateral pleural effusion and mediastinal lymph node enlargement 6 months after intracranial surgery. (C)

Enhanced chest CT images 7 months after intracranial surgery showing mediastinal mass significantly larger than before (yellow arrow). CT,
computed tomography.

Figure 3 Pathology of glioblastoma. (A) Brain tissue: GFAP (+), olig-2 (+), P53 (+), NeuN (-), IDH-1 (-), CD34 (), ATRX (+), and Ki-67 (40%).
Tumor cells grew intensively and diffusely, blood vessels proliferated obviously in the stromal. A large area of necrosis was found focally, and the
tumor cells arranged in palisade shape around the necrosis (B) mediastinal lymph nodes: GFAP (+), S-10 (+), P53 (+), Syn (+), Ki-67 (30%), CK (-),
CD34 (-), P63 (-). Nest-like heterotypic cells distributed in the proliferative lymphoid tissue. Hematoxylin-eosin staining; A, x10, B, x200.
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Figure 4 Cranial magnetic resonance imaging showing recurrence of glioblastoma. Recurrence of tumor in left occipitotemporal lobe 6

months after intracranial surgery (yellow arrow).

Table 2 The likely pathogenic variants identified in mediastinal lymph nodes metastases

Genes Variants Abundance Clinical significance

TP53 Exon 5 ¢.451C>T (p.P151S) 61.32% Missense mutation (putative driver)
CSMD3 Exon 69 ¢.10574T>C (p.V3525A) 3.95% Missense mutation (unknown significance)
PARP4 Exon 29 ¢.3509C>T (p.T1170I) 8.04% Missense mutation (unknown significance)
PTEN Exon 6 c.611C>T (p.P204L) 50.83% Missense mutation (putative driver)

continued to worsen, and he ultimately died of respiratory
failure 8 months after surgery. The timeline of the patient’s
treatment was shown in Figure 5.

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or national

research committee(s) and with the Helsinki Declaration (as
revised in 2013). Written informed consent was obtained
from the patient’s wife for publication of this case report
and accompanying images. A copy of the written consent is
available for review by the editorial office of this journal.
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Figure 5 Timeline of the patient’s treatment. GBM, glioblastoma.

Discussion

Relatively little is known about the occurrence of ECM
of GBM and the underlying pathogenesis due to its rarity.
Epidemiologically, young patients are prone to ECM
(1,14,15), possibly because they have a longer OS than
elderly patients (16). A meta-analysis of GBM patients with
ECM including 150 cases showed that the median time from
initial diagnosis to the diagnosis of ECM was 9.0 months.
The most common metastatic organs are bones, lymph
nodes and lungs (1).

In this case, mediastinal lymph node metastasis was
confirmed by pathology 6 months after surgery. Improving
the understanding of the ECM of GBM is helpful for
preventing misdiagnosis and mistreatment. This patient’s
prognosis was poor. Progression-free survival (PFS) and
OS were only 6 and 9 months, respectively. This may be
related to the IDH-1 wild type status. Patients without IDH
mutations had a shorter median PFS time (1.4 vs. 4.7 years)
and a lower 5-year survival rate (14% vs. 42%) than those
with IDH-1 mutations. IDH mutation status may be a strong
independent predictor of PFS (17) .

The discoveries of various gene mutations greatly
promote the understanding of glioma genesis and the
practice of neuro-oncology. Except IDH-1/2 mutation,
MGMT promoter methylation, 1p19q codeletion, TP53
mutation, PTEN mutation, etc. have offered new insights on
prognosis and management of GBM, including predicted
response to chemotherapy and radiation treatment (18,19).
Compared with GBM researches, gene data of GBM with
ECM are limit. Similar to previous studies (8-11), TP53
and PTEN mutations in ECM lesion were identified in
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the patient. Despite the role of genetic mutations in GBM
with ECM is still not fully clear, ongoing research on this
topic will ultimately implement a personalized or precision
medicine for this deadly disease.

The pathways of ECM from GBM, although not fully
understood, involved surgical intervention, cerebrospinal
fluid pathway, blood vessels, lymphatic vessels. Scalp tumor
masses/cutaneous tumor tissue, spinal cord metastasis was
possibly associated with surgical intervention (stereotactic
biopsy or craniotomy), cerebrospinal fluid pathway,
respectively (20,21). In addition, it was demonstrated that
approximately 20% of GBM patients have circulating
tumor cells in their peripheral blood (22). Hematogenous
dissemination through neovascularization of tumors is
considered to be involved in ECM. Recent rediscoveries
of lymphatic vessels within the dura mater surrounding
the brain make ECM possible via lymphatic vessels
(23,24). In our case, without evidence of other ECM sites,
the mediastinal lymph nodes metastases and history of
craniotomy implied the pathway of surgical intervention
and lymphatic vessels involved in the ECM.

In the past decade, the treatment of GBM has progressed
very little. The standard of treatment for GBM patients
remains surgery for gross total resection followed by the
Stupp protocol, namely radiotherapy and concomitant
chemotherapy with TMZ, an alkylating agent (25).
However, once GBM relapses, there are limited options for
treatment (26). Lomustine, an alkylating agent like TMZ, is
commonly given with procarbazine and vincristine as part of
the PCV regimen (procarbazine, lomustine, and vincristine)
and reserved for treatment of patients with recurrent GBM,
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especially for patients with primary MGMT methylated
GBM (27). Another treatment option for recurrent GBM
is the angiogenesis inhibitor bevacizumab (28). This
patient used bevacizumab after ECM. However, it had
no significant effect on survival. Other chemotherapeutic
agents, such as irinotecan (29), carboplatin/cisplatin (30),
when given as monotherapy or in combination with other
agents, particularly TMZ and bevacizumab, have yielded
promising results in preliminary studies of recurrent GBM.

The other treatment for GBM is the alternating electric
field (AEF) generator NovoT'TEF/Optune (31). Recently, the
combination of AEFs and maintenance TMZ chemotherapy
demonstrated improved progression-free and OS in
randomized prospective phase III trials (32,33). However, it
is mainly for the treatment of intracranial lesions.

The preferred treatment of patients with ECM is
undocumented. According to the treatment principles of
other malignant tumors, systemic drug therapy may be
more important. In recent years, molecular targeted therapy
and immunotherapy have been successful in other solid
cancers. Some new treatments have been explored in GBM.

Targeted therapy is generally targeted at specific gene
mutations in the body. Previous study reported biologically
relevant alterations in three common core pathways in
GBM, namely, TP53, Rb and receptor tyrosine kinase
(RTK)/Ras/phosphoinositide 3-kinase (PI3K) signaling (34).
This patient had a 7P53 mutation with a high mutation
peak. TP53 mutation-related drugs include AZD1775,
MILNS8237, AL'T-801 and P53-SLP vaccines, which have
antitumor effects in clinical trials (35,36). Among them,
researches on AZD1775 are relatively more common.
AZD1775 can produce a wide range of cytotoxic effects i
vitro and can eliminate brain tumors in mice. In addition,
AZD1775 has been shown to have good penetrability
in recurrent GBM (13). Therefore, whether AZD1775
combined with chemotherapy or radiotherapy is a new
method for the treatment of 7P53 mutant GBM deserves
further research.

In addition, the patient had three coexisting gene
mutations of CSMD3, PARP4 and PTEN, but their clinical
significance was not clear. Other potential therapies include
EGFR-tyrosine kinase inhibitor (TKI), vaccines, chimeric
antigen receptor (CAR) T-cell therapies, virotherapy and
immune checkpoint inhibitors (CPIs) (37). However, they
are still at the research stage.

Immune CPIs, including anti-T-lymphocyte-associated
protein 4 (CTLA-4), anti-programmed cell death-1 (PD-
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1), and anti-programmed cell death-ligand 1 (PD-L1)
antibodies, are promising immunotherapy approaches
for GBM. However, the superior efficacy of CPIs over
the standard of care was not shown in recent clinical
trials (CheckMate 143, NCT02017717; CheckMate 498,
NCT02617589). Possible mechanisms of resistance to
CPIs include intertumoral/intratumoral heterogeneity, low
TMB, systemic and local immunosuppression (38). Cases
of response to anti PD-1 therapy in GBM patients with a
high TMB were reported (39,40). The patient in our case
had as high TMB as 8.667 Muts/Mb, who might benefit
from CPIs. Unfortunately, CPIs were not available in our
hospital during his treatments.

ECM of GBM is rare, and its prognosis is very poor.
Mutated genes in ECM included TP53, CSMD3, PARP4,
and PTEN in our case. Genomic analysis provides
important insights into GBM and its ECM. We look
forward to new treatments to improve the survival of GBM
patients with ECM.
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