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Abstract
Gliosarcoma is a rare histopathological subtype of glioblastoma. Metastatic spreading is very unusual. In
this report, we illustrate a case of gliosarcoma with extensive extracranial metastases with con�rmation
of histological and molecular concordance between the primary tumor and a metastatic lesion of the
lung. Moreover, the case revealed a family coincidence of glial tumors as the patient’s son was diagnosed
with a high-grade glioma shortly after the patient’s death. By molecular analysis (Sanger and next
generation panel sequencing), we could con�rm that both patients carried mutations in the TP53 gene.
Interestingly, the detected mutations were located in different exons. According to the current scienti�c
knowledge, even further genetic �ndings do not explain the aggressive metastatic spread observed in the
reported case nor reveal a family tumor syndrome. In conclusion, the molecular mechanisms leading to a
metastatic phenotype of gliosarcoma remain unknown and should be studied further.

Introduction
Glioblastoma (CNS WHO grade 4) is the most common primary malignant brain tumor in adults,
histopathologically characterized by predominantly astrocytic differentiation and presence of vascular
proliferates and/or intratumoral necrosis [1]. Beside histopathological criteria, the detection of
homozygous CDKN2A/B deletion, TERT promoter mutation, EGFR gene ampli�cation or +7/−10
chromosome copy number changes lead to the diagnosis of CNS WHO grade 4 in IDH-wildtype diffuse
astrocytic glioma [1]. 

A rare histopathological subtype of glioblastoma is gliosarcoma, which contains a glial and a
mesenchymal-sarcomatous component [2, 3] and predominantly affects male patients (approx. 71 %) at
a median age of 42 years [4]. Genetic alterations show an unanimous pro�le across the tumor
irrespective of the histological area [3]. Molecular gliosarcoma pro�ling revealed PTEN and TP53
mutations, monosomy of chromosome 10 and homozygous CDKN2A/B deletion as well as (rarely) TERT
promoter mutations, and no genetic changes in ATRX, resembling a subtype of IDH-wildtype glioblastoma
[3, 5 - 7].

Treatment comprises surgery, irradiation, and temozolomide chemotherapy [8 - 10], but biological
aggressiveness and systemic dissemination lead to a low median survival of 13 months [4, 11 - 15].
Spreading of gliosarcoma has been reported in singular cases only [16 - 19] and is assumed to occur
hematogenously [16].

Here, we present a case of an extracranially metastasized gliosarcoma with con�rmation of histological
and molecular concordance between primary tumor and a pulmonary metastatic lesion. Interestingly, we
report a familial coincidence of a high-grade glioma with TP53 mutations.

Case Report
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A 47-year-old Caucasian male presented with cephalgia, memory impairment and homonymous
hemianopsia for 3 weeks. His medical history was unremarkable besides arterial hypertension and
smoking. MRI showed a left-sided temporo-occipital lesion of 6.5 cm diameter with marginal
enhancement and perifocal edema (Fig. 1 a - d). The patient underwent a gross-total resection of the
lesion and histopathological analysis revealed glioblastoma with sarcomatous component (gliosarcoma;
CNS WHO grade 4), IDH-wildtype. Concomitant radiochemotherapy with temozolomide according to the
Stupp protocol was applied [10]. Seven month later, the patient underwent repeated gross-total resection
followed by bevacizumab therapy due to asymptomatic tumor recurrence. Five months after re-resection,
a left-sided nuchal lesion was excised and diagnosed as a cutaneous gliosarcoma metastasis.
Subsequently, rapid clinical deterioration with cephalgia, nausea, vomiting and cognitive impairment
occurred. CSF analysis showed lymphocytic pleocytosis, but no evidence of granulocyte-dominated
in�ammation or tumor cells. MRI revealed progression of the gliosarcoma at the primary site as well as
multifocal meningeal, ependymal, and intracerebral manifestations. Re-irradiation and treatment with
lomustine was initiated, but was stopped after application of 32.4 Gy due to further clinical deterioration.
CT of abdomen and chest showed multifocal tumor spreading. The patient died shortly after, 15 months
after primary diagnosis.

Post-mortem examination showed multiple intracranial manifestations and systemic metastases in
several organs, including multiple lesions of thyroid gland, peri- and myocardium (Fig. 1 e - g), lung (Fig.
1 h) and pleura, intercostal muscles (Fig. 1 i), diaphragm, thoracic spine (Fig. 1 j), gastric wall and small
intestine, kidney, spleen, liver, peritoneal adipose tissue and subcutaneous in the nuchal region. Tumor-
induced obstruction of the fourth ventricle with subsequent (tumor-toxic) cardio-pulmonary failure was
assumed as cause of death.

11 months later, his 26-year-old son presented at the hospital with mild right-sided facial paresis,
confusion and fatigue. MRI showed a left fronto-polar contrast enhancing lesion with diffuse in�ltration
of the corpus callosum and the brain stem, leading to a midline shift. Gross-total resection was
performed and astrocytoma (CNS WHO grade 4), IDH-mutant was diagnosed. The patient underwent
concomitant and adjuvant radiochemotherapy with temozolomide. Three and a half years later, local
tumor progression was detected. The patient refused any further cancer treatment. 

Histopathology

Microscopic analysis of the father’s primary tumor displayed a biphasic tissue pattern, containing a glial
as well as a sarcomatous component (Fig. 2 a). The glial tumor component mostly contained round
nuclei rich in chromatin, and tumor cells were positive for MAP2c (Fig. 2 c right) and GFAP (Fig. 2 d right).
The sarcomatous component demonstrated a spindle cell con�gured histoarchitecture with elongated
nuclei. Reticulin staining highlighted a dense �ber network surrounding single cells (Fig. 2 b left). Tumor
cells of the sarcomatous component did not express glial markers like MAP2c (Fig. 2 c left) or GFAP (Fig.
2 d left). Tumor cells of both components showed increased mitotic (Fig. 2 a) and proliferation activity.
Approximately 30 % of tumor cell nuclei accumulated p53 protein (Fig. 2 e). In�ltration of the tumor tissue
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by lymphocytes and monocytes as well as focal bleeding and calci�cation were observed.
Immunohistochemistry of mutant IDH-1 (R123H) was negative (Fig. 2 f). Microscopic analysis of the
nuchal lesion revealed an identical tissue pattern (Fig. 2 g) with a high fraction of p53-accumulating
tumor cell nuclei (Fig. 2 h).

Post-mortem analyses con�rmed tumor in�ltration of the leptomeninges resembling meningeosis
gliosarcomatosa (Fig. 2 i, j). Multiple intracranial manifestations were observed at resection site, callosal
commissure, midbrain, medulla oblongata, cerebellum and occipital cortex. Every manifestation of the
tumor revealed strong nuclear accumulation of p53 protein (Fig. 2 l). Microscopy revealed a near-
complete obstruction of the fourth ventricle by tumor tissue (Fig. 2 k). Furthermore, the examined brain
tissue showed signs of elevated intracranial pressure such as impression marks of cerebellum and
temporal uncus, intravascular stasis and global parenchymal edema. 

The son’s tumor showed a high-grade astrocytic neoplasm with diffuse in�ltration of the adjunct brain
tissue, high cellularity and an increased mitotic index as well as microvascular proliferations and
palisading necrosis (Fig. 2 m). A sarcomatous component could not be observed in this tumor (Fig. 2 n).
More than 50 % of tumor cell nuclei accumulated p53-protein (Fig. 2 o). In contrast to the father’s tumor,
an IDH-1 (R123H) mutation was detected immunohistochemically (Fig. 2 p).

Molecular Pathology

Comparative molecular analysis did not show increased methylation of the MGMT promoter in both
cases. To analyze whether the appearance of two high-grade gliomas within one family reveal a genetic
equivalent of a family tumor syndrome, we �rst tested both, father’s and son’s tumor tissue for
constitutional DNA mismatch repair de�ciency (CMMRD) by immunohistochemistry. Thereby, no
evidence for a loss of the DNA mismatch repair proteins MLH1, MSH2, MSH6 or PMS2 was found. Next,
considering hereditary mutations within the tumor suppressor gene TP53, we performed Sanger
sequencing of TP53, exons 4 to 9, in the tumor tissue. We were able to detect mutant TP53 sequences in
both tumors, but tumors of father and son did not carry the same mutations. Whereas the father’s TP53
point mutation was found in exon 7 (p.R248Q; Fig. 2 q), his son carried two point mutations in exon 5
(p.S127F and p.K132R; Fig. 2 r). Post-mortem, one of the father’s pulmonary metastases was also
analyzed molecularly showing the identical TP53 point mutation (p.R248Q) as found in the cerebral
primary tumor.

Next generation sequencing (NGS) examining 41 glioma-associated genes con�rmed TP53 mutations in
both cases. RB1 mutation (allele variant fraction: 54.4 %), PTEN mutation (allele variant fraction: 54.2 %)
and TERT mutation within the promoter region (C228T, allele variant fraction: 20 %) were detected in the
father’s tumor, and analysis of a lung metastasis showed the identical results as the primary
gliosarcoma. In contrast, the son’s tumor DNA carried a PIK3R1 mutation (allele variant fraction: 45.1 %),
whereas TERT promoter analysis revealed wildtype alleles. 
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Discussion
Although metastatic spread of gliosarcoma is rare, it occurs more frequently than in glioblastoma (up to
1.1 % versus 0.5 %) [20, 21]. Here, we report a case of gliosarcoma with fulminant multi-organ spreading,
the entire extent of which was only revealed during autopsy and considerably wider compared to other
reports [16 - 19]. According to the affected organs (mostly lung, heart, liver, spleen, bone and muscle
system), we assume hematogenous spreading. However, nuchal metastases were located in the area of
surgical approach for primary resection, rendering local cutaneous and subcutaneous spread by surgical
instruments plausible as assumed in a case by Bekar et al. [22].

Besides surgery, the patient’s treatment included �rst-line radiochemotherapy with temozolomide,
followed by re-resection, re-irradiation, bevacizumab and lomustine treatment upon progression. While
recommended treatment of gliosarcoma encompasses the same standardized approach used in
glioblastoma, supporting evidence is limited given its rarity [13]. MGMT promoter methylation, bearing an
established prognostic and predictive value in glioblastoma [23], is rare in gliosarcoma, which might
explain the poor response of gliosarcoma to alkylating chemotherapy [6, 11, 24].

Whereas gliosarcoma is composed of two tissue components, both reveal identical mutations in the
tumor suppressor gene TP53 [5]. To con�rm the metastases’ origin, we analyzed one lung lesion for TP53
mutations and detected the exact same point mutation as observed in the cerebral primaries, as well as
the same genetic alterations in NGS panel testing. Although the patient’s son was diagnosed with
astrocytoma (CNS WHO grade 4), IDH-mutant soon afterwards, no indication for presence of a familial
tumor syndrome, such as Li-Fraumeni syndrome or constitutional DNA mismatch repair de�ciency, was
detected. However, less frequent familial tumor syndromes should still be considered.

NGS analysis uncovered genetic alterations (TP53, PTEN and RB1) commonly observed in gliosarcoma
[25], while TERT mutations are rare, reported in only 0.2% of gliosarcoma cases [25]. According to current
scienti�c knowledge, these genetic �ndings do not explain the aggressive metastatic spread observed. 

In conclusion, further studies are warranted to unravel the molecular mechanisms leading to a metastatic
phenotype in gliosarcoma and we recommend to treating physicians to take into consideration potential
extracranial metastases, even at an early disease stage. 
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Figures

Figure 1

Neuroradiological and post-mortem pathological analysis MRI revealed a left-side temporo-occipital
lesion with inhomogeneous marginal contrast enhancement and distinct perifocal edema (A - D): Sagittal
(A) and axial (B) T1-weighted images with contrast agent, sagittal FLAIR (C) and axial T2-weigthed
images (D). Post-mortem examination showed multiple systemic metastases (E - J): Pericardium (E), cor,
intramural (F), cor, right ventricle (G), lung and visceral pleura (H), parietal pleura (I) and thoracic spine at
level T3/4 (J). Arrows point at metastatic lesions (E - G, I).
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Figure 2

Histopathological and molecular analysis Microscopic analysis of the patient’s primary tumor (A - F)
displayed the typical biphasic histomorphology of gliosarcoma: H&E stain (A), reticulin staining (B),
MAP2c (C), GFAP (D) p53 protein (E), IDH-1 (R123H) protein (F). A later occurred and resected nuchal
lesion (G, H) showed the same tissue pattern as the primary tumor and was the �rst con�rmed
extracranial metastasis of the gliosarcoma recognized: H&E stain (G), p53 protein (H). Microscopic post-
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mortem examination of the leptomeninges (I, J) con�rmed a meningeosis gliosarcomatosa: H&E stain (I),
p53 protein (J). Post-mortem analysis of the pontine area (K, L) revealed tumor-induced obstruction of the
fourth ventricle (star symbol) as cause of death: H&E stain (K), p53 protein (L). 11 month after the
patient’s death, his son was diagnosed with an astrocytoma (CNS WHO grade 4), IDH-mutant.
Microscopic analysis of the son’s primary tumor (M - P): H&E stain (M), reticulin staining (N), p53 protein
(O), IDH-1 (R132H) protein (P). Sanger sequencing of TP53 (Q, R): Whereas the father carried a point
mutation in exon 7 (Q), his son carried two point mutations in exon 5 (R). Arrows indicate the detected
mutations (Q, R). Scale bars equate to 60 µm (A), 200 µm (B - J, M - P) or 1000 µm (K, L).


