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BACKGROUND Gliosarcoma is a rare and highly malignant cancer of the central nervous system with the ability to metastasize. Secondary
gliosarcoma, or the evolution of a spindle cell-predominant tumor after the diagnosis of a World Health Organization grade IV glioblastoma, has also
been shown to metastasize. There is little information on metastatic secondary gliosarcoma.

OBSERVATIONS The authors present a series of 7 patients with previously diagnosed glioblastoma presenting with recurrent tumor and associated
metastases with repeat tissue diagnosis consistent with gliosarcoma. The authors describe the clinical, imaging, and pathological characteristics in
addition to carrying out a systematic review on metastases in secondary gliosarcoma.

LESSONS The present institutional series and the systematic review of the literature show that metastatic secondary gliosarcoma is a highly

aggressive disease with a poor prognosis.

https://thejns.org/doi/abs/10.3171/CASE232
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Gliosarcoma is a rare malignant infrinsic brain tumor established as
its own pathological entity." Gliosarcoma comprises <10% of all World
Health Organization (WHO) grade IV glioblastomas and can be primary
or secondary (arising from a previously diagnosed glioblastoma).? Geno-
mic studies between glioblastoma and gliosarcoma show overlapping
(TERTp, CDKN2A/B, phosphatase and tensin homolog [PTEN]) and
unique (BRAF, STAG2, SUZ12) genomic alterations.® Despite these met-
abolic differences, the natural history of gliosarcoma is similar to that of
glioblastoma,*® although it carries a greater propensity to metastasize
outside the central nervous system.”® Glioblastomas have also been re-
ported, although rarely, to metastasize. However, the literature supports
spread through cerebrospinal fluid pathways as a more common route
than hematogenous or direct spread. There are few studies that focus on
metastasis in gliosarcoma and no studies exclusively studying metastatic
secondary gliosarcoma, which, given the heterogeneity in high-grade gli-
oma, may be a concrete clinical entity. In this study, we focus on a series

of patients with gliosarcoma transforming from a pathologically proven
glioblastoma presenting with metastases. We discuss the clinical
characteristics, imaging findings, and pathological evaluation of a histori-
cal case series of patients, describe an illustrative case in detail, and
carry out a systemic review of patients with secondary gliosarcoma and
metastases.

Study Description

Patient Selection

Electronic medical records between 2000 and 2022 were re-
viewed to identify patients with pathologically diagnosed WHO
grade IV glioblastoma with subsequent transformation to patho-
logically diagnosed gliosarcoma with new extraaxial metasta-
ses. All patients had at least 2 surgeries—on initial presentation
and on recurrence with metastasis—for pathological diagnosis.
Clinical, imaging, and pathological characteristics were obtained

ABBREVIATIONS BCNU = carmustine; CCNU = lomustine; CNS = central nervous system; CPT-11 = irinotecan; CT = computed tomography; EGFR = epidermal
growth factor receptor; FISH = fluorescence in situ hybridization; GFAP = glial fibrillary acidic protein; IDH = isocitrate dehydrogenase; IHC = immunohistochemistry;

KPS = Karnofsky Performance Status; MRl = magnetic resonance imaging; PCV = procarbazine, lomustine, and vincristine; PRISMA = Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; PTEN = phosphatase and tensin homolog; WHO = World Health Organization.
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via retrospective chart review. At minimum, all patients had magnetic
resonance imaging (MRI) studies with T1-weighted sequences with
and without gadolinium contrast at @ minimum of 2 time points: at initial
presentation and upon recurrence. Surgical specimens underwent
immunohistochemical staining, fluorescence in situ hybridization (FISH),
and comprehensive genomic screening for mutational status (Foundatio-
nOne CDx, Foundation Medicine) when possible.

Systematic Review

A systematic review was performed according to the 2020 Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines." Inclusion criteria were as follows: 1) clinical studies including
case reportsicase descriptions, 2) patients with gliosarcoma, and
3) extraaxial metastases of gliosarcoma. Exclusion criteria were as fol-
lows: 1) studies not reported in English and without English translation,
2) studies of primary (de novo) gliosarcoma, 3) studies without extraaxial
metastases, 4) studies without a minimum 3-month clinical follow-up, and
5) studies without tissue diagnosis of both initial glioblastoma and subse-
quent gliosarcoma. Information sources included the MEDLINE PubMed
database. The search strategy used was as follows: [gliosarcoma] AND
[metastasis]. With this initial search, 75 articles were retrieved. For each
of these 75 articles, the abstract was evaluated by a single independent
reviewer using the inclusion and exclusion criteria. This was then filtered
by another independent reviewer. Subsequently, a full-length review was
performed on selected articles in parallel by independent reviewers. Al
full-length study evaluations were then filtered by another independent re-
viewer. Study variables obtained included the year of publication, the
number of patients, and whether pathology or genomic data were pro-
vided. Variables of interest for comparison obtained included patient char-
acteristics such as age and sex, initial surgery pathology, subsequent
surgery pathology, location of metastasis, whether the metastasis was bi-
opsy proven, adjuvant treatment(s), and overall survival from recurrence.

TABLE 1. Case series and systematic reviews

Bias in the selection of studies was addressed by multiple independent
reviewers, highlighting pathology results for primary surgery, secondary
surgery, and metastases.

Case Series

We identified 7 patients with previously diagnosed glioblastoma pre-
senting with tumor recurrence along with cranial and/or extracranial me-
tastases, after which pathological diagnosis was deemed to be
gliosarcoma. Clinical characteristics are described in Table 1. We also
performed a systematic literature review to identify additional cases for
comparison, as summarized in Table 1 and in the Discussion section.
Within our case series, there were 3 (43%) women and 4 (57%) men.
The mean age at initial diagnosis was 52.8 years (range 26-66 years).
The initial location of the tumor was frontal in 2 cases (28.5%), parietal
in 2 (28.5%), and temporal in 3 (42.9%). The initial pathological diagno-
sis was isocitrate dehydrogenase (IDH) wild-type glioblastoma in all 7
patients. Six patients (85.7%) had gross-total resection of the contrast-
enhancing portion of the tumor. All patients had radiation therapy to the
surgical bed. Adjuvant chemotherapy included temozolomide in 5 pa-
tients (71.4%), irinotecan (CPT-11) in 2 (28.5%), lomustine (CCNU) in 1
(14.3%), and procarbazine, lomustine, and vincristine (PCV) in 1
(14.3%). Four patients (57.1%) had bevacizumab therapy between
transformation to gliosarcoma. The mean time to recurrence from path-
ological designation of glioblastoma to pathological designation of glio-
sarcoma with metastases was 11.7 months (range 5-22 months). The
location of metastases was the dura in 4 patients (57.1%); skull in 4
(57.1%); and scalp, vertebral bodies, and lung in 1 patient each (14.3%
each). All patients had surgery after recurrence and/or biopsies at all
metastatic sites. All 7 patients had glial fibrillary acidic protein (GFAP)-
negative spindle cell morphology on pathological review consistent with
gliosarcoma. All specimens were positive for vimentin. One patient
(14.3%) had epidermal growth factor receptor (EGFR) amplification,

Primary Time to Survival After
Age Tumor  Extent of Adjuvant Transformation Metastasis Transformation Case
(yrs) Sex Location Resection Therapy (mos) Location (mos) Source
52 F Temporal GTR PCV+RT 8 Skull 4 Institutional series
62 M Temporal GITR CCNU+RT, CPT-11 14 Skull, dura 2 Institutional series
54 M Parietal STR TMZ+RT 7 Dura 7 Institutional series
54 M Parietal GTR TMZ+RT, CPT-11, bevacizumab 12 Lung 2 Institutional series
26 F  Frontal GTR  TMZ+RT, CCNU, bevacizumab 5 Scalp, skull 12 Institutional series
5 F  Frontal GTR TMZ+RT, bevacizumab 22 Dura 1 Institutional series
66 M Temporal GTR TMZ+RT, bevacizumab 14 Dura, skull, VB 1 Institutional series
47 M Temporal GITR BCNU+RT, TMZ, CPT-11 9 Lung, liver, spleen, scalp 15 Beaumont et al., 20078
52 M Frontal GTR TMZ+RT 5 Scalp, skull 2 Bekar et al., 2010"
57 F Temporal GTR TMZ+RT 42 Scalp, zygoma, abdomen 12 Dawar et al., 2013"
37 M Temporal GTR TMZ+RT 6 Skull, orbit, scalp, diaphragm 2 Oberndorfer et al.,
2013"
63 M Frontal GTR RT 12 Lung, bone, liver 15 Choi et al., 2016
55 M Parietal GTR TMZ+RT 6 Dura, skull, VB, lung 2 Capion et al., 2019'°
69 M Frontal GTR TMZ+RT 7 Liver 1 Choi et al., 2020
53 F Temporal GTR TMZ+RT, bevacizumab 15 Spinal cord 5 Hsu et al., 2020"7

GTR = gross-total resection; RT = radiation therapy; STR = subtotal resection; TMZ = temozolomide; VB = vertebral body.
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and 2 patients (28.5%) had PTEN deletions. No patients had IDH
mutations. Overall survival after the second surgery was, on average,
4.14 months (range 1-12 months). These overall trends correlated well
with the results of the systematic review, as summarized in the Discussion
section.

lllustrative Case

A 66-year-old male with a past medical history of hypertension
and coronary artery disease initially presented with a 3-month history
of headaches, nausea, and dizziness with recent falls. His history was
negative for seizures. The initial neurological examination showed no
focal neurological deficits. His Karnofsky Performance Status (KPS)
was 90 on admission. MRI with and without gadolinium contrast was

(AR )

performed and showed a 3.2 x 4.8 x 4.2-cm heterogeneously en-
hancing, centrally necrotic mass in the right temporal pole with sur-
rounding vasogenic edema and 5 mm of midline shift consistent with
high-grade glioma (Fig. 1A). Computed tomography (CT) of the chest,
abdomen, and pelvis was performed, which showed no evidence of
other lesions. The patient was admitted and started on antiepileptic
therapy (levetiracetam 1,000 mg twice daily) and steroids (dexameth-
asone 4 mg 3 times per day).

Shortly after admission, the patient was taken to the operating
room for a right temporal craniotomy for resection of the tumor. The
anterior temporal lobe and lesion anterior to the vein of Labbé were
removed. Medially, the resection was carried to the tentorial incisura
and the temporal horn of the lateral ventricle. Grossly, the tumor

FIG. 1. A: Brain MRI shows a right temporal lesion with necrosis and edema. B: Brain MRI obtained postoperatively shows gross-total resection of the le-

sion. C: Brain MRI shows recurrent lesion toward the posterior aspect of the resection cavity. D: Brain MR obtained 2 weeks following admission shows
extensive lesions. E: Lumbar spine MRI shows lesions near the conus and cauda equina and in the vertebral bodies. F: Brain MRI shows total resection

of the recurrent temporal lesion.
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appeared as a high-grade glioma. Postoperatively, the patient was at
his baseline neurological examination. Postoperative MRI with and
without gadolinium contrast showed gross-total resection of the con-
trast-enhancing portion of the tumor and no postsurgical complication
(Fig. 1B). The pathology was consistent with WHO grade IV IDH wild-type
glioblastoma (see Pathological Findings section). The patient was dis-
charged to home on postoperative day 3. The patient received postopera-
tive concurrent temozolomide at 75 mg for 5 cycles and 60 Gy in 32
fractions. He tolerated this therapy with no issues or complications.

The patient was monitored with serial imaging every 3 months
postoperatively. At approximately 12 months, the patient presented to
the local emergency department with seizures and was found to have
a2.0 x 2.0 x 3.0-cm heterogeneously enhancing mass at the poste-
rior aspect of the resection cavity (Fig. 1C). The patient was dis-
charged on increased antiepileptic therapy and steroids. While
awaiting new imaging and elective surgery for recurrent glioma, the
patient presented with confusion and was admitted for further work-
up. At this time, his KPS had declined to 70. New imaging showed
stable recurrence at the posterior aspect of the resection, but now
with 2 new subcentimeter dura-based lesions (right frontal and left
frontal) involving the inner cortex of the skull. There was expansion of
the right sphenoid wing and new enhancement in the right temporalis
muscle (Fig. 1D). Repeat CT of the chest, abdomen, and pelvis was
performed and was negative for any abnormality. MRI with and

without contrast of the spinal axis was performed and showed

TABLE 2. Detailed IHC, FISH, and genomic results

enhancement of the cauda equina and large vertebral body lesions of
L4 and L5 (Fig. 1E).

Given the presence of bony lesions, the L4 vertebral body lesion was
biopsied via needle biopsy. Pathology showed atypical spindle cells. With
these data, the case was discussed at the multidisciplinary tumor board.
Given the unclear metastatic process with clear intracranial recurrence in
a patient with functional independence prior to presentation with seizures,
the decision was made to carry out repeat resection of the temporal tumor
and biopsy of the right frontal dura-based lesion. The patient was taken to
the operating room for this procedure. This lesion had invaded the skull,
and this area was also biopsied. The intracranial mass was then resected
with a complete temporal lobectomy together with a resection of involved
mesial temporal structures (Fig. 1F). Postoperative imaging showed
gross-total resection of the contrast-enhancing lesion and biopsy of the
right frontal lesion.

The patient’s postoperative course was complicated by hydrocephalus.
The patient was taken to the operating room 1 week after surgery for in-
sertion of a left frontal ventriculoperitoneal shunt. The patient was dis-
charged with palliative spinal radiation. The patient's condition continued
to decline, and eventually he was transferred to hospice, where he died 6
weeks after surgery. The family declined an autopsy.

Pathological Findings

Permanent sections obtained during the initial and subsequent
resections and the vertebral body and frontal lesion biopsies were
sent for multiple diagnostic studies, including immunohistochemistry

Variable Initial Resection VB Biopsy Repeat Resection + Frontal Biopsy

GFAP Positive Negative Negative
ATRX Positive — Positive
IDH1 Wild type — Wild type
Olig2 — Negative Negative
EMA — Negative —

S100 — Negative —
Desmin — Focally positive —

SMA — Focally positive —
Myogenin — Negative —
MyoD1 — Negative —
Vimentin — Positive —

CD56 — Patchy positive —

CD34 — Negative —

MPO — Negative —

P53 Rare positive nuclei — Rare positive nuclei
Ki67 Variable positivity Variable positivity Variable positivity
Proliferation index 10-15% 3-5% 25-35%
MGMT promoter Unmethylated — —

EGFR amplification Negative — —
Chromosome 7 polysomy Negative — —
Monosomy 10 Positive — —

FoundationOne testing of the sample revealed the following genomic findings: NF1 (W267*, L190*, 11931fs*5), PTEN (splice site 209 + 5G>A), CBL (P417L),
CDKN2A/B (loss), JAK1 (E188K)T, MITF (G344R)', MLH1 (splice site 678-1G>A, P654L, S556N, GB7E, splice site 1989G>A, splice site 381-1G>A)T, MLS2
(W5065%), NOTCH1 (A1650T)f, PMS2 (split site 903G>A)t, PTPN11 (E69K)", SMARCA4 (S767F), TERT promoter (124C>T).

1 Indicates subclonal mutations.
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FIG. 2. A: Pathologic stains from initial resection of the glioblastoma. B: Pathologic stains from resection of the recurrent lesion det
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~ Myogenin
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ermined to be gliosar-

coma. C: Hematoxylin and eosin (H&E) stains from various aspects of the recurrent lesion, including the frontal dural lesions, frontal part of the recurrent
tumor, and temporal aspect of recurrent tumor. D: Various IHC stains performed on the vertebral biopsy sample obtained.

(IHC), FISH, and genomic testing. Results are summarized in Table
2 and displayed in Fig. 2.

Sections from the first resection were classified as WHO grade IV
IDH wild-type glioblastoma. Histologically, sections from the initial resec-
tion demonstrated hypercellular proliferation of pleomorphic glial cells
with enlarged nuclei, atypical mitoses, palisading necrosis, and multifo-
cal microvascular proliferation. IHC studies showed that the sample
was GFAP positive, ATRX positive, and IDH1 wild-type. Additionally,
these studies demonstrated rare positive nuclei for p53 and variable
positivity for Ki-67 (proliferation index 10%—15%; Fig. 2A). Genomic
studies showed that the sample was MGMT unmethylated. FISH stud-
ies showed that the sample was negative for EGFR gene amplification
with no evidence of chromosome 7 polysomy and positive for mono-
somy 10 (loss of 1 copy of PTEN) in 70% of the nuclei examined.

Sections from the second resection of the temporal tumor were
classified as being consistent with gliosarcoma, given a sarcoma-
tous component that was additionally noted in the sample, new
compared with prior. Histologically, these sections showed a high-
grade spindle neoplasm with a predominantly mesenchymal appear-
ance, 50% necrosis, numerous mitoses, and focal perivascular lym-
phocytic cuffing (Fig. 2B). IHC studies showed that the sample was
GFAP negative, ATRX positive, Olig2 negative, and IDH1 wild-type.
Studies also showed rare positive nuclei for p53 and variable posi-
tivity for Ki-67 (with a higher proliferation index compared with prior
at 25%-35%). A frontal dural lesion biopsy was also obtained

during this resection, pertinent for similar atypical spindle cells as
noted in the frontal and temporal aspects of the resected sample
(Fig. 2C).

Multiple assessments were performed on the vertebral body le-
sions, including IHC on tissues, flow cytometry, and fine-needle aspi-
ration. Sections sent for permanent tissue analysis were assessed for
a number of markers, as summarized in Table 2. Notably, samples
were GFAP negative, Olig2 negative, and vimentin positive. They
were focally positive for desmin and smooth muscle actin and showed
variable positivity for Ki-67 (3%—-5% proliferation index; Fig. 2D). Fine-
needle aspiration showed disordered groups of atypical spindle cells.
Flow cytometry showed no blasts, no monotypic B cells, and no T-cell
aberrancies.

The tumor sample was sent to FoundationOne for a full diagnostic
panel. The results showed microsatellite stability with a tumor muta-
tional burden of 98 mutations/Mb. The genomic findings identified are
summarized in Table 2. Notably, the patient did have mutations in
MLH1, PTEN, NF1, TERT, and PMS2.

Discussion

Observations

In this descriptive study, we focus on the clinical situation of new
extracranial lesions in a patient with pathologically diagnosed glio-
blastoma as the result of secondary transformation to gliosarcoma
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and subsequent gliosarcoma metastases. This is a rare scenario, with
accordingly few cases reported in the literature.®"'~'" We identified a
case series of 7 patients at our institution.

We additionally performed a PRISMA-based™ systematic review to
identify patients with secondary gliosarcoma and metastasis. Each in-
cluded patient was required to have a pathological diagnosis of glioblas-
toma followed by a pathological diagnosis of gliosarcoma with extraaxial
metastasis. Of the 75 articles screened, 8 were selected after application
of the inclusion and exclusion criteria (Fig. 3, Table 1).3"™"" There were
3 (37.5%) female and 5 (62.5%) male patients. The mean age at diagno-
sis was 47 years (range 37-69 years). The primary glioblastoma lo-
cation was frontal in 3 patients (37.5%), parietal in 1 (12.5%), and
temporal in 4 (50%). All patients had gross-total resection of the

initial tumor. The initial diagnosis was WHO grade IV glioblastoma in
all cases. There were no cases of IDH mutation. Adjuvant radiation
therapy was carried out in all patients, along with temozolomide
in 7 (87.5%) and carmustine (BCNU), CPT-11, and bevacizumab in
1 patient each (12.5% each). The mean time to transformation (defined
as pathologically diagnosed glioblastoma to pathologically diagnosed
gliosarcoma) was 12.8 months (range 542 months). The most com-
mon locations of metastasis included the scalp in 4 patients (50%), skull
in 4 (50%), lung in 3 (37.5%), liver in 3 (37.5%), and extracranial bony
region in 3 (37.5%). The mean overall survival after transformation was
5.1 months (range 1-15 months). These results are overall similar to
the trends identified in our case series of 7 patients.

| PRISMA SYSTEMATIC REVIEW FLOWCHART ]
"\
cz> Records removed before
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4 [metastasis] Records removed for other
g reasons (n=0)
|
R
Records screened EEE—— No reports excluded at outset.
(n=75) Abstracts reviewed for all results.
o Reports sought for retrieval > Reports not retrieved
4 (n=75) (n=0)
=
w
w
- !
O
(%2}
Reports assessed for eligibility > Reports excluded:
(n=75) Primary gliosarcoma only
(n =55)
Secondary gliosarcoma without
metastasis (n = 10)
Non English language (n = 2)
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(8]
Z

FIG. 3. PRISMA flow diagram. The PubMed database was searched for studies of gliosarcoma and metasta-
ses. Seventy-five studies met initial criteria and were reviewed for inclusion/exclusion criteria. This review

identified 8 cases for inclusion in the analysis.
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In an attempt to identify which patients with glioblastoma are more
likely to experience subsequent transformation and metastases, we
found no association with patient characteristics such as age or sex. In
addition, patients with secondary gliosarcoma had primary glioblastoma
tumors in the frontal, parietal, and temporal lobes, with no cases of occip-
ital lobe glioblastoma converting to metastatic secondary glioblastoma,
similar to previously reported data on both primary and secondary glio-
sarcoma.® There were no cases of IDH-mutant astrocytoma'® convert-
ing to secondary gliosarcoma with metastasis, suggesting that this may
be a process stemming from IDH wild-type glioblastoma alone. There
was no specific adjuvant therapy that was associated with transformation.
Vuong et al.," in a meta-analysis of primary versus secondary gliosar-
coma, reported that secondary gliosarcoma was associated with higher
rates of bevacizumab therapy. In our institutional series, 50% of patients
were treated with bevacizumab therapy prior to transformation, and in the
literature, only 12.5% were treated with bevacizumab prior to transforma-
tion. It is unclear if there is any association between bevacizumab ther-
apy and the transformation from glioblastoma to gliosarcoma.

Glioblastoma and gliosarcoma are differentiated by underlying
mesenchymal differentiation and the presence of sarcomatous cells.
This may be connected to the latter’s potentially greater propensity to
metastasize through hematogenous and/or direct spread. These spe-
cific differences in the underlying biology between glioblastoma and
gliosarcoma leading to diverging clinical behavior patterns is an im-
portant topic for further investigation. The time to transformation from
initial diagnosis of glioblastoma to diagnosis of secondary gliosar-
coma with metastasis was similar in our institutional study and in the
literature, with an average of approximately 1 year. However, because
imaging findings of glioblastoma and gliosarcoma are so similar, it is
unclear when the transformation is truly occurring, because there is
likely a latency period between conversion of the primary tumor to the
development of extracranial metastases. Interestingly, metastasis
with gliosarcoma was more often a direct extension (1) into the dura,
skull, and scalp or (2) outside the central nervous system (CNS),
such as the lung, liver, and bones, rather than (3) drop metastases
into the spinal cord. This differs from the metastatic profile of most
CNS tumors, which follows cerebrospinal fluid egress pathways.?
These data may suggest that gliosarcoma can simply spread by surgi-
cal contamination, through temporalis muscle contamination with a
temporal craniotomy,? or even at a distant site." Furthermore, the
metastatic profile of gliosarcoma, being more similar to extracranial
malignancies such as breast, lung, or colon cancer,?' suggests hema-
togenous spread in addition to spread through the neuroaxis.??

Lessons

Overall, we report the largest series of secondary gliosarcoma with
metastases and systematically review the literature to characterize this
rare entity. In patients diagnosed with glioblastoma, new extracranial le-
sions must put conversion of the tumor to gliosarcoma to the front of the
differential diagnosis. Although the natural history of intracranial glioblas-
toma and gliosarcoma may be similar,*® after gliosarcoma metastasis,
the prognosis becomes very grim.® Further research into understanding
the genomic alterations that may lead to transformation and subsequent
metastasis is needed, along with specific therapies, separate from those
for glioblastoma, for managing both intraaxial gliosarcoma and its extra-
cranial metastases.
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