J Neurooncol (2007) 83:39-46
DOI 10.1007/s11060-006-9295-x

CLINICAL-PATIENT STUDIES

Gliosarcoma with multiple extracranial metastases:
case report and review of the literature

Thomas L. Beaumont - William J. Kupsky -
Geoffrey R. Barger - Andrew E. Sloan

Received: 21 July 2006/ Accepted: 10 November 2006/ Published online: 14 December 2006

© Springer Science+Business Media B.V. 2006

Abstract Gliosarcoma is a rare malignant neoplasm of
the central nervous system with a propensity for
metastasis. There are fewer than 20 reported cases of
extracranial metastases of gliosarcoma with the
majority of cases reflecting a tendency for hematoge-
nous dissemination. Here we describe the case of a 47-
year-old man who developed pervasive extracranial
metastases from a temporal gliosarcoma following
radio- and chemotherapy for a primary glioblastoma.
The patient initially presented with progressively
worsening headaches, left-sided weakness and numb-
ness associated with right temporo-parietal mass for
which he underwent craniotomy with stereotactic gross-
total excision. Two months postoperatively, interstitial
brachytherapy and external beam radiotherapy were
initiated. The patient initially declined chemotherapy.
The tumor recurred twice and the patient underwent
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re-operation and multiple courses of chemotherapys;
histopathological diagnosis remained glioblastoma
multiforme. Nineteen months following initial resection
the patient’s clinical status deteriorated and CT scan
demonstrated multiple intrathoracic, hepatic and sple-
nic lesions. Postmortem examination revealed wide-
spread, infiltrating gliosarcoma with intravascular
gliomatosis and extensive visceral metastases. This is
the first report of pervasive extracranial metastases to
numersous sites, several of which have not been pre-
viously reported. The histogenesis and the potential
role of therapeutic irradiation in the development of
gliosarcoma are briefly reviewed.
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Introduction

Gliosarcoma is a rare malignant neoplasm of the
central nervous system estimated to comprise 1.8-2.4%
of glioblastomas [13, 23]. Formerly referred to as
“glioblastoma with sarcomatous component,” it was
renamed in the current World Health Organization
(WHO) classification scheme [20]. Gliosarcoma is
presently defined as a glioblastoma consisting of an
admixture of gliomatous and sarcomatous components.
It has a predilection for the temporal lobe, is often
located superficially, and presents surgically as a firm
lesion adherent to the meninges where it has occa-
sionally been mistaken for meningioma at surgery [24].
Although cerebral gliomas rarely exhibit extracranial
metastases, it is well established that gliosarcomas
have a propensity for such behavior. Indeed, there are
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several reports of extracranial metastases to numerous
sites, most commonly the lungs, liver and lymph nodes
[8-10, 14, 15, 22, 25, 31, 33, 36, 38, 40]. Intra-axial
metastases to the cervical spinal cord have also been
documented [39]. The present case illustrates the first
report of gliosarcoma with pervasive metastasis to at
least 14 extracranial sites including the upper lip mu-
cosa, chest wall, pleura, lung, liver, spleen, kidney,
gastric mucosa, thyroid gland, pericardium, myocar-
dium, diaphragm, and pancreas. The six latter sites
have not been previously reported.

Case report

C.A. a 47-year-old, Caucasian, male presented to an
outside institution with a 2-week history of progres-
sively worsening headaches with weakness and numb-
ness of the left extremities culminating in a fall. Past
medical history was unremarkable while social history
was notable for 30 pack-year history of smoking and
family history was notable for carcinoma of the breast
in the patient’s mother. Neuroimaging demonstrated
two distinct 2 X 3 cm ring-enhancing lesions in the
right fronto-temporal and temporo-parietal lobes with
irregular margins, central necrosis and vasogenic ede-
ma (Fig. 1). The following day, the patient underwent a
right fronto-temporal-parietal craniotomy with stero-
tactic volumetric gross-total resection of the lesion.
Final histopathologic diagnosis was glioblastoma mul-
tiforme (Fig. 2). The hemiparesis and hemianasthesia
improved and 3-weeks postoperatively, the patient
underwent stereotactic placement of low dose-rate 125;
catheters for interstitial brachytherapy delivering a
total dose of 104 Gy to the periphery of the lesion over
12 months. Two months postoperatively, he received

Fig. 1 Axial FLAIR (a) and
T1-weighted postcontrast
MRI (b) obtained upon initial
presentation demonstrated
two 2 X 3 cm ring-enhancing
lesions in the right temporal
lobe with irregular margins,
central necrosis and vasogenic
edema
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standard external beam radiotherapy with a total dose
of 54 Gy in 30 fractions. BCNU chemotherapy was
declined.

Three months after the initial resection, severe
headaches and left-sided hemiparesis recurred and
MRI revealed tumor recurrence (Fig.3a). Right
temporo-parietal craniotomy was performed with
resection of the enhancing masses and placement of
BCNU wafers (Gliadel®). The resected tissue con-
tained only rare infiltrating glial tumor cells but
showed areas of necrosis and sclerotic vascular changes
consistent with treatment effect. Routine follow-up
MRI at 6 months revealed increased interval edema
and tumor size (data not shown). Concurrent 3-deoxy-
3[18F]fluoro-L-thymidine-PET (FLT-PET) confirmed
recurrent tumor activity (Fig. 3b). Repeat MRI at
8 months indicated progressive enhancement despite
the absence of neurological signs or symptoms
(Fig. 3c). The patient continued to do well neurologi-
cally but experienced worsening headaches. Imaging
studies demonstrated continued progression of the
contrast-enhancing mass in the right anterior temporal
lobe. The patient underwent right temporal lobectomy
with partial resection of the hippocampus and removal
of the 125; implants 9% months after initial resection.
The resected tissue contained infiltrative glial tumor of
low cellularity as well as areas of necrosis and vascul-
opathy consistent with treatment effect. A chemo-
therapy regimen consisting of Temozolomide and
Thalidomide was then instituted.

The tumor continued to progress, and at 18 months,
the patient was started on Irinotecan, 230 mg/week for
four consecutive weeks [12]. Three weeks later, he was
seen in clinic complaining of tonic—clonic seizures fol-
lowed by progressive left-sided hemiparesis. MRI
showed continued tumor growth and infiltration with
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Fig. 2 Photomicrograph from primary resection demonstrated
moderately cellular tumor with gemistocytes, occasional mitoses
and microvascular proliferation consistent with high-grade
glioma. No evidence of a connective tissue (sarcomatous)
component was noted. H&E, 100x original magnification

edema and midline shift. Concurrently, a chest roent-
genogram indicated an ill-defined mass over the right
upper lobe with additional smaller nodules in the lower
fields and CT scans of the thorax, abdomen and pelvis
revealed multiple intrathoracic, hepatic and splenic
metastases. The patient had also developed a painful,
ulcerating mass in his upper lip mucosa. At this time,
therapeutic intervention was discontinued and the
patient was transferred to hospice where supportive
measures were instituted. The patient expired
19.5 months following initial diagnosis. Postmortem
histologic examination revealed widespread infiltrating
gliosarcoma.

Pathology

Postmortem examination of the head revealed a firm
13 x 8 x 6 cm mass underlying the right temporal
craniotomy site and involving bone, dura and subjacent
brain which, upon microscopic examination, showed
biphasic tumor. The extraparenchymal firm mass con-
sisted of densely cellular solid tumor composed of
pleomorphic, spindle-shaped cells in a diffuse collage-
nous matrix (Fig. 4a). The intraparenchymal compo-
nent consisted of infiltrative tumor of medium to high
cellularity composed of pleomorphic glial cells
(Fig. 4b) resembling the original tumor specimen.
There were areas of necrosis and high mitotic activity,
but microvascular proliferation was limited and focal.
The glial component showed strong immunoreactivity
to glial fibrillary acidic protein (GFAP) (Dako, Car-
pinteria CA) and S-100 (Ventana medical, Tucson,
AZ), with variable immunoreactivity to vimentin
(Ventana Medical, Tucson, AZ). The sarcomatous
component was unstained with GFAP or S-100 but
showed immunoreactivity to vimentin. Both compo-
nents were negative for smooth muscle actin and factor
VIII (Dako, Carpinteria CA). A sharp interface be-
tween the sarcomatous and glial components was noted
at the tumor bed underlying the craniotomy site
(Fig. 4c).

The glial component extensively infiltrated the brain
parenchyma of the frontal and temporal lobes and
extended into the deep brain structures. Small foci of
sarcoma were present microscopically in the leptome-
ninges and extended along penetrating blood vessels
into the underlying cortex. A separate discrete nodule
of sarcoma measuring 1.3 cm in diameter was present

Fig. 3 Neuroimaging studies showing recurrent tumor activity.
(a) Tl-weighted postcontrast axial MRI obtained 3 months
following resection of the primary tumor showed enhancement
around the resection cavity with edema and midline shift. (b)
Proliferation imaging with 3-deoxy-3[18F]fluoro-L-thymidine
positron emission tomography (FLT-PET) conducted 2 weeks

following craniotomy for recurrent glioblastoma demonstrated
intense signal around the resection cavity, overlying dura and
surrounding bone. (¢) T1-weighted postcontrast axial MRI at
8 months demonstrated progressive enhancement in the right
temporoparietal region extending posteromedially
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Fig. 4 Photomicrographs. (a) Densely cellular tumor composed
of interweaving fascicles of spindle cells is typical of sarcomatous
component occurring at craniotomy site. H&E, 50x original
magnification. (b) Intra-axial glial tumor composed of pleomor-
phic fibrillated astrocyte-like cells. A focus of necrosis is seen
(arrows). Other areas of tumor showed different patterns ranging
from small anaplastic cells to giant cells. H&E, 50x original
magnification. (c¢) Interface between glial and sarcomatous
components in the tumor bed using immunohistochemical
staining with antibody to GFAP. Avidin-biotin method, 25x
original magnification. The glial component (below) is strongly
immunoreactive to GFAP; the sarcomatous component (above)
is unstained
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in the left cerebellar hemisphere (Fig. 5a). Several
small nodules of spindle-cell tumor were also present
on nerve roots of the cauda equina. In addition,
intravascular clusters of sarcoma were seen, particu-
larly in the body of the left caudate nucleus (Fig. 5b).

The general posmortem examination demonstrated
numerous nodules of metastatic sarcoma involving the
scalp adjacent to the craniotomy site, the lip mucosa,
chest wall, pleura, lungs, pericardium, myocardium,
peritoneum, diaphragm, liver, pancreas, gastric muco-
sa, spleen, thyroid gland, and kidney. Intravascular
tumor cell clusters, consistent with tumor emboli were
abundant, particularly in the spleen, liver, kidney and
lung, and were associated with parenchymal infarcts in
the latter two sites. There was no evidence of a second
primary neoplasm.

Fig. 5 Photomicrographs. (a) Metastatic sarcomatous nodule in
cerebellum. Tumor is centered in white matter but is focally
extending through cerebellar cortex into subarachnoid space
(arrows). H&E, 2.5x original magnification. (b) Intravascular
clusters of tumor cells (arrows) in white matter adjacent to
caudate nucleus most likely represent emboli (H&E, 25% original
magnification)
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Discussion

Gliosarcoma has been historically reported to com-
prise 2-8% of all cases of glioblastoma multiforme
(GBM) [10, 24]. More recent reports within the last
decade suggest an incidence from 1.8 to 2.4% [13, 23].
Specific epidemiologic trends remain unclear, as multi-
center prospective studies of this rare neoplasm have
not been undertaken. Of the 162 reported cases of
gliosarcoma, the age and sex distribution is similar to
that of primary glioblastoma with mean age of 53 years
and males being affected nearly twice as frequently as
females (M:F 1.9:1). Among the 19 cases with extra-
cranial metasteses reported in the English language
literature (including the present case), all have been
supratentorial with 12 (63%) presenting in the tem-
poral lobe, three cases each in the frontal and parietal
lobes (16%) and a single tumor in the occipital lobe
(Table 1).

Histogenesis

Although Gliosarcoma was first described by Stroebe in
1895 as a brain neoplasm consisting of both glial and
mesenchymal components, the proposed biphasic his-
togenesis of this intriguing tumor was not accepted until
the latter 1950s when Feigin defined gliosarcoma as a
glioblastoma in which the vascular elements had be-
come sarcomatous [10, 34]. Histologic evidence sup-
porting this theory includes immunoreactivity to factor
Vlll-related antigen and the endothelial markers CD-
34 and Ulex europaeus I agglutinin (UEA-1), as well as
predominant perivascular distribution [18, 32, 38]. In
the present case, the tumor lacked immunoreactivity for
Factor VIII and neither smooth-muscle actin nor pre-
dominant perivascular distribution was observed in the
intracranial component. Interestingly, recent molecular
studies have demonstrated identical p53 and PTEN
mutations, pl6 deletions as well as amplification of
MDM?2 and CDK4 in both the glial and mesenchymal
components [1, 6, 28]. Common cytogenetic alterations
including trisomy 7, deletion of 9p, and monosomy 10
and 17, as well as nonrandom X chromosome inacti-
vation have also been reported [7, 18, 26]. These
observations refute the “collision tumor” concept in
strong support of a clonal hypothesis wherein the sar-
comatous component arises from metaplastic transfor-
mation of neoplastic glial cells, as opposed to the
transformation of the vascular elements. The sarcoma-
tous component may thus, result from a phenotypic
shift of the neoplastic glial cells due to advanced
genomic instability, whereby GFAP expression is lost
with the acquisition of the sarcomatous phenotype.

Metastases

The criteria for establishing extracranial metastasis of a
primary CNS neoplasm have been established by
Weiss [37]. Extracranal metastases have been de-
scribed in 18 (11%) of previously reported cases of
gliosarcoma, most commonly involving the lungs
(72%), liver (41%) and lymph nodes (18%) (Table 1).
The present case exhibited metastases to at least 14
different sites, 6 of which have not been reported
previously. These include the thyroid, pericardium,
myocardium, diaphragm, pancreas and stomach. This
pattern of spread throughout the thorax and abdomen,
bone and skin reflects the well-established propensity
of sarcomatous neoplasms to disseminate hematoge-
nously. The observation of intravascular tumor emboli
in the current case, with corresponding parenchymal
necrosis in the striatum (Fig. 5b), liver and kidney is
consistent with this concept. Intra-axial dissemination
to the cerebrum, cerebellum and nerve roots of the
cauda equina was noted, but widespread meningeal
gliomatosis was not observed.

Since the first description by Ehrenreich and Devlin
in 1958, there has been an increase in the extent of
extracranial metastases (Table 1) [9]. Prolonged sur-
vival due to aggressive treatment including multiple
craniotomies, radiation and new adjuvant therapies
may play a role, and may have been a contributing
factor in the present case. While on one hand cranial
irradiation prolongs survival in glioblastoma, it may
also facilitate sarcomatous metaplasia with the acqui-
sition of an angioinvasive phenotype [8]. Our patient
received 54 Gy external beam irradiation and 104 Gy
delivered by interstitial brachytherapy, the highest
overall dose of the 19 reported cases with extracranial
metastases. The mean overall dose based on seven
cases (including the present case) reporting specific
dosing information was 70 Gy. Radiation dosage was
not specified for the majority of the early cases.

Radiation-induction

It is well known that therapeutic cranial irradiation
can induce astrocytic atypia and rarely, delayed neo-
plastic processes, most commonly meningioma, fibro-
sarcoma and other mesenchymal variants, and
occasionally GBM [2-4, 16]. Several reports have
estimated the relative risk of malignant glial tumors in
patients receiving whole-brain irradiation for acute
lymphoblastic leukemia from 3 to greater than 20,
with one such report indicating statistically significant
dose-dependence [11, 29, 35]. While most cases of
gliosarcoma arise de novo, they have also been
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Table 1 Reported cases of gliosarcoma with extracranial metastases

Author & Year Age Sex Location & 1° Sites of metastases Character of Irradiation Chemotherapy Survival
Reference Type Tumor metastases (Gy) (months)
Ehrenreich [9] 1958 44 M P, GS Lung G, §* Y 8°
Feigin [10] 1958 65 M T,GS Lung G,S 15
Garret [14] 1958 55 F T,GS Cervical lymph nodes  G?% S 30 9¢
Smith et al. [33] 1969 49 M F,GS Liver S MTX 8
Smith et al. [33] 4 M T,GS Liver G, §* Y 8
Smith et al. [33] 58 M T,GS Liver, lung S Y 8
Smith et al. [33] 63 M T,GS Lung, liver, rt. adrenal G, S Y 8
gland
Smith et al. [33] 64 M T,GS Lung, liver G,S 11
Smith et al. [33] 65 M T,GS Lung G, S?* Y 13
Smith et al. [33] 63 F F,GS Lung, vertebra G,Ss° 11
Slowik and 1980 46 F P, GBM Lymph nodes; lungs, G,s° 90 19¢
Balogh [31] liver, kidney
Ojeda and 1984 83 F F,GS Lung S 3
Sterret [25]
Weaver 1984 63 M P, GBM Lung, omentum S WB:50 7¢
et al. [36] Local:
12.5
Cerame et al. [8] 1985 11 F T, GS Lung G,S Y PCV 1
Yokoyama 1985 22 F O,GS Lungs, pleura, liver, G, S 40 VCR, 6MP 4¢
et al. [40] cervical & hilar Endoxan
lymph nodes, sternal
bone marrow
Matsuyama 1989 68 M T, GS Liver, spleen spinal G, S 50 MTX 5
et al. [22] cord, scalp
Gjerdrum and 1999 61 M T/P,GS Oral mucosa, palpebra, S Y 6°
Bojsen-Moller lungs
[15]
Wharton 2001 53 M T,GS Skull, ribs, vertebrae, G, S, PNET? 60 5¢
et al. [38] liver, ileum
Present Case 2002 47 M T, GBM Thyroid, chest wall, S WB: 54 Gliadel 20¢
pleura, lung, BTX: Temodar
pericardium, 103.7 Thalidomide
myocardium, Irinotecan

diaphragm, pancreas,
liver, spleen, kidney,
stomach, upper lip
mucosa, scalp

P, Parietal lobe; T, Temporal lobe; O, Occipital lobe
BTX, brachytherapy; WB, whole brain; MTX, Methotrexate; PNET, primitive neuroectodermal tumor; PCV, Procarbazine, CCNU

(1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea), Vincristine (VCR); 6MP, 6-mercaptopurine
indicates predominant histological component
indicates predominant histological component is location-dependent

a

b

¢ indicates postoperative survival following first resection

described at second surgery for a previously resected
and irradiated GBM. In the series of 32 cases of
gliosarcoma reported by Perry et al., 7 (28%) oc-
curred following 50-Gy whole-brain irradiation for
primary GBM [27]. Three additional cases of glio-
sarcoma which evolved following 59-90 Gy cranial
irradiation for primary glioblastoma have also been
reported [21, 31, 36].

In their review of radiation-induced gliosarcoma,
Kaschten et al. noted that in contrast to glioma and
meningioma, no radiation-induced sarcoma occurred
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at doses lower than 20 Gy while gliosarcoma occurred
following a mean dose of 37 Gy. The latency period
from irradiation of the primary tumor to the appear-
ance of radiation-induced tumor was 11 and 5.5 years,
respectively, with a considerable range for gliosarcoma
from 1 to 12 years [2, 17].

Criteria for establishing radiation induction have
been defined by Schrantz and Araoz [30]. To date there
are five reported cases of radiation-induced gliosarco-
ma [2, 5, 17, 19]; however, the precise role of irradia-
tion in the development of the two cases reported by



J Neurooncol (2007) 83:39-46

45

Averback [2] is unclear. One patient received 58 Gy
local irradiation following subtotal resection of a
temporal meningioma; the second 54 Gy bilaterally
following transsphenoidal subtotal resection of a pitu-
itary adenoma. The radiation dosage in both cases was
well above the 37 Gy threshold suggested by Kaschten
et al. [17]. However, the lack of autopsy in the former
case precludes definitive diagnosis, and the 1 year la-
tency of the second case which unequivocally repre-
sents a true secondary neoplasm, would appear
incompatible with the kinetics of carcinogenesis.

In the present case, whether the sarcomatous ele-
ment arose de novo from the metaplastic transforma-
tion of an initial glioblastoma, perhaps facilitated by
extensive irradiation, or whether the original neoplasm
contained a sarcomatous component but was errone-
ously diagnosed as a glioblastoma due to sampling er-
ror cannot be definitively stated. In support of the
former, however, several postoperative specimens
were independently reviewed by a noted outside neu-
ropathologist who concurred with the diagnosis of
glioblastoma. Thus, 11 cases of gliosarcoma (includes
present case) which putatively evolved following irra-
diation for primary glioblastoma have now been re-
ported [21, 27, 31, 36].

Conclusion

Gliosarcoma is a rare CNS neoplasm which occurs
most commonly in the temporal lobe with age and sex
distribution similar to glioblastoma. It has a marked
propensity for extracranial metastases which occur
more frequently in younger males who have undergone
adjuvant radiotherapy. Here we report a case of po-
stirradiation gliosarcoma with pervasive extracranial
metastases, that evolved following extensive chemo-
and radiotherapy for primary glioblastoma.
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