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Abstract
Anaplastic meningiomas can have a sarcomatous appearance on

histology but true sarcomatous (metaplastic) differentiation is rare.

These tumors follow an aggressive clinical course with recurrence

and poor clinical outcomes. Due to significant overlap in morphol-

ogy and immunohistochemical profiles, distinguishing between sar-

comatous transformation of a meningioma and a true sarcoma can

be challenging. Here, we outline potential diagnostic pitfalls and the

utility of ancillary molecular testing in 3 patients diagnosed with sar-

comatous meningiomas. We report loss of typical meningothelial

markers in sarcomatous meningiomas. Ancillary molecular testing

can support the diagnosis of sarcomatous meningioma when a mo-

lecular signature consistent with meningioma is seen, such as inacti-

vation of the NF2 gene. Recognition of this rare transformation in

meningioma can prevent a misdiagnosis of a primary sarcoma,

whether sporadic or radiation-induced from prior treatment of a

more classic meningioma.
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INTRODUCTION
Anaplastic meningiomas are rare, comprising <5% of

all meningiomas. They are considered World Health Orga-
nization (WHO) grade III and follow an aggressive clinical

course associated with frequent local recurrences, increased
potential for metastasis, and poor overall patient survival.
The histologic criteria for anaplastic meningioma include
brisk mitotic activity (i.e. >20 mitotic figures per 10 high-
power fields) or frank anaplasia, defined as sarcoma-like,
carcinoma-like, or melanoma-like histology (1). Frank sar-
comatous (heterologous) change was one of the first histo-
logic definitions for anaplastic meningioma in the original
grading schemes proposed by Cushing and Eisenhardt, al-
though they generally lacked the diagnostic tools during
that era to distinguish sarcoma-like histology from true non-
meningothelial/sarcomatous transformation (2). While
most anaplastic meningiomas lose the classic histologic
features of lower-grade meningiomas, true sarcomatous
metaplasia (e.g. myogenic, chondroid, osteogenic, adipo-
cytic, or angiomatous differentiation) in meningiomas is
rarely observed (3). More commonly, sarcomatous neo-
plasms arising at sites of previously resected and irradiated
meningiomas are often best categorized as radiation-
induced sarcomas and can present across the spectrum of
mesenchymal phenotypes. De novo primary sarcomas or
metastatic sarcomas are rare but also need to be considered
in the differential. Additional testing is often warranted to
rule out considerations of the potential spectrum of malig-
nancies in these cases.

Due to significant overlap in morphology and immuno-
histochemical profile with true sarcomas, distinguishing be-
tween sarcomatous meningioma and true sarcomas can be
challenging. Here, we present 3 sarcomatous meningiomas
with myogenic differentiation, highlighting diagnostic dilem-
mas and useful ancillary tests.

Patient #1
A 26-year-old woman presented with an extra-axial

frontobasal tumor that extended into the sphenoid sinus and
compressed the optic nerve. She underwent resection with
pathologic examination revealing a cellular neoplasm with
multiple appearances. The majority of the tumor was com-
posed of pleomorphic spindled cells growing in fascicular and
storiform configurations within a densely collagenous back-

Department of Pathology (C-HGL, PD, DAS, AP);; Clinical Cancer Geno-
mics Laboratory (PD), University of California, San Francisco, Califor-
nia, USA;; Department of Laboratory Medicine and Pathology, Mayo
Clinic, Rochester, Minnesota, USA (CG); Institute of Neuropathology,
University Hospital Düsseldorf and Medical Faculty, Heinrich Heine
University, Düsseldorf, Germany (GR); Department of Pathology and
Immunology, Washington University, St. Louis, Missouri, USA (SD);
Department of Pathology, Sutter Medical Center, Sacramento (DC); De-
partment of Neurological Surgery, University of California, San Fran-
cisco (AP), California, USA.

Send correspondence to: Arie Perry, MD, Department of Pathology, Division
of Neuropathology, University of California, San Francisco, 505 Parnas-
sus Avenue, Room M551, San Francisco, CA 94143; E-mail: arie.perry@
ucsf.edu.

The authors have no duality or conflicts of interest to declare.

764 VC 2021 American Association of Neuropathologists, Inc. All rights reserved.

J Neuropathol Exp Neurol
Vol. 80, No. 8, August 2021, pp. 764–768
doi: 10.1093/jnen/nlab053

https://orcid.org/0000-0002-8347-9592
https://orcid.org/0000-0003-2757-6782
https://orcid.org/0000-0002-5585-0964
https://academic.oup.com/


ground (Fig. 1A, B), focally involving dura. In these sarcoma-
like areas, the mitotic index reached up to 20 mitotic figures
per 10 high-power fields. Patchy necrosis was also seen. Fo-
cally, the tumor showed more conventional features of a me-
ningioma, including epithelioid cells with vague whorling
architecture.

On immunohistochemical workup, the tumor was nega-
tive for somatostatin receptor 2A immunoreactivity
(SSTR2A), showed patchy positivity for epithelial membrane
antigen ([EMA], Fig. 1C) and progesterone receptor (Fig. 1D),
and diffuse vimentin immunoreactivity. Additionally, both
caldesmon (Fig. 1E) and smooth muscle actin ([SMA],
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FIGURE 1. Patients #1 and #2. Low- (A) and high-magnification (B) microscopy from tumor #1 reveals pleomorphic spindled
cells growing in fascicles, resembling fibrosarcoma. This tumor showed patchy positivity for EMA (C) and progesterone receptor
(D), as well as immunoreactivity against caldesmon (E) and SMA (F). Low- (G) and high-magnification (F) microscopy from
tumor #2 showed elongate cells with brightly eosinophilic cytoplasm resembling rhabdomyoblasts (H). This tumor showed
immunoreactivity against desmin (I) and myogenin (J). FISH revealed losses of chromosome arms 1p and 14 q (K—green 1p32,
red 14q32) as well as chromosome arm 22q (L—green BCR, red NF2).
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Fig. 1F) were positive in a large subset of tumor cells, support-
ing smooth muscle differentiation. Myogenin and desmin
were negative in this case. Congruent with the mitotic index,
the Ki-67 labeling index was elevated at 20%. The patient’s
clinical course was complicated by local recurrence 4 months
after initial surgery. The histology of the recurrent neoplasm
was similar to that of the original resection.

Patient #2
This patient was a 71-year-old woman who was found

to have a dural-based right frontal mass. She underwent resec-
tion with pathologic examination revealing a cellular neo-
plasm with multiple appearances. Some areas resembled an
atypical meningioma with meningothelial cells showing mac-
ronucleoli, focal sheeting architecture, and increased mitotic
rate. These areas of more conventional meningioma transi-
tioned into a sarcoma-like histology. The sarcomatous areas
demonstrated anaplastic spindled cells arranged in intersecting
fascicles. Focally, elongate cells with brightly eosinophilic cy-
toplasm and suggestions of cross striations were seen, resem-
bling rhabdomyoblasts (Fig. 1G, H). The mitotic index in
these areas reached up to 18 mitotic figures per 10 high-power
fields.

Immunohistochemical stains showed patchy positivity
for EMA in the area of conventional meningioma, but lack of
staining in the sarcomatous component. SSTR2A was also
negative for immunoreactivity in the sarcomatous component.
Conversely, stains for desmin (Fig. 1I) and myogenin (Fig. 1J)
were positive in the sarcomatous component, but negative in
the meningothelial component, supporting divergent rhabdo-
myoblastic differentiation. The tumor was diffusely immuno-
reactive with vimentin. SMA was negative and the
progesterone stain was mostly negative. The Ki-67 labeling in-
dex was elevated in both components, but highest in the sarco-
matous component. Her clinical course was complicated by
local recurrence 10 months after initial surgery. The histology
of the recurrent neoplasm was purely sarcomatous.

Ancillary fluorescence in situ hybridization (FISH) test-
ing was performed on both the original and recurrent tumor as
previously described (4, 5). Both components of the original
tumor showed deletions involving 1p, 14q, (Fig. 1K), and 22q
(Fig. 1L). The sarcomatous component also demonstrated
CDKN2A deletions in a subset of tumor cells. The recurrent tu-
mor showed similar cytogenetic alterations as the sarcomatous
component of the original tumor.

Patient #3
This patient was a 68-year-old woman who underwent

subtotal resection of a posterior fossa atypical meningioma.
She was subsequently treated with stereotactic radiosurgery.
Surveillance imaging up to 3 years after initial resection dem-
onstrated stable minimal residual tumor. However, 6 years af-
ter her initial resection, she developed worsening balance.
Repeat imaging at that time showed an 8.9 cm heteroge-
neously enhancing mass occupying much of the posterior
fossa (Fig. 2A). She underwent tumor resection. Intraopera-
tively, the tumor was markedly scirrhous and invaded portions

of the cerebellar cortex. Pathologic examination of the recur-
rent tumor revealed a moderately cellular spindled to epitheli-
oid neoplasm with tumor cells containing enlarged and
pleomorphic elongate nuclei, prominent nucleoli, vesicular
chromatin, and eosinophilic cytoplasm (Fig. 2B). The mitotic
rate was moderately elevated, with up to 5 mitotic figures per
10 high-power fields. However, no histologic features of con-
ventional meningioma were seen. Multiple areas of necrosis
and extensive brain invasion were also noted (Fig. 2C).

GFAP confirmed the extensive brain invasion with
many areas of gliotic parenchyma entrapped deep within the
tumor (Fig. 2D). The tumor showed patchy EMA positivity
(Fig. 2E) but was negative for other meningioma markers, in-
cluding SSTR2A (Fig. 2F) and progesterone receptor. SMA
showed strong and diffuse positivity (Fig. 2G) and calponin
was extensively positive, consistent with a smooth muscle
lineage.

Next generation sequencing was performed on tumor
tissue as previously described (6, 7). The findings included a
pathogenic splice donor mutation in NF2, a hotspot activating
mutation in the TERT promoter region, and a nonsense muta-
tion in BRCA1 (Fig. 2H). Additional copy number analysis
demonstrated homozygous deletion of the CDKN2A/CDKN2B
region at chromosome 9p21, as well as losses of 1p, 4p, proxi-
mal 4q, 6q, chromosome 9, 13q, chromosome 18, and 22q
(containing NF2). No focal amplifications or chromosomal
gains were identified.

DISCUSSION
Herein, we present 3 true sarcomatous meningiomas

with myogenic metaplasia. All 3 patients in this series pre-
sented with a solitary intracranial mass without any reported
history or evidence of a separate systemic malignancy. These
rare tumors may occur sporadically or following prior radio-
therapy in both younger and older adults, with a propensity for
local recurrence over a short time interval. Some cases may
appear entirely sarcomatous without any definite evidence of
residual meningothelial differentiation. However, a subset of
tumors displays areas of more conventional meningioma
which may be seen adjacent to the sarcomatous foci. Of note,
cytogenetic analysis of both the conventional and sarcomatous
components in Patient #2 revealed a clonal relationship be-
tween the 2 elements with similar profiles of copy number
changes, supporting a divergent evolution or dedifferentiation
of the sarcomatous component from the meningothelial pre-
cursor lesion, rather than 2 separate neoplasms forming a colli-
sion tumor.

Heterologous differentiation was demonstrated through
additional immunohistochemical studies. Of note, typical me-
ningioma markers including EMA, SSTR2A, and progester-
one receptor were either negative or not as strongly expressed
in sarcomatous areas. While SSTR2A is generally a sensitive
marker even in anaplastic meningiomas (8, 9), loss of expres-
sion can nevertheless be seen in cases with sarcomatous histol-
ogy (as in all 3 cases reported here). In cases with loss of their
meningothelial immunoprofile, identification of areas with
conventional meningioma histology and/or genetic studies can
aid in the accurate diagnosis of a sarcomatous meningioma.
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FIGURE 2. Patient #3. Postcontrast MR imaging of this patient with prior history of meningioma revealed an enhancing posterior
fossa mass invading the underlying brain parenchyma (A). The tumor was composed of spindled cells containing enlarged and
pleomorphic elongate nuclei, prominent nucleoli, vesicular chromatin, and eosinophilic cytoplasm (B). Multiple areas of brain
invasion were seen (C), which were highlighted on GFAP immunostain (D). This tumor showed patchy positivity for EMA (E)
and was negative for SSTR2A (F). There was diffuse SMA positivity (G). Next generation sequencing revealed alterations in
pTERT, NF2, and BRCA1 (H).
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Radiation-induced sarcoma is the main differential
consideration in cases of a new, rapidly expanding mass
within the prior resection bed and prior irradiation field. In
this scenario, molecular profiling may be necessary to dif-
ferentiate a radiation-induced sarcoma from a sarcomatous
meningioma. The most common cytogenetic alterations de-
scribed in meningiomas is deletion of 22q, including the
NF2 locus. Other common meningioma-associated copy
number changes include loss of 1p, 6q, 9p (including the
CDKN2A/CDKN2B locus), 10, 14q, and 18q as well as gains
of 1q, 9q, 12q, 15q, 17q, and 20q (4, 5). Additionally, muta-
tions in the TERT promotor as well as homozygous deletion
of CDKN2A have also been reported to be poor prognostic
markers in meningioma (10–12); however, the latter feature
is of limited diagnostic utility in the distinction from
radiation-induced sarcoma since homozygous CDKN2A de-
letion is also commonly found (13). In contrast, alterations
in NF2 are uncommon in sarcomas (as are the common
meningioma-associated chromosomal losses) but are the
most frequent underlying driver mutations in meningioma,
including anaplastic forms (14). Other mutations common in
meningioma (such as TRAF7, KLF4, AKT1, SMO, SUFU,
POLR2A) are not commonly found in sarcomas (15). In-
stead, molecular profiling in radiation-induced malignancies
typically reveals a markedly aneuploid genome, often with
numerous structural rearrangements secondary to double
stranded DNA breaks (13, 16).

In summary, true sarcomatous meningiomas are excep-
tionally rare, but may be diagnostically challenging to distin-
guish from primary or radiation-induced sarcomas. In some of
these cases, genomic profiling may therefore be necessary to
distinguish between these disparate entities.
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