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SUMMARY

Gliosarcoma (GS) is a relatively rare glioblastoma variant characterized by biphasic glial and mesenchymal differentiation patterns.
The sarcomatous part most commonly resembles fibrosarcoma or so-called malignant fibrous histiocytoma. Rarely, GS shows heterolo-
gous lines of differentiation in the form of osteosarcoma, chondrosarcoma, liposarcoma, leiomyosarcoma, squamous or glandular ma-
lignant epithelial differentiation, or primitive neuroectodermal tumor (PNET)-like foci. When rhabdomyoblastic differentiation occurs, it
is in the form of malignant spindle cells, with cross-striated strap cells or rounded rhabdomyoblasts reminiscent of the embryonal type
of rhabdomyosarcoma. We are reporting a case of GS with an alveolar rhabdomyosarcoma-like component. The tumor consisted of
poorly differentiated primitive small round cells growing in a solid and alveolar pattern, with minimal cytoplasm, markedly elevated mi-
totic activity and numerous apoptotic nuclei. Rhabdomyosarcomatous differentiation was confirmed by desmin and myogenin immunopos-
itivity. To the best of our knowledge, this histologic pattern has not been previously reported in GS. Differential diagnostic considerations
are discussed.
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Gliosarkém s komponentou pripominajicou alveolarny rabdomyosarkém:
popis pripadu s doposial’ nepopisanou sarkémovou zlozkou

SUHRN

Gliosarkém (GS) je relativne vzécny variant glioblastému, charakterizovany bifézickou gliélnou a mezenchymdalnou diferenciéciou. Sarko-
matézna East najéastejiie pripomina fibrosarkém alebo tzv. maligny fibrézny histiocytém. Vzacne je v GS pritomnd heterolégna difer-
encidcia vo forme osteosarkému, chondrosarkému, liposarkému, leiomyosarkému, skvaméznej alebo Zlazovej malignej epiteliélne difer-
encidcie, alebo diferenciacie pripominaijtcej primitivny neuroektodermélny tumor (PNET). Ked' je v GS pritomné rabdomyosarkémové
diferencidcia, je vo forme malignych vretenovitych buniek s prieéne pruhovanymi bunkami alebo okréhlymi rabdomyoblastami, pripomi-
najica embryondlny rabdomyosarkém. V kazuistike popisujeme GS s komponentou pripominajtcou alveolérny rabdomyosarkém. Né-
dor réstol v solidnych a alveolérnych forméciach a bol zlozeny z nediferencovanych primitivnych malych okréhlych buniek s minimal-
nou cytoplazmou, ndpadne zvy$enou mitotickou aktivitou a pocetnymi apoptézami. Rabdomyosarkomatézna diferenciécia bola potvr-
dend pozitivnou imunohistochemickou reakciou na dezmin a myogenin. Podla nasich vedomosti, takyto histologicky vzor nebol v GS
doposial popisany. V krétkosti je prebrand diferenciélna diagnéza pripadu.
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According to the 2007 WHO classification of tumors of the
central nervous system (,,blue book”), gliosarcoma (GS) is ,,
a glioblastoma variant characterized by a biphasic tissue pat-
tern with alternating areas displaying glial and mesenchymal dif-
ferentiation”. These tumors are rare, and represent 2 to 8 % of
all glioblastomas (GBM) (1). Gliosarcomas typically occur in old-
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er population, but exceptional cases can be found in young
adults, and even in children and infants (2). The glial part is
a high grade astrocytic neoplasm, mostly resembling classical
GBM, whereas the sarcomatous part most commonly resembles
fibrosarcoma or so-called malignant fibrous histiocytoma (1).
Rarely, GS may show heterologous lines of differentiation in the
form of osteosarcoma (3), chondrosarcoma (4), liposarcoma (5),
leiomyosarcoma (6), squamous or glandular malignant epithe-
lial differentiation (7), or primitive neuroectodermal tumor
(PNET)-like foci (8).

Rhabdomyoblastic differentiation in GS was first described
in the English literature by Goldman in 1969 (9), and after that
by a few other authors (10-13). Rhabdomyosarcomatous dif-
ferentiation in these cases was in the form of malignant spindle
cells, with typical elongate strap cells or rounded rhabdomy-



oblastic elements with cross striations and eosinophilic fibrillar
cytoplasm, the latter reminiscent of the embryonal type of rhab-
domyosarcoma (RMS).

Herein, we report a case of GS with an alveolar RMS-like com-
ponent and discuss its differential diagnosis. To the best of our
knowledge, this histologic pattern has not been previously report-
ed in the English literature.

CASE REPORT

A 78-year-old woman was admitted to the Department of Neu-
rology, complaining of headaches lasting for three days, along with
progressive weakness of her left extremities and gait / balance dis-
turbances. Her past medical history included essential hypertonic
disease, ischemic heart disease with paroxysmal atrial fibrillation,
diaphragmatic myocardial infarction two years previously and type
2 diabetes mellitus.

On neurological examination left sided central facial nerve pal-
sy and severe left hemiparesis was found. A routine head CT re-
vealed an intracranial mass lesion in the right occipito-temporo-
parietal region with a significant pseudocystic portion and perifo-
cal edema. A subsequent MRI confirmed the presence of a large
(6.0 x 4.2 x 5.5 cm) mass with ring enhancement, suggestive of
GBM (Fig. 1).

A right sided occipito-temporo-parietal craniotomy was per-
formed. After opening the dura mater, it was found to be infiltrat-
ed by the tumor. The solid component of the lesion appeared to be
heterogeneous in consistency, with alternating soft and hard areas
and dense pathological vascularisation. After evacuation of the cys-
tic fluid, the solid part of the tumor was nearly totally removed by
ultrasound aspirator under surgical microscope.

Post-operatively, partial neurological recovery was seen and the
patient underwent a course of fractionated whole brain radiotherapy
(30 Gray in 15 doses) with a boost to the tumor bed (30 Gray in 15
doses). Because of poor performance, chemotherapy was not given.

Fig. 2. Glial part of the tumor consisted of a mod-

erately pleomorphic and mitoticaly active fibrillary

t astrocytic proliferation. Haematoxylin-eosin, mag-
T

nification x 100 (A) and x 400 (B).

Fig. 3. The sarcomatoid part of the tumor consisted of primitive small round cells growing in solid sheets and nests with foci of necrosis (A), marked mitot-
ic activity and karyorrhexis (B). Focally, an alveolar growth pattern was present, reminiscent of alveolar RMS. Note sharp transition to glial component on

the right side (C). Hoematoxylin-eosin, magnification x 100 (A) x 400 (B) and x 40 (C).
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However, after several weeks, the patient died of progressive disease.

The specimen submitted for histopathology consisted of several
pieces of the dura and bloody soft tissue fragments measuring 3.5
x 2.5 x 0.5 cm in aggregate. Microscopically, sections from rou-
tinely processed paraffin embedded tissue showed dural based
tumor with two morphologically distinct malignant components.
The first was characterized by pleomorphic and mitotically ac-
tive fibrillary astrocytic cells (Fig. 2) with focal microvascular pro-
liferation. The second component consisted of poorly differenti-
ated primitive small round cells, with minimal cytoplasm, marked-
ly elevated mitotic activity, numerous apoptotic cells, and geo-
graphic infarct-like necrosis (Fig. 3). The nuclei of the small cell
component were round to irregular, hyperchromatic, and with-
out prominent nucleoli. Increased pleomorphism was present fo-
cally. The small cell component grew in solid sheets with focally
nested and discohesive growth patterns, reminiscent of the sol-
id and alveolar growth pattern of alveolar RMS (ARMS).

By immunohistochemistry (Fig. 4), the glial component showed
strong and diffuse cytoplasmic GFAP and S-100 protein positivity
and focal membranous positivity of the epidermal growth factor re-
ceptor variant type Il (EGFRVII). In contrast, the small round cell
part of the tumor was GFAP, S-100 protein and EGFRvIII negative.
Both components showed cytoplasmic WT-1 and vimentin positiv-
ity and were negative for epithelial membrane antigen (EMA), cy-
tokeratin cocktail, CK8/18, TTF-1, CD99, synaptophysin, neuro-
filament protein and MAP2. Nuclear INI-1 expression was retained
in both parts. Importanﬂy, the small cell component was diffuse|y
desmin and focally myogenin positive, consistent with rhab-
domyosarcomatous differentiation. The proliferative labelling index
as assessed by Ki-67 immunostaining was 10-15 % in the glial part
and 80-90 % in the sarcomatous part. These results are illustrated
in Figure 4 and sumarized in Table 1.

By fluorescence in situ hybridization (FISH, results not shown)
of EGFR gene (Poseidon EGFR, HER-1 (7p11) & SE7 control
probe, Kreatech, Nl) there was an evidence of polysomy of chro-
mosome 7, but no evidence of EGFR gene amplification. FISH
of PTEN gene (Poseidon PTEN (10g23) & SE10 control probe,
Kreatech, NI) did not reveal any abnormalities (deletion). Break
apart FISH of PAX7 and PAX3 genes (PAX7 Breakapart probe,
and PAX3 Breakapart probe, Cytocell, UK), did not reveal gene
rearrangement (PAX3/PAX7-FKHR translocation is characteristic
of AMRS).

DISCUSSION

Rhabdomyosarcomatous and other heterologous lines of dif-
ferentiation are exceedingly rare in GS. When rhabdomyosar-
comatous differentiation occurs, it most often resembles the em-
bryonal type of RMS. We believe that this report is the first de-
scription of GS with alveolar RMS-like differentiation, with unique
differential diagnostic considerations.

Firstly, PNET-like foci have been known to occur in rare high
grade gliomas and such cases have recently been referred to as
malignant gliomas with primitive neuroectodermal tumor-like
component (MG-PNET) (8,14). These tumors are difficult to clas-
sify and pose therapeutic challenges as well. The glioma compo-
nent in these tumors most often resembles GBM, GS, lower-grade
forms of diffuse glioma, or rarely, anaplastic oligodendroglioma.
The PNET-like component may resemble other ,,small round blue
cell tumors”, including alveolar RMS. Unlike our case, the PNET-
like component typically resembles medulloblastomas or CNS
PNETs in general. Neuroblastic (Homer Wright) rosettes can be
found in a subset, as well as desmoplastic / nodular or linear
streaming patterns. Nuclear anaplasia and large cell changes

212

are frequent findings. Immunohistochemically, the PNET-like com-
ponent expresses one or several ,,neuronal markers”, including
synaptophysin, Neu-N, MAP2 or neuron specific enolase. Impor-
tantly, significant number of cases (43 %) from the largest series
of MG-PNET showed MYC gene amplifications (mostly N-myc),
which was restricted to the PNET-like component. Leptomeningeal
spread occurred in eight of 39 patients with follow-up, which is
an unusually high number in comparison with classical GBM,
and is very close to the incidence of cerebrospinal fluid dissem-
ination in medulloblastoma or CNS PNET. At least three patients
benefited from platinum-based PNET therapy after switching from
routine GBM therapy (14).

WHO defines central nervous system primitive neuroectoder-
mal tumor (CNS PNET) as ,,an embryonal tumor composed of
undifferentiated or poorly differentiated neuroepithelial cells
which have the capacity for, or display, divergent differentia-
tion along neuronal, astrocytic, muscular or melanotic lines” (15).
Although CNS PNET occurs predominantly in children and ado-
lescents, rare cases have been described in adults (16,17). At
the molecular level, it seems that adult cases of CNS PNET are
distinct from pediatric cases (17). CNS PNET with a glial com-
ponent would clearly enter the differential diagnosis for our case.
However, as in the case of MG-PNET, immunohistochemical ex-
pression of several neuronal markers is typical, even in undif-
ferentiated parts of CNS PNET. In one study, one or more mus-
cle markers (desmin, h-caldesmon, a-smooth muscle actin) were
positive in eight of 18 CNS PNETs. However, none of these tu-
mors showed myogenin expression (18).

Another differential diagnosis is a small cell glioblastoma. In
some series PNET-like tumors are erroneously included in this cat-
egory. However, typical small cell glioblastoma is composed of
more monomorphic and cytologically bland tumor cells with mini-
mal cytoplasm, oval minimally hyperchromatic nuclei, and an un-
expectedly high mitotic rate and proliferation index (Ki-67 immuno-
histochemistry). This variant often behaves as a typical glioblastoma
even in the absence of necrosis or microvascular proliferation and
has a very high frequency of EGFR gene amplifications, analo-
gous to the primary or de novo type of GBM (19).

quﬂy, collision of two c|ona||y distinct tumors, GBM and ARMS
needs to be ruled out. Although several cases of primary intracra-
nial RMS exist, it would be highly improbable to be present in such
a close spatial relationship with a glioma purely by chance. In our
case, a systemic origin of ARMS (tumor to tumor metastasis) was
additionally ruled out by complete examination of the patient.

Regarding the management and prognosis of GS, some stud-
ies suggest that the outcome of GS is not very different or is slight-
ly worse than that of conventional GBM (20, 21). Tumor exci-
sion, as opposed to biopsy only and adjuvant radiotherapy seem
to better the prognosis (21). Of interest, when gliosarcomas are
divided into two groups based on macroscopic description by
the surgeon as meningioma-like or GBM-like, the median sur-
vival time differs significantly (16.0 months versus 9.5 months).
This survival difference is most likely related to the extent of re-
section performed. Importantly, adjuvant radiotherapy and temo-
zolomide administered to a limited number of patients did not
improve survival in this study (22). Interestingly, in an another
study of 30 patients with secondary GS (GS as the recurrent tu-
mor following the treatment of GBM), patients with GS who had
received concurrent and adjuvant temozolomide for GBM had
significantly worse outcomes than those who had not. This may,
perhaps, reflect a unique molecular profile of GBM that eventu-
ally recurs as GS. In the future, molecular subclassification could
potentially change the therapy plan for these patients. In that
same study, secondary GS had significantly worse median sur-
vival as compared to literature data for primary GS (4.6 month
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Fig. 4. Results of immunohistochemistry. GFAP was positive in the glial part (A-arrow, B) and negative in sarcomatous part (A-arrowhead, B). Desmin was
diffusively positive in sarcomatous part (D-arrowhead E) and negative in glial part (D-arrow), while myogenin was focally positive (F). INI-1 expression was
retained in both parts (G). The Ki-67 labeling index was 10-15% in the glial part (H) and 80-90% in the sarcomatous part (J). Inmunoperoxidase stains,
whole mount (A, D), magnification x 200 (B, C, E, G, H, J) and x 400 (F).

Table 1. Summary of immunohistochemistry in the glial and sarcomatous (small cell) components

Antibody (clone)

Source

Dilution

Retrieval

Small cell

GFAP (6F2) DiagnosticBioSystems RTU CB, WB, 30 min + -

S$-100 protein (15E2E2) BioGenex RTU CB, WB, 30min + =
EGFRvIIl (H11) DAKO 1:200 PK, 15min + (focal)

WT-1 (6F-H2) DAKO RTU CB, WB, 30min + +
Vimentin (V9) DiagnosticBioSystems RTU CB, WB, 30min + +

EMA (E29) BioGenex RTU EDTA WB, 25min -
Cytokeratin cocktail (AE1/AE3) BioGenex 1:50 EDTA,WB, 25min

CK8/18 (5D3) BioGenex RTU EDTA,WB, 25min

TIF-1 (8G7G3/1) DAKO RTU EDTA,WB, 25min -

CD99 (H036.1.1) BioGenex RTU EDTA WB, 25min

Synaptophysin (SP11) DiagnosticBioSystems RTU CB, WB, 30min -
Neurofilament protein (2F11) DiagnosticBioSystems RTU CB, WB, 30min -

MAP2 (polyclonal) Millipore 1:500 EDTA WB, 25min -

BAF 47/INI1 (25/BAFA47) BD Biosciences 1:100 EDTA,WB, 25min + +
Desmin (D33) DAKO 1:50 EDTA,WB, 25min +
Myogenin (F5D) DAKO 1:50 CB, WB, 30min - + (focal)
Ki-67(MM1) DiagnosticBioSystems 1:50 EDTA,WB, 25min 10-15% 80-90 %

CB - Citrate buffer, pH 6.0, EDTA - Tris/EDTA buffer, pH 9,0, PK - Proteinase K, RTU — Readly to use, WB — Water Bath, 95-98°C
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versus 6.25-11.25 months). However, these data should be read
with caution, as patients with recurrent GS may not be eligible
for a number of therapeutic modalities (23). Interestingly, ap-
proximately 11 % of gliosarcomas have extracranial metastases
and a few cases with intraspinal metastases are also described

(24,25).

In conclusion, in this case report we have described a novel
ARMS-like pattern of differentiation in a GS. This should be
added to the list of the more common patterns of heterologous sar-
comatous differentiation in GS. This pattern of differentiation has
unique and therapy relevant differential diagnostic and prognos-
tic considerations.
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B UROPATOLOGIE »

... adenokarcinom prostaty z pénitych bunék se nelisi svoji prog-
nézou od klasického acinarniho adenokarcinomu (ale vétsinou
dosahuje vyssiho gradu dle Gleasona)

Adenokarcinom prostaty z pénitych bungk (APPB) je variantou
acindrniho prostatického adenokarcinomu popsanou v roce 1996
(1). Je pro n&j typickd objemnd, jemné& pénité cytoplasma a pyk-
notické jadra. Ve studii bylo pouzito 477 radikalnich prostatekto-
mii, pro porovnéni a validaci bylo vy3eteno dalsich 100 radikél-
nich prostatektomii. Studovéna byla tzv. biochemické rekurence
PSA u pacientd po vykonu. Komponenta APPB byla nalezena az
ve 23 % pripadu radikélni prostatektomie. Medién Gleasonova ské-
re byl 7. Nebyl shledén 24dny rozdil mezi APPB a klasickym aci-
narnim adenokarcinomem jak v poméru rekurenci (23 % vs 22 %),
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tak v primérné dobé od vykonu k rekurenci (130 mésicd vs 151
mésicl)(2).

Lze shrnout, Ze APPB se vyskytuji pomé&rné éasto. Tato varianta
se nelisi svyym biologickym chovanim od klasického prostatického
acinérniho adenokarcinomu, ale ¢asto dosahuje grade 4 dle Glea-
sonova schématu (ISUP 2005 modifikace)(3).
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