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Abstract: Osteosarcoma with epithelioid appearance and a rosette-like configuration is a rare, recently reported
variation in osteogenic sarcoma, which is thought to be associated with a poor prognosis. We report an unusual
pediatric case of rosette-forming epithelioid osteosarcoma with poor response to neoadjuvant chemotherapy and
repeated local recurrence following surgical resection. A 6-year-old boy presented with a progressive swelling and
pain around the right knee for 25 days before admission. Plain X-ray and MRI showed an ill-defined, expansile, and
osteolytic lesion involving the cortical and medullary region of right distal femur with varying degrees of mineraliza-
tion, and periosteal reaction, extending to surrounding soft tissue. Punch biopsy and subsequent surgical speci-
mens showed a tumor composed of epithelioid cells predominantly arranged in a rosette-like structure, or between
dilated blood vessels showing a hemangiopericytoma-like appearance, occasionally with lacelike osteoid deposits.
This tumor showed immunoreactivity for epithelial membrane antigen, CD56, CD99, Fli-1, TTF-1, and vimentin.
Because of its peculiar morphology, rosette-forming epithelioid osteosarcoma should be differentiated from small
cell osteosarcoma, metastatic carcinoma and other tumor with similar morphology, especially neuroblastoma, as
well as Ewing’s sarcoma, and vitally can be distinguished by the presence of osteoid matrix. Given its poor progno-
sis, awareness of rosette formation in osteosarcoma is important to avoid misdiagnosis and guide further clinical
treatment. This patient experienced twice recurrence during a 15-month period in spite of surgery with wide surgical
margins and systemic chemotherapy.
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Introduction the distal femur, with special attention to its
intense and diffuse nuclear expression of Fli-1
and TTF-1, and the differential diagnosis
between these osteosarcomas from Ewing’s
sarcoma and metastatic carcinoma. To our
knowledge this is the first report of RF-EOS

with such unexpected immunoprofile.

Rosette-forming  epithelioid osteosarcoma
(RF-EQS) is a rare type of conventional osteo-
blastic osteosarcoma that appears epithelioid,
arranged in a rosette form or chrysanthemum-
like structure. The tumor, like conventional
osteosarcoma, arises primarily in the metaphy-
sis of long bones in adolescents and young
adults under 30 years of age, and males were
predominant in the sex distribution, it accounts
for 5.7% of all osteosarcoma [1]. Currently, less
than 30 cases have been reported [1-6].
Because the tumor can express EMA, NSE,

Case presentation

A 6-year-old, previously healthy boy had gradu-
ally increasing pain developed in his right knee
for approximately 4 weeks before seeking medi-
cal attention in December 2013. He had no his-

CD56 and CD99 [1], it can be easily misdiag-
nosed as small cell osteosarcoma, neuroblas-
toma, Ewing’'s sarcoma, or metastatic carci-
noma.

Herein, we reported an unusual pediatric case
of such tumor occurred in the metaphysis of

tory of cancer, irradiation, trauma, or infection.
Computerized tomography (CT) scan taken at
an outside hospital revealed a disruptive
change of the lower right femur with surround-
ing soft tissue swelling around right knee, highly
suggesting malignancy, possibly osteosarcoma.
The patient was referred to our institution for
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the first time, and changed to ifos-
famide. He subsequently under-
went segmental resection of the
right distal femur. The margins
were negative for tumor. The pati-
ent also completed seven cycles of
postoperative chemotherapy con-
sisting of ifosfamide, lobaplatin,
and pirarubicin hydrochloride with-
out complication. Despite repeat
courses of chemotherapy and
wide resections of the tumor, local
recurrence developed twice within
15 and 20 months after the initial
surgery, respectively, and then
he underwent wide surgical re-
excision as a treatment for the
recurrent lesions.

Materials and methods

Figure 1. Radiographs of the distal femur tumor. A. Anteroposterior ra-

diograph showing an osteolytic and destructive lesion located in the
right distal femur with an ill-defined margin, small amount of fluffy in-
ternal mineralization, and thick periosteal reactions forming a typical
Codman triangle. B. Coronal magnetic resonance imaging (MRI) scan
showed a destructive lesion of the distal femur involving the surround-
ing soft tissues. Note the abnormal signal intensity of the bone marrow
in the metaphysis of the femur, the cortical destruction, and the promi-
nent soft-tissue mass with the surrounding edema or reactive zone.

additional evaluation and treatment. Physical
examination revealed a mildly tender, warm,
and markedly swollen area on the posterior
aspect of the right distal femur without skin
redness. Laboratory tests showed increased
serum alkaline phosphatase of 437 IU/L.
Anteroposterior and lateral plain X-ray radio-
graphs of the right lower extremity revealed a
radiolucent lesion in the metaphysis of the left
distal femur, with cortical destruction, a Cod-
man’s triangle, and soft tissue mass (Figure
1A). Chest radiographs and CT of the lungs did
not show evidence of metastatic disease. A
bone scan was positive for the lesion in the left
distal femur, but not elsewhere. Magnetic reso-
nance imaging (MRI) and CT scans of the right
lower extremity revealed a destructive lesion in
the right distal femur measuring approximately
11 cm in length and abutting the articular sur-
face with a soft tissue mass posterolaterally
and periosteal elevation, which shows different
degrees of calcification shadow (Figure 1B). A
CT-guided biopsy of the right distal femur was
interpreted as a high-grade osteoblastic osteo-
sarcoma. The patient was started on six cycles
of neoadjuvant chemotherapy consisting of
lobaplatin and adriamycin, which was used for
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The tissues were fixed in 4% buff-
ered formalin and embedded in pa-
raffin. Immunohistochemistry was
performed on a Ventana Bench-
mark autostainer (Roche Diagnos-
tics, Basel, Switzerland) using the
polymer/HRP-linked secondary an-
tibodies (Dako EnVision™ Peroxi-
dase/DAB Detection System kit (Dako Corp.,
Carpinteria, CA, USA) after antigen retrieval.
Peroxidase activity was developed using hydro-
gen peroxide as a substrate and 3, 3'-diamino-
benzidine tetrahydrochloride (DAB) (Dako) as
chromogen. The antibodies used in this study
included AE1/AE3, CAMb.2, CD56, CD99, CD-
K4, cytokeratin (CK), chromogranin A (CgA),
E-cadherin, epithelial membrane antigen (EMA)
(Santa Cruz), Fli-1, Ki-67 (Novocastra, UK),
MDM2 (Diagnostic BioSystems, USA), neuron-
specific enolase (NSE), p53, S-100 (polyclonal),
synaptophysin (Syn) (polyclonal), thyroid tran-
scription factor-1 (TTF-1), and vimentin. All pri-
mary antibodies used in this study are murine
monoclonal antibodies obtained from DAKO
Corporation (DAKO Corporation, Carpinteria,
CA), unless otherwise stated.

Results

Initial tumor biopsy specimens consisted gray
broken tissue, measured 1.0 x 1.0 x 1.0 cm in
size. The resected specimen, measured 7.0 x
4.5 x 4.5 cm, showed extensive intraosseous
and extraosseous tumor growth with broad cor-
tical destruction. The cut section showed a
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Figure 2. Histological features of epithelioid osteo-
sarcoma of the femur. A. Osteosarcoma with ro-
sette-like structures showing a small multinodular
growth pattern with osteoid deposits in the center.
B. Epithelioid-appearing osteoblastic cells dilated
blood vessels showing a hemangiopericytoma-like
appearance. C. Epithelioid tumor cells showing
abundant pale cytoplasm, vesicular nuclei, and
prominent nucleoli in a rosette configuration, asso-
ciated with scattered osteoclast-like multinucleated
giant cells.

white and gritty appearance tumor, size 3.0 x
2.5 cm. First recurrence of resection specimen,
2.5 x 2.0 x 2.0 cm; Second recurrence resec-
tion specimens, 8.0 x 4.5 x 4.5 cm. Necrosis
and hemorrhage were occasionally seen within
the tumor.
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Histologically, the initial biopsy, surgical resec-
tion, and two recurrence of specimens showed
virtually identical morphology, characterized
by obvious epithelioid-appearing osteoblastic
cells in a small multinodular growth pattern
arranged in rosette-like structures (Figure 2A),
nests, or between prominent, often dilated
blood vessels in a hemangiopericytoma-like
appearance (Figure 2B). The tumor cells were
noncohesive, short-spindled, round to polygo-
nal, larger more than 20 um in diameter, with
relatively abundant eosinophilic cytoplasm,
round to oval eccentrically located vesicular
nuclei and prominent nucleoli. The nuclei
showed a finely distributed chromatin pattern,
and each contained 1 or 2 prominent nucleoli
with  minimal nuclear pleomorphism. Mitotic
figures were abundant, more than 28 mitoses
per 10 high-power fields. This tumor contained
a little amount of stellate-shaped or fine lace-
like osteoid matrix, focally deposited in broad
sheets between the tumor cells within the nod-
ules (Figure 2C). Osteoclast-like multinucleated
giant cells were scattered and frequently asso-
ciated with tumor osteoid within the nodules.
The area of visible tumor tissue necrosis after
chemotherapy tumor was of < 10% in resection
specimens.

Immunohistochemically, the tumor cells were
stained positively for EMA, CD56, CD99, Fli-1,
TTF-1, and vimentin. CD56 was strongly in the
cell membrane of epithelioid cell and weakly in
area spindle cells (Figure 3A). Among these,
EMA was positive in the membrane and cyto-
plasm of individual tumor cell, CD99 stained
weakly in both epithelioid and spindled cells
(Figure 3B), while Fli-1 (Figure 3C) and TTF-1
(Figure 3D) reactivity was observed in the
nucleus of the majority of these cells. AE1/AE3,
CAMb.2, NSE, p53, CgA, Syn, MDM2, CDK4,
E-cadherin and S-100 were negative. The Ki-67
(MIB-1) labeling index was approximately 25%
(Figure 3E).

Discussion

We describe an unusual case of pediatric
osteosarcoma showing epithelioid appearance
in rosette-like configuration, expressing CD56,
CD99, Fli-1, and TTF-1. The case of tumor was
highly aggressive, recurrence twice in the short
term after surgical resection. Such clinical,
pathological and unexpected immunopheno-
typic characteristics of osteosarcoma have not
been reported previously.

Int J Clin Exp Pathol 2016;9(9):9699-9705
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Figure 3. Immunohistochemical findings of epithelioid osteosarcoma of the femur. A. The epithelioid cells shown
positivity in the cytoplasm for CD56. Note that diffuse and strong immunoreactivity in the epithelioid tumor cells of
osteosarcoma with rosette like structures. B. CD99 was weakly expressed in the cytoplasm of neoplastic cells. C.
Nuclear Fli-1 protein immunoreactivity in the tumor cells. D. Nuclear TTF-1 immunopositivity in the neoplastic cells.
E. The proliferative index Ki-67 was about 25%. Dako Envision, original magnification, each x 400.

Osteosarcomas have a variety of clinicopatho-
logic types and histological patterns. Rarely,
this tumor may appear epithelioid, including a
rosette like configuration simulating glands.
Epithelioid osteosarcoma is first described by
the Scranton and others [7]. The term epitheli-
oid is used to denote a variant of various tumors
formed predominantly by cells with epithelial-
like morphology, characterized by abundant
eosinophilic cytoplasm, large vesicular nuclei
with prominent nucleoli, at least two times larg-
er when referring to its maternal cells. With
regard to osteosarcoma, a variant of epithelioid
osteoblastic osteosarcoma has been described
that is characterized by rosette-like structures
surrounding a central nidus of stellate-shaped
or fine netlike osteoid [8]. A previous study of
16 cases of rosette-forming osteosarcoma
showed that most cases occurred in men in the
second decade with a predilection for the lower
extremity (femur or tibia) [1]. At the time of diag-
nosis, the ages of the patients ranged from 8 to
26 years (mean age, 15 years), and 69% (11 of
16) of the patients were in the second decade.
Eleven of the patients were male, and 5 were
female. The tumors involved mainly the metaph-
ysis of long tubular bones, particularly of a
lower extremity (13 femurs and 3 tibias), with
some extension to the epiphysis or diaphysis,
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occasionally in areas such as the shoulder and
jaw [3-6]. The most common symptoms are
pain, followed by swelling, but nonspecific.
Such manifestations may be accompanied by
other symptoms, including joint dysfunction,
increased skin temperature, a small number of
patients with pathological fracture. Radio-
graphic findings vary but are principally similar
to those of conventional osteosarcoma, mostly
show an ill-defined, osteolytic, and destructive
appearance, involving the surrounding soft tis-
sue with varying degrees of mineralization.
Microscopically, tumors are characterized by a
small multinodular growth pattern between
prominent, often dilated blood vessels showing
a hemangiopericytoma-like appearance. The
tumor cells are arranged, at least partially, in
rosette like structures, and may be surrounded
stellate-shaped or fine lacelike osteoid. In most
cases, scattered osteoclast-like multinucleated
giant cells were present and frequently associ-
ated with tumor osteoid within the nodules. The
tumor can be associated with hemorrhage and
necrosis [9, 10].

The diagnosis of osteosarcoma depends pre-
dominantly on the images of the periosteal
reaction, osteogenesis, and histological finding
of osteoid matrix, which can be irregular lace-
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like, ribbons or wide strip, somewhat refractile.
However, attention should be taken between
the osteoid and other eosinophilic extra-cellu-
lar materials such as fibrin and amyloid.
Unequivocal discrimination between osteoid
and non-osseous collagen may be difficult, or
sometimes arbitrary. Up to now, there are no
specific markers for osteosarcomas. In previ-
ous series, 50% and 88% of osteosarcomas
with rosettes stained positively for NSE and
CD56, respectively. Similarly, 80% and 60% of
conventional osteoblastic osteosarcomas sh-
owed reactivity for NSE and CD56, respectively.
Other neural markers such as chromogranin A,
neurofilament, and synaptophysin, which are
more specific markers than are NSE and CD56,
are not expressed by osteosarcoma with
rosettes or by conventional osteoblastic osteo-
sarcoma [1]. Thus, positive staining for either
NSE or CD56 cannot be regarded as absolute
evidence of neural differentiation. Moreover,
the MIC2 (CD99) was originally described as a
marker for ES/PNET, but its reactivity can occa-
sionally be seen in many types of bone and
soft-tissue tumors, including 16% of small-cell
osteosarcomas. As in other mesenchymal tu-
mors, the epithelioid phenotype in osteosarco-
ma may be accompanied by the expression of
epithelial antigens, albeit in a small number of
cases [11-13]. Expression of epithelial antigens
does not appear to correlate with histological
subtype as this finding has been reported in
osteoblastic, fibroblastic, chondroblastic, and
epithelioid osteosarcomas [11, 12]. In line with
such findings, the present case also showed
expression of CD56 and CD99, low degree of
expressing epithelial marker EMA, but not other
neural markers. Unexpectedly, the tumor ex-
pressed TTF-1 and Fli-1, both of which rare
research have been done in bone tumors [14,
15]. Fli-1 protein, a member of the ETS family of
DNA-binding transcription factors, mainly
appears in ES/PNET [16] and vascular tumors
[47], represents a genomic marker for these
tumors. However, it can also appear in lympho-
ma, desmoplastic small round cell tu-
mor, and with lower frequency in other soft tis-
sue tumors [18, 19]. TTF-1 (NKX2-1) is a tissue-
specific transcription factor that plays a critical
role in the normal development of embryonic
epithelial cells of the thyroid and lung. Because
TTF-1 expression is highly restricted to epithe-
lial tumors arising in these organs, it is, at pres-
ent, most commonly used to identify tumors of
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thyroid or pulmonary origin [20]. It has been
reported although much less frequently, to be
expressed in some carcinomas arising in other
organs. Thus, the clinical and pathological sig-
nificance of this unexpected expression of
TTF-1 and Fli-1 in rosette-forming epithelioid
osteosarcoma needs to be further character-
ized through the accumulation of more cases.

Because of its epithelioid morphology and par-
ticular immunophenotype, such tumor should
be differentiated from other tumors with similar
morphology, including small cell type osteosar-
coma, neuroblastoma, Ewing's sarcoma, and
metastatic carcinoma. Small cell osteosarco-
ma shares many of the well-described cytomor-
phologic features of classic osteosarcoma, but
the relatively small cells, round hyperchromatic
nuclei, and scant osteoid constitute the com-
mon denominator [21], most of the cells had a
nuclear size of 6.5 to 7 uym, ranging up to 12.5
pm, and in rare case these small cells may be
arranged in a rosette-like figure [8]. However, in
our cases, the tumor cell size was larger, and
had the characteristics of conventional osteo-
blastic osteosarcoma. In addition, small cell
osteosagrcoma and mesenchymal chondrosar-
coma lack Fli-1 immunoreactivity [22]. Neuro-
blastoma metastatic to bone may mimic
rosette-forming epithelioid osteosarcoma with
its morphologic features and proclivity to young
patients, particularly if the presence of a pri-
mary adrenal tumor is not known. Neuro-
blastoma is the most common malignant dis-
ease in early childhood and is distributed along
sympathetic ganglia in addition to the adrenal
medulla. Microscopically, neuroblastomas have
a broad spectrum of differentiation varying
between undifferentiated tumors composed
only of small rounded blue cells and ganglio-
neuroma composed uniquely of ganglia and
Schwann stromal cells [21]. Neuroblastoma
with varying degrees of differentiation contain-
ing Schwann and ganglion cells and/or neuropil
is easily distinguished from osteosarcoma.
Moreover, Homer-Wright rosettes, containing a
central solid core of neurofibrillary material sur-
rounded by neuroblasts, can be found in both
NB and in Ewing’s sarcoma. Immunohistoche-
mically, CD99 antigen demonstrates a strong
membranous expression in a large majority of
Ewing’s sarcoma [23]. Neuroblastoma cells are
characterized by an intense expression of the
140-kd neural cell adhesion molecule, neural
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cell adhesion molecule CD56 [24]. Both tumors
stain positive for neural markers, including neu-
ron-specific enolase, and synaptophysin, but
they do not appear tumor osteoid matrix. Also,
Chromogranin, synaptophysin, and NSE were
negative in our case, greatly aiding in distin-
guishing these tumors from neuroblastoma,
the primary entity to be excluded in this age
group. The limited expression of CD99 com-
bined with Fli-1, and cytokeratin negativity in
this case similarly differentiate this variant of
osteosarcoma from two diseases.

Thus far, no standard therapy for epithelioid
osteosarcoma has yet been established due to
the rarity of the disease. The potential advan-
tages of preoperative chemotherapy plus sur-
gery plus postoperative chemotherapy have
not been approved. Rosette-forming epithelioid
osteosarcoma is reported to be associated
with aggressive behavior and poor prognosis
[25]. The estimated cumulative 5-year survival
rate was 15%, significantly worse than the rate
of 55% in 70 cases of conventional osteoblas-
tic osteosarcoma without rosette like struc-
tures arising in long tubular bones [1, 25]. In
addition, if the tumor > 10 cm, or response to
chemotherapy is poor, is also one of the factors
of poor prognosis [26].

In summary, epithelioid osteosarcoma is a rare
and special type of osteosarcoma, especially
when accompanied by a rosette formation,
prognosis is poorer. Since the rosette-like
structure can be easily recognized in routine
diagnostic work, an osteosarcoma should be
considered in the diagnostic list, to guide clini-
cal treatment further. But, whether it should be
a separate type, because now reported cases
is less, has yet to be further accumulated
cases.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Shou Jing Yang,
Department of Pathology, 4™ Military Medical
University, 17 Chang Le Xi Road, Xi'an, Shaanxi,
China. Tel: +86 29-84773527; Fax: + 86 29-8477-
3624; E-mail: yangsj@fmmu.edu.cn

References

[1] Okada K, Hasegawa T and Yokoyama R.
Rosette-forming epithelioid osteosarcoma: a

9704

histologic subtype with highly aggressive clini-
cal behavior. Hum Pathol 2001; 32: 726-733.

[2] Okada K, Hasegawa T, Tateishi U and Itoi E.
Second primary osteosarcoma with rosette-
like structure in a patient with retinoblastoma.
Virchows Arch 2004; 445: 421-424.

[3] Rinaggio J, Kewitt GF and McGuff HS. Epithe-
lioid osteosarcoma presenting as a rapidly ex-
panding maxillary mass. Head Neck 2007; 29:
705-709.

[4] Carlos-Bregni R, Contreras E, Hiraki KR, Vargas
PA, Leon JE and de Almeida OP. Epithelioid os-
teosarcoma of the mandible: a rare case with
unusual immunoprofile. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2008; 105: e47-
52.

[5] Cozza R, Devito R, De loris MA, Zama M,
Boldrini R, Fidani P and Donfrancesco A.
Epithelioid osteosarcoma of the jaw. Pediatr
Blood Cancer 2009; 52: 877-879.

[6] Herget GW, Otto C, Kurz P, Uhl M, Adler CP,
Sudkamp NP and Hauschild O. Epithelioid os-
teosarcoma of the scapula. Acta Chir Orthop
Traumatol Cech 2014; 81: 288-291.

[7]1  Scranton PE, Decicco FA, Totten RS and Yunis
EJ. Prognostic factors in osteosarcoma: A re-
view of 20 years’ experience at the university
of pittsburgh health center hospitals. Cancer
1975; 36: 2179-2191.

[8] Nakajima H, Sim FH, Bond JR and Unni KK.
Small cell osteosarcoma of bone. Review of 72
cases. Cancer 1997; 79: 2095-2106.

[9] Klein MJ and Siegal GP. Osteosarcoma: ana-
tomic and histologic variants. Am J Clin Pathol
2006; 125: 555-581.

[10] Deyrup AT and Montag AG. Epithelioid and epi-
thelial neoplasms of bone. Arch Pathol Lab
Med 2007; 131: 205-216.

[11] Okada K, Hasegawa T, Yokoyama R, Beppu Y
and ltoi E. Osteosarcoma with cytokeratin ex-
pression: a clinicopathological study of six
cases with an emphasis on differential diagno-
sis from metastatic cancer. J Clin Pathol 2003;
56: 742-746.

[12] Hasegawa T, Shibata T, Hirose T, Seki K and
Hizawa K. Osteosarcoma with epithelioid fea-
tures. An immunohistochemical study. Arch
Pathol Lab Med 1993; 117: 295-298.

[13] Kramer K, Hicks DG, Palis J, Rosier RN,
Oppenheimer J, Fallon MD and Cohen HJ.
Epithelioid osteosarcoma of bone. Immunocy-
tochemical evidence suggesting divergent epi-
thelial and mesenchymal differentiation in a
primary osseous neoplasm. Cancer 1993; 71:
2977-2982.

[14] Egas-Bejar D, Anderson PM, Agarwal R,
Corrales-Medina F, Devarajan E, Huh WW,
Brown RE and Subbiah V. Theranostic Profiling
for Actionable Aberrations in Advanced High

Int J Clin Exp Pathol 2016;9(9):9699-9705



[15]

(16]

(17]

(18]

[19]

[20]

Rosette-forming epithelioid osteosarcoma

Risk Osteosarcoma with Aggressive Biology
Reveals High Molecular Diversity: The Human
Fingerprint Hypothesis. Oncoscience 2014; 1:
167-179.

Dragoescu E, Jackson-Cook C, Domson G,
Massey D and Foster WC. Small cell osteosar-
coma with Ewing sarcoma breakpoint region 1
gene rearrangement detected by interphase
fluorescence in situ hybridization. Ann Diagn
Pathol 2013; 17: 377-382.

Folpe AL, Hill CE, Parham DM, O’Shea PA and
Weiss SW. Immunohistochemical detection of
FLI-1 protein expression: a study of 132 round
cell tumors with emphasis on CD99-positive
mimics of Ewing’s sarcoma/primitive neuroec-
todermal tumor. Am J Surg Pathol 2000; 24:
1657-1662.

Folpe AL, Chand EM, Goldblum JR and Weiss
SW. Expression of Fli-1, a nuclear transcription
factor, distinguishes vascular neoplasms from
potential mimics. Am J Surg Pathol 2001; 25:
1061-1066.

Rossi S, Orvieto E, Furlanetto A, Laurino L,
Ninfo V and Dei Tos AP. Utility of the immuno-
histochemical detection of FLI-1 expression in
round cell and vascular neoplasm using a
monoclonal antibody. Mod Pathol 2004; 17:
547-552.

Mhawech-Fauceglia P, Herrmann FR, Bshara
W, Odunsi K, Terracciano L, Sauter G, Cheney
RT, Groth J, Penetrante R and Mhawech-
Fauceglia P. Friend leukaemia integration-1
expression in malignant and benign tumours:
a multiple tumour tissue microarray analysis
using polyclonal antibody. J Clin Pathol 2007;
60: 694-700.

Ordonez NG. Value of thyroid transcription fac-
tor-1 immunostaining in tumor diagnosis: a re-
view and update. Appl Immunohistochem Mol
Morphol 2012; 20: 429-444.

9705

(21]

[22]

(23]

[24]

[25]

[26]

Bishop JA, Shum CH, Sheth S, Wakely PE Jr
and Ali SZ. Small cell osteosarcoma: cytopa-
thologic characteristics and differential diag-
nosis. Am J Clin Pathol 2010; 133: 756-761.
Lee AF, Hayes MM, Lebrun D, Espinosa I,
Nielsen GP, Rosenberg AE and Lee CH. FLI-1
distinguishes Ewing sarcoma from small cell
osteosarcoma and mesenchymal chondrosar-
coma. Appl Immunohistochem Mol Morphol
2011; 19: 233-238.

Ambros IM, Ambros PF, Strehl S, Kovar H,
Gadner H and Salzer-Kuntschik M. MIC2 is a
specific marker for Ewing’'s sarcoma and pe-
ripheral primitive neuroectodermal tumors.
Evidence for a common histogenesis of Ew-
ing’s sarcoma and peripheral primitive neuro-
ectodermal tumors from MIC2 expression
and specific chromosome aberration. Cancer
1991; 67: 1886-1893.

Mechtersheimer G, Staudter M and Moller P.
Expression of the natural killer cell-associated
antigens CD56 and CD57 in human neural and
striated muscle cells and in their tumors.
Cancer Res 1991; 51: 1300-1307.

Okada K, Hasegawa T, Yokoyama R, Beppu Y
and Itoi E. Prognostic relevance of rosette-like
features in osteosarcoma. J Clin Pathol 2003;
56: 831-834.

Pakos EE, Nearchou AD, Grimer RJ, Koumoullis
HD, Abudu A, Bramer JA, Jeys LM, Franchi A,
Scoccianti G, Campanacci D, Capanna R,
Aparicio J, Tabone MD, Holzer G, Abdolvahab F,
Funovics P, Dominkus M, llhan |, Berrak SG,
Patino-Garcia A, Sierrasesumaga L, San-Julian
M, Garraus M, Petrilli AS, Filho RJ, Macedo CR,
Alves MT, Seiwerth S, Nagarajan R, Cripe TP
and loannidis JP. Prognostic factors and out-
comes for osteosarcoma: an international col-
laboration. Eur J Cancer 2009; 45: 2367-
2375.

Int J Clin Exp Pathol 2016;9(9):9699-9705



