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Abstract We report a case of a
32-year-old woman who presented
with parosteal osteosarcoma of the
distal femur with simultaneous de-
differentiation to a high-grade osteo-
clast-rich osteogenic sarcoma. This
pattern of dedifferentiation is rare,
particularly at the time of presenta-
tion. We are aware of three other
somewhat comparable cases in the
literature; however, none is quite
similar to our case.
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Introduction

Dedifferentiation of tumors is a bio-
logic event that is clinically signifi-
cant. This usually involves transfor-
mation of a low-grade malignant
neoplasm that follows a slow pro-
gressive course, to a high-grade ma-
lignant tumor with a greater meta-
static potential and a more rapid le-
thal clinical course.

Case report

A 32-year-old woman presented in
August 1992 with pain in her left
knee of several weeks' duration fol-
lowing a twisting injury. A roent-
genogram showed a large mass in the
popliteal fossa intimately related to
the posterior lateral aspect of the
distal femur (Fig. 1). MRI confirmed
the presence of a lobulated mass at-
tached to the lower posterior femur

by a broad ossified base. Ossification
was mostly at the base not the pe-
riphery. There was no involvement of
the underlying medullary bone
(Fig. 2). An open incisional biopsy of
the mass was performed. Histologi-
cally, the lesion consisted of two
distinct components (Fig. 3). One
component showed parallel ªstream-
ersº of woven bone separated by a
cellular fibrous tissue with minimal
cellular atypia (Figs. 4, 5). There was
an abrupt transition to a second
component, which showed an osteo-
clast-rich sarcoma (Fig. 6) with
atypical mitoses, scattered anaplastic
giant cells (Fig. 7), and focal pro-
duction of osteoid (Fig. 8). The lesion
was initially regarded as a giant cell
tumor and wide excision was recom-
mended. A few weeks later, the pa-
tient underwent an en bloc resection
of the distal left femur. This included
the tumor (6�4.1�6 cm) with under-
lying cortical table (8�2�0.5 cm).

The initial biopsy at that time was
reviewed and a revised diagnosis of
parosteal osteosarcoma with dedif-
ferentiation to high-grade osteoclast-
rich osteosarcoma was made. The en
bloc resection specimen showed no
residual component of parosteal os-
teosarcoma. The tumor consisted of a
high-grade osteosarcoma with nu-
merous osteoclast-like giant cells.

The margin of the specimen was
involved by tumor. Postoperatively,
the patient received three courses of
chemotherapy (adriamycin and cis-
platinum). Three months later, an
above-knee amputation of the left leg
was performed. A white-gray lobu-
lated tumor mass was found in the
posterior distal femur, measuring
4.8�1.0�1.5 cm. It showed several
histological patterns. Some areas
showed pleomorphic spindle cells,
abundant osteochondroid matrix, and
scattered osteoclast-like giant cells.
Other areas were composed of sheets
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of osteoclast-like giant cells in a
background of mononuclear cells
with numerous mitoses (up to two per
high-power field, 40� objective). The
tumor showed 80% necrosis. The
histological features of parosteal os-
teosarcoma were not identified. The
patient received postoperative cyclo-
phosphamide, actinomycin D, and
bleomycin. In October 1993, she de-
veloped metastases to the right and
left lower lobes of the lungs. Both
tumor nodules were surgically ex-
cised. In February 1995, September
1995, and May 1996, tumor nodules
were again removed from both lungs.
The metastatic tumor deposits con-
sisted of osteoclast-rich osteosarcoma
with osteoid production. The patient
has had no further recurrences.

Discussion

Parosteal osteosarcoma is a rare neo-
plasm which in some series accounts
for approximately 5% of all osteosar-
comas [1, 2]. It is a well-
differentiated, predominantly fibro-
osseous variant of osteosarcoma that
arises from the juxtacortical region of
long bones. The most common site is
the posterior aspect of the distal femur.
Although the peak patient age is in the
second decade, the tumor usually oc-
curs at a later age than conventional
intramedullary osteosarcoma.

Radiologically, these tumors are
eccentrically placed, lobulated, and
densely mineralized lesions that ap-
pear to be ªpasted onº the cortex. The
base of the lesion is usually more
ossified and the outermost portions
generally are the least mineralized.
The lesion is attached to the under-
lying cortex by a broad base with a
lucent zone present between the un-
derlying cortex and the tumor [3, 4].
In one study of parosteal osteosarco-
mas, the underlying cortex was con-
sidered normal in approximately 50%
of cases. In approximately 25% the
cortex was thickened and in the re-
mainder it was destroyed [5].

The histology of parosteal osteo-
sarcoma is that of a fibro-osseous le-
sion with relatively well-formed os-

seous trabeculae, commonly arranged
as parallel ªstreamersº separated by
cellular fibroblastic tissue with mini-
mal nuclear atypia. There is usually
minimal to no involvement of the
underlying medullary bone. The cor-
tex is often thickened and deformed.
Studies have shown that low-grade
parosteal osteosarcomas without de-
differentiation have a favorable prog-
nosis provided prompt en bloc resec-
tion of the tumor is done [2]. Ade-
quate initial therapy results in cure for
most patients and long-term survival
is in the range of 80±90%. Low-grade
lesions without intramedullary exten-
sion rarely metastasize [6].

This type of osteosarcoma, how-
ever, carries a significant risk of de-
differentiation to a high-grade sarco-
ma. The incidence of this occurrence
varies in the literature from 12 to
20% [3, 7, 8]. Radiologically, areas
of radiolucency within a parosteal
osteogenic sarcoma are suspect for
dedifferentiation. The term ªdedif-
ferentiationº was first used by Dahlin
and Beabout in 1971 to refer to low-
grade chondrosarcomas that had
transformed to high-grade sarcomas
[9]. Since then, this process has been
well accepted in the pathology liter-
ature. It is known to occur not only in
low-grade malignant skeletal neo-
plasms, which include low-grade
chondrosarcomas, parosteal osteosar-
comas, well-differentiated intramed-
ullary low-grade osteosarcomas and
chordomas, but also in non-skeletal
tumors such as lymphomas, lipoma-
like liposarcomas, and mixed tumors
of the parotid.

Three views on the process of de-
differentiation have been summarized
by Mirra [10]. The first is that of
progressive malignant transformation
of a low-grade tumor with loss of
histologic differentiation, increased
mitotic rate, an increased growth rate,
and rapid metastatic spread. The
second view is that of a ªcollision
tumorº. This theory presumes a co-
incidental ªcollisionº of two unrelat-
ed cancers at a particular site. The
third view is the ªmodified collision
tumor thesisº. This theory assumes
that the connective tissue in contact
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Fig. 1 Radiograph of lateral knee showing a
soft tissue mass along the posterior aspect of
the distal femoral metadiaphysis. Note the
broad area of ossification at the base

Fig. 2 Sagittal T1-weighted image of the
knee demonstrating the lobulated mass
along the posterior aspect of the distal fe-
mur. MRI confirms the presence of ossifi-
cation at the base and centrally, and not at
the periphery. This finding is characteristic
of parosteal osteogenic sarcoma
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with a malignant tumor undergoes
malignant transformation.

Dedifferentiation in sarcomas
more commonly occurs when the tu-
mor recurs. The recurrent tumor may

consist entirely of high-grade sarco-
ma or may include components of
both high-grade as well as the initial
low-grade sarcoma. Less commonly,
however, as in our case, the tumor at

initial presentation shows the co-ex-
istence of both the low-grade and
high-grade sarcomas. The assumption
in this situation is that the low-grade
tumor (in our case the parosteal os-
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Fig. 3 Low-power view of tumor: conven-
tional parosteal osteosarcoma to the right
and osteoclast-rich component to the left

Fig. 4 Parallel streamers of woven bone
with fibroblastic stroma

Fig. 5 High-power view of the parosteal
osteosarcoma showing minimal nuclear
atypia of the spindle cell stroma

Fig. 6 Numerous osteoclast-like giant cells
with stromal cells in the background re-
sembling a giant cell tumor

Fig. 7 High-power view showing atypical
giant cell (center)

Fig. 8 Focal osteoid deposition within os-
teoclast-rich sarcomatous component
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teosarcoma) had been present for a
period of time during which dedif-
ferentiation occurred (in our case to a
high-grade osteoclast-rich osteosar-
coma). This transformation of paros-
teal osteosarcoma to a high-grade
sarcoma carries with it a significantly
worse prognosis. Studies have shown
that patients with dedifferentiated
parosteal osteosarcoma had a prog-
nosis similar to that of patients with
conventional osteosarcoma [1, 8].

Osteoclast-rich osteosarcoma in
itself is a rare form of osteosarcoma.
Its incidence is difficult to determine
from the literature. The figures range
from 0.3 to 13% [11±13]. Only 5 of
1648 osteosarcomas (0.3%) in the
Mayo Clinic series were considered
to be rich in giant cells. Troup, on the
other hand, found 13% of all osteo-
sarcomas showed moderate to large
numbers of benign osteoclast-like
giant cells. This variation in the in-
cidence is probably due to a lack of
precise definition for this type of tu-
mor. There is no uniform agreement
on the quantity of giant cells neces-
sary before such a designation is
rendered. Many osteosarcomas con-
tain osteoclast-like giant cells, which
occasionally form clusters, in an
otherwise usual type of osteosarco-
ma. The term osteoclast-rich osteo-
sarcoma is, however, reserved for
those osteosarcomas that contain an
abundance of osteoclast-like giant
cells distributed throughout the tu-
mor. Differentiating this type of os-
teosarcoma from a giant cell tumor
may be problematic. This distinction
is particularly difficult when the
stromal cells in the background show
a slight degree of anaplasia. Fortu-
nately, the vast majority of osteosar-
comas are metaphyseal or metadia-
physeal in location, whereas most
giant cell tumors occur in the epiph-
ysis. Furthermore, the peak age of
incidence for osteosarcomas is the
second decade, while that for giant
cell tumors is the third decade. Nev-
ertheless, when one is confronted
with a difficult case, demonstration of
anaplasia of the stromal cells associ-
ated with tumor osteoid are the most

helpful findings supporting a diag-
nosis of osteosarcoma [14].

Our case is quite unique in that it
showed features of a low-grade pa-
rosteal osteosarcoma as well as a
high-grade osteoclast-rich osteogenic
sarcoma in the biopsy at the time of
presentation. Since the tumor contin-
ued to grow from the time of initial
biopsy, we presume overgrowth of
the high-grade sarcoma destroyed the
component of low-grade tumor. This
would explain the absence of the pa-
rosteal osteosarcoma at the time of
amputation.

We are aware of three somewhat
comparable cases in the literature;
however, none are quite similar to
this case. Dahlin and Unni [15]
briefly refer to a case of classic low-
grade parosteal osteosarcoma which
recurred as a malignant sarcoma with
an abundance of osteoclast-like giant
cells. Mirra [3] described a case of an
elderly woman with a grade IV sar-
coma containing numerous benign
osteoclast giant cells adjacent to a
grade I-II parosteal osteosarcoma.
Forty-one years earlier, a low-grade
parosteal osteosarcoma had been re-
moved from the same site and
showed foci of osteoclast-like giant
cells surrounding hemorrhagic zones.
Sciot et al. [16] reported a case of a
26-year-old man with a parosteal os-
teosarcoma of the posterior distal fe-
mur. The microscopic appearance
was dominated by large numbers of
osteoclast-like giant cells with bone
trabeculae and ill-defined islands of
osteoid and woven bone surrounded
by fibrous stroma. A high-grade sar-
coma, however, was not present. Our
case of a parosteal osteosarcoma of
the distal femur, which at the time of
presentation showed dedifferentiation
to a high-grade osteoclast-rich osteo-
sarcoma, is a rare pattern of dedif-
ferentiation and, to the best of our
knowledge, this occurrence has not
been reported previously in the liter-
ature.
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