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Abstract

Osteogenic sarcoma (OS), the most common primary bone cancer, is conventionally a
primary intramedullary (conventional OS) high grade malignant tumor characterized by
malignant cells forming immature bone or osteoid. The age distribution data for primary
bone sarcomas are bimodal. OS is largely a disease of the young but about one third of
OS occurs in patients over 40 years of age. Thus, though considered as rare occurrences,
bone tumors occur also in the geriatric population. In this report, tumor delineation and

the significance of predisposing conditions to the occurrence of OS are reviewed.
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Definition, Epidemiology and Sites of Involvement

Osteogenic sarcoma (OS) is conventionally a primary intramedullary (conventional OS)
high grade malignant tumor characterized by malignant cells forming immature bone or
osteoid. There are a number of synonyms that mostly refer to histologic variants ('). OS
is the most common, non-hematopoietic, primary malignant tumor of bone with an
estimated incidence of 3 cases per million of population per year (*). There is no
significant association to a particular ethnic group or race. OS is largely a disease of the
young. In fact, in about 60-75% of cases, patients with osteosarcoma are between 15-25
years of age. However, in about one third of OS patients over 40 years of age are
affected. Some literature data would indicate that OS can also be found in older patients
and particularly with Paget disease of bone, post-radiation sarcoma and dedifferentiated
chondrosarcomas, which is the second most common primary bone cancer, but actually
no strong conclusions can be drawn due to few small series reports and mostly case

reports specially for radiation and chondrosarcoma) (3'4'5'6

). Thus, clinico-pathological
and cell biology studies on OS are intensely strengthening the research platform and
probably will be extremely important to better clarify the nature of this very intriguing
tumor. Conventional OS has a predilection for male gender (male: female = 3:2),
although this selection tends to become even with increasing age. OS occurs in the long
tubular bones of the appendicular skeleton in 80-90% of cases and distal femur, proximal
tibia and proximal humerus account for about 85% of extremity tumors, while less than

1% are found in hands and feet bones (7). OS originating in the mid-shaft are uncommon

and these originating in the epiphysis are very rare. The relative incidence in non-long
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bone involvement, including jaws, pelvis, spine and skull, tends to increase in geriatric

age.

Clinics, Imaging, Histology and Staging

Most patients who present with OS of the appendicular skeleton complain of pain prior to
soft tissue swelling. Pain is often due to stretching of the periosteum and is described as
deep and severe and may frequently wax and wane or may be due to minute stress
fractures. Systemic symptoms include weight loss, pallor, fever, anorexia, but they are

very uncommon.

The interaction of OS with the periosteum may lead to a variety of manifestations
secondary to periosteal elevation (e.g. Codman’s triangle). Computer tomography (CT)
scan and magnetic resonance imaging (MRI) help in delineating the extent of the tumor
for pre-operatively staging, whereas Tm99 radionuclide bone scan usually provides
valuable information with reference to “skip-metastases”, i.e. non-contiguous intra-
medullary growth within the parent bone or across adjacent bones. Since OS is a
hypervascular lesion, arteriography can be used to get important information for the
surgeon and clinician with regard to tumor response, or lack of response, and to pre-

operative therapy.

OS is frequently a large fleshy or hard tumor, which is metaphyseally centered with a
tendency to transgress the cortex and growth as a soft tissue mass. OS can also produce

varying amount of cartilage and / or fibrous tissue and macroscopy appearance is often
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correlated to the more or less presence of bone or cartilage forming malignant tissue.
Thus, more bone-forming OS may appear grey-tan and sclerotic, whilst cartilage forming
OS may appear white-tan with a fish-flesh or rope-like cut surface. World Health
Organization (WHO) histologic classification of bone tumors divides OSs into central
and surface tumors, and recognizes a number of subtypes within each group. To confirm
diagnosis, a biopsy is always required and may be very challenging for the pathologist.
Osteosarcoma is defined as a mesenchymal tumor constituted by neoplastic cells (cells
with atypias) producing a variable amount of immature bone tissue (osteoid). Both
conditions have to be present for the diagnosis of osteosarcoma. The tumor cells may be
epithelioid, plasmacytoid, fusiform, ovoid, round, clear, multinucleated, and spindle. In
most cases, there is a mixture of two or more of these cell types. However, OS can also
produce varying amount of cartilage and/or fibrous tissue and OS can be subdivided in
terms of the predominant matrix, including osteoblastic OS (50%), chondroblastic (25%),
and fibroblastic (25%). Unusual histological forms include osteoblastic osteosarcoma —
sclerosing type, osteoblastoma-like osteosarcoma, chondromyxoid fibroma-like
osteosarcoma, chondroblastoma-like osteosarcoma, clear-cell osteosarcoma, malignant
fibrous histiocytoma-like osteosarcoma, giant cell rich osteosarcoma, and epithelioid
osteosarcoma. All these forms are not associated with a specific biological behavior that
differs from conventional osteosarcoma. Consequently, all these lesions are viewed as
forms o subtypes of conventional osteosarcoma. There are other forms, including the
telangiectatic osteosarcoma, which is particularly sensitive to chemotherapy, but this may
not reflect an improved survival, and the small cell osteosarcoma, which has a slightly

worse prognosis than conventional osteosarcoma (Figure 1a-d).
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It is advisable that biopsy material is obtained by the use of either a large core tissue
biopsy or, preferably, by an open biopsy. As stated above, the accurate identification of
osteoid is essential. Osteoid is a dense, pink, amorphous intercellular material to be
distinguished from fibrin, amyloid and non-osseous collagen. This latter material tends to
be linear, fibrillar, and compresses between neoplastic cells, whilst osteoid is curvilinear
with small nubs, arborization, and forming abortive lacunae. Bony matrix is sometimes
very thin (so called “filigree” pattern) and has a tendency to growth by appositional
deposition upon previously existing normal bone trabeculae (so called “scaffolding”
pattern). Immunohistochemistry is mostly important to exclude metastastic sarcomatoid
carcinoma and synovial sarcoma that express antigens of the intermediate filaments of the
cytoskeleton (cytokeratins). Antibodies against osteocalcin and osteonectin are useful in
highlighting immature bone tissue (*?). Osteocalcin is a vitamin K-dependent matrix
protein that contains g-carboxyglutamic acid. This protein strongly inhibits calcium salt
precipitation and shows a strong affinity for hydroxyapatite, but inhibits crystal growth
by delaying nucleation, and normally limits bone formation. Osteonectin or BM40, is a
secreted calcium binding protein involved in bone development that demonstrates affinity
for hydroxyapatite and collagen. Osteonectin shows a counteradhesive effect on
vitronectin-induced adhesion and is involved in lowering the adhesiveness of tumor cells,
thus increasing their invasive properties. Osteonectin is also able to inhibit proliferation

of endothelial cells and fibroblasts (10).
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The currently used Musculoskeletal Tumor Society staging system is reported in Table 1

(11)'

Osteosarcoma occurring in Paget disease, post-radiation site and dedifferentiated
chondrosarcoma

OS is largely a disease of the young, but about one third of OS occurs in patients over 40
years of age and can be found in older patients probably also with predisposing
conditions. Thus, the geriatric population has to be carefully observed. Although facts are
missing in the literature, it has been emphasized that Paget disease of bone (also called
osteitis deformans), originally described by Sir James Paget in 1877 (', might be an

13-14-1 —
31415 In fact, sarcomatous transformation is a rare

important predisposing condition (
but deadly complication of Paget disease of bone. However, since the rarity of these cases
require a particular attention in drawing easily conclusions and further studies are

necessary, particularly now in the era of neo-adjuvant chemotherapy (ot

). Paget disease
of bone is a chronic skeletal disorder that affects up to 2-3% of the population over the
age of 60 years and is primarily a disease of the osteoclast ('*). The pathologic
abnormality in patients with Paget disease involves increased bone resorption by the
osteoclasts, followed by abundant new bone formation that is of poor quality. Practically,
there is a disruption of normal bone remodeling (*%). Excessive lysis and bone formation
result in the “mosaic” pattern of lamellar bone seen histologically and account for the
increased susceptibility to bony fracture. The disease may show a monostotic or

polyostotic pattern, and most patients are asymptomatic. Genetic linkage analysis

indicated that 40% of patients with Paget disease of bone have an affected first degree
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relative and 1% of patients develop sarcomatous degeneration of pagetic bone tissue,
which is the most serious complication of Paget disease of bone ). Paget sarcoma is
considered a rare malignant entity, but it has to be kept in mind in investigating elderly
people with extensive Paget disease. A detailed retrospective study of 43 patients with
Paget sarcoma (16 patients found in the Dr. Henry L. Jaffe Pathology Collection treated
from 1942 to 1967 and 27 patients treated for the disease by the Harvard Orthopaedic
Oncology Group from 1972 to 2001) have been performed by Mankin and Hornicek (*').
The primary sites of occurrence were the pelvis, proximal femur, proximal humerus, and
calvarium. At the time of diagnosis, patients often presented with metastases and survival
rate was very poor. Three tumors were characterized by giant cells, which are
occasionally found in patients with florid Paget disease but are not malignant. One third
of the patients affected with OS presented with as stage III tumors and their rate of
survival was 14% at approximately 2.5 years. With reference to survival rate there was an
astonishing concordance in the patients treated between 1946 and 1967 and those treated
between 1972 and 2001. A little progress has occurred in the treatment of Paget sarcoma
over the years, which is in pointed contrast with the relatively more favorable statistics
for conventional OS of the young. Multifocal sarcomatous degeneration of Paget disease
of bone has also been described (*). Although uncommon, it occurs mainly in polyostotic
Paget disease and can arise in any skeletal site. In many cases, it remains unclear if these
cases are due to the simultaneous development of several primaries or to metastases from

a single primary neoplastic lesion.
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Post-radiation osteosarcoma is also a further event of osteosarcoma of the elderly. In a
series of 39 irradiated conventional giant cell tumors of bone located in the vertebrae and
pelvic bones where debulking surgery was not possible and the tumors were pressing on
the spinal cord, five patients developed sarcomas of which one was an osteosarcoma *.
All the patients developing post-radiation sarcomas died within a few months due to lung
metastasis prompting for a tight follow-up. Post-radiation sarcoma is a late complication
of radiotherapy and should be keept in mind in localizations where radiotherapy is
particularly efficacious such as laryngeal carcinoma. Post-radiation osteosarcoma is the
most common type of sarcoma arising in patients with laryngeal cancer or other head and

neck malignancy undergoing radiotherapy M.

Finally, another condition which can be considered predisposing to the development of
OS is dedifferentiated chondrosarcoma (*°). This tumor can occur even 20 years after
the initial diagnosis of chondrosarcoma, as reported in a 47-year-old woman *®).Ina
French study of 13 dedifferentiated chondrosarcomas at Cochin Hospital, Paris, the

authors found five OS with an average survival time of nine months (27).

Differential Diagnosis

Chondrosarcoma are additional types of bone tumors with increasing incidence in the
elderly (***7%). Chondrosarcoma develops from the cartilage of bones and is the second
most common primary bone cancer (*'). This cancer occurs rarely in patients younger
than 30 years, and the risk of developing chondrosarcoma continues to rise until reaching

about 75 years. Men and women are equally likely to get this cancer. Cartilage is made of
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a fibrous tissue matrix mixed with a gel-like substance. First cartilage develops and then
calcium compounds are deposited to form bone. Most of the cartilage in a developing
bone eventually becomes bone. But cartilage will remain at the ends of the bone where it
acts as a cushion between bones. Cartilage is mainly found at the end of long bones and
at the place in the chest where the ribs meet the sternum. Cartilage is also part of the face.
Other structures that contain cartilage are the trachea and larynx. Chondrosarcomas can
develop in any of these places. Most develop in bones such as the pelvis, leg bone or arm
bone. Occasionally, chondrosarcoma will develop in the trachea, larynx, and chest wall.
Other sites are the scapula, ribs, or skull. Chondrosarcomas are classified into three
grades. Most chondrosarcomas are low grade (grade I), meaning they are not likely to
spread, or intermediate grade (grade II). High grade (grade III) chondrosarcomas, which
are the most likely to spread, are less common. Dedifferentiated chondrosacromas start
out as typical chondrosarcomas but then some parts of the tumor change into cells that
closely resemble those of an osteosarcoma or fibrosarcoma. This variant of
chondrosarcoma tends to occur in older patients and is more aggressive than usual
chondrosarcomas. Finally, clear cell chondrosarcoma is a rare variant that grows slowly
and rarely spreads to other parts of the body unless it has already recurrent several times

in the original location.

Fibrosarcoma and malignant fibrous histiocytoma develop more often in soft tissues, such
as ligaments, tendons, fat, and muscle, but can rarely start in bones (32). When malignant
fibrous histiocytoma develops in bones, it usually affects the legs or arms. This cancer is

rare among children and occurs with highest incidence in adults in the fifth and sixth

10
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decades and in the elderly (**). Malignant fibrous histiocytoma tends to grow quickly and
to spread to other parts of the body. Fibrosarcoma is another type of cancer that usually
occurs in middle-aged adults and the elderly (**). Bones most often affected include those

of the legs, arms, and jaw.

Therapy Options and Conclusive Remarks
Improving cure rates for OS continues to be a major challenge. Surgical excision of the
OS is the treatment of choice when it is possible and both radiation therapy and

chemotherapy have largely an adjuvant and essential role G ¢

). Whereas no other
treatment but surgery is currently available for cartilage-forming malignant bone tumors,
osteosarcomas show an approximately 50-80% response rate to adjuvant chemotherapy
and surgical removal of these tumors may currently be performed with limb salvage
(removal of the malignant bone tumor without amputation, and replacement of bones and
joints with allografts or prosthetic devices) (*"). The clinical management of patients with
OS is very demanding and requires a skilled, experienced team including a surgeon,
pathologist, oncologist, and radiologist, with support from specialist nurses and
rehabilitation teams. Outcomes from treatment have improved little in 20 years and
remain disappointing. An aspect to be considered is that elderly neoadjuvant therapy
might differ from young patients according to renal function. Osteosarcoma usually lacks
prognostic markers that could distinguish patients before therapy and drive treatment
choices. But recently, the high expression of CCN3, which are members of a family of

cysteine rich matricellular proteins emerging as multifunctional regulators, controlling

diverse cellular processes and playing important roles in vascular and skeletal

11
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development, was significantly correlated with worse prognosis of osteosarcoma .
Moreover, bcl-2 and Livin, a novel inhibitor of apoptosis protein family member, are
highly expressed in osteosarcoma cells and the evaluation of nuclear Livin expression
might be a useful prognostic marker in osteosarcoma (**). We previously demonstrated
that ubiquitin/proteasome-dependent proteolysis of nuclear insulin-like growth factor
binding protein-3 contributes to the avoidance of apoptosis in osteosarcoma cells (**).
Clinical studies are on progress to evaluate the possibility to interact with the natural
history of osteosarcoma acting on the ubiquitin/proteasome-dependent proteolysis of
nuclear insulin-like growth factor binding protein-3. Currently, chemotherapy for
osteosarcoma is among the most exhausting of any given for solid tumors, and treatment
of the primary tumor may be associated with permanent disability of some degree in a
significant proportion of patients. Thus, modern treatment programmes are usually
multimodal, with surgery combined with both pre- and postoperative chemotherapy.
Combined neoadjuvant treatment gives a rate of healing of about 60%—70% for patients
with non-metastatic osteosarcoma of the extremities at presentation and of about 30% for

41-42-43

tumors of the axial skeleton ( ). However, radical surgical resection remains crucial

for osteosarcoma cure.

12
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Legend

Fig. 1a. Osteoblastic osteosarcoma showing the filigree pattern with osteoid, which
comprises thin, randomly arborizing lines of osteoid interweaving between osteosarcoma
cells. (x 200, Hematoxylin-Eosin staining).

Fig. 1b. Chondroblastic osteosarcoma with high grade hyaline cartilage that is intimately
associated and randomly mixed with non-chondroid elements. (x 100, Hematoxylin-
Eosin staining).

Fig. 1c. Fibroblastic osteosarcoma showing high-grade spindle cell malignancy with only
minimal amounts of osseous matrix (x 200, Hematoxylin-Eosin staining).

Fig. 1d. Telangectatic osteosarcoma showing blood-filled spaces separated by septa
simulating aneurismal bone cyst (x 100, Hematoxylin-Eosin staining).



Table 1. Staging of Osteogenic Sarcomas

Stage Grade Site Metastasis

IA Low Intra-compartmental No

IB Low Extra-compartmental No

ITA High Intra-compartmental No

1B High Extra-compartmental No

11 Any Any Regional or distant
Notes:

This system based on: tumour grade (I = low grade; II = high grade), tumour extension
(A = intraosseous involvement only; B = intra- and extraossseous extension); and
presence of distant metastases (III). Patients with localized high grade osteosarcoma may
have stage 1IA or IIB. The presence of metastatic disease, regardless the extent of the
primary lesion, represents a stage III disease.



