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but most tumors fall within the classic category. Like other bone sarcomas, high-grade chondrosarcomas spread to the lungs. Most chondrosarcomas are resistant to chemotherapy, and surgical resection of
primary or recurrent tumors, including pulmonary metastases, is the
mainstay of therapy. This rule does not hold for two histologic variants. Dedifferentiated chondrosarcoma has a high-grade osteosarcoma
or a malignant fibrous histiocytoma component that responds to chemotherapy. Mesenchymal chondrosarcoma, a rare variant composed
of a small-cell element, also is responsive to systemic chemotherapy
and is treated like Ewing’s sarcoma.
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EWING’S SARCOMA
Ewing’s sarcoma, which constitutes ~10–15% of all bone sarcomas,
is common in adolescence and has a peak incidence in the second
decade of life. It typically involves the diaphyseal region of long bones
and also has an affinity for flat bones. The plain radiograph may show
a characteristic “onion peel” periosteal reaction with a generous soft
tissue mass, which is better demonstrated by CT or MRI. This mass
is composed of sheets of monotonous, small, round, blue cells and
can be confused with lymphoma, embryonal rhabdomyosarcoma,
and small-cell carcinoma. The presence of p30/32, the product of the
mic-2 gene (which maps to the pseudoautosomal region of the X and
Y chromosomes), is a cell-surface marker for Ewing’s sarcoma (and
other members of the Ewing’s family of tumors, sometimes called
PNETs). Most PNETs arise in soft tissues; they include peripheral
neuroepithelioma, Askin’s tumor (chest wall), and esthesioneuroblastoma. Glycogen-filled cytoplasm detected by staining with periodic
acid–Schiff is also characteristic of Ewing’s sarcoma cells. The classic cytogenetic abnormality associated with this disease (and other
PNETs) is a reciprocal translocation of the long arms of chromosomes
11 and 22, t(11;22), which creates a chimeric gene product of unknown
function with components from the fli-1 gene on chromosome 11 and
ews on 22. This disease is very aggressive, and it is therefore considered a systemic disease. Common sites of metastases are lung, bones,
and bone marrow. Systemic chemotherapy is the mainstay of therapy,
often being used before surgery. Doxorubicin, cyclophosphamide or
ifosfamide, etoposide, vincristine, and dactinomycin are active drugs.
Topotecan or irinotecan in combination with an alkylating agent is
often used in relapsed patients. Targeted therapy with an anti-IGF-I
receptor antibody in combination with an inhibitor of mammalian
target of rapamycin (mTOR) appears to have promising activity in
refractory cases. Local treatment for the primary tumor includes surgical resection, usually with limb salvage or radiation therapy. Patients
with lesions below the elbow and below the mid-calf have a 5-year
survival rate of 80% with effective treatment. Ewing’s sarcoma at first
presentation is a curable tumor, even in the presence of obvious metastatic disease, especially in children <11 years old.

TUMORS METASTATIC TO BONE
Bone is a common site of metastasis for carcinomas of the prostate,
breast, lung, kidney, bladder, and thyroid and for lymphomas and sarcomas. Prostate, breast, and lung primaries account for 80% of all bone
metastases. Metastatic tumors of bone are more common than primary
bone tumors. Tumors usually spread to bone hematogenously, but
local invasion from soft tissue masses also occurs. In descending order
of frequency, the sites most often involved are the vertebrae, proximal femur, pelvis, ribs, sternum, proximal humerus, and skull. Bone
metastases may be asymptomatic or may produce pain, swelling, nerve
root or spinal cord compression, pathologic fracture, or myelophthisis

(replacement of the marrow). Symptoms of hypercalcemia may be
noted in cases of bony destruction.
Pain is the most frequent symptom. It usually develops gradually
over weeks, is usually localized, and often is more severe at night.
When patients with back pain develop neurologic signs or symptoms,
emergency evaluation for spinal cord compression is indicated (Chap.
331). Bone metastases exert a major adverse effect on quality of life in
cancer patients.
Cancer in the bone may produce osteolysis, osteogenesis, or both.
Osteolytic lesions result when the tumor produces substances that can
directly elicit bone resorption (vitamin D–like steroids, prostaglandins, or parathyroid hormone–related peptide) or cytokines that can
induce the formation of osteoclasts (interleukin 1 and tumor necrosis
factor). Osteoblastic lesions result when the tumor produces cytokines
that activate osteoblasts. In general, purely osteolytic lesions are best
detected by plain radiography, but they may not be apparent until they
are >1 cm. These lesions are more commonly associated with hypercalcemia and with the excretion of hydroxyproline-containing peptides
indicative of matrix destruction. When osteoblastic activity is prominent, the lesions may be readily detected using radionuclide bone scanning (which is sensitive to new bone formation), and the radiographic
appearance may show increased bone density or sclerosis. Osteoblastic
lesions are associated with higher serum levels of alkaline phosphatase
and, if extensive, may produce hypocalcemia. Although some tumors
may produce mainly osteolytic lesions (e.g., kidney cancer) and others mainly osteoblastic lesions (e.g., prostate cancer), most metastatic
lesions produce both types of lesion and may go through stages where
one or the other predominates.
In older patients, particularly women, it may be necessary to distinguish metastatic disease of the spine from osteoporosis. In osteoporosis, the cortical bone may be preserved, whereas cortical bone
destruction is usually noted with metastatic cancer.
TREATMENT	

Metastatic Bone Disease

Treatment of metastatic bone disease depends on the underlying
malignancy and the symptoms. Some metastatic bone tumors are
curable (lymphoma, Hodgkin’s disease), and others are treated with
palliative intent. Pain may be relieved by local radiation therapy.
Hormonally responsive tumors are responsive to hormone inhibition (antiandrogens for prostate cancer, antiestrogens for breast
cancer). Strontium-89, samarium-153, and radium-223 are boneseeking radionuclides that can exert antitumor effects and relieve
symptoms. Denosumab, a monoclonal antibody that binds to RANK
ligand, inhibits osteoclastic activity and increases bone mineral
density. Bisphosphonates such as pamidronate may relieve pain and
inhibit bone resorption, thereby maintaining bone mineral density
and reducing risk of fractures in patients with osteolytic metastases
from breast cancer and multiple myeloma. Careful monitoring of
serum electrolytes and creatinine is recommended. Monthly administration prevents bone-related clinical events and may reduce the
incidence of bone metastases in women with breast cancer. When
the integrity of a weight-bearing bone is threatened by an expanding metastatic lesion that is refractory to radiation therapy, prophylactic internal fixation is indicated. Overall survival is related to the
prognosis of the underlying tumor. Bone pain at the end of life is
particularly common; an adequate pain relief regimen including sufficient amounts of narcotic analgesics is required. The management
of hypercalcemia is discussed in Chap. 424.

