
 
 
 
 
 
 
What is an Osteosarcoma? Osteosarcoma is defined as a malignant mesenchymal tumor in which the 
cancerous cells produce bone matrix.1 
 
Introduction  

Osteosarcoma is the most common malignant bone tumor.2 Osteosarcoma is the third most 
common cancer in adolescence, occurring less frequently than only lymphomas and brain tumors.3  It 
is thought to arise from primitive mesenchymal bone-forming cells, and its histologic hallmark is the 
production of malignant osteoid. Other cell populations also may be present, as these types of cells also 
may arise from pluripotential mesenchymal cells, but any area of malignant bone in the lesion 
establishes the diagnosis as osteosarcoma. 
 
History of the disease 

Osteosarcoma is an ancient disease that is still incompletely understood. The term sarcoma was 
introduced by the English surgeon John Abernathy in 1804 and was derived from Greek roots meaning 
fleshy excrescence. In 1805, the French surgeon Alexis Boyer (personal surgeon to Napoleon) first 
used the term osteosarcoma. Boyer realized that osteosarcoma was a distinct entity from other bone 
lesions such as osteochondromas (exostoses). Under the auspices of the American College of 
Surgeons, Ernest Amory Codman (along with James Ewing and Joseph Bloodgood) created the 
Registry of Bone Sarcoma in 1921. This was a significant step forward in studying these rare and 
ominous tumors as individual surgeons had only limited experience to guide them. Much later on an 
orthopedic surgeon from Gainesville, Florida, William F. Enneking, MD, introduced his surgical 
staging system for musculoskeletal sarcomas.2 This staging system helped organize the orthopedic 
surgical approach to both biopsy and definitive tumor resection for osteosarcoma, as well as for other 
musculoskeletal sarcomas.2 
 
Pathophysiology 
Osteosarcoma is a bone tumor that can occur in any bone. It most commonly occurs in the long bones 
of the extremities near metaphyseal growth plates. The most common sites are femur (42%, with 75% 
of tumors in the distal femur), tibia (19%, with 80% of tumors in the proximal tibia), and humerus 
(10%, with 90% of tumors in the proximal humerus). Other significant locations are the skull or jaw 
(8%) and pelvis (8%).  

Not all osteosarcomas arise in a solitary fashion, as multiple sites may become apparent within 
a period of about 6 months (synchronous osteosarcoma), or multiple sites may be noted over a period 
longer than 6 months (metachronous osteosarcoma).4 Such multifocal osteosarcoma is decidedly rare, 
but when it occurs, it tends to be in patients younger than 10 years.4 
 Grossly, osteosarcomas are big bulky tumors that are gritty, are gray-white, and often contain 
areas of hemorrhage and cystic degeneration. (See Figure-1) The tumors frequently destroy the 
overlying cortex and produce a soft tissue mass. They spread widely in the medullary canal, infiltrating 
and replacing the marrow surrounding the preexisting bone trabeculae. Infrequently, they penetrate the 
epiphyseal plate or enter the joint. When joint invasion occurs, the tumor grows into it along 
tendinoligamentous structures or through the insertion site of the joint capsule.  



Figure-1. Osteosarcoma of the upper end of the tibia. The tan-white 
tumor fills most of the medullary cavity of the metaphysis and 
proximal diaphysis. It has infiltrated through the cortex, lifted the 
periosteum, and formed soft tissue masses on both sides of the bone. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Histology 

Osteosarcoma is characterized by the presence of spindle cell stroma with the production of 
osteoid. Although the common histologic presentation of malignant cells producing osteoid would 
suggest a homogenous group of tumors, the morphologic appearance can vary considerably, ranging 
from classic osteosarcoma (45 percent of cases), through fibroblastic (9 percent), chondroblastic (27 
percent), anaplastic (17 percent), telangiectatic, low-grade central, and other osteosarcomas (2 
percent).5  

The tumor cells vary in size and shape and frequently have large hyperchromatic nuclei. 
Bizarre tumor giant cells are common, as are mitoses. The formation of bone by the tumor cells is 
most character istic of osteosarcoma.  The neoplastic bone has a coarse, lacelike architecture but is 
also deposited in broad sheets or as primitive trabeculae. Other matrices, including cartilage or fibrous 
tissue, may be present in varying amounts. When malignant cartilage is abundant, the tumor is called 
chondroblastic osteosarcoma. Vascular invasion is usually conspicuous, and up to 50% to 60% of an 
individual tumor may demonstrate spontaneous necrosis.1,5 
 
Frequency  

In the United States, incidence is 400 cases per year (4.8 per million population <20 y). The 
overall 5-year survival rate for patients diagnosed between 1974 and 1994 was 63% (59% for males, 
70% for females).  

Incidence of osteosarcoma is slightly higher in males than in females. In males, incidence is 5.2 
per million per year. In females, incidence is 4.5 per million per year (1.6:1).  
 Osteosarcoma occurs in all age groups but has a bimodal age distribution; 75% occur in 
patients younger than 20 years of age. The smaller second peak occurs in the elderly, who frequently 
suffer from conditions known to be associated with the development of osteosarcoma, Paget disease, 
bone infarcts, and prior irradiation.1,5 Osteosarcoma is very rare in young children (0.5 cases per 
million per year in children <5 y). Incidence increases steadily with age, increasing more dramatically 
in adolescence, corresponding with the growth spurt.5,6 
 
Etiology:  

The exact cause of osteosarcoma is unknown. However, a number of risk factors are apparent, 
as follows: 



 Rapid bone growth: Rapid bone growth appears to predispose persons to osteosarcoma, as 
suggested by the increased incidence during the adolescent growth spurt, the high incidence 
among large breed dogs (eg, Great Dane, St. Bernard, German shepherd), and 
osteosarcoma’s typical location in the metaphyseal area adjacent to the growth plate 
(physis) of long bones.1,3,5 

 Environmental factors: The only known environmental risk factor is exposure to radiation.  
 Genetic predisposition: Genetic mutations are fundamental to the development of 

osteosarcoma. Patients with hereditary retinoblastomas (Rb) have several hundred-fold 
greater risk of subsequently developing osteosarcoma, attributed to mutations in the Rb 
gene. Mutations in the Rb gene are uncommon in sporadic osteosarcoma. Mutations in p53 
are frequently present, however.5 
The gene for retinoblastoma has been localized to the long arm of chromosome 13 (13q14). 
The Rb gene is recognized as the prototype of a tumor suppressor gene and has been 
implicated in the pathogenesis of a number of human neoplasms. A tumor suppressor gene 
functions normally by restraining cell (tumor) growth, so loss of function or inactivation of 
a tumor suppressor gene results in tumor growth. 

 Bone dysplasias, including Paget disease, fibrous dysplasia, enchondromatosis, and 
hereditary multiple exostoses and retinoblastoma (germ-line form) are risk factors. Li-
Fraumeni syndrome (germline p53 mutation), and Rothmund-Thomson syndrome 
(autosomal recessive association of congenital bone defects, hair and skin dysplasias, 
hypogonadism, and cataracts) also amplify the possibility of developing osteosarcoma.2,3,5  

 
Clinical 

Osteosarcomas typically present as painful and progressively enlarging masses.1 Sometimes a 
sudden fracture of the bone is the first symptom. However, symptoms may be present for weeks or 
months (occasionally longer) before patients are diagnosed. The most common presenting symptom of 
osteosarcoma is pain, particularly pain with activity. Patients may be concerned that their child has a 
sprain, arthritis, or growing pains. Often, there is a history of trauma, but the precise role of trauma in 
the development of osteosarcoma is unclear.2  

The patient may have a history of swelling, depending on the size of the lesion and its location. 
Swelling around the affected bone is the second most common clinical finding. A painful limp that 
increases with weight bearing is the third most common symptom.5 Systemic symptoms, such as fever 
and night sweats, are rare.2,5 Tumor spread to the lungs only rarely results in respiratory symptoms, 
and such symptoms usually indicate extensive lung involvement. Additionally, those who die of the 
neoplasm, 90% have metastases to the lungs, bones, brain, and elsewhere.1,5,6,7 However, metastases to 
other sites are extremely rare; therefore, other symptoms are unusual.  
 
Physical 
Physical examination findings are usually limited to those of the primary tumor site. 

·  Mass: A palpable mass may be present. The mass may be tender and warm, though these signs 
are indistinguishable from those of osteomyelitis. Increased skin vascularity over the mass may 
be discernible. Pulsations or a bruit may be detectable. 

·  Decreased range of motion: Joint involvement should be obvious on physical examination. 
·  Lymphadenopathy: Involvement of local or regional lymph nodes is unusual. 
·  Respiratory findings: Auscultation is usually uninformative unless extensive pulmonary disease 

is present.2,3 

 
 
 
 



Differential DX 
Ewing Sarcoma and Primitive Neuroectodermal Tumors 
Histiocytosis 
Nonrhabdomyosarcoma Soft Tissue Sarcomas 
Osteomyelitis 
Rhabdomyosarcoma 
 
Other Problems to be considered: 
Stress fracture 
Hematoma 
Chondroblastoma 
Chondromyxoid fibroma 
Osteochondroma 
Osteoblastoma 
Bone cysts 
Giant cell tumor 
Fibrosarcoma 
Chondrosarcoma 
 
Workup/Labs 

Most of the laboratory studies relate to the use of chemotherapy. It is important to assess organ 
function prior to chemotherapy and to monitor function after chemotherapy. The only blood tests with 
prognostic significance are lactic dehydrogenase (LDH) and alkaline phosphatase. Patients with 
elevated alkaline phosphatase at diagnosis are more likely to have pulmonary metastases. In patients 
without metastases, those with an elevated LDH are less likely to do well than are those with a normal 
LDH. 
Important labs include:  

o Alkaline phosphatase (prognostic significance) 
o LDH 
o CBC, including differential 
o Platelet count 
o Liver function tests: Aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), bilirubin, and albumin 
o Electrolytes: Sodium, potassium, chloride, bicarbonate, calcium, magnesium, 

phosphorus 
o Renal function tests: Blood urea nitrogen (BUN), creatinine 
o Urinalysis 

 
Imaging 
    *  Plain films – The physician should order a Primary, posteroanterior, and lateral chest 
Obtain plain films of the suspected lesions in 2 views. No single feature on x-ray is diagnostic.2 

Although the roentgenographic appearance of osteosarcoma can be quite variable, plain 
roentgenograms are the most valuable tools for making the correct diagnosis. The most common 
appearance is that of an aggressive lesion in the metaphysis of a long bone. Approximately 10% are 
primarily diaphyseal, and less than 1% are primarily epiphyseal.8 Osteosarcoma lesions can be purely 
osteolytic (approximately 30% of cases), purely osteoblastic (approximately 45% of cases), or a 
mixture of both. 



The lesion usually is quite permeative and the borders ill defined. If the tumor has broken 
through the cortex, a soft tissue mass may be present at the time of diagnosis. Periosteal reaction may 
take the form of a “Codman©s triangle,”  or it may have a “sunburst”  or “hair on end”  appearance. See 
Figure-2. The sunburst spiculation is characteristic of osteosarcoma but is not specific. Also a Reactive 
(Codman’s) triangle may form at the margin of the lesion, due to subperiosteal extension of tumor. 
They, like the sunburst, are not specific to osteosarcoma, or to malignant disease, but signify rapid 
soft-tissue extension outside the cortex, whether due to tumor, blood, pus, etc.9 

 
 
Figure-2. Lateral radiograph of the distal third of the femur showing a 
perpendicular, spiculated periosteal reaction anteriorly and posteriorly. A 
Codman’s triangle is seen anteriorly and demarcates the proximal extent of 
extraosseous tumor. 

 
Additional imaging should include an MRI. MRI is the best test to 

measure the extent of the tumor both within the bone and in the soft tissue and 
to determine the relationship of the tumor to nearby anatomical structures.2,8,9 
Moreover, an MRI  is invaluable in surgical staging by defining the extent of 
the tumor.9 

A bone scan should be obtained to look for skeletal metastases, and 
roentgenograms and CT scans of the chest should be done to search for 
pulmonary metastases; the lungs are the most common sites of metastases.1,2,8 
For a more comprehensive look at osteosarcoma imaging modalities please 

   refer to Appendix-1. 
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The Biopsy and Staging 

Biopsy is the key step in the diagnosis of an osteosarcoma. Improperly performed biopsies are a 
frequent cause of misdiagnosis, amputation and local recurrence, and they may have a negative effect 
on survival. All biopsy samples should be obtained by the orthopedic oncologist who will perform the 
definitive procedure or by a physician directly under the oncologist©s supervision.10 

After the biopsy has been performed a pathologist or oncologist can stage the cancer. The 
purpose of staging tumors is to stratify risk groups. The conventional staging used for other solid 
tumors is not appropriate for skeletal tumors because these tumors rarely involve lymph nodes or 
spread regionally. Rather, the staging devised and introduced by Enneking in 1980 is based on grade, 
extracompartmental spread, and whether or not metastases are present.11 Staging studies are helpful in 
planning the surgical approach to the tumor and specifying the region of the tumor that will most likely 
yield representative pathologic material.2,6,10  

The key components to the staging system are the histologic grade of the tumor (low grade versus 
high grade), the anatomic location of the tumor (intracompartmental versus extracompartmental), and 
the absence or presence of metastatic disease. The staging system is typically depicted as follows:  

·  Low-grade tumor, intracompartmental - I-A  
·  Low-grade tumor, extracompartmental - I-B  
·  High-grade tumor, intracompartmental - II-A  
·  High-grade tumor, extracompartmental - II-B  
·  Any tumor with evidence of metastasis – III 

 
The definition of "a compartment" is a central and crucial concept related to the Enneking staging 

system. In general, a compartment may be defined as any individual bone (ie, each bone is a 
compartment unto itself), intraarticular spaces (ie, a purely intraarticular lesion is intracompartmental), 
and any clearly identified fascially enclosed space (eg, the anterior compartment of the lower leg).3,11 

For osteosarcoma, the principal initial question regarding staging is whether the tumor has 
metastasized. Other features of the tumor may impact the prognosis. These include LDH and alkaline 
phosphatase (see Workup/Labs), site of primary tumor (mostly related to ease of complete resection), 
histologic response to chemotherapy, and cause of disease (patients with osteosarcomas arising from 
Paget disease have a particularly poor prognosis).3,5,11 

�  Stage I - Low-grade lesions 
�  Stage II - High-grade lesions 
�  Stage III - Metastases 

 
Medical Therapy 

Before the advent of multiagent chemotherapy, the prognosis for patients with osteosarcoma 
was dismal.2,8 Despite treatment consisting of a wide or radical amputation, approximately 80% of 
patients died of distant metastases, usually within 2 years. With today©s multiagent chemotherapy 
regimens and appropriate surgical treatment, most recent series report long-term survival of 60% to 
70% for patients with high-grade osteosarcoma without metastases at initial presentation and up to 
90% for low-grade lesions.  

Standard chemotherapeutic regimens include preoperative (induction) and postoperative 
(adjuvant) chemotherapy. Preoperative chemotherapy induces tumor necrosis in the primary tumor and 
provides early treatment of micrometastatic disease. It helps to facilitate surgical resection with wide 
margins and therefore has been one of the main factors contributing to improved limb salvage rates. 
 Drugs that have been shown to be most effective against osteosarcoma include doxorubicin 
(Adriamycin), cisplatin (Platinol), ifosfamide (Ifex) with mesna (Mesnex) and high-dose methotrexate 
(Rheumatrex) with leucovorin calcium rescue.3,10 The mechanisms of action and side effects of these 
chemotherapeutic agents are summarized in Table-1. 



TABLE 1 -- Chemotherapeutic Agents Used in the Treatment of Osteosarcoma 

Agent Mechanism of action Side effects 

Doxorubicin (Adriamycin) Doxorubicin intercalates at 
points of local uncoiling of the 
DNA double helix; it also 
inhibits the synthesis of DNA 
and RNA. 

Cardiomyopathy, transient 
electrocardiographic 
abnormalities, emesis, alopecia, 
mucositis, myelosuppression 

Cisplatin (Platinol) Cisplatin inhibits the synthesis of 
DNA through the formation of 
DNA cross-links; it binds 
directly to tumor DNA and 
denatures the DNA double helix. 

Acute renal failure, chronic renal 
failure, peripheral neuropathy, 
ototoxicity, emesis, 
myelosuppression, alopecia, 
hypomagnesemia 

Ifosfamide (Ifex), with mesna 
(Mesnex)* 

Ifosfamide causes cross-linking 
of DNA strands, inhibiting the 
synthesis of DNA and protein. 

Hemorrhagic cystitis, renal 
failure, myelosuppression, 
alopecia, emesis, encephalopathy 

High-dose methotrexate 
(Rheumatrex), with leucovorin 
calcium rescuê  

Methotrexate is a folate 
antimetabolite; it inhibits the 
synthesis of purine and 
thymidylic acid by binding 
dihydrofolate reductase. 

Renal failure, mucositis, mild 
myelosuppression; rarely, central 
nervous system effects 

*Mesna is a prophylactic agent used to prevent hemorrhagic cystitis; it has no intrinsic cytotoxicity. Mesna binds with 
acrolein (urotoxic metabolite of ifosfamide), inactivating it. 
^—Leucovorin is a tetrahydrofolic acid derivative that acts as a biochemical co-factor for carbon transfer reactions in the 
synthesis of purines and pyrimidines. Leucovorin does not require the enzyme dihydrofolate reductase; therefore, it is able 
to rescue normal cells and prevent severe myelosuppression and mucositis. 
 
Surgical Options 

Often, patients in whom osteosarcoma is suspected are referred to the orthopedic surgeon first 
to make the diagnosis. In addition, because osteosarcomas are not particularly responsive to 
radiotherapy, surgery is the only option for definitive tumor removal (ie, local control). In addition, 
prosthesis or bone stabilization may be required following surgical resection. Therefore, close 
involvement of the orthopedic surgeon at diagnosis and during and after therapy is critical. 
 The primary aim of definitive resection is patient survival. As such, margins on all sides of the 
tumor must contain normal tissue (wide margin). The thickness of the margin is important only for the 
marrow, where an adequate margin is thought to be 5-7 cm from the edge of abnormality depicted on 
MRI or bone scan. Radical margins, defined as removal of the entire involved compartment (bone, 
joint to joint; muscle, origin to insertion), usually are not required for cure. A less than wide margin 
(marginal or intralesional margin) may be functionally helpful as a debulking therapy but intrinsically 
will not be locally curative.2 

Amputation may be the treatment of choice in some circumstances. In the setting of induction 
chemotherapy, limb-sparing resection and reconstruction, rather than amputation, can be safely 
performed in 90 to 95 percent of patients.10  Studies indicate that compared with amputation, limb-
sparing surgery using a wide margin does not appear to compromise survival.10,12  

Still, limb-preserving procedures are currently performed in approximately 60 percent to 90 
percent of osteosarcoma patients with nonmetastatic extremity tumors, in contrast to the previously 
reported high amputation rates.5 Advances in chemotherapy, imaging technology, implant design and 
materials, and subspecialization in orthopedic oncology have reversed the trends of previous decades. 



Again, despite the advances, it should be emphasized to the patient that the primary objective 
of overall treatment is to achieve long-term disease-free survival (cure). Preserving limb function is a 
secondary objective. If an adequate limb-sparing resection cannot be performed, amputation should be 
considered. However, with modern chemotherapy regimens, limb removal is seldom necessary. 

After tumor resection, the large bony and soft tissue deficit must be reconstructed. Many 
orthopedic surgeons prefer metallic endoprostheses for reconstruction. These prostheses provide 
immediate stable fixation and allow early ambulation and weight bearing. They provide joint stability, 
with good to excellent function in most patients.13 Metallic endoprostheses are associated with only 
minimal early postoperative complications at a rate of 25 to 35 percent. Many reconstruction 
alternatives are available, and the method chosen depends upon such variables as patient age and 
employability, tumor location and size, and the potential of the elected procedure to provide curative 
margins. Of paramount importance is to recognize the patient©s desires and to discuss realistic 
expectations.5,10 

Intra-articular Resections 
In this type of prosthesis, early function is excellent; however, the implant has a finite lifespan 

requiring later revision surgery. Osteoarticular allografts perform better and are more frequently used 
in upper extremity reconstructions. These options result in mobile joints.  

Extra-articular Resections 
 Extra-articular resections frequently result in arthrodesis (the surgical immobilization of a 
joint). Resection-arthrodesis is employed exclusively by some surgeons for lesions about the knee in 
skeletally mature patients. Others choose arthrodesis only when the primary lesion produces an 
extraosseous mass projecting into and destroying for example, the quadriceps mechanism adjacent to 
the knee joint.5 

Lesions arising in the proximal humeral metaphysis and the scapula can be managed by either 
prosthetic replacement, osteoarticular allograft replacement, arthrodesis, or resection of the body of the 
scapula.14 

Rotationplasty 
Rotationplasty is a third alternative. A minimum of a "wide" margin must be achieved for 

adequate local control of high-grade primary sarcomas of bone.  Following tumor resection, vessels are 
repaired in an end-to-end fashion in most instances to optimize vessel patency. The distal portion of 
the leg then is rotated 180 degrees and reattached to the thigh at the proximal edge of the resection. 
Other osteosynthesis variations also are possible.2 The rotation allows the ankle to become a functional 
knee joint, so the length of the leg should be adjusted to match the contralateral knee. 

The first tibial rotationplasty used for reconstruction after a radical resection of the distal femur 
for osteosarcoma was performed by Dr. Martin Salzer and co-workers in Vienna in 1974 and reported 
in 1981. The surgical oncology principles of tibial rotationplasty yield surgical margins comparable to 
those of a transmedullary amputation. In patient selection, the only absolute requirement is the absence 
of tumor involvement of the sciatic nerve and a previously untraumatized, essentially normal 
functioning foot and ankle.  

The procedure ideally is used in young skeletally immature patients in whom the anticipated 
adult limb length inequality (associated with the loss of the distal femoral and proximal tibial 
epiphyses) can be compensated for by reconstructing the limb somewhat longer at the time of surgery. 
The desired final effect is to have the axis of rotation of the rotated ankle joint slightly proximal to the 
axis of rotation of the normal knee at skeletal maturity. In general, it is better to have the operated limb 
slightly shorter rather than longer at skeletal maturity.5 For an example of a rotationplasty see 
Appendix-2. 



 
Functional Results of Surgical Therapy 

The functional outcome of surgical therapy should be considered by the surgeon when 
assessing the physical demands and needs of the patient. Upper extremity reconstructive procedures 
should attempt to maximize function as much as possible, since the extremity does not need to be 
reconstructed to weight-bearing tolerance. Lower extremity and pelvic reconstructive procedures will 
require greater attention to stability, durability, and mobility.5,15 
  
Fracture Management 
 The incidence of the development of pathologic fracture of the extremity in patients with high-
grade osteosarcoma varies from 10 to 13 percent. The fracture may be a consequence of the natural 
destructive nature of the tumor and thinned cortex or of the biopsy defect violating the thinned cortex 
and adding to the stress riser already present .The development of a pathologic fracture prior to biopsy 
has traditionally been thought to be associated with a poor prognosis, often leading to treatment that 
includes an immediate amputation followed by adjuvant multiagent chemotherapy.  

The development of a pathologic fracture is multifactorial and often dependent upon: (1) the 
histopathologic subtype of the lesion (e.g., the more destructive lesions such as telangiectatic 
osteosarcoma result in a thinned expanded cortex subject to fracture, while others may produce 
malignant mineralized osteoid with less destruction but markedly reduced strength); (2) location of 
lesion (e.g., lesion involves a weight-bearing bone, proximal femur); (3) the general athletic activity of 
the patient; and (4) the degree or severity of the trauma involved to produce the fracture. 

Prior to the advent of chemotherapy, the majority of patients developing pathologic fractures 
were treated with amputation. Interestingly and more recent, Jaffe and colleagues observed that some 
pathologic fractures would heal while under the influence of systemic chemotherapy.16 They observed 
"reduction of the associated soft tissue mass, repair of periosteum, and deposition of new mineral in the 
tumor and about the fracture." These observations made the closed management of some selected 
pathologic fractures feasible during treatment with neoadjuvant chemotherapy and in preparation for a 
limb-preserving procedure. 

The subsequent healing of the fracture is also a function of the response of the tumor to 
chemotherapy. Patients with healing fractures in general would be expected to have better overall 
outcomes than those without a favorable histopathologic healing response to primary chemotherapy.5 
 
Metastatic Disease 

Primary osteosarcoma may arise in many tissues other than bone (e.g., kidney, liver, and 
cervix), but metastases are far more common. Metastatic disease is principally the result of 
hematogenous spread to the lungs and bone, followed by secondary involvement of kidney, liver, and 
brain. Regional lymph nodes are involved in less than 10 percent of cases. Metastatic disease at 
diagnosis does not preclude long-term disease-free survival when the disease is sensitive to 
chemotherapy and managed appropriately.17 
 
Prognosis 

The most important prognostic factor at the time of diagnosis is the extent of the disease. 
Approximately 15% of patients with osteosarcoma have detectable pulmonary metastases at the time 
of diagnosis. These patients continue to have a poor prognosis with less than 20% long-term survival. 
Patients with nonpulmonary metastases (e.g., bone metastases) have an even worse prognosis. Patients 
with “skip”  metastases (i.e., a metastasis within the same bone as the primary tumor or across the joint 
from the primary tumor) have the same poor prognosis as patients with distant metastases.9 Patients 
who have a good histopathological response to neoadjuvant chemotherapy (>95% tumor cell kill or 
necrosis) have a better prognosis than those whose tumors do not respond as favorably. 
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Appendix-1 
Complete list of Radiologic studies that are recommended for evaluation of the primary tumor and 
detection of metastatic disease are discussed in the following sections and summarized in Table 2 .  

TABLE 2 -- Radiologic Studies Used in the Evaluation of Osteosarcoma and the Detection of 
Metastases 

Imaging 
modality Purpose 

Study findings at 
presentation 

Changes consistent with 
good response to induction 
chemotherapy 

Plain-film 
radiography 

Differential diagnosis 

Estimate effects of 
chemotherapy 

Detect pulmonary metastasis 

Most commonly, 
mixed sclerotic and 
lytic lesion 

Chest nodules or 
“cannonball”  lesions 

Increased ossification 

Periosteal thickening and new 
bone formation 

Increased sclerosis of tumor 
border 

Decreased size of soft tissue 
mass 

MRI Determine extent of tumor 

Detect soft tissue mass or 
skip lesion 

Determine relationship of 
tumor to neurovascular 
bundle 

Length of bone 
affected 

Size of soft tissue mass 

No findings 
specifically 
characteristic of 
osteosarcoma 

Not accurate; however, the 
MRI study may show a thick, 
dark rim around the tumor, 
which is consistent with 
periosteal new bone 
formation. 

CT of affected 
extremity 

Determine extent of tumor, 
especially in the presence of 
excessive tumoral edema 

Visualize vessels (using 
contrast medium) 

Mixed sclerotic and 
lytic lesion 

Increased ossification 

Rim of calcification 
surrounding tumor 

Reduction in size of soft 
tissue mass 

CT of chest Detect pulmonary metastasis Small nodules or large 
cannonball lesions (late 
stage) 

Increased ossification 

Decrease in size or 
disappearance of tumor 
nodules 

Bone 
scintigraphy 

Determine sites of bone 
metastasis 

Detect intraosseous extension 

Increased bony uptake Not accurate; new bone 
formation may yield 
increased uptake. 

Flow study shows decreased 
vascularity. 

Thallium Monitor effects of Increased uptake in Complete disappearance in 



TABLE 2 -- Radiologic Studies Used in the Evaluation of Osteosarcoma and the Detection of 
Metastases 

Imaging 
modality Purpose 

Study findings at 
presentation 

Changes consistent with 
good response to induction 
chemotherapy 

scintigraphy chemotherapy 

Detect local recurrence of 
tumor 

tumor uptake 

Angiography Determine vascularity of 
tumor 

Detect vascular displacement 
and determine relationship of 
vessels to the tumor 

Identify vascular anomalies 

Estimate effects of 
chemotherapy 

Neovascularization 

Tumor blush 

Vascular anomalies 

Complete disappearance of 
neovascularity and tumor 
blush 

MRI = magnetic resonance imaging; CT = computed tomography. 

 
Wittig JC.  Osteosarcoma: a multidisciplinary approach to diagnosis and treatment. - Am Fam 
Physician - 15-MAR-2002; 65(6): 1123-1132. 
 
 
 
 
 
 
 



Appendix-2  

 
( A) AP radiograph representing a destructive conventional osteosarcoma of the left distal femur of a 
9-year-old boy. Symptoms of pain and a limp were noted 3 weeks before medical evaluation. 
Additional staging studies revealed disease confined to the distal femur. Bone age corresponded with 
chronologic age. ( B) The patient and family elected to proceed with tibial rotationplasty after 
completion of two courses of neoadjuvant chemotherapy. This medial view demonstrates the rhomboid 
incisions used to encompass the previous biopsy incision with the joint line demonstrated by vertical 
parallel lines. The anticipated resection margin is designated by the dashed lines proximally. In this 
manner, the entire knee joint was resected (extra-articular resection), sparing only the sciatic nerve. ( 
C) This photograph shows the completed procedure with re-anastomosis of the vessels and internal 
fixation of the remaining femur and tibia. The limb was intentionally reconstructed 5 cm longer than 
the unoperated limb to compensate for anticipated normal skeletal growth of the opposite limb. ( D) 
AP and lateral radiographs of the reconstructed limb show healing of the femur-tibia junction at 3 
months. ( E) Three months after surgery, fitting of a temporary tibial rotationplasty prosthesis.5 
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