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Sarcoma

A sarcoma (from the Greek 'sarx' meaning "flesh") is a cancer of the connective or supportive tissue (bone, cartilage, fat, muscle, blood vessels) and soft tissue. This is in contrast to carcinomas, which are of epithelial origin (breast, colon, pancreas, and others).

Classification
Sarcomas are given a number of different names, based on the type of tissue from which they arise. For example, osteosarcoma arises from bone, chondrosarcoma arises from cartilage, and leiomyosarcoma arises from smooth muscle. Sarcomas strike people in all age ranges, but they are very rare, accounting for only 1% of all cases of cancer.[1] Soft tissue sarcomas, such as leiomyosarcoma, chondrosarcoma, and gastrointestinal stromal tumor (GIST), are more common in adults than in children. GIST is the most common form of sarcoma, with approximately 3000-3500 cases per year in the United States.[2] This should be compared with breast cancer, with approximately 200,000 cases per year in North America.[3] Bone sarcomas, such as osteosarcoma and Ewing's sarcoma, are more common in children than in adults. These tumors most commonly strike adolescents and young adults between the ages of 12 and 25. In addition to being named based on the tissue of origin, sarcomas are also assigned a grade, such as low grade or high grade. Low grade sarcomas are usually treated surgically, although sometimes radiation therapy or chemotherapy are used. High grade sarcomas are more frequently treated with chemotherapy. Since these tumors are more likely to undergo metastasis (spreading to distant sites), these tumors are treated more aggressively. Childhood sarcomas are almost always treated with a combination of surgery and chemotherapy, and radiation is frequently used as well. The recognition that childhood sarcomas are sensitive to chemotherapy has dramatically improved the survival of patients. For example, in the era before chemotherapy, long term survival for patients with localized osteosarcoma was only approximately 20%, but now has risen to 60-70%.[4]
Types of sarcoma
(ICD-O codes are provided where available.)

· Soft tissue sarcoma, including 

· Alveolar soft part sarcoma (9581/3) 

· Angiosarcoma (9120/3) 

· Cystosarcoma Phylloides

 HYPERLINK "http://www.emedicine.com/med/topic500.htm" \o "http://www.emedicine.com/med/topic500.htm" [1] 

· Dermatofibrosarcoma (8832/3-8833/3) 

· Desmoid Tumor (8821/1-8822/1) 

· Desmoplastic small round cell tumor (8806/3) 

· Epithelioid Sarcoma (8804/3) 

· Extraskeletal chondrosarcoma (9220/3) 

· Extraskeletal osteosarcoma (9180/3) 

· Fibrosarcoma (8810/3) 

· Hemangiopericytoma (9150) 

· Hemangiosarcoma (9120/3) 

· Kaposi's sarcoma (9140/3) 

· Leiomyosarcoma (8890/3-8896/3) 

· Liposarcoma (8850/3-8858/3) 

· Lymphangiosarcoma (9170-9175) 

· Lymphosarcoma 

· Malignant fibrous histiocytoma (8830/3) 

· Neurofibrosarcoma (9540/3) 

· Rhabdomyosarcoma (8900-8920) 

· Synovial sarcoma (9040/3-9043/3) 

· Askin's Tumor (8803/3) 

· Ewing's (9260/3) - PNET (9473/3) 

· Malignant Hemangioendothelioma (9130/3) 

· Malignant Schwannoma (9560/3-9561/3) 

· Osteosarcoma (9180/3-9190/3) 

· Chondrosarcoma (9220/3-9240/3) 
Soft tissue sarcoma

A soft tissue sarcoma is a malignant (cancerous) tumor that develops in mesenchymal tissue. Mesenchymal tissues encompass all the muscle, connective tissues, and bones of the body.

Soft tissue sarcomas can invade surrounding tissue and can metastasize (spread) to other organs of the body, forming secondary tumors. The cells of secondary tumors are similar to those of the primary (original) cancer. Secondary tumors are referred to as "metastatic soft tissue sarcoma" because they are part of the same cancer and are not a new disease. The most common site of spread is to the lungs.

Some tumors of the soft tissue are benign (noncancerous) and are not sarcomas. These tumors do not spread and are rarely life-threatening. However, benign tumors can crowd nearby organs and cause symptoms or interfere with normal body functions.

Risk factors
Scientists do not fully understand why some people develop sarcomas while the vast majority does not. The vast majority develop in patients with no known risk factors or identifiable etiology. However, by identifying common characteristics in groups with unusually high occurrence rates, researchers have been able to single out some factors that may play a role in causing soft tissue sarcomas.

· Studies suggest that workers who are exposed to Phenoxy herbicide in herbicides and chlorophenols in wood preservatives may have an increased risk of developing soft tissue sarcomas. An unusual percentage of patients with a rare blood vessel tumor, angiosarcoma of the liver, have been exposed to vinyl chloride in their work. This substance is used in the manufacture of certain plastics, notably PVC. 

· In the early 1900s, when scientists were just discovering the potential uses of radiation to treat disease, little was known about safe dosage levels and precise methods of delivery. At that time, radiation was used to treat a variety of noncancerous medical problems, including enlargement of the tonsils, adenoids, and thymus gland. Later, researchers found that high doses of radiation caused soft tissue sarcomas in some patients. Because of this risk, radiation treatment for cancer is now planned to ensure that the maximum dosage of radiation is delivered to diseased tissue while surrounding healthy tissue is protected as much as possible. 

· Researchers believe that a retrovirus plays an indirect role in the development of Kaposi's sarcoma, a rare cancer of the cells that line blood vessels in the skin and mucus membranes. Kaposi's sarcoma often occurs in patients with AIDS (acquired immune deficiency syndrome). AIDS-related Kaposi's sarcoma, however, has different characteristics and is treated differently than typical soft tissue sarcomas. 

· Studies have focused on genetic alterations that may lead to the development of soft tissue sarcomas. Scientists have also found a small number of families in which more than one member in the same generation has developed sarcoma. There have also been reports of a few families in which relatives of children with sarcoma have developed other forms of cancer at an unusually high rate. Sarcomas in these family clusters, which represent a very small fraction of all cases, may be related to a rare inherited genetic alteration of the p53 gene and is known as Li-Fraumeni syndrome. 

· Certain other inherited diseases are associated with an increased risk of developing soft tissue sarcomas. For example, people with neurofibromatosis type I (also called von Recklinghausen's disease associated with alterations in the NF1 gene) are at an increased risk of developing soft tissue sarcomas known as malignant peripheral nerve sheath tumors. Patients with inherited retinoblastoma have alterations in the RB1 gene, a tumor suppressor gene, and are likely to develop soft tissue sarcomas as they mature into adulthood. 

Frequency
Soft tissue sarcomas are relatively uncommon cancers. They account for less than 1 % of all new cancer cases each year. The main reason is that soft tissue cells aren't constantly fast dividing cells, but rather the opposite. For instance, growth of muscles is made by hypertrophy of muscles cells rather than hyperplasia.

In 2006, about 9,500 new cases were diagnosed in the United States.[1] Soft tissue sarcomas are more commonly found in older patients (>50 years old) although in children and adolescents under age 20, certain histologies are common (rhabdomyosarcoma).

Symptoms
In their early stages, soft tissue sarcomas usually do not cause symptoms. Because soft tissue is relatively elastic, tumors can grow rather large, pushing aside normal tissue, before they are felt or cause any problems. The first noticeable symptom is usually a painless lump or swelling. As the tumor grows, it may cause other symptoms, such as pain or soreness, as it presses against nearby nerves and muscles. If in the abdomen it can cause abdominal pains commonly mistaken for menstrual cramps, indigestion, or cause constipation.

Diagnosis
The only reliable way to determine whether a soft tissue tumor is benign or malignant is through a biopsy. Therefore, all soft tissue lumps that persist or grow should be biopsied. A biopsy can be obtained via needle biopsy or with surgical biopsy. During this procedure, a doctor makes an incision or uses a special needle to remove a sample of tumor tissue. A pathologist examines the tissue under a microscope. If cancer is present, the pathologist can usually determine the type of cancer and its grade. The grade of the tumor is determined by how abnormal the cancer cells appear when examined under a microscope. The grade predicts the probable growth rate of the tumor and its tendency to spread. Low-grade sarcomas, although cancerous, are unlikely to metastasize. High-grade sarcomas are more likely to spread to other parts of the body.

Treatment
In general, treatment for soft tissue sarcomas depends on the stage of the cancer. The stage of the sarcoma is based on the size and grade of the tumor, and whether the cancer has spread to the lymph nodes or other parts of the body (metastasized). Treatment options for soft tissue sarcomas include surgery, radiation therapy, and chemotherapy.

· Surgery is the most common treatment for soft tissue sarcomas. If possible, the doctor will remove the cancer and a safe margin of the healthy tissue around it. Depending on the size and location of the sarcoma, it may occasionally be necessary to remove all or part of an arm or leg (amputation). However, the need for amputation rarely arises; no more than 10 % to 15 % of individuals with sarcoma undergo amputation. In most cases, limb-sparing surgery is an option to avoid amputating the arm or leg. It is important to obtain a margin free of tumor to decrease the likelihood of local recurrence and give the best chance for eradication of the tumor. 

· Radiation therapy (treatment with x-rays or radioactive implants) may be used either before surgery to shrink tumors or after surgery to kill any cancer cells that may have been left behind. In some cases, it can be used to treat tumours that cannot be surgically removed. In multiple studies, radiation therapy has been found to improve the rate of local control, but has not had any influence on overall survival. 

· Chemotherapy (treatment with anticancer drugs) may be used with radiation therapy either before or after surgery to try to shrink the tumor or kill any remaining cancer cells. In general, chemotherapy effects for soft tissue sarcoma have had little impact as opposed to other cancers. If the cancer has spread to other areas of the body, chemotherapy may be used to shrink tumors and reduce the pain and discomfort they cause, but is unlikely to eradicate the disease. The use of chemotherapy to prevent the spread of soft tissue sarcomas has not been proven to be effective. Patients with soft tissue sarcomas usually receive chemotherapy intravenously (injected into a blood vessel). 

Doctors are conducting clinical trials in the hope of finding new, more effective treatments for soft tissue sarcomas, and better ways to use current treatments. Clinical trials are in progress at hospitals and cancer centers around the country. Clinical trials are an important part of the development of new methods of treatment. Before a new treatment can be recommended for general use, doctors conduct clinical trials to find out whether the treatment is safe for patients and effective against the disease.

	Table 1: Major Types of Soft Tissue Sarcomas in Adults

	Tissue of Origin
	Type of Cancer
	Usual Location in the Body

	Fibrous tissue
	Fibrosarcoma
	Arms, legs, trunk

	
	Malignant fibrous
hystiocytoma
	Legs

	
	Dermatofibrosarcoma
	Trunk

	Fat
	Liposarcoma
	Arms, legs, trunk

	Muscle
Striated muscle 

Smooth muscle 
	Rhabdomyosarcoma 

Leiomyosarcoma
	Arms, legs 

Uterus, digestive tract

	Blood vessels
	Hemangiosarcoma
	Arms, legs, trunk

	
	Kaposi's sarcoma
	Legs, trunk

	Lymph vessels
	Lymphangiosarcoma
	Arms

	Synovial tissue
(linings of joint cavities, tendon sheaths)
	Synovial sarcoma
	Legs

	Peripheral nerves
	Malignant peripheral nerve sheath tumour/Neurofibrosarcoma
	Arms, legs, trunk

	Cartilage and bone-forming tissue
	Extraskeletal chondrosarcoma
	Legs

	
	Extraskeletal osteosarcoma
	Legs, trunk (not involving the bone)


	Table 2: Major Types of Soft Tissue Sarcomas in Children

	Tissue of Origin
	Type of Cancer
	Usual Location in the Body
	Most common ages

	Muscle
	
	
	

	Striated

muscle 
	Rhabdomyosarcoma
	
	

	
	Embryonal 
	Head and neck, genitourinary tract
	Infant–4

	
	Alveolar soft part sarcoma 
	Arms, legs, head, and neck
	Infant–19

	Smooth

muscle 
	Leiomyosarcoma
	Trunk
	15–19

	Fibrous tissue
	Fibrosarcoma
	Arms and legs
	15–19

	
	Malignant fibrous
histiocytoma
	Legs
	15–19

	
	Dermatofibrosarcoma
	Trunk
	15–19

	Fat
	Liposarcoma
	Arms and Legs
	15–19

	Blood vessels
	Infantile hemangio-

pericytoma 
	Arms, legs, trunk, head, and neck
	Infant–4

	Synovial tissue
(linings of joint cavities, tendon sheaths)
	Synovial sarcoma
	Legs, arms, and trunk
	15–19

	Peripheral nerves
	Malignant peripheral nerve sheath tumors (also called neurofibrosarcomas, malignant schwannomas, and neurogenic sarcomas)
	Arms, legs, and trunk
	15–19

	Muscular nerves
	Alveolar soft part sarcoma
	Arms and legs
	Infant–19

	Cartilage and bone-forming tissue
	Extraskeletal myxoid chondrosarcoma
	Legs
	10–14

	
	Extraskeletal mesenchymal
	Legs
	10–14


Desmoid tumor

A desmoid tumor (sometimes referred to as aggressive fibromatosis) is a rare (3 per million population) tumor that may or may not be part of a genetic syndrome such as familial adenomatous polyposis (FAP).

Histologically they resemble low-grade fibrosarcomas, but they are very infiltrative and tend to recur even after complete resection (systemic metastasis is rare).

Desmoid tumors may be classified as extra-abdominal, abdominal wall, or intra-abdominal (the last is more common in patients with FAP). It is thought that the lesions may develop in relation to estrogen levels or trauma/operations.

Treatment may consist of watching and waiting, complete surgical removal, radiation therapy, antiestrogens and NSAIDs, or chemotherapy.

Fibrosarcoma

Fibrosarcoma (fibroblastic sarcoma) is a malignant tumor derived from fibrous connective tissue and characterized by immature proliferating fibroblasts or undifferentiated anaplastic spindle cells.

Pathology
The tumor may present different degrees of differentiation: low grade (differentiated), intermediate malignancy and high malignancy (anaplastic). Depending on this differentiation, tumor cells may resemble mature fibroblasts (spindle-shaped), secreting collagen, with rare mitoses. These cells are arranged in short fascicles which split and merge, giving the appearance of "fish bone". Poorly differentiated tumors consist in more atypical cells, pleomorphic, giant cells, multinucleated, numerous atypical mitoses and reduced collagen production. Presence of immature blood vessels (sarcomatous vessels lacking endothelial cells) favors the bloodstream metastasizing.

Leiomyosarcoma

Leiomyosarcoma is a type of sarcoma which is a neoplasm of smooth muscle. (When benign, it is called a leiomyoma.)

Smooth muscle cells make up the involuntary muscles, which are found in most parts of the body: in uterus, stomach and intestines, walls of all blood vessels, and skin.

It is most commonly found in the stomach, small intestine and retroperitoneum.[1]
Leiomyosarcoma is a very rare cancer. It makes up 7% of soft tissue sarcomas.

Presently there is no cure, only remission if it can be attained, and this rare cancer can reappear anywhere and at any time. Because of its rarity, few doctors know how to treat it and it attracts very little research.

Liposarcoma

Liposarcoma is a malignant tumor that arises in fat cells in deep soft tissue, such as that inside the thigh or in the retroperitoneum.

They are typically large bulky tumors which tend to have multiple smaller satellites extending beyond the main confines of the tumor.

Because of their rarity, liposarcomas are best treated by a sarcoma center.

Symptoms
Patients usually note a deep seated mass in their soft tissue. Only when the tumor is very large do symptoms of pain or functional disturbances occur.

Retroperitoneal tumors may present themselves with signs of weight loss and emaciation and abdominal pain. These tumors may also compress the kidney or ureter leading to kidney failure.

Incidence/Prevalence
Most frequent in middle-aged and older adults (age 40 and above), liposarcomas are the most common of all soft-tissue sarcomas. Annually 2.5 cases occur per million population.

Prognosis
The prognosis varies depending on the site of origin, the type of cancer cell, the tumor size, the depth, and proximity to lymph nodes. Metastases are common. The 5 year survival rate for a high-grade liposarcoma is less than 50%.

Rhabdomyosarcoma

A rhabdomyosarcoma is a type of cancer, specifically a sarcoma (cancer of connective tissues), in which the cancer cells are thought to arise from skeletal muscle progenitors. It can also be found attached to muscle tissue, wrapped around intestines, or anywhere, to include the neck area. It is most common in children ages one to five, and teens aged 15 to 19, although quite rare in the latter.

Rhabdomyosarcoma is a relatively rare form of cancer. Its two most common forms are embryonal rhabdomyosarcoma and alveolar rhabdomyosarcoma. In the former, which is more common in younger children, the cancer cells resemble those of a typical 6-to-8-week embryo. In the latter, which is more common in older children and teenagers, they resemble those of a typical 10-to-12-week embryo.

Diagnosis
When rhabdomyosarcoma is suspected, tests will be run for blood, muscle, and marrow.Diagnosis of rhabdomyosarcoma depends on recognition of differentiation toward skeletal muscle cells. The protein myo D1 is a protein normally found in developing skeletal muscle cells which disappears after the muscle matures and becomes innervated by a nerve. Thus, myo D1 is not found in normal skeletal muscle and serves as a useful immunohistochemical marker of rhabdomyosarcoma.

Treatment
Treatment for rhabdomyosarcoma consists of chemotherapy, radiation therapy and sometimes surgery. Surgery to remove the tumor is often difficult or impossible because the tumor is usually embedded deep within the tissue, leaving it difficult to reach. If a tumor presents itself in the extremities, amputation is often necessary to improve chances of survival.

If there is no evidence of metastasis, surgery combined with chemotherapy and radiation offer the best prognosis. Patients whose tumors have metastasized usually have a poor chance for long-term survival. In patients who began treatment before metastasis, the prognosis is better, although the disease is generally incurable because the tumors that cannot be surgically removed tend to spread.

Synovial sarcoma

A synovial sarcoma is a rare form of cancer which usually occurs near to the joints of the arm or leg. It is one of the soft tissue sarcomas.The cells of a synovial sarcoma have a microscopic appearance similar to that of the synovium, giving the disease its name, but the actual cells from which the tumour develops are unknown and not necessarily synovial. [1]
Primary synovial sarcomas are most common in the soft tissue near the large joints of the arm and leg but have been documented in most human tissues and organs, including the brain, prostate and heart.Synovial sarcoma occurs most commonly in the young, representing about 8% of all soft tissue sarcomas[2] but about 15-20% of cases in adolescents and young adults.[3] The peak of incidence is before the 30th birthday and males are affected more often than females (ratio around 1.2:1).[2]
Histopathology
Two cell types can be seen microscopically in synovial sarcoma. One fibrous type, known as a spindle or sarcomatous cell, is relatively small and uniform and found in sheets. The other is epithelial in appearance. Classical synovial sarcoma has a biphasic appearance with both types present. Synovial sarcoma can also appear to be poorly differentiated or to be monophasic fibrous, consisting only of sheets of spindle cells. Some authorities[1] state that, extremely rarely, there can be a monophasic epithelial form which causes difficulty in differential diagnosis.

Like other soft tissue sarcomas, there is no universal grading system for reporting histopathology results.[4] In Europe, the Trojani or French system is gaining in popularity[5] while the NCI grading system is more common in the United States. The Trojani system scores the sample, depending on tumour differentiation, mitotic index, and tumour necrosis, between 0 and 6 and then converts this into a grade of between 1 and 3, with 1 representing a less aggressive tumour.[4] The NCI system is also a three grade one but takes account of a number of other factors.

Molecular biology
Most, and perhaps all, cases of synovial sarcoma are associated with a reciprocal translocation t(x;18)(p11.2;q11.2). There is some debate about whether the molecular observation itself is definitional of synovial sarcoma.[6]The diagnosis of synovial sarcoma is typically made based on histology and is confirmed by the presence of t(X;18).[7] This translocation event between the SYT gene on chromosome 18 and one of 3 SSX genes (SSX1, SSX2 and SSX4) on chromosome X causes the presence of a SYT-SSX fusion gene. The resulting fusion protein brings together the transcriptional activating domain of SYT and the transcriptional repressor domains of SSX. SYT-SSX is thought to underlie synovial sarcoma pathogenesis through dysregulation of gene expression.[1]There is some association between the SYT-SSX1 or SYT-SSX2 fusion type and both tumour morphology and five-year survival.[8]
Symptoms
Synovial sarcoma usually presents with an otherwise asymptomatic swelling or mass, although general symptoms related to maligancies can be reported such as fatigue.

Treatment
Treatment usually involves:

· Surgery, to remove the tumor and a safety margin of healthy tissue. This is the mainstay of synovial sarcoma treatment and is curative in approximately 20-70% of patients, depending on the particular study being quoted. [9] 

· Conventional chemotherapy, (for example, Doxorubicin hydrochloride and Ifosfamide), to reduce the number of remaining microscopic cancer cells. The benefit of chemotherapy in synovial sarcoma to overall survival remains unclear, although a recent study has shown that survival of patients with advanced, poorly differentiated disease marginally improves with doxorubicin/ifosfamide treatment. 

· Radiotherapy to reduce the chance of local recurrence. The benefit of radiotherapy in this disease is less clear than for chemotherapy.  
Sarcoma that originates in the bone — primary bone malignant tumour — is rare. The condition affects more children than adults. Osteosarcoma and Ewing's sarcoma occur most often in children, adolescents and young adults, ages 10 to 25. Chondrosarcoma is more common in adults. More often, cancer cells spread (metastasize) to the bones from other areas of cancer in the patient s body. The most common forms of primary bone sarcomas are:

· Osteosarcoma, which occurs primarily in growing bone tissue 

· Chondrosarcoma, which occurs in cartilage 

· Ewing's sarcoma, which arises primarily in immature tissue in bone marrow 

Signs and symptoms
Pain is the most common symptom of bone malignant tumour. Although bone cancer can arise in any of patient’s body's 206 bones, it most frequently occurs in the long bones of your arms and legs. Other possible signs and symptoms of bone cancer include:

· Weakened bones, sometimes leading to fractures 

· Joint swelling and tenderness (for tumors in or near joints) 

· Fatigue 

· Fever 

· Weight loss 

· Anemia 

Causes
Most of the time, rather than starting in bones, cancer cells spread (metastasize) to the bones from other areas of cancer in the body. This is called secondary or metastatic bone cancer. This means that the cancer originated in a different place but has now migrated to the bones. For example, lung cancer commonly spreads from the lungs to the bones.

In general, no one knows for certain what causes most primary bone cancer. Adults with Paget's disease of bone, which involves abnormal development of new bone cells, may be at increased risk of osteosarcoma.

In a few cases, bone cancers may have a hereditary component, such as in:

· Li-Fraumeni syndrome. This condition is characterized by an increased risk of many different cancers, including osteosarcoma, leukemia, breast cancer, ovarian cancer and others. 

· Rothmund-Thomson syndrome. This condition causes short stature, skeletal problems and rashes, and increases risk of bone cancer. 

· Hereditary retinoblastoma. Children with this rare cancer of the eye have an increased risk of osteosarcoma. 

· Multiple exostoses. Children with this inherited condition that causes cartilage bumps to form on your bones have an increased risk of chondrosarcoma. 

Radiation is occasionally associated with bone cancer. Exposure to radiation from an X-ray won't harm the patient. But heavy doses of radiation, such as radiation therapy given for other cancers, can increase the risk of developing bone cancer, especially if the patient has received the therapy at a young age. Still, radiation therapy is becoming more and more sophisticated, which may lead to fewer of such side effects. For example, doctors today are better able to regulate doses of radiation and more precisely target the tumor being treated.

Screening and diagnosis

If the doctor suspects on a bone tumor, he takes a medical history and performs a physical exam. Imaging tests, such as X-rays, computerized tomography (CT) scans, ultrasound and magnetic resonance imaging (MRI), enable the doctor to see and evaluate the area of concern. The doctor may also request a bone scan, a procedure in which the patient is injected with a tiny amount of radioactive material, called a tracer, which can be detected by a special camera used to create images of the bones. Determining whether a tumor is malignant requires removal of a sample of tissue (biopsy) from the tumor for examination. Techniques for removing a sample of a suspected bone tumor include:

· Needle biopsy. The doctor uses a thin needle to remove small pieces of tissue from the tumor. There are two types of needle biopsy — fine-needle aspiration and core biopsy. A core biopsy involves using a slightly larger needle to remove a small, solid core of tissue. 

· Surgical biopsy. The doctor makes an incision through the skin and removes either the entire tumor (excisional biopsy) or a portion of the tumor (incisional biopsy). In some cases the patient may need only local anesthesia. For a larger or deep-seated tumor, the patient'll likely require general anesthesia for the procedure. It's important that a doctor experienced in the treatment of sarcomas perform the excisional biopsy. 

Grading and staging
Besides determining whether the tissue is cancerous, examining tissue can determine how aggressive the cancer is (its grade). Further testing, such as scans and blood tests, will determine if the cancer has spread and how far (its stage).Childhood bone cancers, such as osteosarcoma and Ewing's sarcoma, are generally grouped into two stages, depending on whether the cancer is contained in one part of the body (localized) or has spread to other parts (metastasized).

Survival is based on a number of factors, including the type of cancer, at what stage the cancer was discovered and where the tumor is located. If the tumor is very small and localized, the five-year survival rate is close to 90 percent. If the cancer has begun to spread, however, survival becomes more difficult.

Complications

The complications of bone cancer may include weakened bones and bone fractures. If the cancer spreads to other organs, complications include dysfunction of the affected organ, such as shortness of breath if it spreads to the lungs.

Treatment

As with other cancers, treatment for bone malignancies depends on the size, type, location and stage of the tumour, including whether it has spread to the lungs or other parts of the patient s body, and his overall health. Surgery is the most common treatment for bone tumour. Surgery for cancer that hasn't spread involves removing the cancer and a rim of healthy tissue surrounding it. In the past, amputation was common for bone cancer in an arm or leg. Today, advances in surgical techniques and chemotherapy before surgery (neoadjuvant chemotherapy) or after surgery (adjuvant chemotherapy) and radiation therapy make limb-sparing surgery possible in many cases. With osteosarcoma, limb-sparing surgery involves replacing the cancerous bone with an artificial device (prosthesis) or bone from another part of the body or from another person (transplant).If osteosarcoma spreads, it often goes to the lungs. Treatment may involve surgical removal of both the bone tumor and the cancer in the lung.

Ewing's sarcoma has a tendency to metastasize rapidly. Treatment may involve chemotherapy with multiple drugs as well as radiation therapy and surgery to remove the primary tumor.

Osteosarcoma

Osteosarcoma is the most common type of malignant bone cancer, accounting for 35% of primary bone malignancies. There is a preference for the metaphyseal region of tubular long bones. 50% of cases occur around the knee. It is a malignant connective (soft) tissue tumor whose neoplastic cells present osteoblastic differentiation and form tumoral bone.
cancerOsteogenic Sarcoma is the 6th leading  in children under age 15. Osteogenic Sarcoma affects 400 children under age 20 and 500 adults (most between the ages of 15-30) every year in the USA. Approximately 1/3 of the 900 will die each year, or about 300 a year. A second peak in incidence occurs in the elderly, usually associated with an underlying bone pathology such as Paget's disease, medullary infarct, or prior irradiation. Although about 90% of patients are able to have limb-salvage surgery, complications, such as infection, prosthetic loosening and non-union, or local tumor recurrence may cause the need for further surgery or amputation.

Pathology
The tumor may be localized at the end of the long bones. Most often it affects the upper end of tibia or humerus, or lower end of femur. The tumor is solid, hard, irregular ("fir-tree" or "sun-burst" appearance on X-ray examination) due to the tumor spicules of calcified bone radiating in right angles. These right angles form what is known as Codman's triangle. Surrounding tissues are infiltrated.

Microscopically: The characteric feature of osteosarcoma is presence of osteoid (bone formation) within the tumour. Tumor cells are very pleomorphic (anaplastic), some are giant, numerous atypical mitoses. These cells produce osteoid describing irregular trabeculae (amorphous, eosinophilic/pink) with or without central calcification (hematoxylinophilic/blue, granular) - tumor bone. Tumor cells are included in the osteoid matrix. Depending on the features of the tumour cells present (whether they resemble bone cells, cartilage cells or fibroblast cells), the tumour can be subclassified.

Causes
The causes of osteosarcoma are not known. Questions remain about whether radium, or fluoride, in drinking water can act as "environmental triggers" for increasing the incidence of the disease. A low selenium or Vitamin D3 level or a high level of inflammation, as measured by interleukin-6, interleukin-8, or Nf-kB, Tumor Necrosis Factor Alpha may have a significant role as tumor suppressors and tumor initiators respectively. Recent studies show that an increased level of c-Fos can lead to osteosarcoma. The study that showed this result was done on transgenic mice in which the Fluid Sheer Stress (FSS) was increased to increase the number of osteoblast. Since c-Fos is ubiquitous in its over expression it can not only increase the osteoblast resulting in the symptoms osteosarcoma. Therefore it is recently believed that a biological effect that may cause osteosarcoma is an error in the molecular pathway that controls c-Fos, causing an overexpression with no other counter stimuli to stop over production.
Symptoms and clinical presentation
Many patients first complain of pain that may be worse at night, and may have been occurring for some time. If the tumor is large, it can appear as a swelling. The affected bone is not as strong as normal bones and may fracture with minor trauma (a pathological fracture).The most commonly affected bones are the proximal humerus, the distal radius, the distal femur, and the tibia,[6] following the basic premise "far from the elbow, close to the knee". Other sites include the ribs, the mandible, the spine, and the pelvis. Rarely, osteosarcoma may arise from soft-tissues (extraskeletal osteosarcoma). Metastasis of tumors involving the limb bones is very common, usually to the lungs. The tumor causes a great deal of pain, and can even lead to fracture of the affected bone.

Diagnosis
Family physicians and orthopedists rarely see a malignant bone tumor (most bone tumors are benign). Thus, many patients are initially misdiagnosed with cysts or muscle problems, and some are sent straight to physical therapy without an x-ray.

The route to osteosarcoma diagnosis usually begins with an x-ray, continues with a combination of scans (CT scan, PET scan, bone scan, MRI) and ends with a surgical biopsy. Much can be seen on films, but the biopsy is the only definitive proof that a bone tumor is indeed malignant or benign.

The biopsy of suspected osteosarcoma should be performed by a qualified orthopedic oncologist. The American Cancer Society states: "Probably in no other cancer is it as important to perform this procedure properly. An improperly performed biopsy may make it difficult to save the affected limb from amputation."

Treatment
Patients with osteosarcoma are best managed by a medical oncologist when possible (or amputation in some cases) and an orthopedic oncologist experienced in managing sarcomas. Current standard treatment is to use neoadjuvant chemotherapy (chemotherapy given before surgery) followed by surgical resection. The percentage of tumor cell necrosis (cell death) seen in the tumor after surgery gives an idea of the prognosis and also lets the oncologist know if the chemotherapy regime should be altered after surgery.

Standard therapy is a combination of limb-salvage orthopedic surgery when possible (or amputation in some cases) and a combination of high dose methotrexate with leucovorin rescue, intra-arterial cisplatin, adriamycin, ifosfamide with mesna, BCD, etoposide, muramyl tri-peptite (MTP).

Ifosfamide can be used as an adjuvant treatment if the necrosis rate is low. 3-year event free survival ranges from 50% to 75%. And 5-year survival ranges from 60% to 85+% in some studies. Overall, 60-65% treated 5-years ago will be alive today. These survival rates are overall averages and vary greatly depending on the individual necrosis rate.

Osteosarcoma has one of the lowest survival rates for pediatric cancer despite chemotherapy's success in osteosarcoma of 6 chemotherapies, interferon-alpha, interleukin-2, and being the prototype of solid tumors in cancer.

Fluids are given for hydration.Drugs like Kytril and Zofran help with nausea and vomiting.

Neupogen, epogen, Neulasta help with white blood cell counts and neutrophil counts.

Blood helps with anemia.

Best treatment protocols
Top 5 treatment protocols are ranked here by osteosarcoma support
· 1. 97% 5-year survival Sept. 2005 Dr. Ross Wilkins, et al, Denver Clinic for Extremities at Risk, Denver, Colorado 

· 2. 91 5-year survival 1999 Dr. Tsuchiya Kanazawa, Japan 

· 3. 90 5-year survival 1999 Dr. Tsuchiya Kanazawa Japan 

· 4. 78 5-year survival arm 4 March 2005 POG Pediatric Oncology Group 

· 5. 76 5-year survival Jan. 1992 T10-Protocol MSKCC Dr. Meyers, Dr. Healey, Dr. Huvos, Dr. Rosen 

Prognosis
· Prognosis is separated into three groups. 

· Stage I osteosarcoma is rare and includes parosteal osteosarcoma or low-grade central osteosarcoma. It has an excellent prognosis (>90%) with wide resection. 

· Stage IIb prognosis depends on the site of the tumor (proximal tibia, femur, pelvis, etc.) size of the tumor mass (in cm.), and the degree of necrosis from neoadjuvant chemotherapy (chemotherapy prior to surgery). Other pathological factors such as the degree of p-glycoprotein, whether the tumor is cxcr4-positive [1], or Her2-positive are also important, as these are associated with distant metastases to the lung. The prognosis for patients with metastatic osteosarcoma improves with longer times to metastases, (more than 12 months-24 months), a smaller number of metastases (and their resectability). It is better to have fewer metastases than longer time to metastases. Those with a longer length of time(>24months) and few nodules (2 or fewer) have the best prognosis with a 2-year survival after the metastases of 50% 5-year of 40% and 10 year 20%. If metastases are both local and regional, the prognosis is worse. 

· Initial Presentation of stage III osteosarcoma with lung metastates depends on the resectability of the primary tumor and lung nodules, degree of necrosis of the primary tumor, and maybe the number of metastases. Overall prognosis is 30% or greater depending. 

Chondrosarcoma

A chondrosarcoma is a type of cancer of the bone. Chondrosarcoma is a cartilage-based tumor and is in a category of cancers called sarcomas. About 25% of primary bone cancers (meaning those which start in the bone) are chondrosarcomas. This disease can affect people or animals of any age, although it is more common among older people than among children.[1]
Classification
The aggressiveness of chondrosarcoma is graded based on how fast it grows and its likelihood to metastasize or spread to other parts of the body. Grade 1 is a low grade (slow growing) cancer, and grades 2 and 3 are higher grades (fast growing) cancers. Depending on the grading system used by your medical facility, it's also possible to have grade 4 which would be even more aggressive than lower grade tumors.The most common bones for chondrosarcoma to grow are the pelvic and shoulder bones along with the superior regions of the arms and legs. [2] But they can also be found in any bones of the body, even in the base of the skull.

Diagnosis
Nearly all chondrosarcoma patients appear to be in good health. Since it is not like other cancers, it doesn't affect the whole system. Many patients are not aware that there is a tumor growing inside them until there is a noticeable lump or pain. Sometimes a patient has no symptoms and no awareness of any lump and perhaps, by having a test for something else gets diagnosed accidentally. Sometimes an unexpected fracture will be the first indication of a bone tumor.[3]
Causes
The cause is unknown. Patients may have a history of enchondroma or osteochondroma.
Treatment
Treatment depends on the location of the disease and the aggressiveness of the tumors [4]. Because chondrosarcomas are rare, they are treated at specialist hospitals with Sarcoma Centers.

Surgery is the main form of treatment for chondrosarcoma. Musculoskeletal tumor specialists or orthopedic oncologists are usually chosen to treat chondrosarcoma, unless it is located in the skull, spine, or chest cavity, in which case, a neurosurgeon or thoracic surgeon experienced with sarcomas is chosen. Often, a limb-sparing operation can be performed [5], however in some cases amputation is unavoidable. Amputation of the arm, leg, jaw, or half of the pelvis (called a hemipelvectomy) may be necessary in some cases.

Chemotherapy or traditional radiotherapy are not very effective for most chondrosarcomas, although proton therapy is showing promise with local tumor control at over 80% [6].

Complete surgical ablation is the most effective treatment, but sometimes this is difficult. Proton therapy Radiation can be useful in awkward locations to make surgery more effective.

Prognosis
Prognosis depends on how early the cancer is discovered and treated. For the least aggressive grade, about 90% of patients survive more than five years after diagnosis.[7] For the most aggressive grade, more than a quarter of patients live more than five years.

Tumors may recur in the future. Follow up scans are extremely important for chondrosarcoma to make sure there has been no recurrence or metastasis, which usually occurs in the lungs.

Epidemiology
Chondrosarcomas are more common in people over the age of 40. Chondrosarcoma is considered to be a rare form of bone cancer. Even more rare are chondrosarcoma located in the skull base, spine, rib cage, or larynx.
Ewing's sarcoma

Ewing's sarcoma is the common name for primitive neuroectodermal tumor. It is a rare disease in which cancer cells are found in the bone or in soft tissue. The most common areas in which it occurs are the pelvis, the femur, the humerus, and the ribs. James Ewing (1866-1943) first described the tumor, establishing that the disease was separate from lymphoma and other types of cancer known at that time. Ewing's sarcoma occurs most frequently in male teenagers. Ewing's sarcoma is the result of a translocation between chromosomes 11 and 22, which fuses the EWS gene of chromosome 22 to the FLI1 gene of chromosome 11.

Clinical findings
Ewing's sarcoma is more common in males and usually presents in childhood or early adulthood, with a peak between 10 and 20 years of age. It can occur anywhere in the body, but most commonly in the pelvis and proximal long tubular bones. The diaphyses of the femur are the most common sites, followed by the tibia and the humerus. Thirty percent are overtly metastatic at presentation.

Imaging findings
On conventional radiographs, the most common osseous presentation is a permeative lytic lesion with periosteal reaction. The classic description of lamellated or "onion skin" type periosteal reaction is often associated with this lesion. Plain films add valuable information in the initial evaluation or screening. The wide zone of transition (e.g. permeative) is the most useful plain film characteristic in differention of benign versus aggressive or malignant lytic lesions.

MRI should be routinely used in the work-up of malignant tumors. MRI will show the full bony and soft tissue extent and relate the tumor to other nearby anatomic structures (e.g. vessels). Gadolinium contrast is not necessary as it does not give additional information over noncontrast studies, though some current researchers argue that dynamic, contrast enhanced MRI may help determine the amount of necrosis within the tumor, thus help in determining response to treatment prior to surgery.

CT can also be used to define the extraosseous extent of the tumor, especially in the skull, spine, ribs and pelvis. Both CT and MRI can be used to follow response to radiation and/or chemotherapy.

Bone scintigraphy can also be used to follow tumor response to therapy.

Differential diagnosis
Other entities that may have a similar clinical presentation include osteomyelitis, osteosarcoma (especially telangiectatic osteosarcoma) and eosinophilic granuloma. Soft tissue neoplasms such as malignant fibrous histiocytoma that erode into adjacent bone may also have a similar appearance.

Ewing's sarcoma can be differentiated from acute osteomyelitis by:

-Xray: in Ewing's sarcoma, onion-peel appearance - in osteomyelitis, first 2weeks -ve .. after 2weeks periosteal new bone formation .. after 3weeks sequestrum and cloaca and invoclum

-site of pain: osteomyelitis, epiphysis - Ewing's sarcoma, diaphysis or metaphysis

-Cachexia in Ewing's sarcoma

Epidemiology
The frequency in the United States depends on the patient's age, with a rate of 0.3 cases per 1,000,000 children in those younger than 3 years of age to as high as 4.6 cases per 1,000,000 in adolescents aged 15-19 years. Internationally the annual incidence rate averages less than 2 cases per 1,000,000 children.[1] In the United Kingdom an average of six children per year are diagnosed, mainly males in early stages of puberty. Due to the prevalence of diagnosis during teenage years, there may possibly be a link between the onset of puberty and the early stages of this disease, although no research is currently being conducted to confirm this theory.

Treatment
Because almost all patients with apparently localized disease at diagnosis have occult metastatic disease, multidrug chemotherapy as well as local disease control with surgery and/or radiation is indicated in the treatment of all patients (2). Treatment often consists of neo-adjuvant chemotherapy generally followed by wide or radical excision, and may also include radiotherapy. Complete excision at the time of biopsy may be performed if malignancy is confirmed at that time. Treatment lengths vary depending on location and stage of the disease at diagnosis. Radical chemotherapy may be as short as 6 treatments at 3 week cycles, however most patients will undergo chemotherapy for 6-12 months and radiation therapy for 5-8 weeks.

Prognosis
Staging attempts to distinguish patients with localized from those with metastatic disease. Most commonly, metastases occur in the chest, bone and/or bone marrow. Less common sites include the central nervous system and lymph nodes.Survival for localized disease is 65-70% when treated with chemotherapy. Long term survival for metastatic disease can be less than 10% but some sources state it is 25-30%.
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