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What is cancer?

The body is made up of trillions of living cells. Normal body cells grow, divide, and di

in an orderly fashion. During the early years of a person's life, norntedoate faster

to allow the person to grow. After the person becomes an adult, most cells divide only to
replace worn-out or dying cells or to repair injuries.

Cancer begins when cells in a part of the body start to grow out of control. There are
many kinds of cancer, but they all start because of out-of-control growtimofraal
cells.

Cancer cell growth is different from normal cell growth. Instead afglycancer cells
continue to grow and form new, abnormal cells. Cancer cells can also invader(grow i
other tissues, something that normal cells cannot do. Growing out of control and invading
other tissues are what makes a cell a cancer cell.

Cells become cancer cells because of damage to DNA. DNA is in eveandalirects
all its actions. In a normal cell, when DNA gets damaged the cell eithérsrdpa
damage or the cell dies. In cancer cells, the damaged DNA is not repaired, dait the
doesn't die like it should. Instead, this cell goes on making new cells that thddesly
not need. These new cells will all have the same damaged DNA as the ffidsiesel

People can inherit damaged DNA, but most DNA damage is caused by mistakes that
happen while the normal cell is reproducing or by something in our environment.
Sometimes the cause of the DNA damage is something obvious, like cigarette smoking.
But often no clear cause is found.

In most cases the cancer cells form a tumor. Some cancers, like leukeatyaforan
tumors. Instead, these cancer cells involve the blood and blood-forming organs and
circulate through other tissues where they grow.

Cancer cells often travel to other parts of the body, where they begin to groarmand f
new tumors that replace normal tissue. This process is called metdistegppens when
the cancer cells get into the bloodstream or lymph vessels of our body.



No matter where a cancer may spread, it is always named for the plaedtvsterted.
For example, breast cancer that has spread to the liver is still calletdamea@es, not
liver cancer. Likewise, prostate cancer that has spread to the bone istmgissttate
cancer, not bone cancer.

Different types of cancer can behave very differently. For example, amgecand
breast cancer are very different diseases. They grow at differenanatesspond to
different treatments. That is why people with cancer need treatment dimraes at their
particular kind of cancer.

Not all tumors are cancerous. Tumors that aren't cancer are called bemggn 8imors

can cause problems — they can grow very large and press on healthy organs and tissue
but they cannot grow into (invade) other tissues. Because they can't invadesaohey al
can't spread to other parts of the body (metastasize). These tumors atealrapkfe
threatening.

What are the differences between cancers in
adults and children?

The types of cancers that develop in children are different from the typeetedop in
adults. Although there are exceptions, childhood cancers tend to respond better to
chemotherapy. Children's bodies also tend to tolerate chemotherapy better tt&an adul
bodies do. But, because chemotherapy can have some long-term side effects, children
who survive their cancer need careful attention for the rest of their lives.

Since the 1960s, most children and adolescents with cancer have been treated at
specialized centers designed for them. These centers offer children the gelwdnta
being treated by a team of specialists who know the differences betwetaratiul
childhood cancers, as well as the unique needs of children with cancers. This team
usually includes pediatric oncologists, pathologists, surgeons, radiation oncelogists
pediatric oncology nurses, and nurse practitioners.

These centers also have psychologists, social workers, child life sgiecialtritionists,
rehabilitation and physical therapists, and educators who can support and educate the
entire family.

Most children with cancer in the United States are treated at a centisralmaember of
the Children's Oncology Group (COG). All of these centers are assowiétesl
university or children's hospital. As we have learned more about treatidgadd
cancer, it has become even more important that treatment be given by exgerienc
experts.



What Is osteosarcoma?

Osteosarcoma (also calledteogenic sarcomas a type of cancer that starts in the
bones. To understand osteosarcoma, it helps to know something about the normal
structure and function of bones.

About normal bones

Many people may think of bones as just being part of the skeleton, like the steed gir
that support a building. But bones actually have a number of different functions.

» Some bones help support and protect our vital organs. Examples include the skull
bones, breast bone (sternum), and ribs. These types of bones are often referred to as
flat bones

» Other bones, such as those in the arms and legs, make a framework for our muscles
that helps us move. These are caltedy bones

» Bones also make new blood cells. This is done in the soft, inner part of some bones
called thebone marrowwhich contains blood-forming cells. New red blood cells,
white blood cells, and platelets are made in bone marrow.

» Bones also provide the body with a place to store minerals such as calcium.

Because bones are very hard and don't change shape — at least once we reach-adulthood
we may think of bones as being dead, but they are complex, living tissues. Likerall othe
tissues of the body, bones have many kinds of living cells. Two main types of cells in our
bones help them stay strong and keep their shape.

» Osteoblast$ielp build up bones by forming the bone matrix (the connective tissue
and minerals that give bone its strength).

» Osteoclastdreak down bone matrix to prevent too much of it from building up, and
they help bones keep their proper shape. By depositing or removing minerals from the
bones, osteoclasts also help control the amount of these minerals in the blood.

Osteosarcoma

Osteosarcoma is the most common type of cancer that develops in bone. Like osteoblast
of normal bone, the cells that form this cancer make bone matrix. But the boneahatrix
an osteosarcoma is not as strong as that of normal bones.

Most osteosarcomas occur in children and young adults. Teenagers are the most
commonly affected age group, but osteosarcoma can occur at any age.

In children and young adults, osteosarcoma usually develops in areas where tise bone
growing quickly, such as near the ends of the long bones. Most tumors develop in the
bones around the knee, either in the distal femur (the lower part of the thigh bone) or the
proximal tibia (the upper part of the shinbone). The proximal humerus (the part of the



upper arm bone close to the shoulder) is the next most common site. However,
osteosarcoma can develop in any bone, including the bones of the pelvis (hips), shoulder,
and jaw. This is especially true in older adults.

Subtypes of osteosarcoma

Several subtypes of osteosarcoma can be identified by how they look on x-rays and under
the microscope. Some of these subtypes have a better prognosis (outlook) than others.

Based on how they look under the microscope, osteosarcomas can be classified as hig
grade, intermediate grade, or low grade.

High-grade osteosarcomasThese are the fastest growing types of osteosarcoma. When
seen under a microscope, they do not look like normal bone and have many cells in the
process of dividing. Most osteosarcomas that occur in children and teens aratah gr
There are several types of high-grade osteosarcomas.

» Osteoblastic

» Chondroblastic
* Fibroblastic

* Mixed

* Small cell

* Telangiectatic

 High-grade surface (juxtacortical high grade)
Other high-grade osteosarcomas include:

» Pagetoid: a tumor that develops in someone with Paget disease of the bone
» Extra-skeletal: a tumor that starts in a part of the body other than a bone

 Post-radiation: a tumor that starts in a bone that had once received radiation therap

Intermediate-grade osteosarcomasThese uncommon tumors fall in between high-
grade and low-grade osteosarcomas. (They are treated as if they aradew-gr
osteosarcomas.)

* Periosteal (juxtacortical intermediate grade)

Low-grade osteosarcomasThese are the slowest growing osteosarcomas. The tumors
look more like normal bone and have few dividing cells when seen under a microscope.

 Parosteal (juxtacortical low grade)

* Intramedullary or intraosseous well differentiated (low-grade dgntra



The grade of the tumor tells doctors how likely it is that the cancer will gnovspread
to other parts of the body. The grade plays a role in determining the stage of the tumor
and the

type of treatment used. For more on staging, see the section, "How is osteasarcom
staged?"

Other types of bone tumors

Several other types of tumors can start in the bones.

Malignant (cancerous) bone tumors

Ewing tumors are the second most common malignant bone tumor in children. They are
described in the American Cancer Society docunteming Family of Tumors

Most other types of bone cancers are usually found in adults and are rare in children.
These include chondrosarcoma (cancer that develops from cartilage), maligmarsgt f
histiocytoma, fibrosarcoma, chordoma, and malignant giant cell tumor of bone. For more
information on these cancers, see the American Cancer Society docBorenCancer

Many types of cancer that start in other organs of the body can spread to the bores. Thes
are sometimes referred toragtastatic bone cancensut they are not true bone cancers.

For example, prostate cancer that spreads to the bones is still prostat@nédnse

treated like prostate cancer. For more information, see the dociBneetMetastasis

Benign (non-cancerous) bone tumors

Not all bone tumors are malignant. Cells that form benign tumors do not spread to other
parts of the body. They are usually not life threatening and can often be cureddyy.su
There are many types of benign bone tumors.

» Osteomas are benign tumors formed by bone cells.
» Chondromas are benign tumors formed by cartilage cells.

» Osteochondromas are benign tumors with both bone and cartilage cells.

Other benign bone tumors include eosinophilic granuloma of bone, non-ossifying
fiboroma, enchondroma, xanthoma, giant cell tumor, and lymphangioma.

The rest of this document refers only to osteosarcoma.

What are the key statistics about
osteosarcoma?

Osteosarcoma is not a common cancer. Each year, about 800 new cases of ast@osarc
are diagnosed in the United States. About 400 of these are in children and teens.



Most osteosarcomas occur in children and young adults between the ages of 10 and 30.
Teenagers are the most commonly affected age group, but osteosarcoma carangcur a
age. About 10% of all osteosarcomas occur in people over the age of 60.

Osteosarcomas account for about 3% of childhood cancers, but they make up a much
smaller percentage of adult cancers.

What are the risk factors for osteosarcoma?

A risk factor is anything that affects your chance of getting a skisgach as cancer.
Lifestyle-related risk factors are important in many cancers in adidgsnples of
lifestyle-related risks include obesity, unhealthy diets, not gettinggénexercise,
smoking, and drinking too much alcohol. But unlike many adult cancers, lifestyleerela
risk factors do not seem to play a large role in childhood cancers, including childhood
osteosarcomas. So far, lifestyle-related factors have not been linked to rest®asan
adults, either.

Age

The risk of osteosarcoma is highest during the teenage "growth spurt.” Thistsugges
there may be a link between rapid bone growth and risk of tumor formation. The risk
goes down in young adults, but rises again in older adults (usually over the age of 60).

Osteosarcoma in older adults is often linked to another cause, such as a long-standing
bone disease.

Height

Children with osteosarcoma usually are tall for their age. This is anotheatindi that
osteosarcoma may be related to rapid bone growth.

Gender

Osteosarcoma is more common in males than in females. Females tend to dexelop it
slightly earlier age, possibly because they tend to have their growth sgoligs e

Race/ethnicity

Osteosarcoma is slightly more common in African Americans than in whites.

Radiation to bones

People who were treated with radiation therapy for another cancer mag hagheer risk
of later developing osteosarcoma. Being treated at a younger age anddadet)\rith
higher doses of radiation both increase the risk of developing osteosarcoma.



It is not clear if imaging tests that use radiation, such as x-rays, @3, scad bone scans,
raise the risk of developing osteosarcoma. The amount of radiation used for tlseise test
many times lower than that used for radiation therapy. If there is anpgecteisk it is

likely to be very small, but doctors try to limit the use of these types of testddrea
whenever possible, just in case.

Certain bone diseases

People with certain non-cancerous bone diseases have an increased risk of developing
osteosarcoma.

Paget disease of the bon@&his is a condition that causes abnormal bone tissue to form

in one or more bones. It mostly affects people older than 50. Affected bones are heavy
and thick but are weaker than normal bones and are more likely to break. Usually this
condition by itself is not life-threatening. But bone sarcomas (mostly estensa)

develop in about 1% of people with Paget disease, usually when many bones are affected.

Multiple hereditary osteochondromas:Osteochondromas are benign bone tumors
formed by bone and cartilage. Each osteochondroma has a very slight risk of developing
into an osteosarcoma. Most osteochondromas are cured by surgery. However, some
people inherit a tendency to develop many osteochondromas, and it may not be possible
to remove them all. The more osteochondromas a person has, the greater the risk of
developing osteosarcoma.

Inherited cancer syndromes

Children with certain rare, inherited cancer syndromes have an increased risk of
developing osteosarcoma.

» Retinoblastoma is a rare eye cancer of children that can be hereditangh&hted
form of retinoblastoma is caused by a mutation (abnormal copy) &Bhgene.
Those with this mutation also have an increased risk of developing bone or soft tissue
sarcomas, including osteosarcoma. If radiation therapy is used to treat the
retinoblastoma, the risk of osteosarcoma in the bones around the eye is even higher.

» The Li-Fraumeni syndrome makes people much more likely to develop several types
of cancer, including breast cancer, brain cancer, osteosarcoma, and other types of
sarcoma. Most of those cases are caused by a mutationTd®?3B¢éumor suppressor
gene.

» Another syndrome that includes bone cancer is the Rothmund-Thompson syndrome.
Children with this syndrome are short and tend to have skeletal problems and rashes
They also are more likely to develop osteosarcoma. This syndrome is caused by
abnormal changes in tiREQL4gene.

 Other rare inherited conditions, including Bloom syndrome and Werner syndrome,
have also been linked to an increased risk of osteosarcoma.



The way in which inherited DNA changes make certain people more likely to develop
osteosarcoma is explained in the section, “Do we know what causes osteosarcoma?”

Do we know what causes osteosarcoma?

We do not know what causes most osteosarcomas. Scientists have found that
osteosarcoma is linked with a number of other conditions, which were described in
"What are the risk factors for osteosarcoma?”. But in most patients witdsastema,
the cause of their cancer is not clear at this time.

Over the past few years, scientists have made great progress in untilegst@w certain
changes in our DNA can cause cells to become cancerous. DNA is the chenacal in e
of our cells that makes up our genes — it carries the instructions for nearlyhengeogdr
cells do. We usually look like our parents because they are the source of our DNA.
However, DNA affects more than how we look. It influences our risks for developing
certain diseases, including some kinds of cancer.

Some genes (parts of our DNA) contain instructions for controlling when ougomiis

and divide. Genes that speed up cell growth and division are oalbedenesOthers

that slow down cell division or cause cells to die at the right time are taitext
suppressogenes Cancers can be caused by DNA changes that turn on oncogenes or turn
off tumor suppressor genes.

Some people inherit DNA mutations (changes) from a parent that increasesthefr
cancer. In this situation, all of the cells in the body carry the same nmutékiese are
calledgermlineor inheritedmutations. Usually, however, cancer-causing mutations are
acquired during life rather than inherited before birth. In this case, the mutatians oc
only in the cells that will develop the cancer. These are csdietaticor acquired
mutations.

Inherited DNA changes

We know the DNA mutations that cause some inherited forms of osteosarcoma. For
example:

The Li-Fraumeni syndrome is usually caused by inherited mutations that tuine off t
TP53tumor suppressor gene. These mutations give a person a very high risk of
developing one or more types of cancer that include breast cancer, brain cancer
osteosarcoma, and other cancers.

Inherited defects of theetinoblastomaRB1) tumor suppressor gene increase the risk of
developing retinoblastoma, a type of eye cancer that affects children. @hilidinethis
defect also have an increased risk for developing osteosarcoma.



Acquired DNA mutations

Most osteosarcomas are not caused by inherited DNA mutations. They areilthef res
mutations acquired during the person's lifetime. These mutations are nelyentthe
cancer cells and are not passed on to children.

Although radiation therapy is very useful in treating some forms of cancan &lso

cause cancer by damaging DNA. This is why bones exposed to radiation used to treat
another cancer are more likely to develop osteosarcoma in the treated rsitethee
person's lifetime.

Other DNA mutations have no apparent cause but may result from random errors that
occur when cells reproduce. Scientists do not know exactly why these mutations happen
to some people but not to others. Before a cell divides, it must copy its DNA so that both
new cells have the same set of instructions. Sometimes this copying psateiss
completely accurate. Cells that are dividing quickly are more likelyetate new

"daughter cells" with mistakes in their DNA, which increases the risk tbateer (such

as osteosarcoma) may develop. This may be why some normal situations (such as the
teenage growth spurt) and diseases (such as Paget disease of bone)amapwhhene
growth increase the risk of developing osteosarcoma.

Other than radiation, there are no known lifestyle-related or environmentabkaafus
osteosarcoma, so it is important to remember that there is nothing these peable coul
have done to prevent these cancers.

Researchers now understand some of the gene changes that may occurarcostess

but it's still not clear what might cause these changes. As we learmbtarewhat

causes osteosarcoma, hopefully we will be able to use this knowledge to develop ways to
better prevent and treat it.

Can osteosarcoma be prevented?

Although the risk of many adult cancers can be reduced with certain lifestylgesha
(such as maintaining a healthy weight or quitting smoking), at this timedher®
known ways to prevent osteosarcoma.

Most known risk factors for osteosarcoma (age, height, race, gender, and certain bone
diseases and inherited conditions) cannot be changed. Other than radiation therapy
are no known lifestyle-related or environmental causes of osteosarcoma, sdirakthis
there is no way to protect against most of these cancers.

Can osteosarcoma be found early?

At this time, there are no widely recommended screening tests for thier céfcreening
is testing for cancer in people without any symptoms.)

Still, most cases of osteosarcoma are found at an early stage, bhefohave clearly
spread to other parts of the body. Symptoms such as bone pain or swelling often prompt a



person (or a child's parents) to go to a doctor. (For more on possible signs and symptoms
of osteosarcoma, see the section "How is osteosarcoma diagnosed?")

People with certain bone diseases and families known to carry inherited conithi&ibns
raise the risk of this cancer (listed in "What are the risk factors farszstoma?")

should talk with their doctors about the possible need for increased monitoring for this
disease. This type of cancer usually does not run in families, but looking out forlyhe ear
signs of cancer is important in treating it successfully.

How is osteosarcoma diagnosed?

Osteosarcomas are usually found when a person reports signs or symptomsehey ha
noticed to their doctor. If a tumor is suspected, tests will be needed to confirm the
diagnosis.

Signs and symptoms of osteosarcoma

Pain and swelling

Pain in the affected bone (usually around the knee or in the upper arm) is the most
common symptom in patients with osteosarcoma. At first, the pain might not be constant
and may be worse at night. The pain often increases with activity and may redirtipn a

if the tumor is in a leg.

Swelling in the area is the next most common symptom, although it may not occur until
several weeks after the pain starts. Depending on where the tumor is, it pwssliide
to feel a lump or mass.

Unfortunately, limb pain and/or swelling are very common in normal, active ehibird
teenagers, and might not prompt a doctor visit right away. This can delay a diagnosi
These symptoms are less common in adults and should be a sign to see a doctor as soon
as possible.

Bone fractures (breaks)

Although osteosarcoma may weaken the bone it develops in, the bones often do not
break. Telangiectatic osteosarcomas, which are rare, tend to weaken bondgmore t
other forms of osteosarcoma and are more likely to cause a fracture atdheitem

People with a fracture next to or through an osteosarcoma often describe a limdisthat
sore for a few months and suddenly became very painful when the fracture occurred.

Medical history and physical exam

If there are signs or symptoms that suggest a tumor, the doctor will wake ta ta
complete medical history to find out more about the symptoms. A physical exam can



provide information about the tumor and other health problems. For example, the doctor
may be able to see or feel an abnormal mass.

If the doctor suspects a person may have an osteosarcoma (or other tumor)stsore te
will probably be done. These might include imaging tests, biopsies, and/or lab tests.

Imaging tests

Imaging tests use x-rays, magnetic fields, or radioactive substanoeste pictures of
the inside of the body. Imaging tests may be done for a number of reasons, including:

* To help find out if a suspicious area might be cancer
» To learn how far cancer may have spread
» To help determine if treatment has been effective

* To look for signs that the cancer may have come back
Most patients who have or may have cancer will have one or more of these tests.

Bone x-ray

Doctors can often recognize or at least suspect osteosarcoma on plaikthaysone.
But other imaging tests may be needed as well.

Even if results of an x-ray strongly suggest an osteosarcoma, a biopsyivod seeded
to confirm that it is cancer rather than some other problem, such as an infection.

Magnetic resonance imaging (MRI) scan

MRI scans provide detailed images of soft tissues in the body. But MRI scansdiose ra
waves and strong magnets instead of x-rays, so no radiation is involved. The esrargy fr
the radio waves is absorbed by the body and then released in a pattern forneetyy th
of body tissue and by certain diseases. A computer translates the pattevenyto a
detailed image of parts of the body. A contrast material called gadoliniunbenay
injected into a vein before the scan to better see details.

Often, an MRI scan is done to better define a bone mass seen on an x-ray. MRI scans can
usually tell if the mass is likely to be a tumor, an infection, or some type of boragedam

from other causes. MRI scans can also help determine the exact extent of asuhey, a
provide a detailed view of the marrow inside bones and the soft tissues around the tumor.
Sometimes, the MRI can help find small bone tumors several inches away fromrthe ma
tumor (calledskip metastasgsDefining the extent of the tumor is very important when
planning surgery. An MRI scan usually gives better details than a CT scanbgescr

below).

Having an MRI scan may take up to an hour. You (or your child) may have to lie on a
table that slides inside a narrow tube, which is confining and can be distressing. The
newer, more open MRI machines can help with these feelings, but the testjsiitse



staying still for long periods of time. The machines also make buzzing ancdhglicki
noises that may be disturbing. Sometimes, younger children are given medicilpe to he
keep them calm or even sleep during the test.

Computed tomography (CT) scan

The CT scan is an x-ray test that produces detailed cross-sectional irhpges of the
body. Instead of taking one picture, like a regular x-ray, a CT scanner takgs m
pictures as it rotates around a person lying on a table. A computer then combimes thes
pictures into images of slices of the part of the body being studied. Unlike arregala

a CT scan creates detailed images of the soft tissues in the body.

Before the scan, you (or your child) may be asked to drink a contrast solutiongatd/or
an intravenous (IV) injection of a contrast dye that helps better outline abnoeasilirar
the body. If the contrast dye is to be injected, you (or your child) may ne&dliae.|

The contrast may cause some flushing (a feeling of warmth, especidifyface). Some
people are allergic and get hives. Rarely, more serious reactions like traedilary or

low blood pressure can occur. Be sure to tell the doctor if you (or your child) have any
allergies or have ever had a reaction to any contrast material used yst x-ra

CT scans take longer than regular x-rays, but not as long as MRI scans. Your(or y
child) will need to lie still on a table while they are being done. During thetiestable
slides in and out of the scanner, a ring-shaped machine that completely surrounds the
table. Some people feel a bit confined by the ring they have to lie in while theepiater
being taken. In some cases, children may need to be sedated before theagstitb st
and help make sure the pictures come out well.

Spiral CT(also known agelical CT) is now used in many medical centers. This type of
CT scan uses a faster machine that lowers the dose of radiation used duringatieé test
gives more detailed pictures.

CT scans are sometimes used to look at the affected bone to see if the tumor has grow
into nearby muscle, fat, or tendons, although MRI is often better for this. A CT scan of
the chest is often done to look for spread of the cancer to the lungs.

Chest x-ray

This test is sometimes done to look for spread of the cancer to the lungs. idcianger
tumors, but it is not as good as a CT scan for spotting smaller tumors. If a CT duan of t
chest is done, a chest x-ray may not be needed.

Bone scan

A bone scan can help show if a cancer has spread to other bones, and is often part of the
workup for people with osteosarcoma. This test is useful because it provides e glictur
the entire skeleton at once.



For this test, a small amount of low-level radioactive material is egaato a vein
(intravenously, or IV). The substance settles in areas of damaged bone throughout the
entire skeleton over the course of a couple of hours. You (or your child) then lie on a
table for about 30 minutes while a special camera detects the radioaivityeates a
picture of the skeleton. Younger children may be given medicine to help keep them calm
or even asleep during the test.

Areas of active bone changes appear as "hot spots” on the skeleton becausadthey a
the radioactivity. These areas may suggest the presence of cancer, bobighdiseases
can also cause the same pattern. To make an accurate diagnosis, otherteatmsugh
as plain x-rays, or MRI scans, or even a bone biopsy might be needed.

Positron emission tomography (PET) scan

For aPET scan, a radioactive substance (usually a type of sugar relatedotgegluc

known as FDG) is injected into the blood. The amount of radioactivity used is very low.
Because cancer cells in the body are growing quickly, they absorb |laog@tsnof the
radioactive sugar. A special camera can then create a picture of ar@divactivity in

the body. The picture is not finely detailed like a CT or MRI scan, but it providesihelpf
information about the whole body.

PET scans can be helpful in showing the spread of osteosarcomas to the lungs, other
bones, or other parts of the body, and also in following the response to treatment.

Some newer machines can do a PET and CT scan at the same time (PET/CT scan). Thi
lets the doctor compare areas of higher radioactivity on the PET with the maleddeta
appearance of that area on the CT.

Biopsy

Although the results of imaging tests may strongly suggest that caressent, a

biopsy (removing some of the tumor to be looked at under a microscope and other lab
testing) is the only way to be certain. A biopsy is also the best way to telsastema

from other types of cancer.

If the tumor is in a bone, it is very important that a surgeon experienced in treating bone
tumors does the biopsy.

Whenever possible, the biopsy and surgical treatment should be planned together, and the
same orthopedic surgeon should do both the biopsy and the surgery. Proper planning of
the biopsy location and technique can prevent later complications and reduce the amount
of surgery needed later on.

There are 2 main types of biopsies.



Needle biopsy

These biopsies use a hollow needle to remove a small sample of the tumor. They are
usually done with local anesthesia, where numbing medicine is injected intcstlee tis
over the biopsy site. In some cases, sedation or general anesthesia (wpatienhé
asleep) may be needed.

Often, the doctor can aim the needle by feeling the suspicious area if it theearface
of the body. If the tumor cannot be felt because it is too deep, the doctor can guide the
needle while viewing a CT scan. This is calléddTaguided needle biopsy

Core needle biopsyin a core needle biopsy, the doctor uses a large, hollow needle to
remove a small cylinder of tissue from the tumor.

Fine needle aspiration (FNA) biopsyFor an FNA biopsy, the doctor uses a very thin
needle attached to a syringe to withdraw (aspirate) a small amount of fluid aedeitsn
from the tumor mass. This type of biopsy is rarely used for bone tumors.

Surgical (open) biopsy

In an open biopsy, the surgeon cuts through the skin, exposes the tumor, and then cuts out
a piece of it. These biopsies are usually done under general anesthesia (witienihe pat
asleep). They can also be done using a nerve block, which makes a large area numb.

This type of biopsy must be done by an expert in bone tumors, or it's possible the chance
for saving the limb may be lost. If possible, the opening through the skin used in the
biopsy should be lengthwise along the arm or leg because this is the way the intlision w
be made for the operation to remove the cancer. The entire scar of the original bilopsy w
also have to be removed, so planning the biopsy incisions in this way lessens the amount
of tissue that needs to be removed later on.

Lab tests

Testing the biopsy samples

All samples removed by biopsy are sent to a pathologist (doctor specializaigtests)

to be looked at under a microscope. Tests looking for chromosome or gene changes in the
tumor cells may also be done. These tests may help distinguish osteosaocorotnér

cancers that look like it under the microscope and can sometimes help predict wigether
osteosarcoma is likely to respond to therapy.

If an osteosarcoma is diagnosed, the pathologist will assign it a grade, whioeasare

of how quickly the cancer is likely to grow and spread, based on how it looks under a
microscope. Cancers that look somewhat like normal bone tissue are described as low
grade, while those that look very abnormal are called high grade. For more o gradin
see the section, "How is osteosarcoma staged?"



Blood tests

Blood tests are not needed to diagnose osteosarcoma, but they may be helpful once a
diagnosis is made. For example, high levels of certain chemicals in the blood such a
alkaline phosphatase and lactate dehydrogenase (LDH) can suggest thtéedkarcoma
may be more advanced than it appears.

Other tests, such as blood cell counts and standard blood chemistry tests, are done before
surgery and other treatments to get a sense of a person's overall healtheSthese t
also important to monitor a person's health while getting chemotherapy.

How is osteosarcoma staged?

Staging is a process the doctor uses to determine how far the cancenamgbpread.
The treatment and prognosis (outlook) for osteosarcoma depend, to a large extent, on the
stage of the cancer when it is first diagnosed.

The stage of an osteosarcoma is based on the results of physical exams, iesag}in
and any biopsies that have been done, which were described in the section "How is
osteosarcoma diagnosed?"

A staging systens a standardized way in which the cancer care team describes the
extent of the cancer. There are 2 formal staging systems sometimes usslibe diee

extent of an osteosarcoma, which are described below. But in practice, doctors often use
a simpler system that divides osteosarcomas into 2 groups — localized artdtroetas

when deciding on the best course of treatment.

Localized versus metastatic osteosarcoma

Localized osteosarcoma

A localized osteosarcoma is seen only in the bone it starts in and possibly thenisgues

to the bone, such as muscle, tendon, or fat. About 4 out of 5 osteosarcomas are thought to
be localized when they are first found. But even when imaging tests do not show that the
cancer has spread to distant areas, most patients are likely to have metasastévery

small areas of cancer spread that can't be detected with tests), sullth i

chemotherapy is an important part of treatment for most osteosarcomasn'tfgiven,

the cancer might be more likely to come back after surgery.

Doctors further divide localized osteosarcomas into 2 groups. Resectable eaacers
those in which all of the visible tumor can be removed by surgery. Non-reseciable (
unresectable) osteosarcomas cannot be completely removed by surgery.



Metastatic osteosarcoma

A metastatic osteosarcoma has clearly spread to other parts of the body thecluags

or to other bones not directly connected to the bone the tumor started in. Most often it
spreads to the lungs, but it can also spread to other bones, the brain, or other internal
organs. About 1 out of 5 osteosarcoma patients has metastases at the time otdiagnosi

Patients who already have visible metastases when they are fiysoska are harder to
treat, although some can be cured if the metastases can be removed by surgemg The
rate for these patients improves markedly if chemotherapy is also given.

Musculoskeletal Tumor Society (MSTS) Staging System

One system commonly used to stage osteosarcoma is the MSTS system, also known as
the Enneking system. It is based on 3 key pieces of information:

» The grade (G) of the tumor
» The extent of the original (primary) tumor (T)

* If the tumor has metastasized (spread) (M) to nearby lymph nodes (bean-sized
collections of immune system cells) or other organs

The grade (how likely the tumor is to grow and spread, based on how it looks under the
microscope) is divided into low grade (G1) and high grade (G2).

The extent of the primary tumor is classified as either intracomparthi€hjameaning
it has basically remained within the bone, or extracompartmental (T2),mgethas
extended beyond the bone into other nearby structures.

Tumors that have not spread to the lymph nodes or other organs are considered MO, while
those that have spread are M1.

These factors are combined to give an overall stage, using Roman numeralofidm | t
Stages | and Il are further divided into A for intracompartmental tumorsor B f
extracompartmental tumors.

Stage Grade Tumor Metastasis
1A Gl T1 MO
IB Gl T2 MO
A G2 T1 MO




1B G2 T2 MO

11} GlorG2 T1orT2 M1

In summary:
» Low-grade, localized tumors are stage I.
» High-grade, localized tumors are stage Il.

» Metastatic tumors (regardless of grade) are stage lIl.

AJCC staging system

Another system sometimes used to stage bone cancers is the American JongStom

on Cancer (AJCC) system. The AJCC uses one system to describe all bong cancer
including osteosarcomas. The AJCC staging system for bone cancers is based on 4 key
pieces of information:

» T describes the size of the main (primary) tumor and whether it appears iardiffer
areas of the bone.

» N describes the extent of spread to nearby (regional) lymph nodes (small beah-shape
collections of immune system cells). Bone tumors rarely spread to the lymph nodes

* M indicates whether the cancer has metastasized (spread) to other orpartzoatiyt
(The most common sites of spread are to the lungs or other bones.)

» G stands for the grade of the tumor, which is a description of how the cells look under
a microscope. Low-grade tumor cells look more like normal cells, and aréédgs |
to grow and spread quickly, while high-grade tumor cells look more abnormal.

Numbers after T, N, M, and G provide more details about each of these factors.

T categories of bone cancer

TO: There is no evidence of a main (primary) tumor.
T1: The tumor is 8 cm (around 3 inches) across or less.
T2: The tumor is larger than 8 cm across.

T3: The tumor has "skipped" to another site or sites within the same bone.

N categories of bone cancer

NO: The cancer has not spread to regional (nearby) lymph nodes.

N1: The cancer has spread to nearby lymph nodes.



M categories of bone cancer

MO: There is no distant metastasis.

M1: Distant metastasis (spread of the cancer to tissues or organs fdrawd#ye
original bone tumor).

Mla: The cancer has spread only to the lung.

M1b: The cancer has spread to other distant sites in the body.

Grades of bone cancer

Note: The grades used for the AJCC system are different from those iIrSih® 8§stem.
There are other differences between the systems as well. To avoid contusiay help
to ask your (child's) doctor which staging system he or she uses.

G1, G2: Low grade
G3, G4: High grade

Stage grouping

Once the T, N, and M categories and the grade of the bone cancer have been determined,
the information is combined into an overall stage. The process of assigning a stage
number is calledtage groupingThe stages are described in Roman numerals from | to

IV (1 to 4), and are sometimes divided further.

Stage IA

T1, NO, MO, G1-G2:The tumor is 8 cm across or less and is low grade. It has not spread
to nearby lymph nodes or to distant parts of the body.

Stage IB

T2-T3, NO, MO, G1-G2:The tumor is larger than 8 cm across or has "skipped" to other
sites in the same bone. It is low grade. It has not spread to nearby lymph nodes or to
distant parts of the body.

Stage IIA

T1, NO, MO, G3-G4:The tumor is 8 cm across or less and is high grade. It has not spread
to nearby lymph nodes or to distant parts of the body.

Stage 1B

T2, NO, MO, G3-G4:The tumor is larger than 8 cm across and is high grade. It has not
spread to nearby lymph nodes or to distant parts of the body.

Stage Il



T3, NO, MO, G3-G4:The tumor has "skipped" to other sites in the same bone. It is high
grade. It has not spread to nearby lymph nodes or to distant parts of the body.

Stage IVA

Any T, NO, M1a, any G: The tumor has spread only to the lungs. It has not spread to the
lymph nodes or to other distant sites. (It can be any size or grade.)

Stage IVB (if either of these applies)

Any T, N1, any M, any G: The tumor has spread to lymph nodes. It can be any size or
grade, and may or may not have spread to other distant sites.

Any T, any N, M1b, any G: The tumor has spread to distant sites other than the lung. It
can be any size or grade.

What are the survival rates for
osteosarcoma?

Survival rates are often used by doctors as a standard way of discussiragtiusisr

(outlook) of a person with a certain type and stage of cancer. Some patients or parents of
children with cancer may want to know the survival statistics for people ilasimi

situations, while others may not find the numbers helpful, or may even not want to know
them. Whether or not you want to read about the survival statistics below for
osteosarcoma is up to you.

The 5-year survival rate refers to the percentage of patients what le@st 5 yearsfter
their cancer is diagnosed. Of course, many people live much longer than 5 years (and
many are cured).

In order to get 5-year survival rates, doctors have to look at people who werd &eat
least 5 years ago. Advances in treatment since then may mean a more éawattabk
for people now being diagnosed with osteosarcoma.

Survival rates are often based on previous outcomes of large numbers of people who had
the disease, but they cannot predict what will happen in any particular persen's cas

Many other factors can affect a person's outlook, such as the subtype and locagon of t
osteosarcoma and how well the cancer responds to treatment. Your (child's) doctor can
tell you if the numbers below may apply, as he or she is familiar with the aspgots

(child's) particular situation.

Localized tumors

With modern treatment, the 5-year survival rate for patients with a localized
osteosarcoma is in the range of 60% to 80%.



Metastatic tumors

When metastases are present at diagnosis, the 5-year survival rate b&bonit30%.

The survival rate is closer to 40% if the cancer has spread only to the lungs (as opposed
to having reached other organs), or if all of the tumors (including metastasds) c
removed with surgery.

Other factors that may affect prognosis

As noted above, factors other than the stage of the cancer can also affect sategval
For example, factors that have been linked with a better prognosis include:

* Younger age (child or young adult, as opposed to older adult)

* Female gender

» Tumor is located on an arm or leg (as opposed to the hip bones)
» Tumor(s) can be completely resected

* Normal blood alkaline phosphatase and LDH levels

» Good tumor response to chemotherapy

How is osteosarcoma treated?

This information represents the views of the dactord nurses serving on the American Cancer S¢xiety
Cancer Information Database Editorial Board. Thes®ws are based on their interpretation of studies
published in medical journals, as well as their opvofessional experience.

The treatment information in this document is rficial policy of the Society and is not intended a
medical advice to replace the expertise and juddgragépour cancer care team. It is intended to help
and your family make informed decisions, togethi#ér your doctor.

Your doctor may have reasons for suggesting armmeat plan different from these general treatment
options. Don't hesitate to ask him or her questiaipsut your treatment options.

General treatment information

Great advances have been made in the treatment of osteosarcoma duringsthee st
decades. In the 1960s the only treatment available was amputation, and only a small
number of patients survived 2 years or more after diagnosis.

Since that time, doctors have found that chemotherapy given before and attey wauillg
cure many people with osteosarcoma. It may also allow some people who pyeviousl
would have needed to have the affected limb amputated to have limb-sparing surgery
instead.



Making treatment decisions for osteosarcoma

After an osteosarcoma is found and staged, the cancer care team will hajouabout

your treatment options. It is important to take time and think about your options. Because
osteosarcoma is rare, only doctors in major cancer centers have a lotradreogm

treating these cancers.

For children, a team approach is recommended that includes the child's pediagrician a
well as specialists (such as pediatric oncologists and orthopedic surgeeatnent is
best done at a children's cancer center.

For adults with osteosarcoma, the treatment team typically includes iget'pairimary
care doctor, as well as specialists at a major cancer center:

» An orthopedic surgeon (a surgeon who specializes in muscles and bones) experienced
in treating bone tumors

» A medical oncologist (a doctor trained to treat cancer with chemothendptizer
drugs)

* A radiation oncologist (a doctor trained to treat cancer with radiation therapy

* A pathologist (a doctor specializing in lab tests to diagnose and classtgeb3e

In both cases, the team would also include other doctors, nurses, rehabilitation therapist
and technologists who have essential roles in diagnosing and treating the disease and
assisting in recovery after surgery.

The types of treatment used for osteosarcomas include:
* Surgery
* Chemotherapy

* Radiation therapy (in certain cases)
In most cases, both chemotherapy and surgery are needed.

All of these treatments may have side effects, but many of them cardedesa
troublesome. Your medical team will help you take care of the side effettsikhwork
closely with nutritionists, psychologists, and social workers to help you undersind a
deal with the medical problems, stress, and scheduling issues related tattherite

Because many of these things can be more complicated for cancedierghihany
people will be involved in your child's overall care. As a parent, taking care dfla chi
with cancer can be a very big job. It is important to remember that you waldhkot of
help. It is also important for you to know that the health care professionals @&ho tre
children with osteosarcoma are using the experience and knowledge gameaddny
decades of detailed scientific study of treating this disease.

The following sections describe the types of treatment used for osteosa@ainahen
these treatments are used in different situations.



Surgery for osteosarcoma

Surgery for osteosarcoma includes both the biopsy to diagnose the cancer and the
surgical treatment. Surgery is an important part of treatment for Wralhl
osteosarcomas.

Whenever possible, it is very important that the biopsy and surgical treatment be planned
together, and that the same orthopedic surgeon at a cancer center does both the biopsy
and the surgical treatment.

The main goal of surgery is to remove all of the cancer. If even a few cansaredeft

behind, they can grow and multiply to make a new tumor. To try to be sure that this
doesn't happen, surgeons remove the tumor plus some of the normal tissue that surrounds
it. This is known asvide excisionRemoving some normal-looking tissue around the

tumor raises the chance that all of the cancer is removed.

A pathologist will look at the tissue under a microscope to see if the margins (oute
edges) contain cancer cells. If cancer cells were seen at the etlgesisgue, the

margins are calledositive Positive margins can mean that some cancer was left behind.
When no cancer cells are seen at the edges of the tissue, the margins are said to be
negative clean orclear. A wide excision with clean margins minimizes the risk that the
cancer will grow back where it started.

The type of surgery done depends on the location of the tumor. Although all of these
operations are complex, tumors in the limbs (arms or legs) are generadly imaxtd to
remove as those at the base of the skull, in the spine, or in the pelvis.

Tumors in the arms or legs

Tumors in the arms or legs may be treated with either limb-salvage (tianng)
surgery (removing the cancer without amputation) or amputation (removing the cance
and all or part of an arm or leg).

Limb-salvage surgery:Most patients with tumors in the arms or legs can have limb-
sparing surgery, but this depends on the location and extent of the tumor.

Limb-salvage surgery is a very complex operation. The surgeons who do this type of
operation must have special skills and experience. The challenge for the sutgeon is
remove the entire tumor while still saving the nearby tendons, nerves, and blodsl vesse
to keep as much of the limb's function and appearance as possible. But if a cancer has
grown into these structures, they will need to be removed along with the tumarhin su
cases, amputation may sometimes be the best option.

The section of bone that is removed is replaced with a bone graft (piece of bone from
another part of the body or from another person) or with an internal prosthesis (a man
made device used to replace part or all of a bone) made of metal and othealsnateri



Complications of limb-salvage surgery can include infections and graftsi®that
become loose or broken. Limb-salvage surgery patients may need more surgery durin
the following years, and some may eventually need an amputation.

Using an internal prosthesis in growing children is especially challentraditionally,

it has required occasional operations to replace the prosthesis with a longerhane as t
child grows. Newer prostheses have become very sophisticated. Some can be made
longer without any extra surgery. They have tiny devices in them that cahderige
prosthesis when needed to make room for a child's growth. But even these prostheses
may need to be replaced with a stronger adult prosthesis once the child's body stops
growing.

It takes about a year, on average, for patients to learn to walk after livalgesalurgery

on a leg. This physical rehabilitation is more intense than after amputatioa.pétient
does not take part in the rehabilitation program, the salvaged arm or leg may become
useless.

Amputation: For some patients, amputation may be the best option. For example, if the
patient has a large tumor that extends into the nerves and/or the blood vessels, it may not
be possible to save the limb.

Results of MRI scans and examination of the tissue by the pathologist dugegystan

help the surgeon decide how much of the arm or leg needs to be amputated. Surgery is
planned so that muscles and the skin will form a cuff around the remaining bone. This
cuff will fit into the end of a prosthetic (artificial) limb.

Reconstruction techniques have been developed to help patients with limb loss function
as well as possible. Sometimes, if the leg must be amputated mid-thigh, théekpaed

foot is rotated and attached to the thigh bone, so that the ankle functions as a new knee
joint. This surgery is calletbtationplasty Of course, the patient would still need a
prosthetic limb to extend the leg.

With proper physical therapy, the patient is often able to walk on his/her own 3 to 6
months after leg amputation.

If the osteosarcoma is located in the upper arm, in some cases the tumor erap\esr
and the lower arm reattached so that the patient has a functional, but much sharter, arm

Rehabilitation after surgery: This may be the hardest part of all the treatments, and this
discussion cannot describe it completely. Patients and parents should meet with a
rehabilitation specialist before surgery to learn about their options and wiéiema
required after surgery.

If a limb is amputated, the patient must learn to live with and use a prosthetic hisb. T
can be patrticularly hard for growing children if the prosthetic limb needs to bgethsm
keep up with their growth.

When only the tumor and part of the bone is removed in a limb-sparing operation, the
situation can be even more complicated, especially in growing childreheFur



operations might be needed to replace the internal prosthesis with one moreogtiged t
growing body size.

Both types of surgery have problems associated with them as well as possikits.benef
For example, limb-sparing surgery, although more acceptable to most patiants tha
amputation, tends to lead to more complications because of its complexity. Growing
children who have limb-sparing surgery are also more likely to need fsttigary

down the road. Perhaps surprisingly, people with amputations can often be more
physically active, as the affected limb can tolerate more physieakdtran one with an
internal prosthesis.

When researchers have looked at the final results of the different surgeessrot
quality of life, there has been little difference between them. Perhejsggest problem
has been for teens who fear the social effects of their operation. Emotsues ¢an be
very important, and support and encouragement are needed for all patientsi{aee "W
happens after treatment for osteosarcoma?").

Tumors that start in other areas

Pelvic tumors can often be hard to remove completely with surgery. But if the tumor
responds well to chemotherapy first, surgery (sometimes followed byioadiaerapy)
may get rid of all of the cancer. Pelvic bones can often be reconstructediajezy s

For a tumor in the lower jaw bone, the entire lower half of the jaw may be removed and
later replaced with bones from other parts of the body. If the surgeon caswerathof
the tumor, radiation therapy may be used as well.

For tumors in areas like the spine or the skull, it may not be possible to remove all of the
tumor safely. Cancers in these bones may require a combination of treatmbras suc
chemotherapy, surgery, and radiation.

Surgical treatment of metastases

If the osteosarcoma has spread to other parts of the body, these tumors need to be
removed to have a chance at curing the cancer.

When osteosarcoma spreads, most often it is to the lungs. Surgery to remove these
metastases must be planned very carefully. Before the operation, the surgedergonsi
the number of tumors, their location (one lung or both lungs), their size and response to
chemotherapy, and the general health of the patient. Since the chest CT scan may not
show all the tumors that truly exist, the surgeon will have a treatment plan in @sse m
tumors are found during the operation.

Patients who have tumors in both lungs and respond well to chemotherapy can have
surgery on one side of the chest at a time. Removing tumors from both lungs at the same
time may be another option.

Some lung metastases may not be able to be removed because they are too tng or are
close to important structures in the chest (such as large blood vessels)s Mdtoese



general health is not good (because of poor nutritional status or problems with the hear
liver, or kidneys) may not be able to withstand the stress of anesthesia and surgery t
remove metastases.

A small number of osteosarcomas spread to other bones or to the kidneys, liver, or brain.
Whether or not these tumors can be removed with surgery depends on their size, location,
and other factors.

For more information on surgery as a treatment for cancer, see our docBuorgety

Chemotherapy for osteosarcoma

Chemotherapy is the use of drugs for treating cancer, which are usualtyiigio a vein
or artery. The drugs enter the bloodstream and reach and destroy candkraeiisout
the body.

In many cases, osteosarcoma has spread to the lungs and/or other organs or has a high
risk of doing so, even if tumors can't be seen on imaging tests. Because of this,
chemotherapy is an important part of the treatment for most osteosarcahagytal

some patients with low-grade osteosarcoma may not need it.

Doctors give chemotherapy in cycles, with each period of treatment folloye ddst
period to allow the body time to recover. Each chemotherapy cycle typasiyfor a
few weeks.

Most cases of osteosarcoma are treated with chemotherapy given bejerg su
(neoadjuvant chemotherapy) for about 10 weeks and again after surgery (adjuvant
chemotherapy) for up to a year. People with high-grade osteosarcoma whosse tum
responded well to chemotherapy before surgery usually get the same chepyatiftera
surgery. People whose tumors responded poorly usually will get different chemotherapy
after surgery.

The drugs used most often to treat osteosarcoma include:
» Methotrexate (given in high doses along with leucovorin to help prevent side )effects
» Doxorubicin (Adriamycin)
* Cisplatin or carboplatin
 Etoposide
* Ifosfamide
» Cyclophosphamide
* Epirubicin
» Gemcitabine

* Topotecan



Usually, several drugs are given together. Some common combinations of drugs include
» High-dose methotrexate, doxorubicin, and cisplatin (sometimes with ifosfamide)
» Doxorubicin and cisplatin
» Ifosfamide and etoposide

* Ifosfamide, cisplatin, and epirubicin
Many experts recommend that the drugs be given in very high doses, which cathaffe
bone marrow, where new blood cells are made. In these cases, other drdggroaite
factors (such as filgrastim, also known as Neupogen) may be given to help thedicy
new blood cells as quickly as possible.

Side effects of chemotherapy

Chemotherapy drugs work by attacking cells that are dividing quickly, whichyighey

work against cancer cells. But other cells in the body, such as those in the bone marrow
the lining of the mouth and intestines, and the hair follicles, also divide quickly. These
cells are also likely to be affected by chemotherapy, which can leateteftects.

Children seem to have an advantage over adults when it comes to chemotherapy. They
tend to have less severe side effects and recover from side effects more gachlyse
of this, doctors can give them higher doses of chemotherapy to try to kill the tumor.

The side effects of chemotherapy depend on the type and dose of drugs given and the
length of time they are taken.

General side effectsMany chemotherapy drugs can cause side effects such as nausea
and vomiting, loss of appetite, diarrhea, hair loss, and mouth sores.

Because chemotherapy can damage the blood-producing cells of the bone marrow,
patients may have low blood cell counts. Low blood cell counts can result in:

* Increased chance of infection (from a shortage of white blood cells)
* Bleeding or bruising after minor cuts or injuries (from a shortage of etajel

 Fatigue or shortness of breath (from low red blood cell counts)

Most of these side effects are short-term and tend to go away after treistfimeshed.

Often there are ways to lessen these side effects. For example, dribgsgraen to help
prevent or reduce nausea and vomiting. Be sure to discuss any questions you have about
side effects with the cancer care team, and tell them about any side gfiedhave so

that they can be prevented or controlled.

Side effects of certain drugsSome side effects are specific to particular drugs. Many of
these side effects are rare, but they are possible. Before treatmermt,iaskncer care
team about the possible side effects of the drugs you or your child will be getting



Ifosfamide and cyclophosphamide can damage the lining of the bladder, which can cause
blood in the urine. This is callédemorrhagic cystitisThe chance of this happening can

be lowered by giving a drug called mesna during chemotherapy, aldnglenty of

fluids.

Cisplatin and carboplatimay cause nerve damage (calhediropathy leading to

problems with numbness, tingling, or pain in the hands and feet. Kidney damage (called
nephropathy can also occur after treatment. Giving lots of fluid before and after the drug
is infused can help prevent this side effect. These drugs can sometimes cblesagr

with hearing (known astotoxicity). Most often patients with this problem notice

problems hearing high-pitched sounds.

Etoposide can also cause nerve damage. It can also increase the riskdeetgring a
cancer of white blood cells, known as acute myeloid leukemia. Fortunately, this is not
common.

High-dose methotrexate may cause damage to the white matter of thécaliath
leukoencephalopathand liver or kidney damage. Before starting high-dose
methotrexate, medicines are given to help protect the kidneys. Methotreoaddeilels

may be checked to see how much leucovorin (also called folinic acid) should be given to
help stop any damage to normal tissues.

Doxorubicin (Adriamycin) and epirubicin can cause heart damage over timasKioé r
this happening goes up as the total amount of the drug that is given goes up. Your
(child's) doctor may order a test of heart function before and during treatsed if
this drug is affecting the heart. Another drug called dexrazoxane maydmeajpng with
the chemotherapy to help lessen the possible damage.

The doctors and nurses will watch closely for side effects. Do not hesitate yowa
cancer care team any questions about side effects.

Long-term side effects:Some side effects may not go away or may not happen until
years after treatment is finished. Examples include:

* Infertility (being unable to have children)
» Heart damage

» Developing a second cancer

Some of these long-term effects are described in the section, "What happens afte
treatment for osteosarcoma?"

Tests to check for side effects of chemotherapfefore giving these drugs, your
(child's) doctor will check lab test results to be sure the liver, kidney, and bone marrow
are functioning well.

The complete blood count (CBC) includes counts of white blood cells, red blood cells,
and blood platelets. Chemotherapy can lower the numbers of these blood cells, so blood
counts will be watched closely during and after chemotherapy. The cells/usaah



their lowest point about 2 weeks after chemotherapy is given, though this can occur
earlier with high-dose regimens.

Routine blood chemistry panefseasure certain blood chemicals that tell doctors how
well the liver and the kidneys are working. Some drugs used in chemotherapy can
damage the kidneys and liver.

An audiogram may be done to check the patient's hearing, which may be affected by
certain chemotherapy drugs.

If doxorubicin or epirubicin is to be given, tests such as an echocardiogram (an
ultrasound of the heart) may be done to check heart function.

For more information on chemotherapy, see the docurdedgrstanding
Chemotherapy: A Guide for Patients and Families

Radiation therapy for osteosarcoma

Radiation therapy uses high-energy rays or particles to kill cané¢gr@steosarcoma
cells are not easily killed by radiation, so radiation therapy does not playoarole in
treating this disease.

External beam radiation therapy

This is the type of radiation therapy most often used as a treatment for asiewsar

Before treatments start, the radiation team takes careful measisemitdh imaging tests
such as MRI scans to determine the correct angles for aiming the ratiedimis and the
proper dose of radiation.

External radiation therapy is much like getting an x-ray, although theafloadiation is
much higher. For each session, you (or your child) will lie on a special tableavhile
machine delivers the radiation from a precise angle. The treatment is nat.painf

Each actual treatment lasts only a few minutes, although the setup time —\gmitijog
your child) into place for treatment — usually takes longer. Young childrerbegiven
medicine to make them fall asleep so they will not move during the treatment. Most
often, radiation treatments are given 5 days a week for several weeks.

Several newer techniques, such as intensity modulated radiation therapy (IMRT) a
conformal proton beam therapy, may allow doctors to more accurately aimengat
the tumor while reducing the radiation exposure to nearby healthy tissues. These
techniques may offer better chances of increasing the success rag¢dwaidg side
effects. Many doctors now recommend using these approaches when theylabéeavai

Radiation therapy may be useful in some cases where the tumor cannot be ¢pmplete
removed by surgery. For example, osteosarcoma can start in pelvic bones or in the bones
of the face, particularly the jaw. In these situations, it is often not possilbenjaetely



remove the cancer. As much as possible is removed, and then radiation is given to try to
kill the remaining cancer. Chemotherapy may be used after radiation.

Radiation can also be helpful in controlling symptoms like pain and swelling if ticerca
has come back or surgery is not possible.

The possible side effects of external radiation therapy depend on the dosetimirahic
where it is aimed. Short-term side effects may include skin reactions ljéen

sunburn) and fatigue. Often these go away after a short while. Talk with ytls chi
doctor about the possible side effects because there may be ways to relieve theme of

In children, radiation therapy can interfere with the growth of normal bodyetss
including the bones, and may increase the risk of their developing other catezers.la
To lower the risk of serious long-term effects from radiation, doctors try tthadewest
dose of radiation therapy that is still effective.

Radioactive drugs (radiopharmaceuticals)

Bone-seeking radioactive drugs, such as samarium-153, are also sometimedreséd t
symptoms such as pain in people with advanced osteosarcoma. They are injected into a
vein and collect in bones. Once there, the radiation they give off kills the caflseand
relieves some of the pain caused by bone metastases.

These drugs are especially helpful when cancer has spread to many bonextseg
beam radiation would need to be aimed at each affected bone. In some cases,ghese dru
are used together with external beam radiation aimed at the most painful bostasesta

The major side effect of these drugs is a lowering of blood cell counts, which could
increase the risk for infections or bleeding, especially if the blood counts ead\alow.

For more detailed information on radiation therapy,$egerstanding Radiation
Therapy: A Guide for Patients and Families

Clinical trials for osteosarcoma

You may have had to make a lot of decisions since you've been told you (or your child)
has cancer. One of the most important decisions you will make is deciding which
treatment is best. You might have heard about clinical trials being donesfoypaiof
cancer. Or maybe someone on your health care team has mentioned a clihioaldtia

Clinical trials are carefully controlled research studies that are wah patients who
volunteer for them. These studies are done to get a closer look at promising new
treatments or procedures.

If you would like to find out more about clinical trials you (or your child) may mgodé

for, you should start by asking your doctor if your clinic or hospital conducts clinical
trials. You can also call our clinical trials matching service for afistinical trials that

meet your medical needs. You can reach this service at 1-800-303-5691 or on our Web
site at www.cancer.org/clinicaltrials. You can also get a list of otiolenical trials by



calling the National Cancer Institute Cancer Information Servicérédlat 1-800-4-
CANCER (1-800-422-6237) or by visiting the NCI clinical trials Web site at
www.cancer.gov/clinicaltrials.

People have to meet certain requirements to take part in any clinicdf yal (or your

child) qualify for a clinical trial, you will have to decide whether or not terenroll)

into it. Older children, who can understand more, usually must also agree to take part in
the clinical trial before the parents' consent is accepted.

Clinical trials are one way to get state-of-the-art cancer Garey are the only way for
doctors to learn better methods to treat cancer. Still, they are not right fporeser

You can get a lot more information on clinical trials in our document c@llieccal
Trials: What You Need to Knowou can read it on our Web site or call our toll-free
number (1-800-227-2345) and have it sent to you.

Complementary and alternative therapies for osteosarcoma

You might hear about ways to treat cancer or relieve symptoms that arerdiffem
mainstream (standard) medical treatment. Everyone from friends and farritgrnet
groups and Web sites may offer ideas for what might help you or your child. These
methods can include vitamins, herbs, and special diets, or other methods such as
acupuncture or massage, to name a few.

What exactly are complementary and alternative therpies?

Not everyone uses these terms the same way, and they are used to refer tdfenant di
methods, so it can be confusing. We cgmplementaryo refer to treatments that are
usedalong withyour regular medical car@lternativetreatments are us@astead ofa
doctor's medical treatment.

Complementary methods:Most complementary treatment methods are not offered as
cures for cancer. Mainly, they are used to help the person with candeetteel Some
methods that are used along with regular treatment are: art therapy trgulgy to

reduce stress; acupuncture to help relieve pain; or peppermint tea to relisga.rfgome
complementary methods are known to help, while others have not been tested. Some
have been proven not to be helpful, and a few have even been found harmful.

Alternative treatments: Alternative treatments may be offered as cancer cures. These
treatments have not been proven safe and effective in clinical trials. Somseof the
methods may pose danger, or have life-threatening side effects. But the biggesirdange
most cases is that you (or your child) may lose the chance to be helped bydstandar
medical treatment. Delays or interruptions in medical treatments maylg cancer

more time to grow and make it less likely that treatment will help.



Finding out more

It is easy to see why people with cancer (or with children who have camo&rabout
alternative methods. You want to do all you can to help fight the cancer, and tobéadea
treatment with few or no side effects sounds great. Sometimes meditakmealike
chemotherapy can be hard to take, or they may no longer be working. But the truth is tha
most of these alternative methods have not been tested and proven to work in treating
cancer.

As you consider your options, here are 3 important steps you can take:

* Look for "red flags" that suggest fraud. Does the method promise to cure akbr m
cancers? Are you told not to use regular medical treatments? Is thesineat
"secret" that can only be given by certain providers or in another country?

» Talk to your (child's) doctor or nurse about any method you are thinking about.

» Contact us at 1-800-227-2345 to learn more about complementary and alternative
methods in general and to find out about the specific methods you are looking at.

The choice is yours

You always have a say in your (or your child's) treatment. If you want ta nse-

standard treatment, learn all you can about the method and talk to your doctor about it.
With good information and the support of the health care team, you may be able to safely
use the methods that can help while avoiding those that could be harmful.

Treatment based on the extent of the osteosarcoma

Treatment for osteosarcoma depends on several factors, including the extgiun)
and grade of the cancer, and on a person's overall health.

Localized, resectable osteosarcoma

These cancers have not spread to other parts of the body, and all of the visible tumor can
be completely removed (resected) by surgery.

High-grade: Most osteosarcomas are high grade, meaning they may grow and spread
quickly if not treated. The usual sequence of treatment for these canceiialsves

* Biopsy to establish the diagnosis
» Chemotherapy (usually for about 10 weeks)
* Surgery

* More chemotherapy (for up to a year)

Chemotherapy is an important part of treatment for these cancers. Even whegimagi
tests do not show that the cancer has spread to distant areas, some patientg tare likel



have micrometastases (very small areas of cancer spread that ciatédbed with tests).
If chemotherapy isn't given, the cancer is more likely to come back aftgrg.

Low-grade: A small number of osteosarcomas are low grade, meaning they aredikely t
grow slowly. Patients with low-grade, resectable osteosarcomas earbeftured with
surgery alone (without chemotherapy). Studies have shown that these patients do just as
well having surgery without chemotherapy.

However, if after surgery the tumor is found to be high grade when viewed by the
pathologist, chemotherapy will be recommended.

Localized, non-resectable osteosarcoma

These cancers have not spread to other parts of the body, but they can't be gompletel
removed by surgery. For example, they may be too large or too close to vital eguctur
the body to be resected completely. As with other osteosarcomas, a biopsy dsfinsede
to establish the diagnosis.

Chemotherapy is usually the first treatment for these cancers. Uttoe shrinks enough
to become resectable, it is then treated with surgery to remove the visible Tinisas
followed by more chemotherapy for up to a year.

If the tumor is still unresectable after chemotherapy, radiation theeapgften be used
to try to keep the tumor in check and to help relieve symptoms. This may be followed by
more chemotherapy.

Metastatic osteosarcoma

These cancers have already spread to distant parts of the body when theyhasediag
Most often they have spread to the lungs. As with other osteosarcomas, a biopsy is
needed first to establish the diagnosis.

Chemotherapy is usually the first treatment for these cancersofftak tumors are
thought to be resectable after chemotherapy, they are removed with sugehymay
require more than one operation. This is followed by more chemotherapy for up to a yea

If some of the tumors remain unresectable after chemotherapy, radiatiory tbemap

often be used to try to keep them in check and to help relieve symptoms. This may be
followed by more chemotherapy. Because these tumors can be hard to trieat, takls

of newer treatments may be a good option in many cases.

Recurrent osteosarcoma

Recurrent cancer means that the cancer comes back after treatmagtctime back
locally (near where the first tumor was) or in distant organs. Most of the time
osteosarcoma recurs in the lungs.



If it is possible, surgery to remove the tumor(s) is the preferred treatmémnaffers the
best chance for long-term survival. If the cancer recurs at the origmainsan arm or
leg after limb-sparing surgery, amputation of the limb may be recommended.

Chemotherapy may be used for recurrent cancers as well, although its role rate=se

is not clearly defined. If the cancer is not resectable, radiation thergpslseebe used

to help keep its growth in check and help relieve symptoms. Because these tumors can be
hard to treat, clinical trials of newer treatments may be a good option.

More treatment information for osteosarcoma

For more details on treatment options — including some that may not be addressed in this
document — other good sources of information include the National Comprehensive
Cancer Network (NCCN), the National Cancer Institute (NCI), and Curettea

The NCCN, made up of experts from the nation's leading cancer centerspdesazicer
treatment information for doctors to use when treating patients. These aablavail the
NCCN Web site (www.nccn.org).

The NCI provides treatment information via its telephone information center (1-800-4-
CANCER) and its Web site (www.cancer.gov). Detailed information intendedédsyus
cancer care professionals is also available on www.cancer.gov.

CureSearch is a combined effort of the National Childhood Cancer Foundation and the
Children's Oncology Group (COG). CureSearch can be contacted via telephe8@at 1
458-6223 or on the Web at www.curesearch.org.

What should you ask the doctor about
osteosarcoma?

It is important to have frank, open discussions with your cancer care teamydihtetyp
answer all of your questions no matter how minor they might seem. For instance,
consider these questions:

» What kind of osteosarcoma do | (does my child) have? Will this affect attm

» Has the cancer spread beyond the bone it started in?

* What is the stage of the cancer and what does that mean?

* Are there other tests that need to be done before we can decide on treatment?
* How much experience do you have treating this disease?

» What other doctors will | (we) need to see?

* What are our treatment options?

* What do you recommend and why?



» How long will treatment last? What will it involve? Where will it be done?

» How will treatment affect our daily lives?

* What should | (we) do to be ready for treatment?

» What are the possible short and long-term side effects of the suggestedrtgatme
* Are there fertility issues we need to consider?

» What are the chances of recurrence with these treatment plans? What would we do
this happens?

* What type of follow up and rehabilitation will be needed after treatment?

Along with these sample questions, be sure to write down some of your own. For
instance, you might want more information about recovery times so you can plan a work
or school schedule. You may also want to ask about second opinions or about available
clinical trials.

What happens after treatment for
osteosarcoma?

Following treatment for osteosarcoma, the main concerns for most people are the
immediate and long-term effects of the tumor and its treatment, and concerns about
possible recurrence of the tumor.

Follow-up care

After treatment is over, it is very important to go to all follow-up appointmentsn@ur
these visits, doctors will ask about symptoms, do physical exams, and may order blood
tests or imaging tests such as CT scans or x-rays. Follow-up is neededkttocleaacer
recurrence or spread, as well as possible side effects of certain tresatigs is the

time for you to ask the health care team any questions you need answered an$o disc
any concerns you might have.

You or your child will probably see the oncologist and the orthopedic surgeon every few
months during the first year after treatment, and less often thereaftsic&l@xams, x-

rays or CT scans of the chest, and x-rays of the affected bone are tyjgicaitymended
about every 3 to 4 months for 3 years, every 6 months in years 4 and 5, and once a year
after that.

Some chemotherapy drugs can cause problems with hearing or heart damageviReople
get these drugs may also have audiograms to check hearing or tests to ctieck hea
function.

Almost any cancer treatment can have side effects. Some may lastfone ks to
several months, but others can be permanent. Tell the cancer care team about any
symptoms or side effects so they can help manage them.



It is certainly understandable to want to put the tumor and its treatment behind you and t
get back to a life that doesn't revolve around cancer. But it's important e ridsai

follow-up care is a central part of this process that offers you (or yod) tihd best

chance for recovery and long-term survival.

It is also important to keep medical insurance. Even though no one wants to think of the
cancer coming back, it is always a possibility. If it happens, the last thing/ignt is to
have to worry about paying for treatment.

Keeping good medical records

As much as you may want to put the experience behind you once treatment is completed,
it is also very important to keep good records of your (child's) medical care thigng

time. This can be very helpful later on if you (or your child) change doctors. Be sure the
doctors have the following information:

» A copy of the pathology report(s) from any biopsies or surgeries
* If there was surgery, a copy of the operative report(s)

* If there were hospitalizations, copies of the discharge summaries that gwefmase
when patients are sent home

« If there was chemotherapy treatment for the cancer, a list of the, dinugy doses,
and when they were given

* If there was radiation, a summary of the type and dose of radiation and when and
where it was given

Social, emotional, and other issues in people with
osteosarcoma

Most cases of osteosarcoma develop during the teenage years, a vemedansitin a

child's life. An osteosarcoma diagnosis can have a profound effect on a person's outward
appearance and how they view themselves and their body. It can also affect tjheoabili

do some everyday tasks. This can have an impact on their ability to continue certa
school, work, or recreational activities. The effect will probably be greatasgdbe

first year of treatment. The treating center should evaluate theyfsitoihtion as soon as
possible, so that any areas of concern can be addressed.

Some common family concerns include financial stresses, transportation &mtee c
center, the possible loss of a job, and the need for home schooling. Cancer care teams
usually recommend that school-age children attend school as much as possible. This
helps patients maintain important social connections and gives them a charldéé¢do tel
friends what is happening to them.

Friends can be a great source of support, but you should know that some people have
misunderstandings and fears about cancer. Some cancer centers have a scligol re-



program that can help in situations like this. In this program, health educators visit the
school and tell students about the diagnosis, treatment, and changes the person may go
through. They will also answer any questions from teachers and classmates

Centers that treat many patients with osteosarcoma might have pragratngduce

new patients to others who have already completed their therapy. Seeing ansther pe
with osteosarcoma doing well is often helpful. There are also support groups that
encourage athletics and full use of the child's limbs. Many amputees or p&bple w
prostheses are able to take part in athletics and often do.

Although the psychological impact of this disease in children and teenagerg is mos
obvious, the challenges faced by adults with this disease must not be ignored. Adult
patients should also be encouraged to take advantage of the cancer centers' physica
therapy, occupational therapy, and counseling services.

Long-term effects of cancer treatment for osteosarcoma

Because of significant advances in treatment, more young people treatadder are
now living longer lives. Doctors have learned that the treatment may affedrectsl
health later in life, so watching for health effects as they get older hasibenore of a
concern in recent years.

Just as the treatment of cancer in young people requires a very speappreach, so
does the care and follow-up after treatment. The earlier any problems ogeized,
the more likely it is they can be treated effectively.

Young people with cancer are at risk, to some degree, for several possibiietiseod
their cancer treatment. This risk depends on a number of factors, such as the type of
cancer, the specific cancer treatments they received, doses of caatoeertiteand age
when receiving treatment.

Infertility

Infertility is not a common side effect of the treatment for osteosarcarha,dan occur.
Older girls and women may have changes in menstrual periods, but normal monthly
cycles usually return after chemotherapy ends. Boys and men may losdithéoabi
make sperm. This usually returns, but the sperm count may remain low.

Talk to your (child's) cancer care team about the risks of infertility theatment, and
ask if there are options for preserving fertility, such as sperm bankingadrer
information, see our documeikiertility and Cancer: What Are My Options?

Development of a second cancer

Rarely, some types of chemotherapy may cause a second type of sanheay
leukemia), years after the osteosarcoma is cured. Radiation therapyaceaise the risk
of a new cancer developing at the site of the treatment. However, the impoftance o
treating the osteosarcoma effectively generally far outweighsiskis



Other late effects

The late effects of osteosarcoma treatment can also include heart darmhegeny
problems after receiving certain chemotherapy drugs.

Long-term follow-up care for children

To help increase awareness of late effects and improve follow-up caredbiodl
cancer survivors throughout their lives, the Children's Oncology Group (COG) has
developed long-term follow-up guidelines for survivors of childhood cancers. These
guidelines, written for doctors and other health care professionals, desalitail the
suggested long-term follow-up care based on the treatments the child has received.

It is very important to discuss possible long-term complications with yourschigdlth

care team, and to make sure there is a plan in place to watch for these problesst and tr
them, if needed. To learn more, ask your child's doctors about the COG survivor
guidelines, and see the documéshjldhood Cancer: Late Effects of Cancer Treatment

What's new in osteosarcoma research and
treatment?

Research on osteosarcoma is now being done at many medical centers, university
hospitals, and other institutions across the world.

Understanding osteosarcoma

Researchers are making progress in learning about the causes of csteaskiic

hoped that more information about the DNA changes that cause this cancer will
eventually result in the development of specific treatments to correctcihesges. Tests
of gene changes callggne expression profilingpay help predict the behavior of each
tumor, such as how they respond to certain types of chemotherapy. These lzeaagtill
tested in clinical trials.

Treatment

Great advances have been made in treating osteosarcoma in the past dew. ddozre
are many clinical trials focusing on treating osteosarcoma usingesyvaf strategies.

Surgery

Doctors now have a much better understanding of the typical growth and spread of
osteosarcomas than they did in the past. This, along with newer imaging telseftéra
define the extent of tumors, lets them plan surgeries that remove the caneespahihg
as much normal tissue as possible.



Some newer types of internal prostheses (man-made devices used to replaaaf piece
bone) can now be expanded without the need for more surgery. This is especially
important for children, who in the past often needed several operations to replace the
prosthesis with a larger one as they grew.

Chemotherapy

Clinical trials are being done to determine the best combinations of chenpytdengs,
as well as the best time to give them. Newer chemotherapy drugs are bdiad at
well.

The lungs are the most common place for osteosarcoma to spread. Inhaled forms of some
chemotherapy drugs (such as cisplatin) are being studied for patients whosehees
spread to their lungs. Early results have been promising.

Other new forms of treatment

Chemotherapy drugs are often effective against osteosarcoma, but inasas¢hey
don't work or the cancer becomes resistant to them over time. Researchergdyang s
newer types of drugs that attack osteosarcoma cells in different ways

Clinical trials are looking into ways to help the patient's immune systemnieecand
attack the osteosarcoma cells. An experimental immune-modulating degyneatamyl
tripeptide (also known as MTP or mifamurtide) has been shown to help some patients
when added to chemotherapy.

Doctors are also studying new medicines that target specific molecules camtter

cells. These are known as targeted therapies. Some of these are man-siadg ekr
immune system proteins, knownmsnoclonal antibodiesThese antibodies attach to
certain proteins on the cancer cell and help to stop the growth or kill the canger cell
Examples now being studied include antibodies against the insulin-like growth factor
receptor 1 (IGF-1R), a protein that may help cancer cells grow.

Other drugs that target bone cells called osteoclasts may also be usefstl agai
osteosarcoma. Bisphosphonates are a group of drugs that are already uaéd to tre
osteoporosis (bone thinning) and certain cancers that have spread to the bone. Some of
these drugs, such as pamidronate and zoledronic acid, are now being studied for use in
patients with osteosarcoma as well. Another drug that affects bones, knowrcasrshra
(AZDO0530), is also under study.

Other new drugs being studied for use against osteosarcoma include:

 Drugs that affect a tumor's ability to make new blood vessels, such as beaxizum
(Avastin), cediranib, and sorafenib (Nexavar).

* Drugs that target the mTOR protein, such as temsirolimus (Torisel) araliener
(Afinitor).



Additional resources for osteosarcoma

More information from your American Cancer Society

We have some related information that may also be helpful to you. These matayal
be viewed on our Web site or ordered from our toll-free number at 1-800-227-2345.

After Diagnosis: A Guide for Patients and Families (also available iniSpa
Childhood Cancer: Late Effects of Cancer Treatment

Children Diagnosed With Cancer: Dealing With Diagnosis (also available mshpa
Children Diagnosed With Cancer: Financial and Insurance Issues

Children Diagnosed With Cancer: Returning to School

Children Diagnosed With Cancer: Understanding the Health Care Systera\aisble
in Spanish)

Clinical Trials: What You Need to Know

Family and Medical Leave Act (FMLA)

Fertility and Cancer: What Are My Options?

Health Professionals Associated With Cancer Care

Nutrition for Children with Cancer (also available in Spanish)
Pediatric Cancer Centers (also available in Spanish)
Surgery

Understanding Chemotherapy: A Guide for Patients and Families (alsalde ail
Spanish)

Understanding Radiation Therapy: A Guide for Patients and Families
What Happened to You, Happened to Me (children's booklet)

When Your Brother or Sister Has Cancer (children's booklet)

When Your Child's Treatment Ends: A Guide for Families (booklet)

The following books are available from the American Cancer Society. Calllu808-
ACS-2345 to ask about costs or to place your order.

Because... Someone | Love Has Cancer
Cancer in the Family

Caregiving: A Step-By-Step Resource for Caring for the Person With Cancer at Home



Jacob Has Cancer: His Friends Want to Hétploring book for a child with a friend
who has cancer)

National organizations and Web sites*

In addition to the American Cancer Society, other sources of patient information a
support include:

American Childhood Cancer Foundation (formerly Candlelighters)
Toll-free number: 1-800-366-2223 (1-800-366-CCCF)
Web site: www.candlelighters.org

Amputee Coalition of America
Toll-free number: 1-800-AMP-KNOW (1-800-267-5669)
Web site: www.amputee-coalition.org

CureSearch(National Childhood Cancer Foundation and Children's Oncology Group)
Toll-free number: 1-800-458-6223
Web site: www.curesearch.org

National Cancer Institute
Toll-free number: 1-800-422-6237 (1-800-4-CANCER)
Web site: www.cancer.gov

National Children's Cancer Society, Inc.
Toll-free number: 1-800-532-6459 (1-800-5-FAMILY)
Web site: www.children-cancer.org

Starlight Children's Foundation
Toll-free number: 1-800-315-2580
Web site: www.starlight.org

Teens Living with Cancer
Web site: www.teenslivingwithcancer.org

*Inclusion on this list does not imply endorsemtanthe American Cancer Society.

Other publications*

For adults

100 Questions & Answers About Your Child's CanbgiWilliam L. Carroll and Jessica
Reisman. Jones and Bartlett Publishers, 2004.

Cancer & Self-Help: Bridging the Troubled Waters of Childhood llinegdviark A.
Chester and Barbara K. Chesney. University of Wisconsin Press, 1995.



Care for Children and Adolescents with Cancer: Questions and AnsMetienal
Cancer Institute. Available at: www.cancer.gov/cancertopicsHaetdNClI/children-
adolescents or call 1-800-332-8615.

Childhood Cancer: A Parent's Guide to Solid Tumor CandgydHonna Janes-Hodder
and Nancy Keene. O'Reilly and Associates, 1999.

Childhood Cancer: A Handbook from St Jude Children's Research Hodpit&rant
Steen and Joseph Mirro (editors). Perseus Publishing, 2000.

Childhood Cancer Survivors: A Practical Guide to Your FutimeNancy Keene,
Wendy Hobbie, and Kathy Ruccione. O'Reilly and Associates, 2000.

Children with Cancer: A Comprehensive Reference Guide for Paiamisedition), by
Jeanne Munn Bracken and Pruden Pruden. Oxford University Press, 2005.

Educating the Child With Cancer: A Guide for Parents and Teachkdited by Nancy
Keene. Candlelighters Childhood Cancer Foundation, 2003.

Living with Childhood Cancer: A Practical Guide to Help Families GdpeLeigh A.
Woznick and Carol D. Goodheart. American Psychological Association, 2002.

Surviving Childhood Cancer: A Guide for Familié&y Margo Joan Fromer. New
Harbinger Publications, 1998.

When Bad Things Happen to Good PeobleHarold Kushner. G.K. Hall, 1982.

When Someone You Love Is Being Treated for CaNegional Cancer Institute.
Available at: www.cancer.gov/cancertopics/when-someone-you-loveagett, or call 1-
800-332-8615.

Young People with Cancer: A Handbook for PareNt&tional Cancer Institute, 2003.
Available at: www.cancer.gov/cancertopics/youngpeople, or call 1-800-332-8615.

Your Child in the Hospital: A Practical Guide for PareifZnd edition), by Nancy
Keene. O'Reilly & Associates. 1999. (Also available in Spanish.)

Books for teens and children

Although these books are intended for children, younger kids are helped more when an
adult reads with and helps the child reflect about what different parts of the bookamea
the child.

The Amazing Hannah, Look at Everything | Can BpAmy Klett. Candlelighters
Childhood Cancer Foundation, 2002. For ages 1 to 6. (Also available in Spanish.)

Chemo, Craziness and Comfort: My Book about Childhood CdnycBiancy Keene.
Candlelighters Childhood Cancer Foundation, 2002. Can be ordered from
www.candlelighters.org. For ages 6 to 12.



Childhood Cancer Survivors: A Practical Guide to Your Fut{Zed edition), by Kathy
Ruccione, Nancy Keene, and Wendy Hobbie. Patient Centered Guides, 2006. For older
teens.

Going to the Hospitalby Fred Rogers. Paperstar Book, 1997. For ages 4 to 8.

Life Isn't Always a Day at the Beach: A Book for All Children Whose Lives Axeteff
by Canceyby Pam Ganz. High-Five Publishing, 1996. Workbook for ages 6 to 10.

Little Tree: A Story for Children with Serious Medical ProblemsJoyce C. Mills.
Magination Press, 2003. For ages 4 to 8.

Living Well With My Serious lllnesBy Marge Heegaard. Fairview Press, 2003. For ages
81to 12.

Me and My Marrowpy Karen Crowe. Published by Fujsawa Healthcare, 1999. For teens.

My Book for Kids with Cansysic], by Jason Gaes. Viking Penguin, 1998. For ages 4 to
8.

Oncology, Stupology...l Want to Go Horbg!Marilyn K. Hershey. Butterfly Press,
1999. For ages 8 to 12. (Also available in Spanish.)

What About Me? When Brothers and Sisters Get BicRllan Peterkin and Frances
Middendorf. Magination Press, 1992. For brothers and sisters (ages 4 to 8) of a child with
cancer.

When Someone Has a Very Serious lliness: Children Can Learn to Cope with Loss and
Change by Marge Heegaard. Woodland Press, 1991. For ages 6 to 12.

Why, Charlie Brown, Why? A Story About What Happens When a Friend Is Vbyy lll
Charles M. Schultz. Ballantine Publishing Group, 1990. For ages 6 to 12.

*Inclusion on this list does not imply endorsemanthe American Cancer Society.

No matter who you are, we can help. Contact us anytime, day or night, for intormati
and support. Call us 4t800-227-234%r visit www.cancer.org.

References: Osteosarcoma detailed guide

American Cancer SocietZancer Facts & Figures 2012tlanta, Ga. American Cancer
Society 2012.

Bielack S, Carrle D, Casali PG, ESMO Guidelines Working Group. Osteosarcoma:
ESMO clinical recommendations for diagnosis, treatment and followup Oncol
2009;20 Suppl 4:137-139.

Bielack SS, Carrle D. State-of-the-art approach in selective curabtestuBone
sarcomaAnn Oncol 2008;19 Suppl 7:vii1l55-viil60.



Chou AJ, Bell MD, Mackinson C, et al. Phase Ib/lla study of sustained release lipi
inhalation targeting cisplatin by inhalation in the treatment of patienits wit
relapsed/progressive osteosarcoma metastatic to thell@ig. Oncol
2007;25(18s):9525.

Damron TA, Ward WG, Stewart A. Osteosarcoma, chondrosarcoma, and Ewing's
sarcoma: National Cancer Data Base Regm. Orthop Relat Re2007;459:40-47.

Dome JS, Rodriguez-Galindo C, Spunt SL, Santana VM. Pediatric solid tumors. In:
Abeloff MD, Armitage JO, Niederhuber JE. Kastan MB, McKenna WG, &bisloff's
Clinical Oncology 4th ed. Philadelphia, Pa: Elsevier; 2008: 2075-2084.

Gebhart MC, Springfield D, Neff J. Sarcomas of bone. In: Abeloff MD, Armitage JO
Niederhuber JE. Kastan MB, McKenna WG, eds. Abel@ffisical Oncology 4th ed.
Philadelphia, Pa: Elsevier; 2008: 1945-2008.

Geller DS, Gorlick R. Osteosarcoma: A review of diagnosis, managementeatment
strategiesClin Adv Hematol Oncol010;8:705-718.

Gorlick R, Bielack S, Teot L, Meyer J, Randall RL, Marina N. Osteosarcorobdy,
diagnosis, treatment, and remaining challenges. In: Pizzo PA, Poplack DG, eds
Principles and Practice of Pediatric Oncoladgith ed. Philadelphia Pa: Lippincott
Williams & Wilkins; 2011:1015-1044.

Hansen MF, Seton M, Merchant A. Osteosarcoma in Paget's disease af Bone.
Miner Res 2006;21 Suppl 2:P58-63.

Lewis DR, Ries LAG. Cancers of bone and joint. In: Ries LAG, Young JL, KEel G
Eisner MP, Lin YD, Horner M-J, eds. SEER Survival Monograph: Cancer Survival
Among Adults: U.S. SEER Program, 1988-2001, Patient and Tumor Characteristics.
National Cancer Institute, SEER Program, NIH Pub. No. 07-6215, Bethesda, MD, 2007.

Malawer MM, Helman LJ, O'Sullivan B. Sarcomas of bone. In: DeVita VT, Lag@e
TS, Rosenberg SA, eds. DeVita, Hellman, and Rosenligagser: Principles &
Practice of Oncology8th ed. Philadelphia, Pa: Lippincott Williams & Wilkins; 2008:
1794-1833.

Myers PA, Schwartz CL, Krailo MD, et al. Osteosarcoma: The addition ofmylira
tripeptide to chemotherapy improves overall survival—a report from the Children's
Oncology Groupd Clin Oncol 2008;26:633-638.

Nagarajan R, Neglia JP, Clohisy DR, Robison LL. Limb salvage and amputation in
survivors of pediatric lower-extremity bone tumors: What are the longitepiications?
J Clin Oncol 2002;20:4493-4501.

National Cancer Institute Physician Data Query (PDQ). Osteosaidafigidant Fibrous
Histiocytoma of Bone Treatment. 2010. Accessed at
www.cancer.gov/cancertopics/pdg/treatment/osteosarcoma/healthmoééssm March
24, 2011.



National Comprehensive Cancer Network (NCCN). Practice Guidelines indgycol
Bone Cancer. Version 2.2011. Accessed at
www.nccn.org/professionals/physician_gls/PDF/bone cancer.pdf on March 24, 2011.

Ries LAG, Smith MA, Gurney JG, Linet M, Tamra T, Young JL, Bunin GR
(eds).Cancer Incidence and Survival among Children and Adolescents: United States
SEER Program 1975-1998lational Cancer Institute, SEER Program. NIH Pub. No. 99-
4649. Bethesda, MD, 1999.

Russell HV, Pappo AS, Nuchtern JG, et al. Solid tumors of childhood. In: DeVita VT,
Lawrence TS, Rosenberg SA, eDgVita, Hellman, and Rosenberg's Cancer: Principles
& Practice of Oncology8th ed. Philadelphia, Pa: Lippincott Williams & Wilkins; 2008:
2044-2050.

Yasko AW, Chow W, Haglund K. Bone sarcomas. In: Pazdur R, Wagman LD,
Camphausen KA, Hoskins WJ, e@ancer Management: A Multidisciplinary Approach
13" ed. UBM Medica; 2010: 607—620.

Last Medical Review: 6/29/2011
Last Revised: 1/17/2012

2011 Copyright American Cancer Society

For additional assistance please contact your American Cancer Society

1- 800 - ACS-2345 or www.cancer.org




