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Osteosarcoma

What is cancer?

The body is made up of trillions of living cells. Normal body cells grow, divideakenmew
cells, and die in an orderly way. During the early years of a persa'siifmal cells divide
faster to allow the person to grow. Once the person becomes an adult, mabvicelenly
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. Thararare
kinds of cancer, but they all start because of out-of-control growth of abnornsal cell

Cancer cell growth is different from normal cell growth. Instead afiglycancer cells keep
growing and forming new, abnormal cells. In most cases the cancer calla famor.
Cancer cells can also invade (grow into) other tissues, something that neltevean’t do.
Growing out of control and invading other tissues are what makes a cell a@ahcer

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 either repattartiage or the

cell dies. In cancer cells, the damaged DNA is not repaired, but the cell doediKe dli

should. Instead, this cell goes on making new cells that the body doesn’t need. These new
cells will all have the same damaged DNA as the first abnormal cell does.

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

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

No matter where a cancer may spread, it is named (and treated) based acetéhpte it
started. For example, breast cancer that has spread to the liver isasilldamecer, not liver



cancer. Likewise, prostate cancer that has spread to the bones is sétepraster, not bone
cancer.

Different types of cancer can behave very differently. They grow atelifeates and
respond to different treatments. That is why people with cancer need treatrhenatmed
at their particular kind of cancer.

Not all tumors are cancerous. Tumors that aren’t cancer are bahégh Benign tumors can
cause problems — they can grow very large and press on healthy organs asd tmdibey
can’t grow into (invade) other tissues. Because they can’t invade, tloegaals spread to
other parts of the body (metastasize). These tumors are almost nethegehtening.

What are the differences between cancers in
adults and children?

The types of cancers that develop in children and teens are often different fropeththat
develop in adults. Childhood cancers are often the result of DNA changes in cal&éehat
place very early in life, sometimes even before birth. Unlike many caincadsi|ts,
childhood cancers are not strongly linked to lifestyle or environmental risk$act

There are exceptions, but childhood cancers tend to respond better to treatments such as
chemotherapy. Children’s bodies also tend to tolerate chemotherapy better thgin adul
bodies do. But cancer treatments such as chemotherapy and radiation therapg t@amgha
term side effects, so children who survive cancer will need careful atidatithe rest of

their lives.

Since the 1960s, most children and teens with cancer have been treated at speerdkze
designed for them. These centers offer the advantage of being treatezhbya specialists

who know the differences between adult and childhood cancers, as well as the unique needs
of children with cancer and their families. This team usually includes pediatologists,
surgeons, radiation oncologists, pathologists, pediatric oncology nurses, and nurse
practitioners.

These centers also have psychologists, social workers, child life sgiscralitritionists,
rehabilitation and physical therapists, and educators who can support and edusaiesthe
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 associated wiilexsity or
children’s hospital. As we have learned more about treating childhood cancetéichase
even more important that treatment be given by experts in this area.

When a child or teen is diagnosed with cancer, it affects every family mamib@early
every aspect of the family’s life. You can read more about coping with thesgeshia our
documentChildren Diagnosed With Cancer: Dealing With Diagnosis.



What Is osteosarcoma?

Osteosarcoma (also calledteogenic sarcomas a type of cancer that starts in the bones. To
understand osteosarcoma, it helps to know about the bones and what they do.

About normal bones

Many people think of bones as just being part of the skeleton, like the steel dieders t
support a building. But bones actually do a number of different things.

» 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 referriat focaes

» Other bones, such as those in the arms and legs, make a framework for our muscles that
helps us move. These are calledg 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 aduéhood
might not think of bones as being alive, but they are. Like all other tissues of the body, bones
have many kinds of living cells. Two main types of cells in our bones help themrstay st

and keep their shape.

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

» Osteoclastbreak 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, osteoblasts and osteoctakstdals
control the amount of these minerals in the blood.

Osteosarcoma

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

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



In children and young adults, osteosarcoma usually develops in areas wlernedhe

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 thegroxi

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 i
any bone, including the bones of the pelvis (hips), shoulder, and jaw. This is espemally t

in older adults.

Subtypes of osteosarcoma

Several subtypes of osteosarcoma can be identified by how they look on x-rays andeunder t
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. The grade of the tumor tells doctorkeipwt is
that the cancer will grow and spread to other parts of the body.

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 into new cells. Most osteosarcomas that occur in children andreeens
high grade. There are many types of high-grade osteosarcomas (altmetigt 8 are the
most common).

» 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 usually treated as if they -ayetav
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 d¢ntra

The grade of the tumor plays a role in determining its stage and the typatimieiné used.
For more on staging, see the section “How is osteosarcoma 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 bone cancer in children. They are described in
our documenEwing Family of Tumors

Most other types of bone cancers are usually found in adults and are rare in children. Thes
include:

» Chondrosarcoma (cancer that develops from cartilage)
* Malignant fibrous histiocytoma
* Fibrosarcoma
* Chordoma
» Malignant giant cell tumor of bone
For more information on these cancers, see our docuseset Cancer

Many types of cancer that start in other organs of the body can spread to the borearélhes
sometimes referred to asetastatic bone cancensut they are not true bone cancers. For
example, prostate cancer that spreads to the bones is still prostateacanedreated like
prostate cancer. For more information, see the docuBwrd Metastasis

Benign (non-cancerous) bone tumors

Not all bone tumors are cancer. Benign bone tumors do not spread to other parts of the body.
They are usually not life threatening and can often be cured by surgerg.areanany 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 fibroma,
enchondroma, xanthoma, benign giant cell tumor of bone, 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 asi@@sarc
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. Teens
are the most commonly affected age group, but osteosarcoma can occur in peopbgef any
About 10% of all osteosarcomas occur in people over the age of 60.

Osteosarcomas account for about 2% of childhood cancers, but they make up a much smaller
percentage of adult cancers.

The prognosis (outlook) for people with osteosarcoma depends on many factors, including
the location of the tumor, whether the cancer has spread (metastasized)safirehfiiund,

and the person’s age. Statistics related to survival are discussed in the ‘8&ttat are the
survival rates for osteosarcoma?”

What are the risk factors for osteosarcoma?

A risk factor is anything that affects your chance of getting a skissach as cancer.
Different cancers have different risk factors.

Lifestyle-related risk factors such as body weight, physical agtiet, and tobacco use

play a major role in many adult cancers. But these factors usually taleyses to

influence cancer risk, and they are not thought to play much of a role in childhood cancers
including childhood osteosarcomas. So far, lifestyle-related factors have noineertd
osteosarcomas in adults, either.

Age

The risk of osteosarcoma is highest for those between the ages of 10 and 30, especially
during the teenage growth spurt. This suggests there may be a link between rapid bone



growth and risk of tumor formation. The risk goes down in middle age, 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 are usually tall for their age. This alsostadbat
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 might hig\eearisk

of later developing osteosarcoma in the area that was treated. Beiad &ea younger age
and being treated with 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 tests in schildemever
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 bonén this condition, abnormal bone tissue forms in one or more
bones. It mostly affects people older than 50. The affected bones are heawglahdttare
weaker than normal bones and are more likely to break. Usually this condition tig x|
life-threatening. But bone sarcomas (mostly osteosarcoma) develop in abofip&éple
with Paget disease, usually when many bones are affected.

Hereditary multiple osteochondromas:Osteochondromas are benign bone tumors formed
by bone and cartilage. Each osteochondroma has a very small risk of developing into a bone
sarcoma (most often a chondrosarcoma, but less often it can be an osteosarcoma).



Most osteochondromas can be cured by surgery. However, some people inherit a tendency to
develop many osteochondromas starting at a young age, and it may not be possilbedo rem
them all. The more osteochondromas a person has, the greater the risk of developing a bone
sarcoma.

Inherited cancer syndromes

People with certain rare, inherited cancer syndromes have an increlsgdigseloping
osteosarcoma.

* Retinoblastoma is a rare eye cancer of children. Some children have thedfoent of
retinoblastomal(ereditary retinoblastoma), in which all the cells of the body have a
mutation (change) in theBlgene. These children also have an increased risk of
developing bone or soft tissue sarcomas, including osteosarcoma. If radiatipy thera
used to treat the retinoblastoma, the risk of osteosarcoma in the bones around the eye is
even higher.

» TheLi-Fraumeni syndrome makes people much more likely to develop certain types of
cancer, including breast cancer, brain tumors, osteosarcoma, and other typssnud.sar
This syndrome is usually caused by a mutation offfP@3tumor suppressor gene.

* Children withRothmund-Thomson syndromeare short and tend to have skeletal
problems and rashes. They also are more likely to develop osteosarcoma. Thisayndrom
is caused by abnormal changes inRteQL4gene.

 Other rare inherited conditions, includiBtpom syndrome Werner syndrome, and
Diamond-Blackfan anemia have also been linked to an increased risk of osteosarcoma.

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

Do we know what causes osteosarcoma?

Researchers have found that osteosarcoma is linked with a number of other condititins, whi
were described in “What are the risk factors for osteosarcoma?” Budube of most
osteosarcomas is not clear at this time.

Scientists have learned how certain changes in our DNA can cause cellsmt®bec
cancerous. DNA is the chemical in each of our cells that makes up our genes — the
instructions for nearly everything our cells do. We usually look like our parerasdethey
are the source of our DNA. But DNA affects more than how we look. It influencesksir r
for developing certain diseases, including some kinds of cancer.

Some genes (parts of our DNA) control when our cells grow, divide to make newnells, a
die. Genes that help cells grow, divide, or stay alive are catledgenesOthers that slow



down cell division or make cells die at the right time are cailetbr suppressagenes
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 gangec These are
calledgermlineor inheritedmutations. Usually, however, cancer-causing changes are
acquired during life rather than inherited before birth. In this case, the chetigs only in
the cells that will develop the cancer. These are catlathticor acquiredgene changes.

Inherited gene changes

Some inherited DNA mutations cause syndromes that are linked with an inlcric&se
osteosarcoma. For example:

The Li-Fraumeni syndrome is usually caused by inherited mutations that tune ©#%3
tumor suppressor gene. These mutations give a person a very high risk of developing one or
more types of cancer, including breast cancer, brain tumors, osteosarcoma, aoanoeres.

Inherited changes in thretinoblastomaRB1) tumor suppressor gene increase the risk of
developing retinoblastoma, a type of eye cancer that affects children. @hildinethis gene
change also have an increased risk for developing osteosarcoma.

If you are concerned you or your child might possibly have an inherited gene cladinge, t
with your doctor about whether genetic testing might be helpful. You can atsomea
about this in our document Genetic Testing: What You Need to Know.

Acquired gene changes

Most osteosarcomas are not caused by inherited DNA mutations. They araiithef iggene
changes acquired during the person’s lifetime. These changes are preganttentancer
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 people who get radiation therapy toricghéen
cancer are more likely to later develop osteosarcoma in the treated site.

Other DNA changes have no clear cause. They may result from random erroctinat
when cells reproduce. Before a cell divides, it must copy its DNA so that both heWwase
the same set of instructions. Sometimes mistakes are made during yimg gopcess. Cells
that are dividing quickly are more likely to create new cells with mistakéheir DNA,
which increases the risk that a cancer such as osteosarcoma may develoayTbgswvhy
some normal situations (such as the teenage growth spurt) and diseases Paggt a
disease of bone) that cause rapid bone growth increase the risk of osteosarcoma.



Other than radiation, there are no known lifestyle-related or environmentabkaafus
osteosarcoma, so it is important to remember that there is nothing people vatbahesrs
could have done to prevent them.

Researchers now understand some of the gene changes that occur in ostasshutotis

not always clear what causes these changes. As we learn more about vdsat caus
osteosarcoma, hopefully we will be able to use this knowledge to develop ways to better
prevent and treat it.

Can osteosarcoma be prevented?

The risk of many adult cancers can be reduced with certain lifestylgehéuch as staying
at a healthy weight or quitting smoking), but at this time there are no known ways totpreve
osteosarcoma.

Most known risk factors for osteosarcoma (age, height, race, gender, and certain bone
diseases and inherited conditions) cannot be changed. Other than radiation thera@re
no known lifestyle-related or environmental causes of osteosarcoma, so at thietiens
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 cé®creening is
testing for cancer in people without any symptoms.)

Still, most osteosarcomas are found at an early stage, before they laalyesgieead to other
parts of the body. Symptoms such as bone pain or swelling often prompt a visit to a doctor.
(For more on this, see the section “Signs and symptoms of osteosarcoma”)

People with certain bone diseases or in families known to carry inherited onaditat raise
the risk of this cancer (listed in “What are the risk factors for osteosaffpshould talk
with their doctors about the possible need for increased monitoring for this dideiasgpe
of cancer usually does not run in families, but looking out for the early signs of cancer
important if it is to be treated successfully.

Signs and symptoms of osteosarcoma

Osteosarcomas are usually found because of the symptoms they cause.



Pain and swelling

Pain in the affected bone (usually around the knee or in the upper arm) is the most common
symptom of osteosarcoma. At first, the pain might not be constant and may be wagbé at ni
The pain often increases with activity and may result in a limp if the tunmoaiseg bone.

Swelling in the area is another common symptom, although it may not occur untl sever
weeks after the pain starts. Depending on where the tumor is, it may be possblato f
lump or mass.

Limb pain and/or swelling are very common in normal, active children and teens. €hey ar
much more likely to be caused by normal bumps and bruises, so they might not prompt a
doctor visit right away. This can delay a diagnosis. If your child has these syshgtainthey
do not go away within a few weeks (or they get worse), see a doctor so that the cdaese ca
found and treated, if needed.

These symptoms are less common in adults, so they should be a sign to see a aoctor eve
sooner.

Bone fractures (breaks)

Although osteosarcoma might weaken the bone it develops in, the bones often do not break.
Telangiectatic osteosarcomas, which are rare, tend to weaken bones mathéndorms of
osteosarcoma and are more likely to cause a fracture at the tumor site.

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

How is osteosarcoma diagnosed?

Osteosarcomas are usually found when a person goes to the doctor because of signs or
symptoms they are having. If a bone tumor is suspected, tests will be needédid for
sure.

Medical history and physical exam

If a person has signs or symptoms that suggest a tumor in or around a bone, the doctor will
want to take a complete medical history to find out more about the symptoms. abhysi
exam can provide information about a possible tumor, as well as other health problems. For
example, the doctor may be able to see or feel an abnormal mass.

The doctor may also look for problems in other parts of the body. When people (especially
adults) do have cancer in the bones, it's often the result of cancer that startethamese
and then spread to the bones.



If the doctor suspects a person could have osteosarcoma (or another type of bone tumor),
more tests will be done. These might include imaging tests, biopsies, andéstsab t

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 help determine if a cancer may have started in another part of the body
» To learn how far cancer has spread

* To help determine if treatment is working

* To look for signs that the cancer may have come back

Patients who have or may have osteosarcoma will have one or more of these tests.

Bone x-ray

This is often the first test done if a doctor suspects a bone tumor. Doctors caeaitgnize
a bone tumor such as osteosarcoma based on plain x-rays of the bone. But other inigiging tes
might be needed as well.

Even if results of an x-ray strongly suggest a person has osteosarcomay avidigl be
needed to confirm that it is cancer rather than some other problem, such as eminfect

Magnetic resonance imaging (MRI) scan

MRI scans provide detailed images of soft tissues in the body. These scans rigde det
images using radio waves and strong magnets instead of x-rays, so no radiationeslinvol
A contrast material callegadoliniummay be injected into a vein before the scan to better
see details.

Often, an MRI scan is done to get a more detailed look at a bone mass seen on an x-ray. MRI
scans can usually show if the mass is likely to be a tumor, an infection, or someligpe of
damage from other causes. MRI scans can also help show the exact extent of ssttiragr, 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 fromnirthe ma

tumor (calledskip metastas¢sKnowing the extent of an osteosarcoma is very important

when planning surgery. An MRI scan usually gives better details than a €{desaribed

below).



An MRI scan can 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. Newenpeaore
MRI machines can help with these feelings, but the test still requisgesgsill for long
periods of time. The machines also make buzzing and clicking noises that mayiiengdjst
Sometimes, younger children are given medicine to help keep them calm or eegn asl
during the test.

Computed tomography (CT) scan

The CT scan uses x-rays to make detailed cross-sectional images of gagtbody. If a

bone x-ray shows a tumor, CT scans are sometimes used to see if the tumor has grown into
nearby muscle, fat, or tendons, although MRI is often better for this. A CT scancbiette

is often done to look for spread of the cancer to the lungs. CT scans may also be done to look
for the spread of the cancer to other parts of the body.

Instead of taking one picture, like a regular x-ray, a CT scanner takes mamgpas it
rotates around a person lying on a table. A computer then combines these pictures into
detailed images of slices of the part of the body being studied.

Before the test, you (or your child) may be asked to drink a contrast solution agtcdar g
intravenous (1V) injection of a contrast dye that helps better outline abnomaaliarthe
body. If the contrast dye is to be injected, you (or your child) may need amel\Vlhe
contrast may cause some flushing (a feeling of warmth, especially iacke $ome people
are allergic and get hives. Rarely, more serious reactions like trouble bgeathow blood
pressure can occur. Be sure to tell the doctor if you (or your child) havdlengyea or have
ever had a reaction to any contrast material used for x-rays.

A CT scanner has been described as a large donut, with a narrow table in the middig openi
During the test, the table slides in and out of the scanner. You (or your child)edltomée

still on the table while the scan is being done. CT scans take longer than regylsyand

you might feel a bit confined by the ring while the pictures are being takeame cases,
children may need to be sedated before the test to stay still and help make sutardege pic
come out well.

Chest x-ray
This test is sometimes done to see if cancer has spread to the lungs.nd dargér tumors,

but it is not as good as a CT scan for spotting smaller tumors. If a CT scan ofghis che
done, a chest x-ray probably won't 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 can shoviréghe ent



skeleton at once. (A positron emission tomography [PET] scan, described belowgenan oft
provide similar information, so a bone scan might not be needed if a PET scan is done.)

For this test, a small amount of low-level radioactive material is agaato a vein
(intravenously, or IV). (The amount of radioactivity used is very low and will passf oo
body within a day or so.) 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 radioactivity ares @eatture of

the skeleton. Younger children may be given medicine to help keep them calm osleepn a
during the test.

Areas of active bone changes appear as “hot spots” on the skeleton becauseathelyeat
radioactivity. Hot spots may suggest areas of cancer, but other bone diseadse cause
the same pattern. To make an accurate diagnosis, other tests such as pRiMRI&cans,
or even a bone biopsy might be needed.

Positron emission tomography (PET) scan

For aPET scan, a form of radioactive sugar (knowkR€) is injected into the blood. The
amount of radioactivity used is very low and will pass out of the body within a day or so.
Because cancer cells in the body are growing quickly, they absorb |laog@tsnof the

sugar. After about an hour, you (or your child) will lie on a table in the PET sdanner
about 30 minutes while a special camera creates a picture of areas adtraidyan the

body. The picture is not detailed like a CT or MRI scan, but it provides useful informati
about the whole body.

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

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

To learn more about this and other imaging tests, see our dockmagymig (Radiology)
Tests.

Biopsy

The results of imaging tests might strongly suggest that a person has peroéligne

cancer, but a biopsy (removing some of the tumor for viewing under a microscope and other
lab testing) is the only way to be certain. A biopsy is also the best way ta¢elascoma

from other types of bone cancer.

If the tumor is in a bone, it is very important that a surgeon experienced in treating bone
tumors does the biopsyhenever 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 can help prevent later complications andedugie
the amount of surgery needed later on.

There are 2 main types of biopsies.

Needle biopsy

For these biopsies, the doctor uses a hollow needle to remove a small sample of the tumor.
The biopsy is usually done with local anesthesia, where numbing medicine isdnjeot

the skin and other tissues over the biopsy site. In some cases, sedation or gestbesdiane
(where the patient is asleep) may be needed.

Often, the doctor can aim the needle by feeling the suspicious area if it taesarface of
the body. If the tumor can’t be felt because it is too deep, the doctor can guide tledmeed|
the tumor while viewing a CT scan. This is calledTaguided needle biopsy

Core needle biopsyiln 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) biopsyFfor an FNA biopsy, the doctor uses a very thin
needle attached to a syringe to withdraw (aspirate) a small amount of fluid aadeitsn
from the tumor. 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 with the patient under general snéstlaes
deep sleep). They can also be done using a nerve block, which numbs a large area.

This type of biopsy must be done by an expert in bone tumors, or it could result in problems
later on. For example, if the tumor is on the arm or leg, it's possible the chanaeifgy the

limb may be lost. If possible, the incision in the skin used in the biopsy should be lengthwise
along the arm or leg because this is the way the incision will be made durimggetta¢ion to
remove the cancer. The entire scar of the original biopsy will also have tmbeees so

making the biopsy incision 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 (a doctor speciadifabgests) to
be looked at under a microscope. Tests looking for chromosome or gene changes in the
tumor cells may also be done. These tests can help tell osteosarcoma froraratees that



look like it under the microscope, and they can sometimes help predict whether the
osteosarcoma is likely to respond to therapy.

If osteosarcoma is diagnosed, the pathologist will assign it a grade, whioteessare 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 describedrasiéow
while those that look very abnormal are called high grade. For more on grading see th
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 chemicals in the blood such a®alkali
phosphatase and lactate dehydrogenase (LDH) can suggest that the asteosay be
more advanced than it appears.

Other tests such as blood cell counts and blood chemistry tests are done befoyeandrge
other treatments to get a sense of a person’s overall health. Theseetaite ased to
monitor a person’s health while they are getting chemotherapy.

How is osteosarcoma staged?

The stage of a cancer is a standard summary of how far a cancer hdsEBpedaeatment
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}, ieségjimnd
any biopsies that have been done, which were described in the section “How is astemsarc
diagnosed?”

A staging systens a standard way for the cancer care team to sum up the extent of the
cancer. When trying to figure out the best course of treatment, doctors ofterimpéea s
system that divides osteosarcomas into 2 groups — localized and metasigtics Dan also
use more formal staging systems, described below, to describe the extenstdasarcoma
in more detalil.

Staging can be confusing. If you have any questions about the stage of the sangmir a
(child’s) doctor to explain it to you in a way you understand.



Localized versus metastatic osteosarcoma

Localized osteosarcoma

A localized osteosarcoma is seen only in the bone it started in and possibly thenessues
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 don’t show that the cancer has spread to distant arneaetients
are likely to have very small areas of cancer spread that can’t béedetgih tests. This is
why chemotherapy is an important part of treatment for most osteosardbinias.t given,

the cancer is more likely to come back after surgery.

Doctors further divide localized osteosarcomas into 2 groups:

* Resectablecancers are those in which all of the visible tumor can be removed by
surgery.

* Non-resectable(or unresectablg osteosarcomas can’t be removed completely by
surgery.

Metastatic osteosarcoma

A metastatic osteosarcoma has clearly spread to other parts of the bodgftbtogtspreads
to the lungs, but it can also spread to other bones, the brain, or other organs.

About 1 out of 5 osteosarcoma patients has metastatic spread at the time of slidtess
patients are harder to treat, but some can be cured if the metastases navbed by
surgery. The cure rate for these patients improves markedly if chenpytheedso given.

Musculoskeletal Tumor Society (MSTS) Staging System

One system commonly used to stage osteosarcoma is the MSTS system, also khewn as t
Enneking systenit is based on 3 key pieces of information:

» Thegrade of the tumor (G)
» The extent of the main (primarggmor (T)

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

The grade of a tumor is a measure of how likely it is to grow and spread, based on how it
looks under the microscope. Tumors are either low grade (G1) or high grade (G2). Low-
grade tumor cells look more like normal cells and are less likely to growpagalsquickly,
while high-grade tumor cells look more abnormal.



The extent of the primary tumor is classified as either intracomparthf€hjameaning it
has basically remained within the bone, or extracompartmental (T2), meaniagktbaded
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
] G2 T2 MO
[l Gl or G2 T1lorT2 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 JongStmmon
Cancer (AJCC) system. The AJCC uses one system to describe all bons, ¢adkceling
osteosarcomas. The AJCC staging system for bone cancers is based on deseyfpie
information:

» T describes the size of the main (primaynor and whether it appears in different
areas of the bone.

* N describes the extent of spread to nearby (regional) lyradhs(small bean-sized
collections of immune system cells). Bone tumors rarely spread to the lymph nodes

* M indicates whether the cancer mastastasizedspread) to other organs of the body.
(The most common sites of spread are to the lungs or other bones.)



» G stands for thgrade of the tumor, which describes how the cells look under a
microscope. Low-grade tumor cells look more like normal cells and arekebstb
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 spread (metastasis) to distant organs.
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 irsih@ s8§stem.
There are other differences between the systems as well. To avoid confusiay hielp to
ask your (child’s) doctor which staging system he or she uses.

GX: Grade can't be assessed
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 isumbe



calledstage groupingThe stages are described in Roman numerals from | to IV (1 to 4), and
are sometimes divided further.

Stage 1A

T1, NO, MO, G1 or G2 (or GX): The tumor is 8 cm across or less and is low grade (or the
grade can't be assessed). It has not spread to nearby lymph nodes or to distahthgart
body.

Stage IB

T2-T3, NO, MO, G1 or G2 (or GX): The tumor is larger than 8 cm across or has “skipped”
to other sites in the same bone. It is low grade (or the grade can’'t be dsdebss not
spread to nearby lymph nodes or to distant parts of the body.

Stage IIA

T1, NO, MO, G3 or 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 or 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 or 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 might or might 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 discussiragtisisr
(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 itassituations,



while others may not find the numbers helpful, or may even not want to know them. If you
do not want to read about the survival statistics for osteosarcoma given in themnext fe
paragraphs, skip to the next section.

The 5-year survival rate refers to the percentage of patients who livetsh gsars after
their cancer is diagnosed. Of course, many people live much longer than 5 yeararfgnd m
are cured).

In order to get 5-year survival rates, doctors have to look at people who wesd aelatast
5 years ago. Advances in treatment since then may mean a more favoralalk foutbeople
now being diagnosed with osteosarcoma.

Survival rates are often based on previous outcomes of large numbers of people who had the
disease, but they can’t predict what will happen in any particular persogr.s\Masy other

factors can affect a person’s outlook, such as the subtype and location of the osteosarcom
and how well the cancer responds to treatment. Your (child’s) doctor can tell geu if t

numbers below may apply, as he or she is familiar with the aspects of yodisjctituation.

Localized tumors

With current treatment, the 5-year survival rate for people with localizedssstoma is in
the range of 60% to 80%. These cancers are more likely to be cured if theseatalie;
that is, if all of the visible tumor can be removed (resected) by surgery. (Fregtaide
osteosarcomas that can be resected completely, chemotherapars eslential part of
treatment. Without it, the cancer is still very likely to come back.)

Metastatic tumors

If the osteosarcoma has already spread when it is first found, the 5-year|gateiaabout
15% to 30%. The survival rate is closer to 40% if the cancer has spread only to thasungs (
opposed to having reached other organs), or if all of the tumors (including mefastasbe
removed with surgery.

Other factors that may affect prognosis

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

* Being younger (child or young adult, as opposed to older adult)
* Being female
» The tumor being on an arm or leg (as opposed to the hip bones)

» The tumor(s) being completely resectable



* Normal blood alkaline phosphatase and LDH levels

» The tumor having a good response to chemotherapy

How is osteosarcoma treated?

This information represents the views of the dactord nurses serving on the American Cancer Ségiety
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 rféicial policy of the Society and is not intendexdnaedical
advice to replace the expertise and judgment of gancer care team. It is intended to help you godr
family make informed decisions, together with yadaetor.

Your doctor may have reasons for suggesting artreat plan different from these general treatmeibog.
Don't hesitate to ask him or her questions abouiryiceatment options.

General treatment information

Great advances have been made in the treatment of osteosarcoma duringfeiae past
decades. In the 1960s the only treatment available was amputation, and only a simall num
of patients survived 2 years or more after diagnosis.

Since that time, doctors have found that chemotherapy given before and attey wauiltg
cure many people with osteosarcoma. It can also allow some people who pyewmuisl
have needed to have a limb amputated to have limb-sparing surgery instead.

Making treatment decisions

Once osteosarcoma is found and staged, the cancer care team will talk with you about
treatment options. It's important to be sure you understand your options. Ask your cance
care team questions. You can find some good questions to ask in the section “What should
you ask the doctor about osteosarcoma?”

Because osteosarcoma is rare, only doctors in major cancer centerddiafeeaperience
treating these cancers.

For children and teens, a team approach is recommended that includes the child’s
pediatrician as well as children’s cancer specialists. Treatsbsst done at a children’s
cancer center. For adults with osteosarcoma, the treatment team yyipicaltles the
patient’s primary care doctor, as well as specialists at a majorreaanter. Doctors on the
treatment team might include:

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



* A medical or pediatric oncologist (a doctor trained to treat canckrclvémotherapy and
other drugs)

* A radiation oncologist (a doctor trained to treat cancer with radiation therapy
* A pathologist (a doctor specializing in lab tests to diagnose and classkgeb3e
* A physiatrist (a doctor specializing in rehabilitation and physical pygra

For both adults and children, the team will also include other doctors, physicstarassi
nurse practitioners, nurses, psychologists, social workers, rehabilitatioalispgcand other
health professionals. For more information, see our docuBtaliren Diagnosed With
Cancer: Understanding the Health Care System

The types of treatment used for osteosarcomas include:
e Surgery
* Chemotherapy
* Radiation therapy (in certain cases)

Most often, 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 effettsaa help you
work closely with nutritionists, psychologists, social workers, and other profelssiona
understand and deal with medical problems, stress, and other issues relatec:abnieat.

Because many of these issues can be more complex for cancer in childremsnohaes
people will be involved in your child’s overall care. As a parent, taking care ofcavaitii
cancer can be a very big job. It's important to remember that you will have alelpolt’s
also important for you to know that the health professionals who treat children with
osteosarcoma are using the experience and knowledge gained from mameg déshadying
the treatment of this disease.

The next few sections describe the types of treatment used for osteosarcomas. Thi
followed by a discussion of the most common treatment approaches based on the extent of
the cancer.

surgery for osteosarcoma
Surgery is an important part of treatment for virtually all osteosarcdtnasludes:
» The biopsy to diagnose the cancer

» The surgical treatment to remove the tumor(s)



Whenever possible, it's 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 surgery to remove the tumor.

The main goal of surgery is to remove all of the cancer. If even a small numbacef ca

cells are left behind, they might grow and multiply to make a new tumor. To lower the risk of
this happening, surgeons remove the tumor plus some of the normal tissue that surrounds it.
This is known asvide excision

A pathologist will look at the removed tissue under a microscope to see if the n{acgers

edges) contain cancer cells. If cancer cells are seen at the etlyesisgue, the margins are
calledpositive 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 sartetggabes clean orclear. A

wide excision with clean margins helps limit the risk that the cancegreiW back where it
started.

The type of surgery done depends on the location of the tumor. Although all operations to
remove osteosarcomas are complex, tumors in the limbs (arms or legs)eaaedgeant as
hard 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 might be treated with either:

* Limb-salvage (limb-sparing) surgery: removing the cancer and some isdimgunormal
tissue but leaving the limb basically intact

* Amputation: removing the cancer 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 where the tumor is, how big it is, and whether it has grown into
nearby structures.

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 sutgeemisve
the entire tumor while still saving the nearby tendons, nerves, and blood vesselsds keep
much of the limb’s function and appearance as possible. If the cancer has grolwasato t
structures, they will need to be removed along with the tumor. In such cases, ampodat
sometimes be the best option.

The section of bone that is removed along with the osteosarcoma is replaced with a bone
graft (piece of bone from another part of the body or from another person) or withraalinte
prosthesis (a man-made device used to replace part or all of a bone) made ahdetakr
materials.



Complications of limb-salvage surgery can include infections and grattsi®thiat become
loose or broken. Limb-salvage surgery patients might need more surgery in thénfpllow
years, and some might still eventually need an amputation.

Using an internal prosthesis in growing children is especially challenigirige past, it

required occasional operations to replace the prosthesis with a longer oneraksl theew.

Newer prostheses have become very sophisticated and can often be made |bngeamnyt

extra surgery. They have tiny devices in them that can lengthen the psosthesineeded

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. Physical rehabilitation after limb-salvage surgery is more intbasesfter amputation,
but it's extremely important. If the patient doesn’t actively take part imethabilitation
program, the salvaged arm or leg can 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 right not
possible to save the limb.

The surgeon decides how much of the arm or leg needs to be amputated based on the results
of MRI scans and an examination of removed tissue by the pathologist during thg.surger
Surgery is planned so that muscles and the skin will form a cuff around the renb@neg

This cuff will fit into the end of a prosthetic (artificial) limb.

Reconstructive surgery can help some patients who lose a limb to function as well as
possible. For example, if the leg must be amputated mid-thigh (including the kmtgethei

lower leg and foot can be rotated and attached to the thigh bone, so that the ankle functions
as a new knee joint. This surgery is callethtionplasty 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 in the upper arm and amputation is needed, in some casesfthe par
the arm with the tumor can be removed and the lower arm reattached so that thdasike
functional, but much shorter, 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 wdtdtbai
required after surgery.

If a limb is amputated, the patient will need to learn to live with and use a pro$thbtic
This can be particularly hard for growing children if the prosthetic limb neeas changed
to keep up with their growth.



When only the tumor and part of the bone is removed in a limb-sparing operation, the
situation can sometimes be even more complicated, especially in growiigichfFurther
operations might be needed in the coming years to replace an internal psositiesne
more suited to their growing body size.

Both amputation and limb-sparing surgery can have pros and cons. For example, limb-
sparing surgery, although often more acceptable than amputation, tends to leagl to mor
complications because of its complexity. Growing children who have limb-sparigers
are also more likely to need further surgery later.

When researchers have looked at the results of the different surgeries inftguabty of
life, there has been little difference between them. Perhaps the lpggglstm has been for
teens, who may worry about the social effects of their operation. Emotional iasuas c
very important, and support and encouragement are needed for all patients (see “Wha
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 sometimes be reconstructeti@féesy, but in
some cases pelvic bones and the leg they are attached to might need to be removed.

For a tumor in the lower jaw bone, the entire lower half of the jaw may be removedeaind lat
replaced with bones from other parts of the body. If the surgeon can’t remove all of 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 ldetoemove
have a chance at curing the cancer.

If osteosarcoma spreads, most often it is to the lungs. Surgery to remove ¢teestases

must be planned very carefully. Before the operation, the surgeon considers the number of
tumors, their location (one lung or both lungs), their size and how they responded to
chemotherapy, and the general health of the patient. Since the chest CT scan dene befo
surgery might not show all of the lung tumors, the surgeon will have a treatment pla@ in cas
more 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 tibge may
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 heart, liver, or kidney
problems) might not be able to withstand the stress of anesthesia and surgeove rem
metastases.

A small number of osteosarcomas spread to other bones or to other organs like the kidneys,
liver, or brain. Whether these tumors can be removed with surgery depends on their size
location, and other factors.

Side effects of surgery

Short-term risks and side effectsSurgery to remove an osteosarcoma is often a long and
complex operation. Serious short-term side effects are not common, but they can include
reactions to anesthesia, excess bleeding, blood clots, and infections. Pain is cttemtion a
operation, and might require strong pain medicines for a while after sugytity site heals.

Long-term side effects:The long-term side effects of surgery depend mainly on where the
tumor is and what type of operation is done. Most osteosarcomas occur in bones of the arms
or legs, and some of the long-term issues from surgery on these tumors abeededuoive.

Complications of limb-sparing surgery can include bone grafts or prosthesesight

become loose or broken. This is more likely than with surgery done for other reasansebe
chemotherapy used before and after surgery can increase the risk of infectiffeand a
wound healing. Infections are also a concern in people who have had amputationd|yespecia
of part of a leg, because the pressure placed on the skin at the site of the amputation can
cause the skin to break down over time.

As mentioned above, physical therapy and rehabilitation is very important femtsatiho

have had surgery for osteosarcoma. Following the recommended rehab progratheffe

best chance for good long-term limb function. Even with proper rehab, people might still
have to adjust to long-term issues such as changes in how they walk or do other tasks, and
changes in appearance. Physical, occupational, and other therapies canpftengie

adjust and cope with these challenges.

For more general information on surgery as a treatment for cancer, see ourrtocume
Understanding Cancer Surgery: A Guide for Patients and Families

Chemotherapy for osteosarcoma

Chemotherapy (chemo) is the use of drugs to treat cancer. The drugs asegiserlinto a
vein or artery and can reach and destroy cancer cells throughout the body.

Chemo is an important part of the treatment for most people with osteosarcoma falthoug
some patients with low-grade osteosarcoma might not need it). Most osteosarcornas don’
appear to have spread beyond the main tumor when they are first found. But in the past,



when doctors tried to treat these cancers with surgery alone, they would often cknme bac
other parts of the body, where they would be very hard to control. Giving chemo albng wit
surgery helps lower the risk of these cancers coming back.

Most osteosarcomas are treated with chemo before surgery (knowoajuvant
chemotherapyfor about 10 weeks and then again after surgery (knowdjagant
chemotherapyfor up to a year. People with high-grade osteosarcomas that responded well to
chemo before surgery usually get the same chemo drugs after surgeig. Wease tumors
responded poorly usually get different chemo after surgery.

Doctors give chemo in cycles, with each period of treatment followed Isf paeod to give
the body time to recover. Each cycle typically lasts for a few weeks. The asad most
often to treat osteosarcoma include:

* Methotrexate (given in high doses along with leucovorin to help prevent side )effects
» Doxorubicin (Adriamycin)
* Cisplatin or carboplatin
* Epirubicin
* Ifosfamide
» Cyclophosphamide
 Etoposide
» Gemcitabine
» Topotecan
Usually, 2 or more drugs are given together. Some common combinations of dhugs:inc
» High-dose methotrexate, doxorubicin, and cisplatin (sometimes with ifosfamide)
» Doxorubicin and cisplatin
* Ifosfamide and etoposide
* Ifosfamide, cisplatin (or carboplatin), and epirubicin

Many experts recommend that the drugs be given in very high doses when pokshtanT
affect the bone marrow (where new blood cells are made), which can result inodahger
low white blood cell levels and an increased risk of infections. In these casescalitad
growthfactors(such as filgrastim, also known as G-CSF) may be given along with the
chemo to help the body make new white blood cells as quickly as possible.



Before starting chemo, the doctor might advise putting a catheter (a thituybsfinto a

large vein in the chest. This is sometimes calledreous access devi¢¢AD) or central

venous cathetgiCVC). The catheter is inserted surgically while the patient igesgda

(sleepy) or under general anesthesia (in a deep sleep). One end of the satyeie the

vein, while the other end lies just under or outside the skin. This lets the health care tea

give chemo and other drugs and draw blood samples without having to stick needles into the
veins each time. The catheter usually remains in place for several monthanandke

having chemo less painful. If such a device is used, the health care teamaaehllyou how

to care for it to reduce the risk of problems such as infections.

Side effects of chemotherapy

Chemo drugs attack cells that are dividing quickly, which is why they work agaimser

cells. But other cells in the body, such as those in the bone marrow (where new b#od cel
are made), the lining of the mouth and intestines, and the hair follicles, also di\aklg.qui
These cells are also likely to be affected by chemo, which can lead &ffeicts.

Children tend to have less severe side effects from chemo than adults and oftenfr@cove
side effects more quickly. Because of this, doctors can give them higher dosesnotche
try to kill the tumor.

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

General side effectsMany chemo drugs can cause side effects, such as:
* Nausea and vomiting
* Loss of appetite
* Diarrhea
* Hair loss

* Mouth sores

Because chemo can damage the blood-producing cells of the bone marrow, patients may
have low blood cell counts, which 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 treistfimreshed.
Often there are ways to lessen these side effects. For example, drigsgiaen to help
prevent or reduce nausea and vomiting, or to help get blood counts back to normal levels. Be



sure to discuss any questions you have about side effects with the cantesiroaend tell
them about any side effects so that they can be controlled.

Side effects of certain drugsSome side effects are specific to certain drugs. Many of these
side effects are rare, but they are possible. Before treatment, aslagoer 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. The chance of this happening can be lowered by giving a drug called
mesnaduring chemotherapy, along with plenty of fluids.

Cisplatin and carboplatimay cause nerve damage (caltediropathy leading to numbness,
tingling, or pain in the hands and feet. This often goes away or gets better atroerttas
stopped, but it may be long lasting in some people. These drugs can sometimes affect
hearing, especially of high-pitched sounds. Kidney damage can also occueattaetrt.
Giving lots of fluid before and after the drug is infused can help prevent this.

Etoposide can also cause nerve damage. It can also increase the rislkdei/kitgring a
cancer of white blood cells, known asute myeloid leukemi&ortunately, this is not
common.

High-dose methotrexate can damage the white matter of the brain (called
leukoencephalopathyand the liver or kidneys. Before starting high-dose methotrexate,
medicines are given to help protect the kidneys. Methotrexate blood levels magkedche
to see how much leucovorin (also calfetinic acid) should be given to help limit any
damage to normal tissues.

Doxorubicin (Adriamycin) and epirubicin can cause heart damage over timeiskhgoes
up as the total amount of the drug that is given goes up, so doctors are careftithe limi
total dose. Your (child’s) doctor may order a heart function test before and duringeiméeat
to see if this drug is affecting the heart. A drug catledrazoxanenay be given along with
the chemo to help lessen the possible damage.

Some chemo drugs can affect your (child’s) ability to have childrenifaliée. Talk to your
(or your child’s) cancer care team about the risks of infertility wéhttnent, and ask if there
are options for preserving fertility, such as sperm banking.

The doctors and nurses will watch closely for side effects. Don’t hesitatktyour cancer
care team any questions about side effects.

For more information on the possible late or long-term side effects of chemo, mgcludi
infertility and second cancers, see the section “Long-term effectmoéicaeatment for
osteosarcoma.”

Tests to check for side effects of chemotherapefore each treatment, your (or your
child’s) doctor will check lab test results to be sure the liver, kidneys, and bone naagrow
working well.



The complete blood count (CBC) includes counts of white blood cells, red blood cells, and
blood platelets. Chemo can lower the numbers of these blood cells, so blood counts will be
watched closely during and after chemo. The white blood cells and platelety tesacth

their lowest point about 2 weeks after chemo is given, though this can occurvednlier
high-dose regimens.

Blood chemistry panelsieasure certain blood chemicals that tell doctors how well the liver
and the kidneys are working. Some chemo drugs can damage the kidneys and liver.

An audiogram might be done to check hearing, which can be affected by certacn chem
drugs.

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

For more information on chemotherapy, see the “Chemotherapy” section of outeywebsi
our documenA Guide to Chemotherapy

Radiation therapy for osteosarcoma

Radiation therapy uses high-energy rays or particles to kill cané®r@steosarcoma cells
are not easily killed by radiation, so radiation therapy doesn’t play a maganriweating
this disease.

Radiation therapy can be useful in some cases where the tumor can’t be removetetpmpl
by surgery. For example, osteosarcoma can start in hip bones or in the bones of the face
particularly the jaw. In these situations, often it's not possible to removethk chncer. As
much as possible is removed, and then radiation is given to try to kill the remaining cancer
cells. Chemotherapy is then often given after the radiation.

Radiation can also be used to help slow tumor growth and control symptoms like pain and
swelling if the cancer has come back or surgery is not possible.

External beam radiation therapy

This is the type of radiation therapy most often used to treat osteosarcamasés high-
energy beams on the tumor from a machine outside the body to kill the cancer cells.

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

Most often, radiation treatments are given 5 days a week for several waelkdrdatment is
much like getting an x-ray, although the dose of radiation is much higher. The tremme
not painful. For each session, you (or your child) will lie on a special table avhikchine
delivers the radiation from precise angles.



Each treatment lasts only a few minutes, although the setup time — getiigy your child)
into place for treatment — usually takes longer. Young children may be given meddici
make them sleep so they will not move during the treatment.

Newer radiation techniques, such as intensity modulated radiation therapy)(8&T
conformal proton beam therapy, let doctors aim treatment at the tumor morelgretite
reducing how much radiation nearby healthy tissues get. This may offeeradbeihce of
increasing the success rate and reducing side effects. Many doctorsoownend using
these approaches when they are available (see “What’s new in ostetsaesearch and
treatment?”).

Possible side effectsThe side effects of external radiation therapy depend on the dose of
radiation and where it is aimed. Short-term problems can include effects on skithatea
receive radiation, which can range from mild sunburn-like changes and hair los&to mor
severe skin reactions. Radiation to the abdomen or pelvis can cause nausea, diarrhea, and
urinary problems. Talk with your (child’s) doctor about the possible side effecadeec

there may be ways to relieve some of them.

In children, radiation therapy can affect the growth of the bones. For exaaghion to

the bones in one leg might result in it being much shorter than the other. Radiation to the
facial bones may cause uneven growth, which might affect how a child looks. But d a chil
is fully or almost fully grown, this is less likely to be an issue.

Depending on where the radiation is aimed, it can also damage other organs:
* Radiation to the chest wall or lungs can affect lung and heart function.

» Radiation to the jaw area might affect the salivary glands, which could leadrwodtiz
and tooth problems.

» Radiation therapy to the spine or skull might affect the nerves in the spinal coaihor br
This could lead to nerve damage, headaches, and trouble thinking, which usually become
most serious 1 or 2 years after treatment. Radiation to the spine might cabsessior
weakness in part of the body.

» Radiation to the pelvis can damage the bladder or intestines, which can lead to problems
with urination or bowel movements. It can also damage reproductive organs, whith coul
affect a child’s fertility later in life, so doctors do their best to protedetoegans by
shielding them from the radiation or moving them out of the way whenever possible.

Another major concern with radiation therapy is that it may cause a neer ¢ariorm in the
part of the body that was treated with the radiation. The higher the dose of rada&tion, t
more likely this is to occur, but the overall risk is small and should not keep children who
need radiation from getting treatment.

To lower the risk of serious long-term effects from radiation, doctors try tthadewest
dose of radiation therapy that is still effective. Still, it's importanttioue follow-up visits



with your (child’s) doctor so that if problems come up they can be found and treately as ea
as possible.

Radioactive drugs (radiopharmaceuticals)

Bone-seeking radioactive drugs, such as samarium-153, are sometimes useduimstow t
growth and treat symptoms such as pain in people with advanced osteosarcoma. fese dru
are injected into a vein and collect in the bones. Once there, the radiation they gille off

the cancer cells.

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

The major side effect of these drugs is a lowering of blood cell counts, which caelasac
the risk for infections or bleeding, especially if the blood counts are alleady

For more detailed information on radiation therapy, see the “Radiation Theagiidn of
our website or our documebinderstanding 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
osteosarcoma. One of the most important decisions you will make is deciding which
treatment is best. You might have heard about clinical trials being donedosastoma. Or
maybe someone on your health care team has mentioned a clinical trial to you.

Clinical trials are carefully controlled research studies that are wh patients who
volunteer for them. These studies are done to learn more about promising newntseatme
procedures.

Clinical trials are one way to get state-of-the art cancer tezdgtrSometimes they may be
the only way to get some newer treatments. They are also the only way for dotars t
better ways to treat cancer. Still, they are not right for everyone.

If you would like to learn more about clinical trials that might be right for yoydar

child), start by asking your doctor if your clinic or hospital conducts cliti@ds. You can
also call our clinical trials matching service for a list of studies theatt iyour medical needs.
You can reach this service at 1-800-303-5691 or on our website at
www.cancer.org/clinicaltrials. You can also get a list of current clini@ds by calling the
National Cancer Institute Cancer Information Service at 1-800-4-CANQEB00-422-
6237) or by visiting the NCI clinical trials website at www.cancer.dmibaltrials.

People have to meet certain requirements to take part in any clinicdf tyal (or your
child) qualify for a clinical trial, you will have to decide whether or not t@knr it. Older



children, who can understand more, usually must also agree to take part in the chhical tri
before the parents’ consent is accepted.

You can get a lot more information on clinical trials in our docuridinical Trials: What
You Need to Know

Complementary and alternative therapies for osteosarcoma

You are likely to hear about ways to treat your (or your child’s) cancerieveedymptoms

that your doctor hasn’t mentioned. Everyone from friends and family to social gredias

and websites might offer ideas for what might help. These methods can inclrdmsijt

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 agmplementaryo refer to treatments that are used
along withyour regular medical car@lternativetreatments are uséustead 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 cancer feel Bettez. methods

that are used along with regular treatment are: art therapy or plagythenaeduce stress;
acupuncture to help relieve pain; or peppermint tea to relieve nausea. Some compjementa
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 to be harmful.

Alternative treatments: Alternative treatments may be offered as cancer cures. These
treatments have not been proven safe and effective in clinical trials. Somseoitéiods
may pose danger, or have life-threatening side effects. But the biggest idamgst cases is
that you (or your child) may lose the chance to be helped by standard meditaknt.
Delays or interruptions in medical treatments might give the cancer mar¢otignow and
make it less likely that treatment will help.

Finding out more

It's easy to see why people with cancer (or with children who have cancérptiout
alternative methods. You want to do all you can to help fight the cancer, and tbéadea
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 treeéing can

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 all or most
cancers? Are you told not to use regular medical treatments? Is theetneat“secret”
that can only be given by certain providers or in another country?

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

» Contact us at 1-800-227-2345 or see the “Complementary and Alternative Medicine”
section of our website 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 eg&dian) and
grade of the cancer, and on a person’s age and overall health.

Localized, resectable osteosarcoma

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

High grade: Most osteosarcomas are high grade, meaning they will likely grow agaldspr
quickly if not treated. The usual sequence of treatment for these canceiisllisves

* Biopsy to establish the diagnosis.
» Chemotherapy, usually for about 10 weeks.

» Surgery to remove the tumor, preferably by the same surgeon who did the biopsy. If
cancer is found at the edge of the surgery specimen (meaning some cahtéiaregg
been left behind), a second surgery might be done to try to remove any remaining cancer
Radiation therapy might be given to the area as well.

* More chemo (for up to a year). If the initial chemo killed most of the cancer tiedl
same drugs are often given again after surgery. If the initial chemo didrktwell,
different drugs might be tried.

Chemotherapy is an important part of treatment for these cancers. Even whe itesis
don’t show that the cancer has spread to distant areas, many patients ate hikeky very



small areas of cancer spread that can’t be detected with testaniftbleeapy isn’t given, the
cancer is more likely to come back after surgery.

In rare cases, surgery might be the first treatment (before chepedjadly for people who
are elderly.

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). However, if the tumor removed by sigdemnd to
be high grade, chemotherapy might be recommended.

Localized, non-resectable osteosarcoma

These cancers have not been found to have spread to other parts of the body, but they can’t
be removed (resected) completely by surgery. For example, they may laege or too
close to vital structures in the body to be resected completely.

As with other osteosarcomas, a biopsy is needed first to establish the diagnosis.

Chemotherapy is usually the first treatment for these cancers. Ulinttoe shrinks enough to
become resectable it will be removed with surgery. This is followed by moreottenapy
for up to a year.

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

Metastatic osteosarcoma

These cancers have already been found to have spread to distant parts of the balkgywhe
are diagnosed. 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 cancersofftalt tumors are thought
to be resectable after chemotherapy, they are removed with surgery, saetnue than
one operation. This is followed by more chemo for up to a year.

If some of the tumors remain unresectable after chemo, radiation therapy cdmeafised to
try to keep them under control and to help relieve symptoms. This may be followed by more
chemo.

Because these tumors can be hard to treat, clinical trials of newer treatnagrive a good
option in many cases.



Recurrent osteosarcoma

Recurrent cancer means that the cancer has come back after trelatnn@yncome back
locally (near where the first tumor was) or in distant organs. Most of theitime
osteosarcoma recurs it will be in the lungs.

If possible, surgery to remove the tumor(s) is the preferred treatmendfi@sstthe best
chance for long-term survival. If the cancer recurs at the original site amaor leg after
limb-sparing surgery, amputation of the limb may be recommended.

Chemotherapy may be used for recurrent cancers as well, although its role cagessEs

not clearly defined. If the cancer is not resectable, radiation therapglstage 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 the Children’®©logg Group
(COG).

The NCCN, made up of experts from many of the nation’s leading cancersgeleiezlops
cancer treatment guidelines for doctors. These are available on the Wél§SNe
(www.nccn.org). Treatment guidelines for osteosarcoma are included in the “Bocer'Ca
guidelines.

The NCI, part of the US National Institutes of Health, provides treatmenimatam by
phone (1-800-4-CANCER) and on its website (www.cancer.gov). More detailed atform
intended for use by cancer care professionals is also available on wwwgawcer.

The COG is the world’s largest organization devoted to research on cancer iencandr
teens. The COG website, www.childrensoncologygroup.org, provides information to help
support children and their families from diagnosis, through treatment, and beyond.

What should you ask the doctor about
osteosarcoma?

It's important to have frank, open discussions with your cancer care teamwaheto
answer all of your questions no matter how minor they might seem. For instanceéeconsi
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?

» Do we need to do other tests before we can decide on treatment?

* How much experience do you have treating this type of cancer?

» Will we need to see other doctors?

» What are our treatment options?

» What do you recommend and why?

* How soon do we need to start treatment?

» How long will treatment last? What will it be like? 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 risks and side effects of the suggested treatments?
» Which side effects start shortly after treatment and which ones mighbgdagdr on?
» Will treatment affect my child’s ability to grow and develop?

* Are there fertility issues we need to consider?

» What are the chances of the cancer coming back with these treatment/glats#ill
we do if this happens?

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

* Are there nearby support groups or other families who have been through this that we
could talk to?

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 work or school
schedules. You may also want to ask about second opinions or about available clirgcal trial

What happens after treatment for
osteosarcoma?

Following treatment for osteosarcoma, the main concerns for most people stierth@and
long-term effects of the cancer and its treatment, and concerns about threcoanog back.

It's certainly normal to want to put the tumor and its treatment behind you and to lgéb bac
a life that doesn’t revolve around cancer. But it's important to realize that falosare is a



central part of this process that offers you (or your child) the best chaneedoery and
long-term survival.

Follow-up care

After treatment is over, it’s very important to go to all follow-up appointmentsnBtinese
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 visits are neededkdoctemncer
recurrence or spread, as well as possible side effects of treatment.thbitinse for you to
ask the health care team any questions you need answered and to discusseany goac
might have.

You or your child will probably see the oncologist and the orthopedic surgeon and get
imaging tests every few months during the couple of years after tregagmne less often
after that if there are no issues.

Physical therapy and rehabilitation is typically a very importantqfagcovery after
treatment for osteosarcoma, and your doctors and other health providers will camtinue
monitor your (child’s) progress as time goes on.

Some chemotherapy drugs can cause problems with hearing or heart damageviRegple
these drugs may also have audiograms to check hearing or tests to checalhbgart f

Almost any cancer treatment can have side effects. Some may lasek@ avanonths, but
others can last longer or might not show up until months or even years later. Tatidbe c
care team about any symptoms or side effects so they can help manage them.

Keeping good medical records

As much as you may want to put the experience behind you once treatment is coniji¢eted, i
also very important to keep good records of your (child’s) medical care dursniintiel
Gathering these details soon after treatment may be easier thgridrget them at some

point in the future. This can be very helpful later on if you (or your child) change ddé&ors
sure the doctors have the following information, and always keep copies for fioursel

A copy of the pathology report(s) from any biopsies or surgeries

» Copies of imaging tests (CT or MRI scans, etc.), which can usually be stgitadlyd{on
a DVD, etc.)

* If there was surgery, a copy of the operative report(s)

* If you (or your child) stayed in the hospital, copies of the discharge summaries that
doctors prepare when patients are sent home

« If chemo was given, a list of the drugs, drug doses, and when they were given



« If radiation therapy was given, a summary of the type and dose of radiation amdmnehe
where it was given

It's also very important to keep health insurance coverage. Tests and dotsarossa lot,
and even though no one wants to think of the tumor coming back, this could happen.

Social, emotional, and other issues in people with
osteosarcoma

Social and emotional issues may come up during and after treatment. Racioas the
person’s age when diagnosed and the extent of treatment can play a role in this.

Most osteosarcomas develop during the teenage or young adult years, asiiedene in

a person’s life. Osteosarcoma and its treatment can have a profound effect on h@n a pers
looks and how they view themselves and their body. It can also affect how they do some
everyday tasks, including certain school, work, or recreational activities. &fiests are

often greatest during the first year of treatment, but they can be |dimglessome people.

It's important that the treating center assess the family situatimoasas possible, so that
any areas of concern can be addressed.

Some children and teens may have emotional or psychological issues that need to be
addressed during and after treatment. Depending on their age, they may alsonmave
problems with normal functioning and school work. These can often be overcome with
support and encouragement. Doctors and other members of the health care teaon can als
often recommend special support programs and services to help after treatment.

Cancer care teams usually recommend that school-age children and teehscitbe! as
much as possible. This can help them maintain a sense of daily routine and keejetidesir fr
informed about what is going on.

Friends can be a great source of support, but patients and parents should know that some
people have misunderstandings and fears about cancer. Some cancer centers have a school
re-entry program that can help in situations like this. In this progranthtezhicators visit

the school and tell students about the diagnosis, treatment, and changes the person may g
through. They also answer any questions from teachers and classmates. €~or mor
information, see our docume@hildren Diagnosed With Cancer: Returning to School

Centers that treat many patients with osteosarcoma might have prdgratngduce new
patients to others who have already finished treatment. This can give patietga ahwhat
to expect during and after treatment, which is very important. Seeing anotan path
osteosarcoma doing well is often helpful. There are also support groups that encourage
athletics and full use of the limbs. Many amputees or people with prosthesesdretaké
part in athletics and often do.

Parents and other family members can also be affected, both emotionally dmet wapts.
Some common family concerns during treatment include financial stresseding to and



staying near the cancer center, the possible loss of a job, and the need for home schooling
Social workers and other professionals at cancer centers can help faoniltesasigh these
issues.

During treatment, patients and their families tend to focus on the daily aspedisngf ge
through it and beating the cancer. But once treatment is finished, a number of eémotiona
concerns can arise. Some of these might last a long time. They can inahgddika:

» Dealing with physical changes that can result from the treatment
» Worrying about the cancer returning or new health problems developing

* Feeling resentful for having had cancer or having to go through treatment vibes cx
not

» Worrying about being treated differently or discriminated against (eydd, classmates,
coworkers, employers, etc.)

» Being concerned about dating, marrying, and having a family later in life

No one chooses to have osteosarcoma, but for many people, the experience can dventually
positive, helping to establish strong self-values. Other people may have atimaeder
recovering, adjusting to life after cancer, and moving on. It is normal to have srie ar

other emotional reactions after treatment, but feeling overly worried, degressangry can
affect many parts of a young person’s growth. It can get in the way tbnslaips, school,

work, and other aspects of life.

With support from family, friends, other survivors, mental health professionals, lzard, ot
many people who have survived cancer can thrive in spite of the challenges they'io
face. If needed, doctors and other members of the health care team can ofteneed
special support programs and services to help after cancer treatment.

Although the psychological impact of this disease on children and teens is most obvious,
adults with this disease face many of the same challenges. They should alsouraged to
take advantage of the cancer center’s physical therapy, occupatioaplttard counseling
services.

Late and long-term effects of treatment for osteosarcoma

More young people with osteosarcoma are now surviving this cancer. Bugdimdnt may
affect their health later in life, so watching for health effects asgbeolder has become
more of a concern in recent years.

Just as the treatment of cancer in young people requires a very speappreach, so does
their care and follow-up after treatment. The earlier any problems@rgnized, 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 oftmancer, t
specific cancer treatments they received, doses of cancer treatment, amctageceiving
treatment.

For example, as described in the “Surgery for osteosarcoma” section, theffaftts-of
surgery can range from small scars to the loss of a limb, which would require botlaphysic
rehabilitation and emotional adjustment.

Other late effects of cancer treatment can include:
» Heart or lung problems (due to certain chemo drugs or radiation therapy todtje che
* Loss of hearing (due to certain chemo drugs)
* Slowed or decreased growth and development (in the bones or overall)
» Changes in sexual development and ability to have children (see below)
* Learning problems in younger children
» Development of second cancers (see below)

There may be other possible complications from treatment as well. Yousathdickor
should carefully review any possible problems with you before your child statsment.

Along with physical side effects, some childhood cancer survivors may haveeahati
psychological issues. They also may have problems with normal functioning and school
work. These can often be addressed with support and encouragement. Doctors and other
members of the health care team can also often recommend special support pnegrams a
services to help children after cancer treatment.

Fertility issues

Fertility problems are not common after osteosarcoma treatment, but theycoanGider

girls and women may have changes in menstrual periods during chemotherapy, but normal
monthly cycles usually return after treatment ends. Boys and men makdasaility to

make sperm. This usually returns, but the sperm count may remain low. Radiation to the
pelvis can also damage reproductive organs, which could affect fertility.

Talk to your (or your child’s) cancer care team about the risks ofilitfebefore treatment,
and ask if there are options for preserving fertility, such as sperm banking. or mor
information, see our documerkertility and Women With Cancer Fertility and Men With
Cancer



Development of a second cancer

Rarely, some types of chemotherapy can cause a second type of cancer l@uladmas),
years after the osteosarcoma is cured. Radiation therapy can alsheaisk of a new

cancer at the site of the treatment. But the importance of treating theaosteos generally

far outweighs this small risk. For more information on second cancers, see our document
Second Cancers Caused by Cancer Treatment

Long-term follow-up care for children and teens

To help increase awareness of late effects and improve follow-up caredbiodidlcancer
survivors throughout their lives, the Children’s Oncology Group (COG) has developed long-
term follow-up guidelines for survivors of childhood cancers. These guidelines gayohel
know what to watch for, what types of screening tests should be done to look for problems,
and how late effects are treated.

It's very important to discuss possible long-term complications with yout'stikalth care

team, and to make sure there is a plan in place to watch for these problems anenirgét t
needed. To learn more, ask your child’s doctors about the COG survivor guidelines. You can
also download them for free at the COG website: www.survivorshipguidelines.org. The
guidelines are written for health care professionals. Patient versions of stmeyafdelines

are available (as “Health Links”) on the site as well, but we urge you tesdisicgem with a

doctor.

For more about some of the possible long-term effects of treatment, see therdocume
Children Diagnosed With Cancer: Late Effects of Cancer Treatment

What's new in osteosarcoma research and
treatment?

Research on osteosarcoma is now being done at medical centers, universityshagpital
other institutions across the world.

Understanding osteosarcoma

Researchers are learning more about what makes osteosarcorddfeedist from normal
bone cells. Knowing more about the changes in osteosarcoma cells might eyeesudlin
specific treatments that exploit these changes. For example, resgdrabe found that
osteosarcoma cells often have large amounts of a substance called GD2 on #Hueis.surf
Drugs that target GD2 are already used to treat neuroblastoma (anotleerofemcseen in
children), and are now being studied for use against osteosarcoma.



Tests of gene changes callpehe expression profilingnight help predict the behavior of
each tumor, such as how they will respond to certain types of chemotherapy.réhsde a
being tested in clinical trials.

Treatment

Great advances have been made in treating osteosarcoma in the past des. &tth more
research is needed to learn how best to manage hard-to-treat osteosarcomashgseh as
that have already spread when they are found. Many clinical trials arénfponstreating
osteosarcoma using a variety of 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 telsettdra
define the extent of tumors, lets them plan surgeries to remove the cancepatiilg as
much normal tissue as possible.

Some newer types of internal prostheses (man-made devices used to replaasf piece)
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 wi
larger one as they grew.

Radiation therapy

Osteosarcoma cells are not killed easily by radiation, so high doses are releas an
effect. This has limited the use of radiation, because such high doses can often cause
unacceptable side effects. Newer forms of radiation let doctors focus therachare
precisely on the tumor. This limits the doses received by nearby heakbggsiand may
allow higher doses to be used on the tumor itself.

Intensity-modulated radiation therapy (IMRT) is an example of an advancedfdherapy.
In this technique, radiation beams are shaped to fit the tumor and aimed at thedomor fr
several angles. The intensity (strength) of the beams can also beadjulenit the dose
reaching nearby normal tissues. This may let the doctor deliver a digbeto the tumor.
Many major hospitals and cancer centers now use IMRT, especially forsumhard-to-
treat areas such as the spine or pelvis (hip bones).

A newer approach is to use radioactive particles instead of x-rays to dieévediation.

One example uses protons, which are positive parts of atoms. Unlike x-rays, wédsk rel
energy both before and after they hit their target, protons cause little damiagadse they

pass through and then release their energy after traveling a certanteiddoctors can use

this property to deliver more radiation to the tumor and to do less damage to nearby normal
tissues. As with IMRT, proton beam therapy may be helpful for hard-to-tr@at$, such as



those on the spine or pelvic bones. The machines needed to make protons are expensive, and
there are only a handful of them in the United States at this time.

An even newer approach uses carbon ions, which are heavier than protons and cause more
damage to cancer cells. This therapy is still in the earliest stageselbpment and is only
available in a few centers around the world.

Doctors are also studying newer forms of radioactive drugs to treat ostenaahat has
spread to many bones. One example is radium-223 (Xofigo), which might work better than
the drugs now used.

Chemotherapy

Clinical trials are being done to determine the best combinations of chenpgtferamo)
drugs, as well as the best time to give them. Newer chemo drugs are beied atuaell.

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

Other new forms of treatment

Chemo drugs are often effective against osteosarcoma, but sometimes theyodonit thve
cancer becomes resistant to them over time. Researchers are studgngypes of drugs
that attack osteosarcoma cells in different ways

Immunotherapy drugs: Clinical trials are looking into ways to help the patient’s own
immune system recognize and attack the osteosarcoma cells. An expérimerniae-
modulating drug callechuramyl tripeptidgalso known as MTP or mifamurtide) has been
shown to help some patients when added to chemotherapy.

Targeted therapy drugs: Doctors are also studying new medicines that target specific
molecules on the cancer cells. These are knovargsted therapiesSome of these are
man-made versions of immune system proteins, knowmoa®clonal antibodiesThese
antibodies attach to certain proteins on the cancer cell and help to stop the groWther ki
cancer cells. Examples now being studied include antibodies against the insuljiroVikie
factor receptor 1 (IGF-1R), a protein that may help cancer cells grow.

Other targeted drugs being studied for use against osteosarcoma include:

* Drugs that affect a tumor’s ability to make new blood vessels, such as sorafenib
(Nexavar) and pazopanib (Votrient).

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



Drugs that affect the bonesOther drugs that target bone cells calbsteoclastsnay also

be useful against osteosarcoma. Bisphosphonates are a group of drugs thatdyre sdek

to treat osteoporosis (bone thinning) and certain cancers that have spread to therbene. S
of these drugs, such as pamidronate and zoledronic acid, are now being studied for use in
osteosarcoma as well. Another drug that affects bones, knosamnaasmtinib(AZD0530), is

also being studied.

Additional resources for osteosarcoma

More information from your American Cancer Society

Here is more information you might find helpful. You also can order free copies of our
documents from our toll-free number, 1-800-227-2345, or read them on our website,
Www.cancer.org.

Children with cancer

Children Diagnosed With Cancer: Dealing with Diagndalso in Spanish)

Pediatric Cancer Centefalso in Spanish)

Children Diagnosed With Cancer: Understanding the Health Care Sfadtamn Spanish)

Children Diagnosed With Cancer: Financial and Insurance Issues

Children Diagnosed With Cancer: Returning to School

Children Diagnosed With Cancer: Late Effects of Cancer Treatment

Health Professionals Associated With Cancer Care

Talking With Your Doctor (also in Spanish)

Coping with cancer

After Diagnosis: A Guide for Patients and Familjaso in Spanish)

Family and Medical Leave Act (FMLA(glso in Spanish)

Nutrition for Children With Cancefalso in Spanish)

What Happened to You, Happened to (dkildren’s booklet)

When Your Brother or Sister Has Cang¢ehildren’s booklet)

When Your Child’s Treatment Ends: A Guide for Familjesoklet)




Cancer treatment information

Understanding Cancer Surgery: A Guide for Patients and Farfalsgsin Spanish)

A Guide to Chemotheraplso in Spanish)

Understanding Radiation Therapy: A Guide for Patients and Farfal&sin Spanish)
Clinical Trials: What You Need to Knoyalso in Spanish)

Cancer treatment side effects

Caring for the Patient With Cancer at Home: A Guide for Patients and Fa(aise in
Spanish)

Nausea and Vomiting

Guide to Controlling Cancer Pain (also in Spanish)
Anemia in People With Cancer

Fatigue in People With Cancer

Fertility and Women With Cancer

Fertility and Men With Cancer

Second Cancers Caused by Cancer Treatment

Books

Your American Cancer Society also has books that you might find helpful. Call+g&0at
227-2345 or visit our bookstore online at cancer.org/bookstore to find out about costs or to
place an order.

National organizations and websites*
Along with the American Cancer Society, other sources of information and suppode:

American Childhood Cancer Organization (formerly Candlelighters)
Toll-free number: 1-855-858-2226
Website: www.acco.org

Offers information for children and teens with cancer, their siblings, antsadul
dealing with children with cancer. Also offers books and a special kit for children
newly diagnosed with cancer, as well as some local support groups.



Amputee Coalition of America
Toll-free number: 1-888-AMP-KNOW (1-888-267-5669)
Website: www.amputee-coalition.org

Offers resources for specific groups with amputations, including parents and youth
(see their “Limb Loss Resource Center” online); also lists some localrsgopops
across the country.

Children’s Oncology Group (COG)
Website: www.childrensoncologygroup.org

Provides key information from the world’s largest organization devoted to childhood
cancer research to help support children and their families from the time of asagnos
through treatment, and beyond. Also has a searchable database to find the COG
center closest to you.

CureSearchfor Children’s Cancer
Toll-free number: 1-800-458-6223
Website: www.curesearch.org

Provides up-to-date information about childhood cancer from pediatric cancer
experts. Has sections on the website for patients, families, and friends to help guide
them on how to support the child with cancer.

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

Provides accurate, up-to-date information about cancer for patients and thiessfam
including clinical trials information. Offers a special booklet for teenrgijsliof a
child with cancer at: www.cancer.gov/cancertopics/when-your-sibling-#iaser.

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

Services include an online support network for parents of children with cancer,
educational materials, and financial assistance for treatmerder@apenses.

National Dissemination Center for Children with Disabilities (NICHCY)
Toll-free number: 1-800-695-0285 (also for TTY)
Website: www.nichcy.org

Provides information about disabilities and disability-related issuesrfolida,
educators, and other professionals.



Websites for teens and children

Starlight Children’s Foundation
Toll-free number: 1-800-315-2580
Website: www.starlight.org

Website has animated stories and interactive programs to teach kids about chemo and
procedures that are done in the hospital; also has videos specifically for teens and
provides a safe, monitored online support group for teens with cancer.

Teens Living with Cancer
Website: www.teenslivingwithcancer.org

An online-only resource dedicated to teens coping with a cancer diagnosis and
treatment. It focuses on teen issues and provides resources to support teens, their
families, and friends.

Group Loop (a subsite of th€ancer Support Community just for teens)
Toll-free number: 1-888-793-9355
Website: www.grouploop.org

An online place for teens with cancer or teens who know someone with cancer to
connect with other teens away from the pressures of classes, resporssiaiiitie
treatment schedules. Has online support groups, chat rooms, information, and more.

SuperSibs! powered by Alex’s Lemonade Stand
Toll-free number: 1-866-333-1213
Website: www.supersibs.org

Supports, honors, and recognizes brothers and sisters of children diagnosed with
cancer so they may face the future with strength, courage, and hope. Alex’s
Lemonade Stand is restarting SuperSibs in 2014 so there may be some delays with
resuming support services.

*Inclusion on this list does not imply endorsement by the American Cancetysoci

No matter who you are, we can help. Contact us anytime, day or night, for intorraat
support. Call us at-800-227-234%r visit www.cancer.org.
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