American
Cancer
Z Society®

N

-]
Non-Hodgkin Lymphoma in Children

What is cancer?

The body is made up of trillions of living cells. Normal body cells grow, divideakem
new cells, and die in an orderly way. During the early years of a perdenisdrmal
cells divide faster to allow the person to grow. After the person becomes gramhil
cells divide only to replace worn-out or dying cells or to repair injuries.

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

Cancer cell growth is different from normal cell growth. Instead afglycancer cells
continue to grow and form new, abnormal cells. In most cases the cancer oells for
tumor. Cancer cells can also invade (grow into) other tissues, something thdtaedisna
cannot do. Growing out of control and invading other tissues are what makes a cell a
cancer cell.

Cells become cancer cells because of damage to DNA. DNA is in eveandalirects

all its actions. In a normal cell, when DNA gets damaged the cell eithersrépa

damage or the cell dies. In cancer cells, the damaged DNA is not repaired,dait the
doesn’t die like it should. Instead, this cell goes on making new cells that the esdy do
not need. These new cells will all have the same damaged DNA as the ffidsiesel

People can inherit damaged DNA, but often the DNA damage is caused by mistékes t
happen while the normal cell is reproducing or by something in our environment. In
adults the cause of the DNA damage may be 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 groarmand f
new tumors that replace normal tissue. This process is cadeastasisit happens when
the cancer cells get into our bloodstream or lymph vessels.

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



What are the differences between cancers in
adults and children?

The types of cancers that develop in children are often different from the types tha
develop in adults. Childhood cancers are often the result of DNA changes in cells that
take place very early in life, sometimes even before birth. Unlike mangrsaincadults,
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 can ha
long-term side effects, so children who survive cancer need careful attentiba fest

of their lives.

Since the 1960s, most children and teens with cancer have been treated at specialize
centers designed for them. Being treated in these centers offers theagewvaf a team of
specialists who know the differences between adult and childhood cancerd, astivel
unique needs of children with cancer and their families. This team usually mclude
pediatric oncologists, surgeons, radiation oncologists, pathologists, pediaticgync
nurses, and nurse practitioners.

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

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

Any time a child or teen is diagnosed with cancer, it affects everyyfameimber and
nearly every aspect of the family’s life. You can read more about copihgheise
changes in our documents on children with carfdee the Additional resources section
for complete titles.

What is non-Hodgkin lymphoma in children?

Lymphoma is a type of cancer that starts in cells cijiegphocyteswhich are part of the
body’s immune system. There are 2 kinds of lymphomas:

» Hodgkin disease (also known as Hodgkin lymphoma), which is named after Dr.
Thomas Hodgkin, who first described it

* Non-Hodgkin lymphoma (NHL)

These types of lymphomas behave, spread, and respond to treatment differently, so it is
important to tell them apart.



Both types of lymphoma are more common in adults, but they can also occur in children
and teens. Among this younger age group, NHL tends to occur in younger children, while
Hodgkin disease is more likely to affect older children and teens.

Hodgkin disease is very similar in adults and children, and treatment is théosdoath.
For more information on this disease, see our docuhtedgkin Disease

The rest of this document is only about non-Hodgkin lymphoma in childne.

The lymph system and lymphoid tissue
To understand NHL, it helps to know about the body’s lymph system.

The lymph system (also known as thephatic systejns part of the body’s immune
system, which helps fight infections and some other diseases. It also helpsifavie
around within the body. The lymph system is made up mainly of:

* Lymphoid tissue: includes the lymph nodes and related organs (see below) that are
part of the body’s immune and blood-forming systems

* Lymph: a clear fluid that travels through the lymph system, carrying waste psoduc
and excess fluid from tissues, as well as lymphocytes and other immune sylsem ce

* Lymphatic vessels:small tubes, similar to blood vessels, through which lymph
travels to different parts of the lymph system

Lymphocytes

Lymphoid tissue is made up mainly of cells caligdphocytesa type of white blood
cell. The 2 main types of lymphocytes &&mphocyte¢B cells) andl lymphocyte§T
cells). Normal B cells and T cells do different jobs.

B lymphocytes:B cells normally help protect the body against germs (bacteria or
viruses) by making proteins called antibodies. The antibodies attach to the germs
marking them for destruction by other parts of the immune system.

T lymphocytes: There are several types of T cells, each with a special job. Some T cells
directly destroy cells infected with viruses, fungi, or certain kinds okbiactOther types

of T cells play a role in either boosting or slowing the activity of other immusteray

cells.

Both types of lymphocytes can develop into lymphoma cells, but B-cell lymphomas ar
much more common in the United States than T-cell ymphomas. Different types of
lymphoma can develop from both B and T lymphocytes, based on how mature the cells
are when they become cancerous and other factors.

Treatment for lymphoma depends on which type it is, so determining the exact type of
lymphoma is important.



Organs that have lymphoid tissue

Because lymphoid tissue is in many parts of the body, lymphomas can statt almos
anywhere.
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The major sites of lymphoid tissue are:

Lymph nodes: Lymph nodes are bean-sized collections of lymphocytes and other
immune cells throughout the body. They can sometimes be felt under the skin in the
neck, under the arms, and in the groin. Lymph nodes are connected to each other by a
system of lymphatic vessels.

Lymph nodes get bigger when they fight infection. Lymph nodes that grow because of
infection are calledeactive nodesr hyperplastic nodeand are often painful when they

are touched. An enlarged lymph node in a child is not usually a sign of a serious problem.
Lymph nodes in the neck are often enlarged in children with sore throats or colds. But a
large lymph node is also the most common sign of lymphoma. Lymph node enlargement
is discussed more in “Signs and symptoms of non-Hodgkin lymphoma in children.”

Spleen:The spleen is an organ under the lower part of the rib cage on the left side of the
body. The spleen makes lymphocytes and other immune system cells to help fight
infection. It also stores healthy blood cells and filters out damaged blosdbzadteria,

and cell waste.



Thymus: The thymus is a small organ behind the upper part of the breast bone and in
front of the heart. Before birth, the thymus plays a vital role in development of T
lymphocytes. The thymus shrinks and becomes less important as people get oiter, but
continues to play a role in immune system function.

Adenoids and tonsils:These are collections of lymphoid tissue in the back of the throat.
They help make antibodies against germs that are breathed in or swallbvegdurd

easy to see when they become enlarged during an infection, which occurs often in
children, or if a lymphoma develops.

Digestive tract: Lymphoid tissue is also in the stomach and intestines, as well as many
other organs.

Bone marrow: The bone marrow (the soft inner part of certain bones) makes red blood
cells, blood platelets, and white blood cells. Red blood cells carry oxygen from the lungs
to the rest of the body. Platelets help control bleeding by plugging up small holes in
blood vessels. White blood cells fight infections. The main types of white bloscacell
granulocytes and lymphocytes. Bone marrow lymphocytes are mainly B cells
Lymphomas sometimes start from bone marrow lymphocytes.

Types of non-Hodgkin lymphoma in children

Lymphomas are most often classified by how the cancer cells look under the operosc
Key features include the size and shape of the cells and how they are artiagiged (
pattern of growth).

* Size is described as large or small.
» Shape is described as cleaved (showing folds or indentations) or non-cleaved.

» The growth pattern may be either diffuse (cancer cells are scattefedicafar
(cells are arranged in clusters).

Not every lymphoma is described using all 3 features (size, shape, and gatieth).
Special lab tests are often needed to accurately classify lymphomas.aféesscussed
in the section, “How is non-Hodgkin lymphoma diagnosed in children?”

The most common types of non-Hodgkin lymphoma (NHL) in children are different from
those in adults. Nearly all NHLs in children belong to 1 of 3 main types:

» Lymphoblastic lymphoma
* Burkitt lymphoma (small non-cleaved cell lymphoma)
* Large cell lymphoma

All 3 types are high grade (meaning they grow quickly) and diffuse, but ipertant to
distinguish among them because they are treated differently.



There are many other types of NHL. These are much more common in adults &d are
in children, so they are not discussed further in this document.

Lymphoblastic lymphoma

Lymphoblastic lymphoma accounts for about 25% to 30% of NHL in children. It is most
common in teens, and boys are affected about twice as often as girls.

The cancer cells of this lymphoma are very young lymphocytes datigrhoblasts

They are the same cells as those seen in acute lymphoblastic leukemjan(8hildren.

In fact, if more than 25% of the bone marrow is made up of lymphoblasts, the disease is
classified and treated as ALL instead of lymphoma.

Most cases of lymphoblastic lymphoma develop from T cells and are paflearsor T-
lymphoblastic lymphoma$hese lymphomas often start in the thymus, forming a mass in
the area behind the breast bone and in front of the trachea (windpipe). This can cause
problems breathing, which may be the first symptom of lymphoblastic lymphoma.

Less often, this cancer develops in the tonsils, lymph nodes of the neck, or other lymph
nodes. It can spread very quickly to the bone marrow, other lymph nodes, the surface of
the brain, and/or the membranes that surround the lungs and heart.

A small fraction of lymphoblastic lymphomas develop from B cells (cagledursor B-
lymphoblastic lymphomasThese lymphomas more often begin in lymph nodes outside
the chest, particularly in the neck. They can also involve the skin and bones.

Lymphoblastic lymphoma can grow very quickly and can often interfere withhiorgat
So it needs to be diagnosed and treated quickly.

Burkitt lymphoma

Burkitt lymphoma, also known a&snall non-cleaved cell lymphoraccounts for about
40% of childhood NHL in the United States. It is most often seen in boys, usually when
they are around 5 to 10 years old.

A subtype of Burkitt lymphoma, sometimes callarkitt-like lymphomaor non-Burkitt
lymphomashares some features with diffuse large B-cell lymphoma (described below)
when seen under the microscope, but it is still treated like Burkitt lymphoma.

Burkitt lymphoma is named after the doctor who first described it in Africadreiil In
certain parts of Africa, Burkitt lymphoma accounts for nearly all childhood BiktL
over half of all childhood cancers. In African children this lymphoma usually clev &t
the jaw or other facial bones.

Burkitt lymphomas in other parts of the world, including the United States, almastsal
start in the abdomen (belly). Typically, a child will develop a large tumor in his or her
abdomen that can sometimes block the bowels (intestines). This can cause belly pai
nausea, and vomiting. Burkitt lymphoma can also sometimes start in the neckley tonsi
or rarely in other parts of the body.



This lymphoma develops from B lymphocytes, and it is one of the fastest growing
cancers known. It can spread to other organs, including the surface of the brain or inside
the brain. Because of this, it must be diagnosed and treated quickly.

Large cell lymphomas

These lymphomas start in more mature forms of T cells or B cells andaamlgnost
anywhere in the body. They are not as likely to spread to the bone marrow or brain, nor
do they grow as quickly as other childhood lymphomas. These lymphomas tend to occur
more often in older children and teens. There are 2 main subtypes of large cell
lymphoma.

Anaplastic large cell lymphoma (ALCL): This lymphoma represents about 10% of all
NHL in children. It usually develops from mature T cells. It may startrirply nodes in
the neck or other areas, and may be found in the skin, lungs, bone, digestive tract, or
other organs.

Diffuse large B-cell lymphoma:This lymphoma accounts for about 15% of childhood
lymphomas. It starts in B cells, as the name implies. These lymphomas ofteagyr
large masses in the mediastinum (the space between the lungs), in which case they
referred to aprimary mediastinal B-cell lymphomaBut they are also sometimes found
in other areas such as lymphoid tissue in the neck or abdomen, or in the bones.

Treatment is basically the same for both types of large cell lymphotiaiigh the cure
rate tends to be slightly higher for the diffuse large B-cell type.

What are the key statistics for non-Hodgkin
lymphoma in children?

Non-Hodgkin lymphoma (NHL) accounts for about 6% of all childhood cancers.
(Hodgkin disease accounts for about another 4%.)

In children up to age 14, most lymphomas are non-Hodgkin lymphomas, with about 500
of these cancers being diagnosed in the United States each year. IHadirchiid teens

up to age 19 are included, the numbers of Hodgkin and non-Hodgkin lymphomas are
about equal, and there are about 900 cases of NHL diagnosed each year.

Non-Hodgkin lymphoma is about 2 to 3 times more common in boys than in girls, and it
is more common in white children than black children.

About 2% of all non-Hodgkin lymphomas occur in children and teens. Overall, the risk of
non-Hodgkin lymphoma in children increases with age. It can occur at any age but is
uncommon in children younger than 3.

Statistics on survival can be found in the section “Survival rates for childhood non-
Hodgkin lymphoma.”



What are the risk factors for non-Hodgkin
lymphoma in children?

A risk factor is anything that might affect a person’s chance ahgetaincer. 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 have much of an effect on the risk of
childhood cancers, including non-Hodgkin lymphoma (NHL).

Researchers have found some factors that can increase children’s risk.dNhost
children with NHL do not have any known risk factors for this disease that can be
changed.

Age, gender, and race

Non-Hodgkin lymphoma is rare in children in general, but it is more common in older
children than in younger ones. It is also more common in boys than in girls and in white
children than in black children. The reasons for these gender and racial diffesemce

not known.

Having a weakened immune system

Some types of immune system problems have been linked with a higher risk of NHL in
children.

Congenital (present at birth) immune deficiency sydromes

Some genetic (inherited) syndromes can cause children to be born with anabnorm
immune system. Along with an increased risk of serious infections, thedeenhalso
have a higher risk of developing NHL (and sometimes other cancers as wel. Thes
syndromes include:

» Wiskott-Aldrich syndrome

» Severe combined immunodeficiency syndrome (SCID)
» Ataxia-telangiectasia

* Common variable immunodeficiency

* Bloom syndrome

» X-linked lymphoproliferative syndrome



Organ transplants

Children who have received organ transplants are treated with drugs that weaken thei
immune system to prevent it from attacking the new organs. These children have an
increased risk of developing NHL that is almost always caused by EpsteiniiBa
infection (see below). The risk depends on which drugs and what doses are used.

HIV/AIDS

Infection with human immunodeficiency virus (HIV), also known as the AIDS virus, ca
weaken the immune system in children and adults. Children with HIV generathyeget
infection from contact with their mother’s blood, usually before or during birth.

HIV infection is a risk factor for developing NHL, so doctors may recommend that
children with NHL be tested for HIV infection.

Radiation exposure
Radiation exposure may be a minor risk factor in childhood NHL.

Survivors of atomic bombs and nuclear reactor accidents have an increased risk of
developing some types of cancer. Leukemia and thyroid cancers are the most common,
but there is a slightly increased risk of NHL as well.

Patients treated with radiation therapy for other cancers have a siightgsed risk of
developing NHL later in life. However, it usually takes many years fotdhisppen, so
these secondary cases of NHL are more common in adults than children.

The possible risks from fetal or childhood exposure to lower levels of radiation, such as
from x-ray tests or CT scans, are not known for sure. Any increase in risk fooNH

other cancers is likely to be small, but to be safe, most doctors recommenedinainpr
women and children not get these tests unless they are absolutely needed.

Epstein-Barr virus infection

In areas of Africa where Burkitt lymphoma is common, chronic infection with bot
malaria and the Epstein-Barr virus (EBV) is an important risk factor. EBV leas be
linked with as many as 90% of Burkitt lymphomas in Africa. In the Unitece§t&BYV
has been linked with about 15% of Burkitt lymphomas.

EBYV infection is life-long, although in most people it doesn’t cause serious probfems
Americans who are first infected with EBV as teens or young adults) dazsse
infectious mononucleosis, sometimes known simplynasa Most Americans have been
infected with EBV by the time they are adults, but the infection seems to omsunla
life in the United States than in Africa, which may help explain why it is ilesly to
cause childhood lymphoma here. Another factor may be that in certain partscaf Afri
children’s immune systems also have to deal with other infections, such asmalar
which, together with EBV, may cause the body to make more lymphocytes.



Exactly how EBYV is linked to Burkitt lymphoma is not completely understood, but it
seems to have to do with the ability of the virus to infect and alter B lympho(iytes.

more information, see the section, “Do we know what causes non-Hodgkin lymphoma in
children?”)

Other possible risk factors

Some research has suggested that a family history of NHL (in a brother,msig@rent)
might raise the risk of lymphoma. Lymphoma risk may also be higher in childredesf ol
mothers. More research is needed to confirm these findings, but the increase@unigk, if
is likely to be small overall.

Do we know what causes non-Hodgkin
lymphoma in children?

The exact cause of most cases of childhood non-Hodgkin lymphoma (NHL) is not
known. However, scientists have found that the risk of this cancer is higher if the child
has any of the conditions described in the section, “What are the risk factors for non-
Hodgkin lymphoma in children?” Many of these conditions are related to problems wit
the immune system.

Scientists have found that certain changes in the DNA inside normal lymphoagtes
make them become lymphoma cells. Normal human cells grow and function based
mainly on the information contained in each cell’s chromosomes. Human DNA is
packaged in 23 pairs of chromosomes, which are long molecules of DNA in each cell.
DNA is the chemical that makes up our genes — the instructions for how our cells
function. We look like our parents because they are the source of our DNA. But our
genes affect more than the way we look.

Some genes control when our cells grow, divide into new cells, and die. Certain genes
that help cells grow and divide or help them live longer are caltedgenesOthers that
slow down cell division or make cells die at the right time are calledr suppressor
genes

Each time a cell prepares to divide into 2 new cells, it must make a new copy &fahe D
in its chromosomes. This process is not perfect, and errors can occur in the DNA.
Cancers can be caused by DNA mutations (changes) that turn on oncogenes or turn off
tumor suppressor genes.

For exampletranslocationsare a type of DNA change that can cause NHL to develop. A
translocation means that DNA from one chromosome breaks off and attaches to a
different chromosome. When this happens, oncogenes can be turned on or tumor
suppressor genes can be turned off.

Some people inherit DNA changes from a parent that increase their rkniertypes of
cancer. But NHL is not one of the cancer types often caused by these inheritéohsutat



Usually, DNA changes related to NHL occur during life rather than having bkeented
before birth. In rare cases, these acquired changes result from exposdiatianrar
other factors. But often they occur for no apparent reason.

The combination of immune deficiencies (from inherited conditions, drug treatment, or
HIV infection) and Epstein-Barr virus (EBV) infection can cause some typisibf

EBV infects B lymphocytes. It can make the cells grow, divide, and live tdhge they
should. In young adults infected with EBV, it often causes infectious mononucleasis, als
known asmona Mono is usually not a serious disease because the person’s immune
system destroys the B cells that are infected with EBV. But when ehiltave an

immune deficiency, EBV-infected B cells may grow and accumulate. Tle#sdnave an
increased risk for DNA changes. If these changes affect certain oresogetumor
suppressor genes, lymphoma may develop.

Scientists have learned a lot about the gene changes commonly seen in lymgllsoma ¢
This is being used to develop better tests to detect and classify certainftixiéis.
Some of these discoveries are being used to create new treatments as well.

Most children who develop NHL in the United States do not have an immune deficiency
or evidence of EBV infection. Even though researchers have found many of the key DNA
changes in lymphoma cells, they still do not know what causes them in children without
these risk factors.

Can non-Hodgkin lymphoma in children be
prevented?

The risk of many adult cancers can be reduced by doing certain things sugingsasta
a healthy weight or quitting smoking, but there is no known way to prevent most
childhood cancers.

Most children (and adults) with non-Hodgkin lymphoma (NHL) have no risk factors that
can be changed, so at this time there is no way to prevent these lymphomas. For now, the
best way to reduce the risk for NHL is to try to prevent known risk factors such as a
weakened immune system.

The most common cause of acquired immune problems is HIV infection. HIV is spread
among adults mostly through unprotected sex and sharing needles contaminated by
injection drug users. Blood transfusions are now an extremely rare source of HIV
infection.

Children generally get HIV infection from contact with their mother’s blood,llysua
before or during birth. Treating the pregnant woman with anti-HIV drugs catiygre
reduce the risk of infecting her infant. HIV can also be passed on in breast milk, so HIV
positive mothers are advised not to breastfeed.

Some cases of NHL are caused by the treatment of other cancers witlomaaiiati
chemotherapy or by the use of immune-suppressing drugs to avoid rejection of
transplanted organs. Doctors are trying to find better ways to treat threbtars



without raising the risk of lymphoma. But for now, the small risk of developing NHL
several years later due to treatment must be balanced against the hels dife-
threatening diseases themselves.

Because most children with NHL do not have known risk factors that can be charsged, it’
important to note that there is nothing these children or their parents could have done to
prevent this cancer.

Can non-Hodgkin lymphoma in children be
found early?

Non-Hodgkin lymphoma (NHL) in children is uncommon, and there are no widely
recommended screening tests for this cancer. (Screening is testiagder in people
without any symptoms.) Still, in some cases NHL can be found early.

The best way to find this cancer early is to be aware of the possible signsrgidrsyg
of this disease and to take your child to the doctor if something concerns you.

Careful, regular medical checkups are important for children, especiadlg with

known risk factors for NHL, such as those who have certain inherited immune
deficiencies, who have had cancer treatment or an organ transplant, or who h#ive an H
infection. These children do not usually develop NHL, but it is important for parents and
doctors to know the possible symptoms and signs of lymphoma.

Signs and symptoms of non-Hodgkin
lymphoma in children

Childhood non-Hodgkin lymphoma (NHL) can cause many different signs and
symptoms, depending on where it is in the body. In some cases it might not cause any
symptoms until it grows quite large. Common symptoms include:

* Enlarged lymph nodes (seen or felt as lumps under the skin)
» Swollen abdomen (belly)

* Feeling full after only a small amount of food

» Shortness of breath or cough

* Fever

» Weight loss

* Night sweats

 Fatigue (extreme tiredness)



Enlarged lymph nodes

Non-Hodgkin lymphoma may grow in lymph nodes under the skin (on the sides of the
neck, in the underarm area, above the collar bone, or in the groin area). The enlarged
nodes are often seen or felt as lumps under the skin. They are often noticed bylthe chil
parent, or a health care professional. Enlarged lymph nodes in children are nore ofte
caused by infections than by NHL.

Lymphoma in the abdomen (belly)

If the lymphoma grows inside the abdomen, it can make it swollen and painful. There
may also be a buildup of fluid that causes even more swelling.

Lymphoma can sometimes enlarge the spleen and make it press on the stomach. This ca
make a child feel full after eating only a small amount of food.

When lymphoma causes swelling near the intestines, bowel movements maykbd,bloc
which may lead to abdominal pain, nausea, or vomiting.

The lymphoma may also block urine from leaving the kidneys. This can lead to kidney
problems, which can cause low urine output, tiredness, loss of appetite, nausea, or
swelling in the hands or feet.

Lymphoma in the chest

When lymphoma starts in the thymus or lymph nodes in the chest, it can press on the
nearby trachea (windpipe). This can lead to coughing, shortness of breath, and trouble
breathing.

The superior vena cava (SVC) is a large vein that carries blood from the head and arms
back to the heart. It passes next to the thymus and lymph nodes inside the chest.
Lymphomas in this area may push on the SVC, which can make the blood back up in the
veins. This is can lead to swelling in the face, neck, arms, and upper chest (&smetim
with a bluish-red skin color). It can also cause trouble breathing, as weldaches,
dizziness, and a change in consciousness if it affects the brain. This condition, known as
SVC syndromecan be life-threatening, and needs to be treated right away.

Lymphoma in the brain and spinal cord

Some types of lymphoma can spread to the area around the brain and spinal cord. This
can cause problems such as headache, vision changes, facial numbness, and trouble
speaking.

Lymphoma in the skin

Some lymphomas can affect the skin itself. They can cause itchy, red or purpkedr
nodules under the skin.



General symptoms

Along with causing symptoms and signs in the part of the body where it starts, NHL can
also cause general symptoms such as:

* Fever and chills
» Sweating (particularly at night)
* Unexplained weight loss

When talking about lymphoma, doctors sometimes call tBeganptomsB symptoms
are often found in more rapidly growing lymphomas.

Other symptoms can be caused by low blood cell counts. Blood counts can become low if
lymphoma spreads to the bone marrow and crowds out the normal, healthy cells that
make new blood cells. This can lead to problems like:

» Severe or frequent infections (from low white blood cell counts)
* Easy bruising or bleeding (from low blood platelet counts)
 Fatigue and pale skin (from low red blood cell counts [anemia])

Many of the signs and symptoms above are more likely to be caused by something other
than a lymphoma, such as an infection. Still, if your child has any of these symptoms
check with the doctor so that the cause can be found and treated, if needed.

How is non-Hodgkin lymphoma diagnosed in
children?

Non-Hodgkin lymphoma (NHL) is usually found when a child is brought to a doctor
because of signs or symptoms he or she is having. The doctor might suspect a child could
have a lymphoma based on the signs and symptoms, but tests are needed to confirm the
diagnosis. The exams and tests below are used to diagnose the disease, to find out what
type of lymphoma it is, and to learn how advanced it is.

Medical history and physical exam

If any signs and symptoms suggest a child might have lymphoma, the doctor wilbwant t
get a thorough medical history to learn more about the symptoms and how long they have
been present. The doctor might also ask if there is any history of possibletsk,fa

such as immune system problems.

During the physical exam, the doctor will probably focus on any enlarged lympharodes
other areas of concern. For example, the abdomen may be felt for signs of ardenlarge
spleen or liver. Enlarged lymph nodes in children are usually caused by infectitmes, so
doctor will look for an infection in the part of the body near any swollen lymph nodes.



Because infections are the most common cause of enlarged lymph nodes, this is often
what doctors think of first, so the diagnosis of NHL in a child can sometimes be delayed.
There is usually little cause for concern in children with swollen lymphshodiess they

are very large (more than 1 inch across). Even in these instances, the chiltlys usua
watched closely for a time or given a course of antibiotics first tdf see modes will

shrink. If not, more tests are done, usually a biopsy removing a swollen noder{m a la
portion of it) (see next section). But if the lymph nodes seem to be growing quickly or
child’s health seems to be getting worse, a biopsy may be needed right away.

Biopsy

A doctor can’t make a diagnosis of NHL in a child based only on symptoms or a physical
exam. Most of the symptoms NHL can cause are more often caused by non-cancerous
problems, like infections. They may also be caused by other kinds of cancenisildf a

does have NHL, it's important to tell which type it is, because each type edtidahtly
differently.

For these reasons, an accurate diagnosis is needed, and the only way to do this is to
remove some or all of an abnormal lymph node (or tumor) for viewing under a
microscope and other lab tests. This is callbtbpsy

Types of biopsies used to diagnose non-Hodgkin lyrhpma

There are several types of biopsies. Doctors choose which one to use based on the
situation. The goal is to get a sample large enough to make an accurate diagnosis as
quickly as possible, with as few side effects as possible.

Excisional or incisional biopsy:These are the most common types of biopsy done if
lymphoma is suspected. An exception might be for large tumors in chest, for which a
needle biopsy (described below) might be used instead.

In these procedures, a surgeon cuts through the skin to remove either an entire lymph
node (excisional biopsy) or a small part of a large tumor (incisional biopsy).

If the node is near the skin surface, this is an operation that might be done with either
local anesthesia (hnumbing medicine used only at the biopsy site) and sedatidn or wit
general anesthesia (where the child is in a deep sleep). If the node ishasitiedt or
abdomen, then general anesthesia is usually needed.

This method almost always provides enough of a sample to diagnose the exact type of
NHL.

Fine needle aspiration (FNA) or core needle biopsyn an FNA biopsy, the doctases

a very thin, hollow needle attached to a syringe to withdraw (aspirate)llcasmant of

tissue from an enlarged lymph node or a tumor mass. For a core needle biopsy, the doctor
uses a larger needle to remove a slightly larger piece of tissue.

If an enlarged lymph node is near the surface, the doctor can aim the needle®limig f
the node. If the enlarged node or tumor is deep in the body (such as in the chest or



abdomen), the doctor can guide the needle while watching it on a CT scan oualiras
(see discussion of imaging tests later in this section).

The main advantage of a needle biopsy is that it does not require surgery. This can be
especially important for tumors in the chest, because general anesthesaatl\@rahild

is in a deep sleep) can sometimes be dangerous for these childrenoluiseéld when

the lymphoma is in other sites outside of the lymph nodes, such as the bones.

In children, needle biopsies can often be done using local anesthesia to numb the area,
along with sedation to make the child sleepy. General anesthesia is fes=deiten.

The main drawback of needle biopsies (especially FNA) is that in someticasezdle

might not remove enough of a sample to make a definite diagnosis. Most doctors don’t
use needle biopsies if they strongly suspect lymphoma (unless other types iekbiops
can’'t be done for some reason). But if the doctor suspects that lymph node swelling is
caused by an infection (even after antibiotics), a needle biopsy may betthgéref

biopsy done. If a biopsy is needed, doctors typically prefer to do a core biopsy iristead o
FNA. An excisional biopsy might still be needed to diagnose and classify lymphoma,
even after a needle biopsy has been done.

Once lymphoma has been diagnosed, needle biopsies are sometimes used to check areas
in other parts of the body that might be lymphoma spreading or coming back after
treatment.

Other types of biopsies

These other types of biopsies are not normally used to diagnose lymphoma, but they
might be done to help determine the extent of spread if a lymphoma has already been
diagnosed.

Bone marrow aspiration and biopsy:These tests help determine if a lymphoma has
reached the bone marrow. The 2 tests are usually done at the same time. The biopsy
samples are usually taken from the back of the pelvic (hip) bones, although in sosne case
they may be taken from the front of the hip bones or from other bones.

For a bone marrowspiration the skin over the hip and the surface of the bone is

numbed with local anesthetic. In most cases, children will be given other nesdlici

make them drowsy or brief general anesthesia so they are asleep loetngpsy. A

thin, hollow needle is then inserted into the bone and a syringe is used to suck out a small
amount of liquid bone marrow.

A bone marrovbiopsyis usually done just after the aspiration. A small piece of bone and
marrow is removed with a slightly larger needle that is put into the bone. Once the biops
is done, pressure will be applied to the site to help stop any bleeding.

Lumbar puncture (spinal tap): This test is used to look for lymphoma cells in the
cerebrospinal fluid (CSF), which is the liquid that bathes the brain and spinal cord.

For this test, the doctor first numbs an area in the lower part of the back near the spine.
The doctor usually also gives the child medicine to make him or her sleep during the



procedure. A small, hollow needle is then placed between the bones of the spine to
withdraw some of the fluid.

In children already diagnosed with lymphoma, a lumbar puncture can also be used to put
chemotherapy drugs into the CSF to try to prevent or treat the spread of lymphbmato t
spinal cord and brain.

Pleural or peritoneal fluid sampling: If ymphoma spreads to the thin membranes that
line the inside of the chest and abdomen it can cause fluid to build up. Pleural fluid
(inside the chest) or peritoneal fluid (inside the abdomen) can be removed usilogva hol
needle put through the skin into the chest or abdomen.

Before the procedure, the doctor uses a local anesthetic to numb the skin and may give
the child other medicines so they are drowsy or asleep during the procedure. Tise fluid i
then drawn out and looked at under the microscope to check for lymphoma cells.

When this procedure is used to remove fluid from the chest, it's callextacentesis
When it is used to collect fluid from inside the abdomen, it's knownpasacentesis

Lab tests on biopsy samples to diagnose and classify
lymphoma

All biopsy samples and fluids are looked at under a microscope by a pathologigbfa doc
with special training in using lab tests to identify cancer cells). The dociks at the

size and shape of the cells and how they are arranged. This may reveal not onilgif a ¢
has lymphoma, but also what type of lymphoma it is. Because diagnosing lymphoma can
be tricky, it helps if the pathologist specializes in diseases of the blood.

Pathologists can sometimes tell which kind of lymphoma a child has by looking at the
cells, but usually other types of lab tests are needed to confirm the diagnosis.

Immunohistochemistry

In this test, a part of the biopsy sample is treated with special antibodiesnalan

versions of immune system proteins) that attach only to specific moleculesaail the
surface. These antibodies cause color changes, which can be seen under a microscope
This test can help distinguish different types of NHL from one another and from other
diseases.

Flow cytometry

Like immunohistochemistry, this test looks for certain substances on the outee sifrfa
cells that help identify what types of cells they are. But this test can lon&rgt more
cells than immunohistochemistry can.

For this test, a sample of cells is treated with special antibodies tatiosthe cells only
if these substances are on their surfaces. The cells are then passedahdraser
beam. If the cells now have antibodies attached to them, the laser will caude thige



off light, which can be measured and analyzed by a computer. Groups of cells can be
separated and counted by these methods.

This is the most commonly used testifomunophenotypm— classifying lymphoma
cells according to the substances (antigens) on their surfaces. Difjgren bt
lymphocytes have different antigens on their surface. These antigens malaaige as
each cell matures.

Flow cytometry can help determine whether lymph node swelling is due to lymphoma
some other cancer, or a non-cancerous disease. It has also become veny bskfing
doctors determine the exact type of lymphoma so that they can selectttirediesent.

Cytogenetics

Doctors use this technique to evaluate the chromosomes (long strands of DNA) in the
lymphoma cells. They look at the cells under a microscope to see if the chromosomes
have any translocations (where part of one chromosome has broken off and is now
attached to another chromosome), as happens in certain types of lymphoma. Some
lymphoma cells may also have too many chromosomes, too few chromosomes, or other
chromosome changes. These changes can be used to help identify the type of lymphoma.

Cytogenetic testing usually takes about 2 to 3 weeks because the lymphomastlls
grow in lab dishes for a couple of weeks before their chromosomes are ready to be
viewed under the microscope.

Molecular genetic tests

These tests look more closely at lymphoma cell DNA. They can detect moséshhag
can be seen under a microscope on cytogenetic tests, as well as otherstthatsesen.

Fluorescent in situ hybridization (FISH): FISH is similar to cytogenetic testing. It uses
pieces of DNA that only attach to specific parts of chromosomes. The DNA id lioke
fluorescent dyes that can be seen with a special microscope. FISH caroéind
chromosome changes (such as translocations) that can be seen under a microscope on
standard cytogenetic tests, as well as some changes too small to bélsesnal
cytogenetic testing.

FISH can be used to look for specific changes in chromosomes. It can be used on regular
blood or bone marrow samples. It is very accurate and can usually provide résitts w
a couple of days, which is why this test is now used in many medical centers.

Polymerase chain reaction (PCR)This is a very sensitive DNA test that can also find
some chromosome changes too small to be seen under a microscope, even if there are
very few lymphoma cells in a sample.



Blood tests

Blood tests measure the amounts of certain types of cells and chemicalbloothe
They are not used to diagnose lymphoma, but they might be one of the first types of tests
done in children with symptoms to help the doctor determine what is going on.

If a child has been diagnosed with lymphoma, these tests can also sometimes help
determine how advanced the lymphoma is.

The complete blood count (CBC) is a test that measures the levels of difféiseimt tee
blood, such as the red blood cells, the white blood cells, and the platelets. In children
already known to have lymphoma, low blood cell counts might mean that the lymphoma
is growing in the bone marrow and damaging new blood cell production.

Blood levels of a chemical calledH will often be abnormally high in patients with
fast-growing lymphomas.

Blood chemistry tests can help detect liver or kidney problems caused by tliecdfprea
lymphoma cells or certain chemotherapy drugs. Blood tests can also helpimeierm
treatment is needed to correct low or high blood levels of certain minerals magalso
be done to make sure the blood is clotting properly.

For some types of lymphoma, the doctor might also want to order other blood tests to see
if the child has been infected with certain viruses, such as the Epstein-Ba(EBN)s

hepatitis B virus (HBV), or human immunodeficiency virus (HIV). Infectionthwbme

of these viruses can affect your child’s treatment.

Imaging tests to diagnose and stage non-Hodgkin lymphoma

Imaging tests use x-rays, sound waves, magnetic fields, or radioactivenseissio

create pictures of the inside of the body. In a child with known or suspected lymphoma,
these tests might be done to look more closely at an abnormal area that might be
lymphoma, to learn how far the lymphoma may have spread, or to find out if treatment
has been effective. Children with NHL usually get some (but not all) of the falipwi
imaging tests.

Chest x-ray

A chest x-ray may be done to look for enlarged lymph nodes inside the chest.

Computed tomography (CT or CAT) scan

The CT scan is an x-ray test that produces detailed, cross-sectional ahtgebody.
Unlike a regular x-ray, CT scans can show the detail in soft tissues (suckraalint
organs). They can help tell if any lymph nodes or organs in the body are enlarged. CT
scans can be used to look for enlarged lymph nodes or other masses in the chest,
abdomen, pelvis, head, and neck.



Instead of taking one picture, like a standard x-ray does, a CT scanner tales ma
pictures as it rotates around the child. A computer then combines these pictures into
images of slices of the part of the body being studied.

Before the scan, your child may be asked to drink a contrast solution and/or get an
intravenous (1V) injection of a contrast dye that helps better outline abnomaaliarthe
body. Your child may need an IV line through which the contrast dye will beedject
The injection can cause some flushing (redness and warm feeling). Some people are
allergic and get hives or, rarely, more serious reactions like trouble bgeattdriow

blood pressure. Be sure to tell the doctor if your child has any allergies arendmad a
reaction to any contrast material used for x-rays.

CT scans take longer than regular x-rays. A CT scanner has been descaldatha

donut, with a narrow table in the middle opening. Your child will need to lie still on the
table while the scan is being done. During the test, the table slides in and out of the
scanner. Some younger children may be given medicine to help keep them calm or even
asleep during the test to help make sure the pictures come out well.

CT-guided needle biopsyCT scans can also be used to guide a biopsy needle precisely
into a suspected tumor or enlarged lymph node. For this procedure, the child remains
asleep on the CT scanning table, while a radiologist advances a biopsy needle tieough t
skin and toward the mass. CT scans are repeated until the needle is within th&® mass
biopsy sample is then removed and looked at under a microscope.

Ultrasound (sonogram)

Ultrasound uses sound waves and their echoes to produce a picture of internal organs or
masses.

Ultrasound can be used to look at lymph nodes near the surface of the body or to look
inside the abdomen (belly) for enlarged lymph nodes or organs such as the livar, splee
and kidneys. (It can’t be used to look inside the chest because the ribs block the sound
waves.) It is also sometimes used to help guide a biopsy needle into an enlagged lym
node.

For this test, a small wand calledransduceris moved around on the skin (which is first
lubricated with gel). The transducer gives off sound waves and picks up the exhoes a
they bounce off the organs. The echoes are converted by a computer into a black and
white image on a computer screen.

This is usually an easy test to have, and it uses no radiation. Your child simply lies on a
table, and a technician moves the transducer over the part of the body being looked at.
The test is not usually painful, but it might be uncomfortable if the transducer isgress
down hard on the abdomen.



Magnetic resonance imaging (MRI) scan

An MRI scan, like a CT scan, gives detailed images of soft tissues in the bodiesIhis

is not used as often as CT scans for lymphoma, but MRI is very useful for looking at the
brain and spinal cord if a child has symptoms that might be caused by problems in the
nervous system.

MRI scans use radio waves and strong magnets instead of x-rays, so thereligtion ra
The energy from the radio waves is absorbed and then released in a pattern fotimeed by
type of body tissue and by certain diseases. A computer translates theiptiteery
detailed images of parts of the body.

A contrast material callegladoliniumis often injected into a vein before the scan to
better see details. The contrast material usually does not caugi a#actions.

MRI scans take longer than CT scans, often up to an hour. Your child may have to lie
inside a narrow tube, which can be distressing, so sedation is sometimes needed. New
more open MRI machines may be another option, although your child will still haee to li
still. The MRI machine makes loud buzzing and clicking noises that your child nahy fi
disturbing. Some places provide headphones or earplugs to help block this noise out.

Positron emission tomography (PET) scan

For a PET scan, a form of radioactive sugar (knowifuasodeoxyglucoser FDG) 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 lymphoma cells grow quickly, they absorb large
amounts of the sugar. After about an hour, your child will be moved onto a table in the
PET scanner. He or she will lie on the table for about 30 minutes while a specied came
creates a picture of areas of radioactivity in the body. The picture is ngtdetailed

like a CT or MRI scan, but it provides helpful information about the whole body.

PET scans can be used for many reasons in a child with lymphoma:
» They can help tell if an enlarged lymph node contains lymphoma or is benign.

» They can help spot small areas in the body that might be lymphoma, even if the area
looks normal on a CT scan.

» They can help tell if a lymphoma is responding to treatment. Some doctorspedl re
the PET scan after 1 or 2 courses of chemotherapy. If the chemotheraplimgwor
the lymph nodes will no longer take up as much of the radioactive sugar.

» They can be used after treatment in helping decide whether an enlarged lymph node
still contains lymphoma or is merely scar tissue.

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



Bone scan

This test is not usually needed unless a child is having bone pain or has lab test results
that suggest the lymphoma might have reached the bones.

For a bone scan, a radioactive substance ctdthetiunis injected into the blood. (The
amount of radioactivity used is very low and will pass out of the body within a day or so.)

The substance travels to damaged areas of the bone over a couple of hours. Your child
then lies on a table for about 30 minutes while a special camera detectsdhetnat}

and creates a picture of the skeleton. Younger children may be given medicine to help
keep them calm or even asleep during the test.

A bone scan can detect bone damage from lymphoma. But a bone scan may also pick up
non-cancerous problems, so other tests might be needed to be sure.

How is non-Hodgkin lymphoma staged in
children?

Once non-Hodgkin lymphoma (NHL) is diagnosed, tests are done to determine the stage
(extent of spread) of the disease. A child’s treatment and prognosis (outlook) degend, t
large extent, on the lymphoma’s stage.

Staging is based on the results of the physical exam, biopsies, and imagi(@Tests
scan, PET scan, etc.), which are described in the section, “How are non-Hodgkin
lymphomas diagnosed in children?”

A staging system is a standard way for the cancer care team to sum up haarfaer
has spread. The staging system most often used to describe the spread thikdtan
is called the St. Jude staging system. This is different from the stagtegsysed for
lymphomas in adults (the Ann Arbor staging system).

St. Jude staging system

The St. Jude system divides NHL in children into 4 stages. In general, stab# | a
lymphomas are considered limited-stage disease and are treated the gaBtagealll
and IV lymphomas are usually thought of as advanced-stage disease and egataldo t
alike.

Stage |

The lymphoma is in only one place, either as a single tmaton lymph node®r in
lymph nodes in one part of the body (the neck, groin, underarm, etc.). The lymphoma is
not in the chest or abdomen (belly).



Stage |l

Stage Il lymphomas are not in the chest, and one of the following applies:

» The lymphoma is a single tumor and is also in nearby lymph nodes in only one part of
the body (the neck, groin, underarm, etc.).

» The lymphoma is more than one tumor and/or in more than one set of lymph nodes,
all of which are either above or below the diaphragm (the thin breathing mudcle tha
separates the chest and abdomen). For example, this might mean nodes in the
underarm and neck area are affected but not the combination of underarm and groin
nodes.

» The lymphoma started in the digestive tract (usually at the end of theisi@stiine)
and can be removed by surgery. It might or might not have reached nearby lymph
nodes.

Stage Il

For stage Il lymphomas, one of the following applies:

* The lymphoma started in the chest (usually in the thymus or lymph nodes in the
center of the chest or the lining of the lung).

» The lymphoma started in the abdomen and has spread too widely within the abdomen
to be completely removed by surgery.

» The lymphoma is located next to the spine (and may be elsewhere as well).

* The lymphoma is more than one tumor or in more than one set of lymph nodes that
are both above and below the diaphragm. For example, the lymphoma is in both
underarm and groin lymph nodes.

Stage IV

The lymphoma is in the central nervous system (brain or spinal cord) or the bone marrow
when it is first found. (If more than 25% of the bone marrow is cancer cells, bkdktd
the cancer is classified as acute lymphoblastic leukemia [ALL] idstElymphoma.)

Survival rates for childhood non-Hodgkin lymphoma

Advances in treatment have increased the overall survival rates for chilidnamow-
Hodgkin lymphoma (NHL) dramatically in recent decades. The 5-year surateas

used for many types of cancer to refer to the percentage of patients wabldiastS

years after being diagnosed with cancer. With regard to children with NHL, those who
are still alive and free of disease after 5 years are likely to havechesd, as it is rare

for these cancers to return after this much time.



Survival rates give doctors a standard way to discuss and compare the prognosis
(outlook) for people with cancer. Some parents want to know the survival statistics for
children in similar situations, while others might not find the numbers helpful, or might
not want to know them. If you would rather not read about survival rates, please skip to
the next section, “How is non-Hodgkin lymphoma treated in children?”

Current survival rates are based on children diagnosed and treated manygears ag
Improvements in treatment since then may mean that the outlook is better fonchildre
diagnosed recently.

Survival statistics can sometimes be useful as a general guide, but thgyredict what

will happen in any child’s case. A number of factors, including the type of lymphoma, the
location and size of the tumor(s), and how well the lymphoma responds to treatment, also
affect the outlook. Your child’s doctor can tell you if the numbers below apply to your
child’s situation.

The ranges of numbers given below are based on the results of several studies that have
used different treatment regimens or included slightly different groupdieh{sa

Lymphoblastic lymphoma

With intensive treatment, around 90% of children with limited stage (stagé) |l o
lymphoblastic lymphoma can be cured.

The cure rate for more advanced (stage Ill or IV) lymphoblastic lymphngenerally
higher than 80%.

Burkitt and Burkitt-like lymphoma

Treatment of limited stage (stage | and 1) Burkitt lymphomas is ysuetl successful,
with a cure rate of over 90%.

The cure rate for children with more advanced (stage Il or IV) Bugkitphoma ranges
from about 80% to 90%.

Large cell lymphomas

The cure rate is over 90% for limited stage (stage | and Il) diffuse lacgdl B-
lymphomas and is slightly lower for anaplastic large cell ymphomas.

The cure rate for children with advanced (stage lll or V) diffuse IBrgell lymphoma
ranges from about 80% to 90%. For advanced anaplastic large cell ymphoma, the cure
rate is about 60% to 75%.



How is non-Hodgkin lymphoma treated in
children?

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 rficial policy of the Society and is not intended a
medical advice to replace the expertise and juddgragépour cancer care team. It is intended to help
and your family make informed decisions, togeth#r your doctor.

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

General treatment information

Children and teens with non-Hodgkin lymphoma (NHL) and their families have kpecia
needs. These needs can be met best by cancer centers for children anebt&erts

closely with the child’s primary care doctor. Treatment in these centes ypu the

advantage of having teams of specialists who know the differences betweas gance

adults and those in children and teens, as well as the unique needs of younger people with
cancer.

For childhood lymphomas, this team is typically led by a pediatric oncologisti@ doc
who uses chemotherapy and other medicines to treat children’s cancers. Many ot
specialists may be involved in your child’s care as well, including other doctor
physician assistants, nurse practitioners, nurses, psychologists, so&kisy
rehabilitation specialists, and other health professionals. For more informaéaurse
documentChildren Diagnosed With Cancer: Understanding the Health Care System

After lymphoma is diagnosed and tests have been done to determine its stage, your
child’s cancer care team will discuss the treatment options with you. ThHempastant
factors in choosing a treatment include the type and stage of the canceglaltither

factors can also play a role. The intensive treatment for childhood lymphoma can
possibly cause serious side effects. It's important to discuss all of tbeops well as

their possible side effects with your child’s doctors so you can make an informed
decision. (For a list of some questions to ask, see the section “What should you ask your
child’s doctor about non-Hodgkin lymphoma?”)

Chemotherapy (sometimes along with other drugs) is the main treatmahtdioitdren
with NHL, because it can reach all parts of the body and kill lymphoma cellevéne
they may be. Even if the lymphoma appears to be limited to a single swollegh hode,
NHL in a child has often spread by the time it is diagnosed. Lymphoma cells are
probably in other organs, but these are too small to be felt by the doctor or seen on
imaging tests. Sometimes high-dose chemotherapy followed by a sterartgblant
might be needed if the lymphoma comes back after treatment.

Other types of treatment, such as surgery and radiation, play a much sohalier r
treating childhood lymphoma.



The next few sections describe the types of treatments used for NHL in childers Thi
followed by a description of the most common approaches used based on the type and
stage (extent) of the lymphoma.

Chemotherapy for non-Hodgkin lymphoma in children

Chemotherapy (chemo) is the main treatment for non-Hodgkin lymphoma (NHL) in
children. Chemo uses anti-cancer drugs that are usually given into a vein ontaken b
mouth. These drugs enter the bloodstream and reach all areas of the body, making this
treatment very useful for cancers that tend to spread widely, such as NHL .dcases
where the lymphoma may have reached the brain or spinal cord, chemo may also be
given into the cerebrospinal fluid (knowniatgrathecalchemo).

Children with NHL get a combination of several chemo drugs over a period of time. The
number of drugs, their doses, and the length of treatment depend on the type and stage of
the lymphoma. Some of the drugs commonly used to treat childhood lymphoma include:

» Cyclophosphamide (Cytoxan)

* Vincristine (Oncovin)

» Doxorubicin (Adriamycin)

* Prednisone

» Dexamethasone

» Cytarabine, also known as ara-C (Cytosar)
» Methotrexate

» L-asparaginase (Elspar), PEG-L-asparaginase (pegaspargaasp&inc
» Etoposide (VePesid, others)

» 6-mercaptopurine (Purinethol)

* Ifosfamide (Ifex)

Doctors give chemo in cycles. Each chemo cycle generally lasts/Enaseeeks. A
period of treatment is followed by a rest period to allow the body time to recover. Mos
chemo treatments are given on an outpatient basis (in the doctor’s officemorl
hospital outpatient department), but some — especially at the start of treatmayt

need to be given while the child stays in the hospital.

If you'd like more information on a drug used in your child’s treatment or a gpduoify
mentioned in this section, see our Guide to Cancer Drugs, or call us with the names of the
medicines your child is taking. For more information on chemotherapy, see our document
Understanding Chemotherapy: A Guide for Patients and Families



Possible risks and side effects of chemotherapy

Chemo drugs attack cells that are dividing quickly, which is why they work against
cancer cells. But other cells in the body, such as those in the bone marrow (@there n
blood cells are made), the lining of the mouth and intestines, and the hair follsxes, a
divide quickly. These cells are also likely to be affected by chemotheramh wdm lead
to side effects.

The side effects of chemo depend on the type and dose of drugs given and how long they
are taken. These side effects can include:

* Hair loss

* Mouth sores

* Loss of appetite

» Nausea and vomiting

* Diarrhea

* Increased chance of infections (due to low white blood cell counts)
» Easy bruising or bleeding (due to low blood platelet counts)

* Fatigue (due to low red blood cell counts)

These side effects are usually short-lived and go away after treatnfi@nghed. If
serious side effects occur, chemotherapy may have to be reduced or delayed.

There are often ways to lessen these side effects. For example,arlmsgiven to help
prevent or reduce nausea and vomiting. Infections can be very serious in people getting
chemo. Drugs known as growth factors can be given to keep the blood cell counts higher.

Tumor lysis syndromie a possible side effect of chemotherapy in children who have
large numbers of lymphoma cells in the body before treatment. It occurefterstvith

the first cycle of chemo. When chemo kills these cells, they break open arse rthleia
contents into the bloodstream. This can overwhelm the kidneys, which aren’t able to get
rid of all of these substances at once. Excess amounts of certain mineralsonzguse
problems for the heart and nervous system. This can be prevented by making sure the
child gets lots of fluids during treatment and by giving drugs such as bicagbonat
allopurinol, and rasburicase, which help the body get rid of these substances.

Some possible side effects occur only with certain drugs. For example, drugs such a
doxorubicin can damage the heart. Your child’s doctor may order heart function tests
(like a MUGA scan or echocardiogram) if your child is getting one of thesgsdr

Be sure to ask your child’s doctor or nurse about any specific side effects you should
watch for and about what you can do to help reduce them.



Along with the side effects listed above, there are possible long-ternsedfec
chemotherapy in children, such as possible effects on fertility latde i hese are
described in the section, “Late and long-term effects of treatment for non-Hodgkin
lymphoma in children.”

Other drugs for non-Hodgkin lymphoma in children

In recent years, new drugs that target specific parts of cancer cellsd@veeveloped.
These drugs work differently from standard chemotherapy drugs. Theyim@sneatork
when chemo drugs don’t, and they often have different (and less severe) side effect
Some of these drugs might be useful in certain cases of childhood non-Hodgkin
lymphoma (NHL).

Monoclonal antibodies

Antibodies are proteins normally made by the body’s immune system to help fight
infections. Man-made versions, callewnoclonal antibodiesan be designed to attack a
specific target, such as a substance on the surface of lymphoma cells.

Several monoclonal antibodies are now being used to treat lymphoma in adults. Some of
these are now being studied for use in children as well.

Rituximab (Rituxan): This antibody attaches to a substance called CD20 on the surface
of some types of lymphoma cells. This attachment seems to cause the lymphdma c
die. Rituximab is being studied for use along with chemotherapy. The treatanent

given as intravenous (IV) infusions in the doctor’s office or clinic.

Common side effects are usually mild but can include chills, fever, nausea, rashe
fatigue, and headaches during or after the infusion. Even if these symptoms dlacur wi
the first rituximab infusion, it is unusual for them to recur with later dosesxiRidilp can
also increase a person’s risk of some types of infections.

Brentuximab vedotin (Adcetris): This is an anti-CD30 antibody attached to a
chemotherapy drug. Some lymphoma cells have the CD30 molecule on their suréace. T
antibody acts like a homing signal, bringing the chemo drug to the lymphoma cells,
where it enters the cells and causes them to die when they try to divide into 1sew cell

Brentuximab can be used to treat anaplastic large cell ymphoma (ALGL)ahaome
back after other treatments. So far it has been used mainly in adults, but it is mgw bei
studied in children as well. It is given as an infusion into a vein (IV) every Bswee

Common side effects include nerve damage (neuropathy), low blood counts, fatigue,
fever, nausea and vomiting, infections, diarrhea, and cough.

Other new drugs

Other drugs that target parts of lymphoma cells are now being studied for usdranchil
as well.



For example, thanaplastic lymphoma kinase (ALEgne is often abnormal in ALCL.
Crizotinib (Xalkori) is a newer drug that targets cells with an abnofhklgene. In

early studies, this drug has shown very promising results in children with ALCisthat

no longer responding to other treatments. Doctors are now studying the use of this drug
along with chemotherapy in treating ALCL.

High-dose chemotherapy and stem cell transplant for non-
Hodgkin lymphoma in children

High-dose chemotherapy and stem cell transplant is not used as the fins¢ticfar
non-Hodgkin lymphoma (NHL) in children, but a transplant may be an option if the first
treatment does not work or if the lymphoma comes back after treatment.

A stem cell transplant lets doctors give higher doses of chemotherapy thenadyhe
would normally tolerate. Giving higher doses of chemo might be more likely to kilf all
the lymphoma cells, but doctors can’t do it routinely because it destroys the bone
marrow, which is where new blood cells are made. This could lead to life-threpteni
infections, bleeding, and other serious problems because of low blood cell counts.

For a stem cell transplant doctors first give high doses of chemotherapypuatinses,
radiation therapy. After the chemotherapy, the child gets a transplant of biooickd
stem cells to restore the bone marrow. These stem cells can be takefiaiiitbe child
before treatmentitologous stem cell transplardr donated from another person
(allogeneic stem cell transplgnt

Autologous stem cell transplant

In an autologous stem cell transplant, blood-forming stem cells are removegoiuom
child’s bone marrow or blood on several occasions in the weeks before treatment. The
stem cells are carefully frozen and stored.

Your child then receives high doses of chemotherapy and sometimes radiatioeritea

to destroy the lymphoma cells, which also destroys the cells in the bone marrow. The
frozen stem cells are then thawed and returned to the child as a blood transfustbe after
treatment.

For childhood NHL, this type of transplant is done more often than an allogeneic
transplant (unless the lymphoma has already reached the bone marrow).

Allogeneic stem cell transplant

In an allogeneic stem cell transplant, the stem cells come from somsen&lat type of
transplant may be used if ymphoma cells are found in a child’s own bone marrow in
order to avoid returning lymphoma cells to the child after treatment.

The stem cell donor’s tissue type (also known agiib# typg needs to match the
patient’s tissue type as closely as possible to help prevent the risk of nodyjlenms with



the transplant. Usually this donor is a brother or sister if they have the samédyjss as

the patient. If a parent is a close match to the child, the parent’s celisweetimes be

used. If there are no relatives with a good match, the cells may come from an HLA
matched, unrelated donor — a stranger who has volunteered to donate their cells — if one
can be found.

The stem cells for an allogeneic stem cell transplant are usuakygteallfrom a donor’s
bone marrow or blood on several occasions. In some cases, the source of thésstem ce
may be blood collected from an umbilical cord attached to the placenta (whidhiis ric
stem cells) after a baby is born. Regardless of the source, the stemectiitnarozen

and stored until they are needed for the transplant.

How stem cells are transplanted

The child will typically be admitted to the stem cell transplant unit of the fabgmitthe
day before the high-dose chemo begins. He or she will usually stay in the hasgital
after the chemo and the stem cells have been given, and until the stem cellartede st
making new blood cells again (see below).

The child gets high-dose chemotherapy and sometimes radiation treatnienemdirte

body. (Radiation shields are used to protect the lungs, heart, and kidneys from damage
during radiation therapy.) This should destroy any remaining cancer azhvell as the
normal cells in the bone marrow.

After treatment, the frozen stem cells are thawed and given as a blood tansfusi

stem cells then travel to the child’s bone marrow. Usually within a couple of \&éeks
the stem cells have been infused, they begin making new white blood cells. Tles is lat
followed by new platelet and red blood cell production.

In the meantime, the child is at high risk for serious infections because of a ltav whi
blood cell count, as well as bleeding because of a low platelet count. During#his t
blood and platelet transfusions and treatment with IV antibiotics are oftenauiselp t
prevent or treat infections or bleeding problems.

Because of the high risk of serious infections right after treatmentnisatisually stay in

a special hospital room in protective isolation (guarding against exposurens) gettil

the part of their white blood cell count known asabeolute neutrophil counor ANC,

rises above 500. They may be able to leave the hospital when their ANC is near 1,000.

The child is then seen in an outpatient clinic almost every day for several. \Beeksise
platelet counts often take longer to return to a safe level, the child maytgéttpla
transfusions as an outpatient. Patients may make regular visits to the outbiaiiefar
about 6 months, after which time their care may be continued by their regulasdoctor

Practical points

A stem cell transplant procedure is a complex treatment that can catbeckfieening
side effects. If the doctors think your child may benefit from a transplant, thplaes



to have this done is at a nationally recognized cancer center where tiastaff
experience with the procedure and with managing the recovery period.

Stem cell transplants often require a long hospital stay and can be vengieggeosting
well over $100,000). Be sure to get written approval from your insurer if it is
recommended for your child. Even if the transplant is covered by your insuran@sco-p
or other costs could easily amount to many thousands of dollars. Find out what your
insurer will cover before the transplant so you will have an idea of what ygiut have

to pay.

Possible side effects

The possible side effects from a stem cell transplant are generadlgdiinto early
(short-term) and late (long-term) effects.

Early or short-term side effects

The early complications and side effects are basically the same asdhssd by high-
dose chemotherapy (see the “Chemotherapy” section of this document), and can be
severe. They can include:

* Low blood cell counts (with fatigue and increased risks of infection and bleeding)
» Nausea and vomiting

* Loss of appetite

» Mouth sores

* Diarrhea

* Hair loss

One of the most common and serious short-term effects is the increased rrsbusf se
infections. Antibiotics are often given to try to prevent this. Other side effiéetdow
red blood cell and platelet counts, may require blood product transfusions or other
treatments.

Late and long-term side effects

Some complications and side effects can persist for a long time or may nountt
years after the transplant. These can include:

* Graft-versus-host disease (GVHD), which can occur in allogeneic (donmsplaats
(see below).

» Radiation damage to the heart or lungs
* Problems with the thyroid or other hormone-making glands

* Problems with fertility



» Damage to bones or problems with bone growth
» Development of another cancer (including leukemia) years later

GVHD happens when the donor’s immune system cells attack tissues of the patient’

skin, liver, and digestive tract. Symptoms can include severe skin rashes, diarrhea,
weakness, fatigue, mouth sores, nausea, yellowing of the skin and eyes (jaundice), a
muscle aches. GVHD can also cause lung damage, leading to problems breathing. |
severe cases, GVHD can be life-threatening. GVHD is often ded@&sbeither acute or
chronic, based on how soon after the transplant it begins. Drugs that weaken the immune
system are often given to try to keep GVHD under control, although they can have their
own side effects.

Be sure to talk to your child’s doctor before the transplant to learn about possible long
term effects your child may have. More information on possible long-terctetfan be
found in the section, “Late and long-term effects of treatment for non-Hodgkin
lymphoma in children.”

To learn more about stem cell transplants, see our docBteantCell Transplant
(Peripheral Blood, Bone Marrow, and Cord Blood Transplants).

Radiation therapy for non-Hodgkin lymphoma in children

Radiation therapy uses high-energy rays to kill cancer cells. This was eecg
common treatment for children with non-Hodgkin lymphoma (NHL). But as doctors have
developed more effective chemotherapy treatments, radiation therapyehassed less.

Radiation focused on a cancer from a source outside the body isecd#enihal beam
radiation. This is the type of radiation therapy most often used to treat NHL. Before
treatment starts, the radiation team takes careful measurements artetee correct
angles for aiming the radiation beams and the proper dose of radiation.

The treatment itself is much like getting an x-ray, but the radiation is strdhs

painless, but some younger children might still need to be sedated to help make sure they
don’t move during the treatment. Each treatment lasts only a few minutes, altheugh t
setup time — getting your child into place for treatment — usually takes longeroftérs
radiation treatments are given 5 days a week for several weeks.

There are a few instances in which radiation therapy may be used.

» Sometimes radiation is used along with chemotherapy, such as in patients where the
lymphoma has reached the brain or spinal cord.

* It may be used as a form of urgent treatment in children with symptoms caused b
large tumors in the chest.

* It may be used as part of treatment for children receiving high-dose cheapgthe
and stem cell transplant.



* It can be used to relieve symptoms caused by lymphoma in internal organs, such
when it is causing pain because it is pressing on nerves.

Possible risks and side effects of radiation therapy

Short-term side effects of radiation therapy depend on where the beanmextelamay
cause sunburn-like skin problems or hair loss in the area being treated. Radiatipy ther
that includes large parts of the body can cause fatigue. Radiation of theesimdom
sometimes cause nausea, vomiting, or diarrhea. Often these effectsygaftawa short
while.

Possible long-term side effects of radiation therapy in children can l@eseoous, and
may occur after many years.

» Radiation therapy to the chest may damage the lungs or heart, which couldeaise t
risk of lung or heart problems later in life. In the long term, radiation to th¢ ictags
also increase the risk of lung cancer (especially in smokers) and of laeest.c

» Radiation therapy to the brain might cause headaches and problems such as memory
loss, personality changes, and trouble learning at school.

* Radiation to other parts of the body may slow a child’s growth or increaselthe ris
for certain other cancers, such as those of muscle or bone (called sarcooh#isg or
digestive tract.

Because of these possible long-term effects, doctors try to avoid usingorathatapy

in children or limit the doses used whenever possible. For more on possible long-term
effects, see the section, “Late and long-term effects of treatment fddouigkin

lymphoma in children.”

More information on radiation therapy can be found in the radiation therapy section of
our website, or in our documedhderstanding Radiation Therapy: A Guide for Patients
and Families.

Surgery for non-Hodgkin lymphoma in children

Surgery often has a limited role in treating non-Hodgkin lymphoma (NHL) sirsce it’
unlikely to cure it by itself, and normal organs might be damaged in the process.

Surgery is sometimes used as the first treatment for earlyBtagit lymphoma that is

in only one area (such as part of the intestine) to try to remove as much of thegsumor a
possible before chemotherapy. If the lymphoma can be removed completely, doctors
might be able to give a less intensive chemotherapy regimen.

Other uses of surgery include:

» To get biopsy samples for lab tests to determine the exact type of NHL-$ungical
procedures (needle biopsy, bone marrow biopsy, etc.) could not get enough tissue.



» To insert a small plastic tube, calledentral venous catheter venous access
device(VAD), into a large blood vessel near the heart. The end of the tube stays just
under the skin or sticks out in the chest area or upper arm. The VAD is left in place
during treatment to give intravenous (IV) drugs such as for chemotherapy ake to ta
blood samples. This lowers the number of needle sticks needed during treatment.

* To relieve some emergency situations, such as if a lymphoma has blocked a child’'s
intestines.

Possible risks and side effects of surgery

Possible complications of surgery depend on the location and extent of the operation and
the child’s health beforehand. Serious complications, although rare, can includengroble
with anesthesia, bleeding, blood clots, wound infections, and pneumonia. Most children
will have some pain for a while after the operation, although this can usualljpled he

with medicines if needed.

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

Clinical trials for non-Hodgkin lymphoma in children

You may have had to make a lot of decisions since you’ve been told your child has
lymphoma. One of the most important decisions you will make is deciding which
treatment is best. You may have heard about clinical trials being done fadrdyma. Or
maybe someone on your health care team has mentioned a clinical trial to you.

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

Clinical trials are one way to get state-of-the-art cancerfoangour child. Sometimes
they may be the only way to get access to some newer treatments. Taksyp dhe only
way for doctors to learn better methods to treat cancer. Still, they might nghbfor
every child.

If you would like your child to take part in a clinical trial, start by askiagr doctor if
your clinic or hospital conducts clinical trials. Children’s cancer cemtiéen conduct
many clinical trials at any one time, and most children treated at¢baters take part in
a clinical trial as part of their treatment.

You can also call our clinical trials matching service for a list ofcinirials that meet
your child’s 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 aflistirrent clinical trials
by calling the National Cancer Institute toll free at 1-800-4-CANCER (k4X2-6237)
or by visiting the NCI clinical trials website at www.cancer.gov/chitrials.

Your child will have to meet certain requirements before taking part inlemgat trial.
If your child does qualify for a clinical trial, you will have to decide whetranot to



enter (enroll) your child in it. Older children, who can understand more, usually mast al
agree to take part in the clinical trial before the parents’ consent is eadtcept

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

Complementary and alternative therapies for non-Hodgkin
lymphoma in children

When your child has lymphoma you are likely to hear about ways to treat cancer or
relieve symptoms that your doctor hasn’'t mentioned. Everyone from friends aihd fam
to Internet groups and websites may offer ideas for what might help. Thdsmlmean
include vitamins, herbs, and special diets, or other methods such as acupuncture or
massage, to name a few.

What exactly are complementary and alternative therpies?

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

Complementary methods:Most complementary treatment methods are not offered as
cures for cancer. Mainly, they are used to help people feel better. Some ntlethade
used along with regular treatment are: art therapy or play therapyucerstress;
acupuncture to help relieve pain; or peppermint tea to relieve nausea. Some
complementary methods are known to help, while others have not been tested. Some
have been proven not to be helpful, and a few have even been found harmful.

Alternative treatments: Alternative treatments may be offered as cancer cures. These
treatments have not been proven safe and effective in clinical trials. Somseof the
methods may pose danger, or have life-threatening side effects. But the biggesirdange
most cases is that your child may lose the chance to be helped by standaadl medic
treatment. Delays or interruptions in your child’s medical treatmenysgima the cancer
more time to grow and make it less likely that treatment will help.

Finding out more

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

As you consider your child’s 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 thestneat
“secret” that requires you to take your child to certain providers or to another
country?

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

» Contact us at 1-800-227-2345 to learn more about complementary and alternative
methods in general or read our docunt@omplementary and Alternative Methods
and CancerTo find out about any specific methods you are looking at, you can visit
the complementary and alternative medicine section of our website.

The choice is yours

You always have a say in how your child is treated. If you want to use a molausta
treatment, learn all you can about the method and talk to your child’s doctor about it.
With good information and the support of your child’s health care team, you may be able
to safely use the methods that can help your child while avoiding those that could be
harmful.

Treatment of non-Hodgkin lymphoma in children by type and
stage

In general, all children with non-Hodgkin lymphoma are treated with chemothéatpy,
the treatments differ depending on the type and stage of the lymphoma. Thisrttéatme
intense and might cause serious side effects, so it is very important tlggrénisn a
children’s cancer center, especially when it is first started.

Lymphomas in children (especially Burkitt lymphomas) tend to grow very quickly a

may already be quite large by the time they're diagnosed, so it is imprtstatt

treatment as soon as possible. These lymphomas usually respond well to chemotherapy
which can kill large numbers of lymphoma cells in a short period of time. A concern is
that this can caugemor lysis syndrome side effect in which the inner contents of the
dead cells enter the blood and can cause problems with the kidneys and other organs.
Doctors try to prevent this by making sure the child gets lots of fluids before angd dur
treatment, and by giving certain drugs to help the body get rid of thedarstdss

It is assumed even children with early stage (stage | or Il) lymphommasiare
widespread disease than can be detected with exams or imaging testseBedhis,
local treatments such as surgery or radiation therapy alone are veryyutdikare them.
Therefore, chemotherapy is an important part of treatment for all children

Treatment of lymphoblastic lymphoma

Stages | and II: In general, treatment for these early stage lymphomas is simtlae t
treatment of acute lymphoblastic leukemia (ALL). Chemotherapy is giv8rphases
(induction, consolidation, and maintenance) using many drugs. For example, the BFM



regimen uses combinations of many different drugs for the first severahsnésitowed

by less intense treatment with methotrexate and 6-mercaptopurine inrpilldioa total

of about 2 years. Shorter and less intensive treatments, such as the chemotherapy
combinations called CHOP (cyclophosphamide, doxorubicin, vincristine and prednisone)
and COMP (cyclophosphamide, vincristine, methotrexate, and prednisone) have also
been used.

Chemotherapy, usually with methotrexate, is also given into the spinal fluid (known as
intrathecalchemo) for at least 4 doses, each separated by a week. This helps kill any
lymphoma cells in the brain or spinal cord.

The total length of treatment may be as long as 2 years.

Stages lll and IV: The treatment for children with advanced lymphoblastic lymphoma
lasts for about 2 years. Treatment is typically more intensive than faresdge
lymphomas. It is given as 3 phases of chemotherapy (induction, consolidation, and
maintenance) using many drugs. This is very similar to the treatment ofiskghcute
lymphoblastic leukemia (ALL). For more information, see the treatmenbseitthe
documentChildhood Leukemia

Intrathecal chemotherapy is also given into the spinal fluid to kill any lymphelisa c
that may have reached the brain or spinal cord. In some cases, radiatioy nieydye
given to the brain and spinal cord as well.

Treatment of Burkitt and Burkitt-like lymphoma

Chemotherapy is the main form of treatment for these lymphomas. Studies aremgpw be
done to determine whether adding a monoclonal antibody such as rituximab to
chemotherapy will make treatment more effective.

Stages | and II: Treatment of these lymphomas may include surgery prior to
chemotherapy if the tumor is in only one area. If there is a large abdominal tuisor, it
important that as much of it as possible be removed. After that, chemotheramnis gi

Several different chemo drugs are used. The length of treatment rasgesbivut 9
weeks to 6 months. Most pediatric oncologists feel that the 9-week treatmerguatade
if all of the tumor is removed with surgery first.

Chemotherapy into the spinal fluid is needed only if the lymphoma is growing around the
head or neck.

Stages Il and IV: Children with more advanced Burkitt lymphoma need more intensive
chemotherapy. Because these lymphomas tend to grow quickly, the chemothelepy cyc
are short, with little rest between courses of treatment.

For example, a treatment plan known as the French LMB protocol regimentakerna
between different combinations of drugs every 3 to 4 weeks for a total of about 6 to 8
months. Other similar treatment regimens are the German BFM protocdieaSt tlude
Total B regimen.



Chemotherapy must also be given into the spinal fluid.

Treatment of large cell (including anaplastic) lympoma

Chemotherapy is the main form of treatment for these lymphomas. Studies gre bein
done to determine whether adding other drugs to chemotherapy might makerteatm
more effective.

Stages | and II: Treatment for these lymphomas usually consists of chemotherapy with 4
or more drugs given for around 3 to 6 months. For diffuse large B-cell lymphoma,
treatment may include surgery in addition to chemotherapy. The usual chemotherapy
regimen contains a 4-drug combination of cyclophosphamide, vincristine, prednisone,
and either doxorubicin or methotrexate. (These are known as the CHOP or COMP
regimens.)

Chemotherapy is given into the spinal fluid only if the lymphoma is near the head or
neck.

Stages Il and IV: Large cell ymphomas don’t often reach the bone marrow or spinal
fluid, but if they do they require more intensive treatment.

Chemotherapy includes several drugs given over 9 to 12 months. Many doctors treat
advanced large B-cell lymphomas as they would Burkitt lymphoma (see above).

Intrathecal chemotherapy is given into the spinal fluid as well.

Current clinical trials are focusing on the length of chemotherapy, whick drag
important in treating large cell ymphoma, and whether the different typesyefdall
lymphoma can be treated similarly. Newer drugs that might help treat sti@afdege
cell ymphoma, such as brentuximab vedotin (Adcetris) and crizotinib (Xalkaiplsen
being studied.

Treatment of recurrent lymphoma

Generally, if the lymphoma comes back after the first therapy, it if fmaicer to treat.
When possible, more intensive chemotherapy, usually including a stem cell tnrispla
recommended. This is often done in a clinical trial. Clinical trials of nesverd of
treatment may also be an option.

More treatment information about non-Hodgkin lymphoma in
children
For more details on treatment options — including some that may not be addressed in this

document — the National Cancer Institute (NCI) and the Children’s Oncology Group
(COG) are good sources of information.



The NCI provides information by phone (1-800-4-CANCER) and on its website
(www.cancer.gov). Detailed information intended for use by cancer care ooigs is
also available at www.cancer.gov.

The COG is the world’s largest organization devoted to childhood cancer research. 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 your child’s doctor
about non-Hodgkin lymphoma?

It is important to have open, honest discussions with your child’s cancer care begm. T
want to answer all of your questions, no matter how minor they might seem. Focénsta
consider asking these questions:

* What kind of non-Hodgkin lymphoma does my child have?

* What is the stage (extent) of the lymphoma, and what does that mean in our case?
» What tests need to be done before we can decide on treatment?

» Do we need to see other doctors?

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

» Should we get a second opinion before starting treatment?

» What are our treatment choices?

* What do you recommend and why?

* How soon do we need to start treatment?

* What should we do to be ready for treatment?

* How long will treatment last? What will it be like? Where will it be done?
* How much of the treatment will need to be done in the hospital?

» How will treatment affect our daily activities?

» What are the risks and side effects of the treatments you suggest?

* Which side effects start shortly after treatment and which ones mighboddatdr
on?

» Will treatment affect my child’s ability to learn, grow, and develop?

* What are the chances of curing the lymphoma?



» What would our options be if the treatment doesn’t work or if the lymphoma comes
back?

» What type of follow-up will my child need after treatment?

You should also talk with your child’s doctor before treatment to find out about the
possible long-term side effects. For example, you may want to ask about haw it m
affect your child’s fertility later on. Here are some questions you might % ask about
the risk of infertility with treatment:

» Will this treatment have an effect on my child’s ability to have childreresiary?

* Is there anything that can be done to prevent or lower the risk of infertNib2d
this interfere with my child’s cancer treatment?

* If my child becomes infertile, what are their options for having a family?
» Should we talk to a fertility specialist?

* Once my child finishes treatment, how will we know if they might have fertilit
problems?

Along with these sample questions, be sure to write down your own. For instance, you
might want more information about recovery times so that you can plan your work and
school schedules. Or you may want to ask about clinical trials for which your cyld m

qualify.

What happens during and after treatment for
non-Hodgkin lymphoma in children?

During and after treatment for lymphoma, the main concerns for most famdidsea
short- and long-term effects of the lymphoma and its treatment, and concernthabout
lymphoma coming back.

It is certainly normal to want to put the lymphoma and its treatment behind you and to ge
back to a life that doesn’t revolve around cancer. But it's important to realiZeltbev-

up care is a central part of this process that offers your child the besedbanecovery

and long-term survival.

Follow-up exams

It is very important for your child to have regular follow-up exams with theerasare
team for several years after treatment. The doctors will continue ¢b Yaatpossible
signs of lymphoma, as well as for short-term and long-term side effectstoid¢rga
Doctor visits will be more frequent at first, but the time between visitshaaxtended
as time goes on.



Checkups after treatment of non-Hodgkin lymphoma typically include carefucphys
exams, lab tests, and sometimes imaging tests such as CT scans niipthenha recurs
(comes back), it is usually while the child is still getting treatmenisirgfter. It is

unusual for childhood lymphoma to return if there are no signs of the disease within a
year or so after treatment.

A benefit of follow-up care is that it gives you a chance to discuss questions andhsonce
that come up during and after your child’s recovery. For example, almosaacsrc
treatment can have side effects. Some might last for only a short time, brataathéast
longer or might not show up until months or even years later. It is important to report an
new symptoms to the doctor right away so that the cause can be found and treated, if
needed.

It is also important to keep health insurance coverage. Tests and doctor visit®tost a |
and even though no one wants to think of the lymphoma coming back, this could happen.

Social, emotional, and other issues in treating non-Hodgkin
lymphoma

Social and emotional issues may come up during and after treatment. Rachoas the
child’s age when diagnosed and the extent of treatment may play a role here.

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

Many experts recommend that school-aged patients attend school as mudilde. pos
This can help them maintain a sense of daily routine and keep their friends informed
about what is happening.

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 these situations. In this prograrh, healt

educators visit the school and tell students about the diagnosis, treatment, and changes
that the cancer patient may go through. They also answer any questionsatbarge

and classmates. (For more information, see our docu@teluren Diagnosed With

Cancer: Returning to Schapl

Centers that treat many children with lymphoma may have programs to introgluce
patients to children or teens who have finished their treatment. This can givespatiént
their families an idea of what to expect during and after treatment, vaweny
important. Seeing another patient with lymphoma doing well after treatmefién
helpful. Support groups also might be helpful.

Parents and other family members can also be affected, both emotionally dmet in ot
ways. Some common family concerns during treatment include financiakstress



traveling to and staying near the cancer center, the possible loss of radjoie meed for
home schooling. Social workers and other professionals at cancer centergpcan hel
families sort through these issues.

During treatment, children and their families tend to focus on the daily aspectsraf ge
through it and beating the lymphoma. But once treatment is finished, a number of
emotional concerns can arise. Some of these might last a long time. Theyluwd® inc
things like:

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

* Feelings of resentment for having had lymphoma or having to go through treatment
when others do not

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

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

No one chooses to have lymphoma, but for many childhood lymphoma survivors, the
experience can eventually be positive, helping to establish strong se&.valther
survivors may have a harder time recovering, adjusting to life after ¢amcemoving

on. It is normal to have some anxiety or other emotional reactions afterantabmut
feeling overly worried, depressed, or angry can affect many asplegtyoung person’s
growth. It can get in the way of relationships, school, work, and other aspects of life

With support from family, friends, other survivors, mental health professionals, and
others, many people who have survived cancer can thrive in spite of the challenges
they've had to face. If needed, doctors and other members of the health cararteam c
often recommend special support programs and services to help children after cancer
treatment.

Late and long-term effects of treatment for non-Hodgkin
lymphoma in children

Because of major advances in treatment, most children treated for lymphdegre
into adulthood, so their health as they get older has come more into focus in recent years

Just as the treatment of childhood lymphoma requires a very specialized hppooac
does follow-up and monitoring for late effects of treatment. Careful follow-up afte
treatment is very important. The earlier problems are recognized, thdikebrét is
they can be treated effectively.

Childhood lymphoma survivors are at risk, to some degree, for several possible late
effects of their cancer treatment. This risk depends on a number of factors, teh as
type of lymphoma, the type of treatments they received, dosages of caatreefre and



age at the time treatment. It's important to discuss what these posfabts efight be
with your child’s medical team so you know what to watch for and report to the doctor.

Late effects of treatment can include:

» Heart or lung problems after getting certain chemotherapy drugstimggetdiation
therapy to the chest

 Slowed or decreased growth and development (especially after a steransgllant)
» Bone damage or thinning of bones (osteoporosis)

» Changes in sexual development and ability to have children (see below)

» Changes in intellectual function with learning difficulties

» Development of second cancers, such as leukemia, later in life. These are not
common, but they can occur. (For more information, see our doci$eeond
Cancers Caused by Cancer Treatmgent

Cancer treatment might affect sexual development and ability to have chédtEein
life. Talk with your child’s cancer care team about the risk of treatnfisatiag fertility,
and ask if there are options for preserving fertility. For more information, see our
documentg-ertility and Women With CancandFertility and Men With Cancer

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

Along with physical side effects, survivors of childhood cancer may have emational
psychological issues. They also may have some problems with normal functioding a
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
programs and services to help children after cancer treatment.

Long-term follow-up guidelines

To help increase awareness of late effects and improve follow-up careldibwocioi

cancer survivors throughout their lives, the Children’s Oncology Group (COG) has
developed long-term follow-up guidelines for survivors of childhood cancers. These
guidelines can help you know what to watch for, what types of screening tests should be
done, and how late effects may be treated.

It is very important to discuss possible long-term complications with your sié#lth

care team, and to make sure there is a plan in place to watch for these probless and tr
them, if 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 healthprafessionals.
Patient versions of some of the guidelines are available (as “Health Lork#fie site as
well, but we urge you to discuss them with a doctor.



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

Keeping good medical records of your child’s treatment for
non-Hodgkin lymphoma

As much as you might want to put the experience behind you once treatment is done, it is
also very important to keep good records of your child’s medical care duringtéis t
Eventually, your child will grow up, be on his or her own, and have new doctors. It is
important that your child be able to give the new doctors the details of the cance
diagnosis and treatment. Gathering the details soon after treatment sasidye¢han

trying to get them at some point in the future. There are certain pieces ofatifor that

your child’s doctors should have, even into adulthood. These include:

* A copy of the pathology reports from any biopsies or surgeries.
* If your child had surgery, a copy of the operative report(s).

* If your child stayed in the hospital, copies of the discharge summaries thasdoctor
prepare when patients are sent home.

* A list of the final doses of each chemotherapy drug or other drug your childegcei
(Certain drugs have specific long-term side effects.)

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

What's new in research and treatment of
non-Hodgkin lymphoma in children?

Research on the causes, diagnosis, and treatment of childhood non-Hodgkin lymphoma
(NHL) is being done at many medical centers, university hospitals, and mghirtions
around the world.

Genetics

As noted in the section, “Do we know what causes non-Hodgkin lymphoma in children?”
scientists are making great progress in understanding how changes in thadi¢A
normal lymphocytes can cause them to develop into lymphoma cells.

Understanding the gene changes that often occur in lymphoma cells can helpweplain
these cells grow too quickly, live too long, and do not develop into normal, mature cells.
This information is being used to develop new treatments for lymphoma.

This progress has also led to vastly improved and very sensitive tests fondedecti
monitoring this disease. Tests such as the polymerase chain reaction &aGdntify



lymphoma cells based on some of these gene changes. This test is usefuimidete
how completely the lymphoma has been destroyed by treatment and whethpsa i®l
likely if further treatment is not given.

Clinical trials of new treatments

Most children with NHL are treated at major medical centers, whertengatoften
involves taking part in clinical trials to get the most up-to-date care. Sewgrattant
guestions are now being studied in clinical trials, such as:

» Can early stage (stages | and Il) lymphomas be treated with lesseinte
chemotherapy regimens?

* What is the best length of treatment of each type of NHL?

» Can less intense treatment provide as good an outcome as the highly intense
treatments and thus help children possibly avoid some long-term side effects?

» Can new chemotherapy drugs and new combinations of drugs improve cure rates?
» Can the safety and effectiveness of stem cell transplants be improved on?

» Can newer, targeted drugs such as monoclonal antibodies be added to current
treatments to make them better? (See “Other drugs for non-Hodgkin lymphoma in
children.”)

Additional resources for non-Hodgkin
lymphoma in children

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 S{adtamin
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 Familjalso in Spanish)

Family and Medical Leave Act (FEMLA(gIso in Spanish)

Nutrition for Children With Cancefalso in Spanish)

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

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

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

Cancer treatment information

Understanding Chemotherapy: A Guide for Patients and Far(alssin Spanish)

Understanding Radiation Therapy: A Guide for Patients and Farfal&sin Spanish)

Clinical Trials: What You Need to Knoyalso in Spanish)

Stem Cell Transplant (Peripheral Blood, Bone Marrow, and Cord Blood Transplants)
(also in Spanish)

Cancer treatment side effects

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

Nausea and Vomiting

Pain Control: A Guide for Those With Cancer and Their Loved Ones (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. Callus at
800-227-2345 or visit our bookstore online at cancer.org/bookstore to find out about
costs or to place an order.

For family and friends of the child

American Cancer Society Complete Guide to Family Caregiving, Second Edition
Because... Someone | Love Has Caifkigls’ activity book)

For the child with cancer

Imagine What's Possible: Use the Power of Your Mind to Take Control of Your Life
During Cancer(grades 4 through 6)

Let My Colors Oufpicture book for children ages 5 to 10)
The Long and the Short of It: A Tale About Haiges 7 and up)

National organizations and websites*

Along with the American Cancer Society, other sources of information and support
include:

American Childhood Cancer Organization (formerly Candlelighters)
Toll-free number: 1-855-858-2226
Web site: 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.

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 diagnosis, 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.



Leukemia & Lymphoma Society
Toll-free number: 1-800-955-4572
Web site: www.lIs.org

Has an Information Resource Center, staffed by health care professionals
available via the toll free number; free publications on lymphoma, as well as other
related topics (some materials are also available in Spanish); fappprs

groups for patients, family, and friends are available in most geogahphéas;

free education teleconferences and webcasts (schedule is available ohdite; we
also has a program to assist patients with significant financial need tosocover

of the costs associated with transportation, drug co-pays, and insurance @emium

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

Provides accurate, up-to-date information about cancer for patients and their
families, including clinical trials information. Offers a special bookletéen
siblings of a child with cancer at: www.cancer.gov/cancertopics/when-your
sibling-has-cancer.

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

Provides information about disabilities and disability-related issuesrfolids,
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 specificallpdor tee
and provides a safe, monitored online support group for teens with cancer.

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.

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.

SuperSibs!
Toll-free number: 1-888-417-4704
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. Includes a
site just for teen brothers and sisters, www.sibspeak.org.

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

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