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This guide will try to answer most of your questions about leukemia: how it starts,
its risk factors, symptoms, diagnosis, and treatment methods. Knowing more
about the disease can help you and your family cope better, take more informed
decisions, and make the course of treatment as manageable as possible.

What is leukemia?

» Leukemia is cancer of the blood cells. It is the most common type of cancer in
children below 15 years of age.

« Most blood cells develop in the bone marrow (soft spongy tissue inside the
bones) from a parent cell known as a “stem cell”. Different types of blood
cells are:

- Red blood cells that carry oxygen to all body parts
- White blood cells that fight infections
- Platelets that help the blood to clot
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» Leukemia develops when the bone marrow starts producing abnormal white blood
cells in an uncontrolled way. It starts in immature (early formed) white blood cells and
then reaches the bloodstream.

« When abnormal leukemia cells accumulate in the bone marrow, they
crowd out and prevent other red and white blood cells and platelets from
working normally.

» Leukemia cells move through the blood and can spread to other body parts or
organs such as the lymph nodes, liver, brain and spinal cord, testicles, and lungs.



What are the types of leukemia?

The type of leukemia depends on the affected type of white blood cells
(lymphoid or myeloid cells). Leukemia could be acute (fast growing cancer),
which is more common, or chronic (slow growing cancer).

The two main types of leukemia in children are:

Acute lymphoblastic leukemia (ALL): It is the most common type of cancer in
children. ALL starts in the early immature form of lymphocytes (major cells of
the immune system that fight infection). It either starts in B cells (that make
antibodies to fight infection) or in T cells (that help B cells make antibodies).
ALL mainly affects B cells. T cell leukemia is rarer.

Acute myelogenous leukemia (AML): AML starts usually in the early form of
myeloid cells that become a type of white blood cells called granulocytes
(major immune system cells that fight infection).

Normal Blood Leukemia

Red blood Neutrophil ~ Lymphocyte  Monocyte  Platelets
cells

What causes leukemia?

The exact cause of leukemia is still unknown; however, certain factors are linked
with a higher disease risk, such as:

Family history of leukemia; a brother or sister with leukemia, especially an
identical twin

Exposure to high levels of radiation such as material used in heavy war
weapons, high levels used in treatment of cancer, and excessive use of X-rays
and CT scans

Exposure to previous chemotherapy medications and other chemicals such
as benzene

Exposure to immune system suppressing medications such as those
received after an organ transplant



» Parents’ history of smoking; father’s smoking before conception, mother’s
smoking during pregnancy, second hand-smoke exposure from the father
during pregnancy and after birth in the household

» Infection with T-cell leukemia virus that may cause T-cell leukemia

» Blood disorders; such as myelodysplastic syndrome

» Genetic disorders such as Down syndrome, neurofibromatosis, Fanconi
anemia, Bloom syndrome, Shwachman syndrome, and Klinefelter syndrome

» Inherited immune system disorder; such as ataxia telangiectasia syndrome

What are the symptoms
of leukemia?

Symptoms of leukemia may result from a shortage of healthy blood cells or

where leukemia cells accumulate in the body. Many of childhood leukemia

symptoms are common to many other illnesses as well. Most often they have

causes other than leukemia. Common symptoms may include:

 Enlarged lymph nodes (especially in the neck, underarm areas, stomach,
or groin)

e Unusual night sweats

» Episodes of fever or chills




Frequent infections

Extreme fatigue and weakness

Pale appearance

Headaches, seizures, balance, and vision problems

Vomiting and dizziness

Easy bleeding and bruising (such as bleeding gums, frequent or severe
nosebleeds, purple skin patches, or small red spots under the skin)
Bleeding that is hard to stop, even from a small cut

Pain and fullness below the ribs

Pain in the bones or joints

Abdominal pain, swelling, or distention

Shortness of breath

Irregular heart rate or palpitations

Swelling of the face, neck, arms, upper chest, underarms, and groin
Loss of appetite and unintentional weight loss

Contact the doctor immediately if your child experiences any of the
above symptoms.

How is leukemia diagnosed?

» Physical exam: The doctor will ask detailed questions about the child's medical
and family history, examine him/her, check for any enlarged lymph nodes,
spleen, or liver, and request some tests.




» Blood tests: The doctor will request a blood smear and a complete blood count
test to check the number of red blood cells, white blood cells, and platelets.
Blood cells are also studied under the microscope to check for
any abnormality.

« Bone marrow aspiration and/or biopsy: Bone marrow aspirate and biopsy cells

are studied under the microscope for signs of leukemia and to specify its type.

- Bone marrow aspiration: After numbing a small area of the skin (usually
over the hip), the doctor will insert a thin needle into the child’s hip bone or
breastbone. This is done to remove (aspirate) a small amount of liquid from
the bone marrow.

- Bone marrow biopsy: It is usually done right after the bone marrow
aspiration. The child’s doctor will remove a small piece of the bone marrow’s
bone with a larger needle and will then send it for biopsy.

o Lumbar puncture (spinal tap): It is a procedure done to collect a sample of
cerebrospinal fluid (CSF, fluid around the brain and spinal cord). After numbing
the lower spineg, the doctor inserts a needle between two bones and removes
a sample of CSF fluid around the spinal cord. The CSF sample is examined
under a microscope to check for the presence of leukemia cells.

* Chest X-ray: Itis an imaging test that produces images of the structures inside
the child’s chest to look for enlarged lymph nodes and disease.

What is the treatment
of leukemia?

The treatment for leukemia depends on its type and stage. Treatment may
include the following:

e Chemotherapy:

- Chemotherapy is the main treatment for leukemia.

- Chemotherapy medications stop the growth of cancer cells either by
destroying them or by stopping their division. They attack all cells that grow
fast; cancer cells as well as normal cells.

- It may be given intravenously (through a vein) or orally (as pills). It may
involve a single medication or a combination of medications based on the
type of leukemia the child has.

- Chemotherapy is given over three stages:

O Induction therapy: This is the first stage of treatment. It involves intense
chemotherapy that aims to destroy leukemia cells and drive the disease
into remission (normal blood cell counts).



O Consolidation therapy: This stage intends to eliminate any remaining
leukemia cells that may not be active but could regrow and cause the
disease to return. It usually lasts longer than induction therapy. The child
will receive higher medication doses.

O Maintenance therapy: Medications are given to maintain the positive
results of the previous treatment and destroy any cancer cells that may
have survived the first two stages. Lower medication doses are used.
Maintenance therapy prevents the disease from coming back.

- Chemotherapy is given in cycles followed by periods of rest to allow the
child’s body to recover from treatment.

Radiation therapy: This treatment aims to destroy leukemia cells and keep
them from growing by using high energy radiation or X-rays. The child may
receive radiation to one specific area or to his/her entire body. Radiation
therapy is rarely used to treat leukemia. It may be given:

- For high risk types of AML

- Before a bone marrow transplant

- If the disease is spread to the brain or spinal cord

Stem cell transplantation: It is also known as bone marrow transplant. The
transplant replaces the diseased bone marrow with a healthy one. This
procedure is done after giving high doses of chemotherapy and/or total body
radiation to destroy cancer cells in the body. The child may receive stem cells
from his/her own blood/bone marrow or from a donor. When removed, stem
cells are frozen and stored.

After the chemotherapy and/or radiation therapy, the stored stem cells are
returned to the child through an infusion; they grow into healthy blood cells
and replace the ones lost. Stem cell transplant is mainly done if the child has:
- AML with slow response to treatment

- Early recurrence of leukemia

- Very high risk types of ALL or AML

Biological or targeted therapy: It is a treatment that helps the immune system
identify and attack leukemia cells without harming normal cells. The doctor
uses treatments that target and attack specific cancer cells only.

Blood transfusions: The child may need blood transfusions to keep good levels of his/
her blood counts.

Antibiotics or antifungal medications: The child's immune system could
be weakened from the disease and/or treatment. Antibiotics or antifungal
medications may be given to help prevent any infection.



What are the side effects of
leukemia treatment?

Chemotherapy may cause several side effects during treatment since it fights all

rapidly dividing cells in the body; both cancerous and normal. These side effects

depend on several factors such as the type and dose of medications the child will
receive and treatment duration. They include:

Low blood counts: Chemotherapy can lower the number of healthy blood cells.

- Anemia: Low level of red blood cells. The child may feel tired and dizzy.

- Neutropenia: Low level of white blood cells called neutrophils (that fight
infection). The child may be at higher risk for infections.

- Thrombocytopenia: Low levels of platelets. The child may have easy bruising
and bleeding.

The doctor will check the child’s blood count levels with regular blood tests. If

blood counts are low, the doctor may stop chemotherapy, lower the dose, or

recommend a blood transfusion.

Please refer to the “Neutropenia” and “Infection Prevention” handouts for

more information.

Hair loss: Some chemotherapy medications may affect hair cells all over the
body (scalp hair, eyebrows, eyelashes, etc.) causing hair loss. Hair will grow
back gradually after treatment.




» Digestive tract problems: The child may have poor appetite, nausea, vomiting,
diarrhea, constipation, or mouth/throat sores.
Please refer to the “Nausea and Vomiting” handout for more information.

Steroid medications used in chemotherapy can cause:

« Hypertension (elevated blood pressure): Blood pressure levels will be
monitored regularly during treatment.

« Hyperglycemia (high blood sugar): This may be temporary. Blood and urine
tests will be regularly done to monitor blood sugar levels during treatment.

Chemotherapy may also cause several late effects after treatment. They depend
on the age of the child at the time of treatment, the type and dose of medications
he/she will receive, and the treatment duration. They include:

¢ Reproductive issues: Most children below the age of puberty have normal
fertility as adults. Some types of chemotherapy medications may cause infertility
by affecting the testes and ovaries.

- In males: Testes may be damaged and this may lead to lower ability to make
sperm or semen (fluid carrying sperm) and may cause damage to the sperm.

- In females: Ovaries may be damaged and this may lead to interrupted or
irregular menstruation (shorter period duration in younger girls), delayed
puberty, and early menopause.

« Cardiovascular problems: Children may experience irregular heartbeats, rapid
heartbeats (tachycardia), chest pain, and shortness of breath. Therapy doses
are as limited as possible to reduce possible side effects while treating the
disease. Tests are done after treatment to detect any cardiovascular problems.

Radiotherapy may cause several side effects that depend on the dose and
area of the body treated; for example radiotherapy to the abdomen can cause
nausea, vomiting, or diarrhea. It may also cause late effects that depend on the
age of the child at the time of treatment, the dose of radiation, and area of the
body treated. Radiotherapy may increase the risk of heart disease and secondary
cancers later. It's only given when necessary.
» Radiotherapy to the pelvic area can also affect fertility in males and females.
- In males: Testes may be damaged affecting semen and sperm production
and quality.
- In females: Ovaries may be damaged which may lead to irregular periods,
delayed puberty, or early menopause.

Sperm banking, after the child reaches puberty, may be done and eggs may be
collected before the child starts treatment. Ovarian transposition surgery moves
the ovaries outside of the treatment area. To save the child’s fertility chances, talk
to the doctor about the options to preserve fertility before starting treatment.
Please refer to the “Cancer and the Female Reproductive System” or “Cancer
and the Male Reproductive System” handouts for more information.



Tips for parents

Finding out that your child has leukemia can be very difficult. Coping with
the reality of the illness and its challenges can be hard. The healthcare
team and volunteers are here to support you during your child’s
treatment. The following tips may help you.

Learn more about your child’s leukemia, its type, treatment, and side
effects. Knowing what to expect will help you:

- Make the course of treatment easier

- Take better informed decisions

- Feel more comfortable being involved in your child’s plan of treatment
Try to keep a good support network around you to share your
concerns. Having family and friends helps in coping with stress and
worries. Seek the advice of a counselor if needed.

Connect with other parents going through the same experience to
share thoughts and questions.

Take care of yourself. Eat well, relax, and get enough rest to be able to
better face the challenges of treatment and care for your child and family.
Try to keep your child active and let him/her maintain a normal lifestyle.
Having the disease does not mean that your child cannot continue
doing the things he/she enjoys doing regularly. If he/she feels well, let
him/her stay active as much as he/she can. This will help maintain a
sense of normality, have a break from treatment, and keep connected
to his/her peers and environment.

Please refer to “A Guide to Helping a Loved One With Cancer” handout for
more information.

This educational material provides general information only. It does not constitute medical advice.
Consult your health care provider to determine whether the information applies to you.
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