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Radiation Therapy Principles

Radiation and radioactivity were discovered moeanth00 years ago. Since then
advances in technology and a better understandiitg effects on the body have made
radiation therapy an important part of cancer tneait. In fact, more than half of all
people with cancer will get radiation as at least pf their cancer treatment.

Here we will help you understand what radiatiorrdpg is, how it's used to treat cancer,
and what some of the common side effects are. léoe ighetailed information on the
possible side effects of radiation and how to eeti them, please see our document
calledUnderstanding Radiation Therapy: A Guide for Patseand Families

How does radiation work to treat cancer?

Radiation is energy that is carried by waves dream of particles. Radiation works by
damaging the genes (DNA) in cells. Genes contral bells grow and divide. When
radiation damages the genes of a cancer cellnit geow and divide any more. Over
time, the cells die. This means radiation can leelus kill cancer cells and shrink
tumors.

To understand how radiation works as a treatmehglps to know the normal life cycle
of a cell. The cell cycle goes through 5 phases,afrwhich is the actual splitting of the
cell. When a cell splits, or divides, into 2 celts calledmitosis



The cell life cycle

Thecell cycle

GO = Cell is resting

G1 = RNA and proteins are made

S = DNA is made

G2 = Apparatus for mitosis is built

M = Mitosis (the cell divides into 2 cells)

GO phase (resting stage): The cell has not yet started to divide. Cells sip@nich of
their lives in this phase. Depending on the typeeadf this step can last for a few hours
or many years. When the cell gets the signal toodce (divide), it moves into the G1
phase.

G1 phase: During this phase, the cell starts making moregins to get ready to divide.
Single strands of DNA, called RNA, are also madgasphase lasts about 18 to 30 hours.

Sphase: In the S phase, the chromosomes that containgthetig code (DNA) are
copied so that both of the new cells to be madehaite the same DNA. This phase lasts
about 18 to 20 hours.

G2 phase: The G2 phase is just before the cell starts sgiiihto 2 cells. It lasts from 2
to10 hours.

M phase (mitosis): In this phase, which lasts only 30 to 60 minuties,cell actually
splits into 2 new cells that are exactly the same.



The cell cycle and radiation

The cell cycle phase is important in cancer treatment because usuiallprafirst kills
the cells that are actively dividing. It doesn’t work so fast on cells thahdhe resting
stage (GO0) or are dividing less often. The amount and type of radiation thasdaeh
cell and the speed of cell growth affect whether and how quickly the cell evitirdie
damaged. The termadiosensitivitydescribes how likely the cell is to be damaged by
radiation.

Cancer cells tend to divide quickly and grow out of control. Radiation therapy Kills
cancer cells that are dividing, but it also affects dividing cells of norssalds. The
damage to normal cells causes unwanted side effects. Each time radiatipy ther
given there needs to be a balance between destroying the cancer cells amdmginim
damage to the normal cells.

Radiation does not always kill cancer cells or normal cells right awayght take days

or even weeks of treatment for cells to start dying, and they may keep dyfog off

months after treatment ends. Tissues that grow quickly, such as skin, bone marrow, and
the lining of the intestines are often affected right away. In contrasg,rt@east, brain,

and bone tissue show later effects. For this reason, radiation treatment clonpaeem

side effects that might not be seen until long after treatment is over.

In the past, it was thought that once an area was treated with radiation it could not be
treated with radiation again because of damage to the normal cells in theirteatea.

But research suggests that a second course of radiation therapy camlie gorae
patients.

Types of radiation used to treat cancer

Radiation used for cancer treatment is calbenlzing radiationbecause it forms ions
(electrically charged patrticles) in the cells of the tissues it palssugh. It creates ions
by removing electrons from atoms and molecules. This can Kill cells or changs so
the cells cannot grow.

Other forms of radiation such as radio waves, microwaves, and light wavefiette ca
non-ionizing They don’'t have as much energy and are not able to form ions.

lonizing radiation can be sorted into 2 major types:
* Photons(x-rays and gamma rays), which are most widely used

* Particle radiation(electrons, protons, neutrons, carbon ions, alpha particles, and beta
particles)

Some types of ionizing radiation have more energy than others. The higher the energy,
the more deeply the radiation can penetrate (get into) the tissues. Theeviyratgpe



of radiation behaves is important in planning radiation treatmentgadraion
oncologist(a doctor specially trained to treat cancer patients with radiationjsstiec
type and energy of radiation that is most suitable for each patient’s cancer.

Photon radiation

By far the most common form of radiation used for cancer treatment is a higly-energ
photon beam. This comes from radioactive sources such as cobalt, cesium, or a machine
called alinear accelerator(or linac, for short). Photon beams of energy affect the cells
along their path as they pass through the body to get to the cancer.

Particle radiation

Electron beamsor particle beams are also produced by a linear accelerator. Electrons
are negatively charged parts of atoms. They have a low energy level and domdtpenet
deeply into the body, so this type of radiation is used most often to treat the skin or
tumors close to the surface of the body.

Proton beams are a newer form of particle beam radiation. Protons are positively
charged parts of atoms. They cause little damage to tissues they pass thrauglvémt
good at killing cells at the end of their path. This means that proton beams nidg twe a
deliver more radiation to the cancer while causing fewer side effectsnal tissues.
Protons are used routinely for certain types of cancer, but still need morenstughting
others. Some of the techniques used in proton treatment can also expose the patient to
neutrons (see below). Proton beam radiation therapy requires highly spdcialize
equipment and is currently only offered in certain medical centers.

Neutron beams are used for some cancers of the head, neck, and prostate and for certain
inoperable tumors. A neutron is a particle in many atoms that has no charge. Neutron
beam radiation can sometimes be helpful when other forms of radiation therapy don’t
work. Very few facilities in the United States offer this type of treainits use has

declined over the years partly because of problems with getting the bedarget.

Because neutrons can cause more DNA damage than photons, the effects on normal
tissue may be more severe. Beams must be aimed carefully and normahtissbe
protected. Neutron beams are showing great promise in research withysgval

cancers that can’t be cured with surgery.

Carbon ion radiation is also callebdeavy ion radiatiorbecause it uses a particle that is
heavier than a proton or neutron. The particle is part of the carbon atom, which itself
contains protons, neutrons, and electrons. Because it is so heavy, it can do more damage
to the target cell than other types of radiation. As with protons, the beam of carbon ions
can be adjusted to do the most damage to the cancer cells at the end of its pla¢h. But t
effects on nearby normal tissue can be more severe. This type of radiation is only



available in a few centers in the world. It can be helpful in treating catiagrdon’t
usually respond well to radiation (calleatlioresistany.

Alpha and beta particles are mainly produced by special radioactive substances that
may be injected, swallowed, or put into the body of a person with cancer. They are
discussed in the section called “Radiopharmaceuticals”.

Goals of radiation therapy

Radiation is consideredlacal treatment because only cells in and around the cancer are
affected. It can’t cure cancer that has already spread to distanbipduesbody because
most forms of radiation therapy do not reach all parts of the body. Radiation is used to
treat cancer in several ways.

Cure or shrink early stage cancer

Some cancers are very sensitive to radiation. Radiation may be used by itsede

cases to make the cancer shrink or disappear completely. For other cantayse

used before surgery (pse-operative therapyto shrink the tumor, or after surgery to
prevent the cancer from coming back (this is callédivant therapy It may also be

used along with chemotherapy in some cases. When radiation is used along with other
forms of therapy, the treatment is planned by the surgeon, medical oncologist, and
radiation oncologist, as well as the patient.

Stop cancer from recurring (coming back) in another area

If a type of cancer is known to spread to a certain area, doctors often asatimméew

cancer cells may have already spread there, even though imaging scaras (8lcor

MRI) show no tumors. That area may be treated to keep these cells from growing into
tumors. For example, people with some types of lung cancer mayegentive(or
prophylactig radiation to the head because this type of cancer often spreads to the brain.

Treat symptoms caused by advanced cancer

Some cancers may have spread too far to be cured. But even some of these tumors ca
still be treated to make them smaller so that the person can feel bettetioRad&ay

help to relieve symptoms such as pain, trouble swallowing or breathing, or bowel
problems that can be caused by advanced cancer. This is ofterpedibgd/e radiation



Who gives radiation treatments?

During your radiation therapy, you will be cared for by a team of medicagsiohals.
Some of the people who may be on that team are listed here.

* A radiation oncologisis a doctor specially trained to treat cancer with radiation. This
doctor will make many of the decisions regarding your treatment.

» Theradiation physicisimakes sure that the radiation equipment is working the way it
should and that it delivers the dose of radiation your doctor prescribes.

» Thedosimetristhelps the doctor plan and calculate the needed number of treatments.
The dosimetrist is supervised by the radiation physicist.

» Theradiation therapistor radiation therapy technologisiperates the radiation
equipment and positions you for treatment.

* A radiation therapy nursés a registered nurse with special training in cancer
treatment. He or she will be able to give you information about your radiation
treatment and advice on how to deal with any side effects you might have.

You also may need the services of a dietiteaphysicatherapista social worker, a
dentist, a dental oncologist, or other health care professionals.

How is radiation given?

Most people think of radiation therapy as coming from a machine outside of the body, but
radiation therapy can be given in a number of ways. Sometimes radiationisrgve

than one way at the same time, or different types of radiation may be giveiteortbea

other.

External beam radiation

External beam radiatiorns the most widely used type of radiation therapy. The radiation
comes from a machine outside the body and is focused on the cancer. It's a lot like
getting an x-ray, but for longer. This type of radiation is most often given blines
calledlinear acceleratorglinacs).

The radiation is aimed at the cancer, but it also affects the normal tissageis plarough

on its way into and out of the body. External beam radiation can be used to treat large
areas of the body. It also can treat more than one area, such as the main tumargnd ne
lymph nodes. External radiation is usually given daily over several weekgivién in an
outpatient clinic or treatment center, so you don’t have to stay in the hospital.



Special types of external beam radiation

Three-dimensional conformal radiation therapy (3D-CRT) uses imaging scan pictures

and special computers to very precisely map the location of a tumor in 3 dimensions. The
patient is fitted with a plastic mold or cast to keep the body part still dugagrtent.

The radiation beams are matched to the shape of the tumor and delivered to the tumor
from several directions. Careful aiming of the radiation beam may helpereadiation
damage to normal tissues and better fight the cancer by increasing thiematbae to

the tumor. Photon beams or particles (like protons) can be used in this way. A drawback
of 3D-CRT is that it can be hard to see the full extent of some tumors on imag#g test
and any part not seen will not get treated with this therapy.

Intensity modulated radiation therapy (IMRT) is an advanced form of external

radiation therapy. As with 3D-CRT, computer programs are used to precigeilypena

tumor in 3 dimensions. But along with aiming photon beams from several directions, the
intensity (strength) of the beams can be adjusted. This gives even muo# ocver the

dose, decreasing the radiation reaching sensitive normal tissues whilemtpivgher

doses to the tumor.

Some newer radiation machines have imaging scanners built into them. This advance,
known asmage guided radiation theragyGRT), lets the doctor take pictures of the
tumor and make minor adjustments in aiming just before giving the radiation. This may
help deliver the radiation even more precisely, which may result in feweefsédts,
although more research is needed to prove this.

A variation of IMRT is calledrolumetric modulated arc theraplg uses a machine

(called RapidAr®) that delivers the radiation quickly as it rotates once around the body.
This allows each treatment to be given over just a few minutes. Although this can be
more convenient for the patient, it's not yet clear if it's more effechiga tegular

IMRT.

Because of its precision, it's even more important that a person remain inhiheaige
and be perfectly still during treatment. A special cast or mold may be madetthkee
body in place during treatment. Again, miscalculations in tumor size and exattbtoc
can mean missed areas will not get treated.

Another approach to make sure that the right area is treated uses a systemsknown a
Calyps&. With this system, tiny implants are placed into area being treated. These
implants send out radio waves to tell the radiation therapy machines where thigim. T
lets the machine compensate for movement (like during breathing) and ovayesis
radiation to go to normal tissues. In theory, this could lower side effects. Swiaght
this has not shown in studies to be better for patients than other approaches.

Because IMRT uses a higher total dose of radiation, it may slightly indreassk of
second cancers later on. This is something researchers are looking into.



A related techniquentensity modulated proton therapy (IMPT), uses proton beams
instead of photon beams. Protons are parts of atoms that cause little danssgyeso ti

they pass through but are very good at killing cells at the end of their pathitifemyf|

the dose goes beyond the tumor at the end of the beam’s path. This means that proton
beam radiation may be able to deliver more radiation to the cancer while reddeing si
effects on nearby normal tissues. Despite this theory, a 2012 study of proton beam
therapy on localized prostate cancer did not show fewer side effects cdrtgptre

more common photon beam radiation. IMPT is often used for tumors near critical body
structures such as the eye, the brain, and the spine.

Protons can only be put out by a special machine caltgdlatronor synchrotron This
machine costs millions of dollars and requires expert staff. Because of o) peam
therapy is expensive, and very few treatment centers in the United Statat dfore

studies are needed to compare outcomes between proton and photon treatment so that
each is used for the cancer type for which it works best.

Stereotactic radiosurgery (SRS) andfractionated stereotactic radiotherapy deliver a
large, precise dose of radiation to a small, well-defined tumor. The term rigunggy

be confusing because no cutting is involved. This technique is used to treat tumors that
start in or spread to the brain or head and neck region. It is called stereotactic
radiosurgery if the radiation is given as a single dose. It is calletbfrattd stereotactic
radiotherapy if the radiation is spread out over several doses.

When the radiation is aimed at the head, a head frame or shell is used to hold the skull
still and allow for precise aiming of radiation beams.

A related termster eotactic body radiation therapy (SBRT), is used to describe this
technique when it's used for tumors in other parts of the body, such as the spine, liver,
pancreas, kidney, lung, and prostate.

Once the exact location of the tumor is mapped (using imaging scans), nar@avomnadi
beams from a machine called a Gamma Khifee focused at the tumor from hundreds of
different angles for a short time. The process may be repeated if nAed#uker

approach that's much like this uses a movable linear accelerator controfled by
computer. Instead of delivering many beams at once, the linear accateosts around

to deliver radiation to the tumor from different angles. Several machines, witls figene
X-Knife®, Cyberknifé®, and Clina& work in this way.

Intraoperative radiation therapy (IORT) delivers radiation to the cancer during
surgery. The radiation may be given externally or internally, and it's aiked along
with a course of external radiation given before or after the operation.

IORT is useful for abdominal (belly area) or pelvic cancers that cannot beatelypl
removed (such as those that have grown close to vital body parts) and for camcers tha
tend to grow back after treatment. As much tumor is removed as possible, then one large
dose of radiation is directed right at the tumor site. Normal tissues can be moved out of



the way and protected, so IORT reduces the amount of tissue that is exposedion radia
This allows more radiation to reach the cancer. IORT is given in a speciatinggoom
lined with radiation-shielding walls.

Treatment planning for exter nal beam radiation

The process of planning external beam radiation therapy has many steps dakiemay
several days to complete. But it's important for the success of youtioadizatment.

The radiation team will design a treatment just for you. The treatmdrgivelthe

strongest dose of radiation to the cancer while sparing normal tissue as muclibde. poss

The first part of treatment planning is callgchulation It's sometimes referred to as a
“marking session.” You will be asked to lie still on a table while the healéthteam

works out the best treatment position for you and how to keep you in that position (tape,
headrests, casts, body molds, or foam pillows may be used). They will then mark the
radiation field(also called théreatment pof}, which is the exact place on your body

where the radiation will be aimed. The marks may be done with permanentsmarke

with tattoos that look like tiny freckles. Your doctor may use imaging testetkthe

size of the tumor, figure out where it's most likely to spread, outline normalgigstiee
treatment area, take measurements, and plan your treatment. Photos mayeiiso be

and are used to make the daily treatment set-up easier.

Through a complex process callgoksimetry computer programs are used to find out

how much radiation the nearby normal structures would be exposed to in order to deliver
the prescribed dose to the cancer. The doctor and dosimetrist will work togethadéo de

on the amount of radiation you will get and the best ways to aim it at the canegr. Th
base this on the size of the tumor, how sensitive the tumor is to radiation, and how well
the normal tissue in the area can withstand the radiation.

Dosing and treatment with external beam radiation

The total amount of radiation you will get is measured in units c@ltag (Gy). Often
the dose is expresseddantigray(cGy), which is one-hundredth of a Gray.

For external radiation, the total dose is often divided into smaller doses (caditoins

that are most often given over a number of weeks. This allows the best dose to be given
with the least damage to normal tissues. Treatments are usually gives &wlagk, for

about 5 to 8 weeks.

For some cancers, patients may be treated more often than once a day.

» Hyperfractionated radiatiomivides the daily dose into 2 treatment sessions without
changing the length of the treatment. In this case, you would be treatechtdaxy
for several weeks.



» Accelerated radiatiomives the total dose of radiation over a shorter period of time by
giving the same dose of radiation more frequently (more than once a day).

These types of schedules can make the radiation work better for some tumors. The down
side is that radiation side effects are seen earlier and may be worse.

It's important that you are treated in exactly the same way eachdithe sight amount

of radiation will be given to the right area. For external radiation, sraali;lasting or
permanent (tattoo) marks may be put on your skin to show where treatment is to be
focused. You will need to stay very still and in the same position during each treatment
which can last up to 30 minutes. Sometimes a special mold or cast of the body part to be
treated will be used to hold you in a certain position. This helps make sure you're in the
right place and helps you stay still. Your health care team may also nealdéspecial

blocks or shields to protect certain parts of your body from radiation durinphéetat

Internal radiation therapy (brachytherapy)

Internal radiation therapy is also knownbmachytherapywhich means short-distance
therapy. With this method, radioactive containers are put into the tumor or into a body
cavity close to the tumor. The advantage of brachytherapy is the abilityserdehigh

dose of radiation to a small area. It's useful for tumors that need a high dosmbdma

or a dose that would be more than the normal tissues could stand if it had to come in from
the outside.

The main types of internal radiation are:

* Interstitial radiation: the radiation source is placed directly into or next to the tumor
using small pellets, seeds, wires, tubes, or containers.

* Intracavitary radiation: a container of radioactive material is placed in a cavity of
the body such as the chest, rectum, uterus, or vagina.

Ultrasound, x-rays, or CT scans are used to help the doctor put the radioactive source in
the right place. The placement can be permanent (long-term) or temporatytéamndr

Permanent brachytherapy involves using small containers, calleelletsor seeds
which are about the size of a grain of rice. They are put right into the tumorghising
hollow needles. Once in place, the pellets give off radiation for several weelmtrs.
Because they are very small and cause little discomfort, they guly $&ft in place after
their radioactive material is used up.

Temporary brachytherapy can behigh-dose rat€dHDR) orlow-dose ratgLDR).

Either type briefly places hollow needles, tubes, or fluid-filled balloons into dzetarbe
treated. Radioactive material can be put in these containers for a shomdithe
removed. This may be done by hospital staff or the radioactive material can b® put int
the device remotely by machine.



For HDR brachytherapy, the radiation source is put into place for about 10 to
20 minutes at a time, and then removed. This process may be repeated twice a day
over the course of a few days, or once a week for a few weeks.

For LDR brachytherapy, the radiation source stays in place for up to 7 days. To
keep the implant from moving, you will need to stay in bed and lie fairly still. For
this reason, you will stay in the hospital during LDR therapy.

Treatment with internal radiation

Severe pain or illness is not likely to happen while putting in radioactive implants. You
may feel sleepy, weak, or nauseated for a short time because of the amé¢dtbgsithat
make you sleepy) used while the implant is put in place. Tell the nurse if yourhyave a
unusual side effects such as burning or sweating.

Anesthesia usually is not needed to take out temporary brachytherapy implantsaiMos
be taken out right in your hospital room. (The room is specially shielded to contain the
radioactivity and the staff use mobile shields to protect themselves whilengandl|
radioactive materials.) If you had to stay in bed during implant therapy, \ght have

to stay in the hospital an extra day or so after the implant is removed just to etsure
have no problems in the area where the implants were placed.

Once the implant is removed, there is no radioactivity in your body. (See tlmsect
“Safety for the patient and family” for more on this.) The doctor will tell ¥f you
should limit your physical activity for a time. Most patients are encodragdo as much
as they can. Some people need extra sleep or rest breaks during theiydiesttame,
but you will probably feel stronger quickly. The area that has been treated with an
implant may be sore or sensitive for some time after treatment.

Radiopharmaceuticals

Radiopharmaceuticalare drugs that contain radioactive materials called radioisotopes.

They may be put into a vein, taken by mouth, or placed in a body cavity. Depending on
the drug and how it’s given, these materials travel to various parts of theobielgtt

cancer or relieve its symptoms. They put out radiation, mostly in the form of alpha and

beta particles, that target the affected areas.

Treatment of bone pain

Strontium 89 (Metastrdf) and samarium 153(Quadrafeare radiopharmaceuticals

often used for tumors that have spread to the bdwgge (metastasgOther drugs are

also being studied. These medicines are given in veins (intravenously or V), s@tha

go into the blood circulation. They build up in the areas of the bone where there is cancer.
The radiation they give off kills cancer cells and eases the pain caused by bone
metastases.



For cancer that has already spread to more than one bone, this approach is much better
than trying to aim external beam radiation at each affected bone. Thesermdrype

used along with external beam radiation which is aimed at the most painful bone
metastases. This combined approach has helped many men with prostate caicer, but
has not been studied as much for use in other cancers.

Some people notice an increase in bone pain for the first couple of days affteeritea

but this is not common. These drugs can also lower blood cell counts, especially white
blood cells (which can increase the risk of infection) and platelets (which sarthiai

risk of bruising or bleeding).

Treatment of thyroid cancer

The thyroid gland absorbs nearly all of the iodine in the blood. Because of this,
radioactive iodingalso known asadioiodineoriodine 13) can be used to destroy the
thyroid gland and thyroid cancer with little effect on the rest of the body. fEaigrtent
is often used after thyroid cancer surgery to destroy any thyroid celimdyadtave been
left behind. It's also used to treat some types of thyroid cancer that sprgagtoriodes
and other parts of the body. For more information, please see our document called
Thyroid Cancer.

Small doses of radioiodine can be given without the patient having to be in the hospital,
but the usual treatment doses for thyroid cancer require 2 to 3 days in the hospital.
Several weeks after treatment, the radioiodine is gone from the body. At that point,
doctors can check to see how well the treatment worked.

Short-term side effects of radioiodine treatment are rare, but may include nec
tenderness, nausea and stomach irritation, tenderness of the salivary glands, and dr
mouth. Large doses may cause low blood cell counts. Men may become infertile (unable
to father children) after large doses.

There may be some longer-term risks, too. Large studies have found that thére ana
very slight increase in the risk of developing other types of cancer, includiremeukn
the future.

It's recommended that women of childbearing age avoid becoming pregnant during
treatment and for at least a year after treatment. If a wontsupiggggnant more than a
year after treatment, there is no evidence of a higher risk of birth defenisoarriage.
Women treated with radioactive iodine during their childbearing years mayshgivity
earlier menopause.



Phosphor us 32

This form of phosphorus (also knownRs32 or chromic phosphate P 3% put inside
brain tumors that are cystic (hollow) to kill the tumor without hurting the hephhig of
the brain.

In the past, P-32 was given into a vein (as an IV) as a common treatment for a blood
disease callegolycythemia veraP-32 was also placed inside the abdomen (belly) as a
treatment for ovarian cancer. It's rarely used in these ways today, be¢bates are better
drugs with fewer side effects.

Radio-labeled antibodies

Monoclonal antibodiesre man-made versions of immune system proteins that attack
only a specific molecular target on certain cancer cells. Scientigtddwrned how to
pair these antibodies with radioactive atoms. When put into the bloodstream, the
antibodies act as homing devices. They attach only to their target, briagiagan
directly to the cancer.

Radio-labeled antibodies are used to treat some non-Hodgkin lymphomas, especially
those that don’t respond to other treatments. They might cause allergicneaden

first infused. They might also lower blood cell counts, which can raise the risk of
infections, bruising, or bleeding.

Safety for the patient and family

People who get any type of radiation therapy often worry about whether theoradiati
poses a risk to themselves or to others around them.

If you getexternal beam radiation therapy, you areNOT radioactive and do not need

to take special precautions to protect others from radiation. Treatmenigearéng

special rooms that contain the radiation. The radiation therapist is not in the room during
the treatment but can see you and talk with you over an intercom the whole time.

If you are given aadiophar maceutical such as radioactive iodine, it will leave your

body within a few weeks, mainly through your urine, but also through saliva, sweat, and
stool. To reduce the exposure of others, you will be asked to follow some basic
instructions for the first few days after treatment. Your health careuwatell you

about specific precautions, which could include:

* Flushing the toilet twice after each use
» Good hand washing after using the toilet

 Using separate eating utensils and towels (laundry may need to be washattlsgpar



* Drinking plenty of fluids to help flush the radioactive substance from your body
* No kissing or sexual contact for at least a week

» Keeping a distance of one arm’s length between yourself and any others who spend
more than 2 hours next to you in any 24-hour period

» Avoiding prolonged contact with infants, children, pregnant women, and pets

For atemporary internal radiation implant, you will need to take special precautions

only while the implant is in place to avoid exposing others to radiation. With this type of
radiation, body fluids such as urine, sweat, blood or stool are usually not radioactive and
probably will not need special handling. Your health care team will give yoe mor

specific instructions.

If you need to stay in the hospital while you are getting temporary intechatios

therapy, you will most likely be in a private room. Although the nurses and other people
caring for you will not be able to spend a long time in your room, they will givajou

of the care you need. There will also be limits on visitors while your implamipisce.

As a precaution, most hospitals do not let pregnant women or children younger than 18
visit patients who have a radiation implant. Visitors need to check with the dta# be

they come in. They may be asked to stay at least 6 feet from your bed and Esy for
than 30 minutes each day.

Permanent implants use weaker radiation, and patients can usually go home after the
implant procedure. If you have permanent implants, such as seed implants, yolethay ne
to avoid close contact with other people for the first few days while the radiatioosi

active. The implant will lose energy each day. For a few weeks or morghshaft

implant, you may be told not to have daily close contact with pregnant women or children
for more than just a few minutes. Use of a condom during sex is often recommended for a
short time. Talk to your health care team about any special precautions gdo nee at

home.

Possible side effects of radiation therapy

Normal body tissues vary in their response to radiation. As with tumors, norraaktias
which cells are quickly dividing may be affected. This causes some of thefeicls ef
radiation treatment. Since radiation is a local treatment, side effectsddepéhe area of
the body being treated. The early effects of radiation may be seen aylewor deeeks
after treatments have started and may go on for several weeks afteeitsdiave
ended. Other effects may not show up until months, or even years, later. The most
common side effects are briefly discussed below. Please see our docutednt cal
Understanding Radiation Therapy: A Guide for Patients and Fanfdiesiore ideas on
dealing with these and other side effects.



Fatigue

Fatigueis extreme tiredness that does not get better with rest. It's a commadroéffec
radiation, but the exact cause is unknown. Sometimes tumors cause the immune system
to make substances that lead to fatigue. Fatigue may also be caused by atamrad

blood cell count), poor nutrition, pain, certain drugs such as steroids or chemotherapy,
depression, and stress.

There’s no single treatment for fatigue, but if a cause can be found it shouldtbd.tre
For example, if the fatigue is caused by anemia, some patients may frenefilood
transfusions or from medicines that cause the body to make more red blood cells.

Fatigue can last for a long time after treatment is over and some people nvevas ha
much energy as they did before treatment. Light or moderate exerttiskaguent rest
breaks may help to reduce fatigue. Talk with your doctor about this and other treatment
that may work for you.

You can learn more about fatigue and how to deal with it in our documents called
Fatigue in People With CancandAnemia in People With Cancer.

Skin changes

Radiation therapy today causes less skin damage than it did in the past because most of
the radiation dose is delivered below the surface of the skin, but your skin might stil
show a response to treatments. During the first 2 weeks of treatment, you roayanoti

faint redness. Your skin may become tender or sensitive. Dryness and peeliogcomay

in 3 to 4 weeks. After that, the skin over the treatment area may become darker. This is
because of the effect radiation has on the cells in the skin that produce pigment (color).
You also may lose hair in the skin over the area that is being treated.

The skin in the treatment area may also become dry and itchy. Moisturizing thetbkin w
aloe vera, lanolin, or vitamin E may help. But before using any skin products during
treatment, ask the radiation doctor or nurse if it's OK. Some lotions that ate safe
aftertreatment ends can actually make things wdtseng treatment.

Do not use perfumes, deodorants, and skin lotions that contain alcohol or perfume on the
treated area. Also avoid powders unless your doctor or nurse says they're @KStays

out of the sun as much as you can. If you must be outdoors, wear a hat and clothes that
will protect your skin. After about a month of treatment, some people gettingjoadia

may notice skin peeling and moist (weeping) areas. Let your medicakaan&knhow if

this happens to you.

Later effects of radiation may include thinning of the skin. The skin may feel hard,
especially if surgery has also been done in the same area. Some people may have troubl
with wound healing in the area that was treated. The skin in the treatment area may



always be more sensitive to the sun, and you should be extra careful to protect it when
you are outdoors.

Mouth and throat problems

Mucositis(inflammation inside the mouth) is a short-term side effect that can happen
when radiation is given to the head and neck area. It usually gets bettaranficia
weeks after treatments end. Dry mouth and a loss of taste can be causedtioynradi
damage to the salivary glands and taste buds. Thick, sticky, rope-like saliva and
swallowing problems may develop, too. These side effects often go awayedtments
end, but sometimes they don't.

Keeping your mouth clean is important to lower your risk of infection. If your mouth
becomes sore, you may be given medicine to numb the mouth or help the pain. You may
need to take it before meals so that it's easier to eat. Be sure to tell gouratmut any

pain and if the medicines to help it are working.

Good nutrition is important for people with cancer. If mouth pain and irritation make it
hard to eat or swallow, you may need to have a feeding tube put into your stomach for a
while so you can take in enough nourishment. Your health care team will help you
develop a plan to manage your symptoms. For more suggestions, see our documents,
Caring for the Patient With Cancer at Home: A Guide for Patients and Fajalnes

Nutrition for the Person With Cancer During Treatment: A Guide for Patients and
Families

Radiation to the head and neck area can affect your teeth, too, and increabayoes c
of getting cavities. Mouth care to prevent problems will be an important part of your
treatment. Before starting radiation, talk to your dentist and have a cerapéstk-up.

Also ask your dentist to talk to your radiation oncologist before your radiatemizats
begin, and be sure to discuss your daily mouth care routine with the doctor or dentist.
Any dental work you need may have to be doemreradiation begins and daily fluoride
treatments may be prescribed to help protect your teeth.

Side effects of radiation to specific areas
Brain

Radiation therapy to large areas of the brain can sometimes cause ¢hdmges

function that can lead to memory loss, lower sexual desire, or poor tolerancelfor col
weather. Nausea, unsteady walking, and changes in vision may also be noticeg. Usuall
these symptoms are minor compared to those caused by a brain tumor, but they can be a
bother.



Sometimes a large area of dead cells, caliddhtion necrosisforms at the site of the
radiation in the brain. This can happen months to years after radiation is givemtsPatie
with radiation necrosis usually do better than patients whose brain tumors comButack.
still, a small number of patients with radiation necrosis do poorly or even die.

Lung

When radiation treatments include the chest, it can affect the lungs. Onehearde is a
decrease in the levels of a substance callethctant which helps keep the air passages
open. Low surfactant levels keep the lungs from fully expanding. This may cause
shortness of breath or a cough. These symptoms are sometimes treatedoidth ster
Depending on the location of the area getting radiation, some people also have trouble
swallowing.

Radiation pneumonitisccurs in about 5 to 20% of people get radiation therapy for lung
cancer. It can also be caused by radiation to the chest for breast ganpbgrhas, or

other cancers. This inflammation may occur from about 6 weeks to 6 months after
completing external radiation therapy. Common symptoms include shortness of breath,
chest pain, cough, and fever. Radiation pneumonitis is treated by trying to de¢beeas
inflammation. Steroids, like prednisone, are usually used.

Another possible effect radiation can have on the lunfijsrissis (stiffening or scarring).

This means the lungs are less able to expand and take in air. Fibrosis cahadnesss

of breath and make it hard to exercise. This problem may show up months or even years
after treatment.

Digestive tract

Radiation to the chest and abdomen (belly) may cause swelling and inflammadtien i
esophagus (swallowing tube), stomach, or intestine (bowels). This can cause pain,
nausea, vomiting, or diarrhea. Antacids, sometimes combined with a numbing medicine
such as lidocaine, may help relieve pain from an inflamed esophagus. Nausea and
vomiting can also be treated with medicines. If it's severe, some patientse®a
intravenous (1V) fluids to avoid or treat dehydration. Diarrhea also can baltreitte
medicines and may be helped by avoiding spicy, fried, or high fiber foods.

Reproductive/sex organs

Fertility: Radiation to the testicles can cause permanent loss of sperm production. Unless
the cancer is in the testicles, they can usually be protected from radiatisimg a
shield called &lam shell

It's harder to protect the ovaries when women are getting radiation to theebdom
(belly). If both ovaries are exposed to radiation, early menopause and permanent
infertility can result. Sparing one ovary can prevent these side effatis.uterus



(womb) is exposed, radiation can cause scarring and fibrosis. See our document calle
Fertility and Cancer: What Are my Optiong?learn more about preserving fertility in
men and women.

Sexual impact of radiation therapy on women: Radiation to the pelvic area can cause
the vagina to be tender and inflamed during and for a few weeks after treatmemedl'he a
may scar as it heals. This scarring can interfere with the ability oftiea to stretch.

The lining of the vagina also gets thinner, and might bleed slightly afteAdexw

women get ulcers, or sore spots, in their vaginas. It may take many monthsdartees

to heal after radiation therapy ends.

The scarring that normally occurs after pelvic radiation can also shonemrow the

vagina so much that a woman might not be able to have sex or get a Pap smear without
pain. This can often be prevented by stretching the walls of the vagina a famatime

week. One way to do this is to have sexual intercourse at least 3 to 4 times a week.
Another option is to useaginal dilator. A dilator is a plastic or rubber rod or tube used

to stretch out the vagina. It feels much like putting in a large tampon for a few sinute
Even if a woman is not interested in staying sexually active, keeping haavagimal in

size allows her doctor to do pelvic exams. This is an important part of follow-ep car
after treatment. Doctors, nurses, and other health care team membersycannre.

As long as a woman is not bleeding heavily from a tumor in her bladder, rectum, uterus,
cervix, or vagina, she may be able to have sex during pelvic radiation therapytdihe o
genitals and vagina are just as sensitive as usual. But if the vagina isdukaitgd, sex

may be uncomfortable because of sore spots or inflamed tissues. Women should follow
their doctors’ instructions about sex during radiation therapy. Talk with your dwoctor
nurse about any sexual problems you may have. You can read more about this in our
booklet,Sexuality for the Woman With Cancer

Sexual impact of radiation therapy on men: Radiation therapy to the pelvis can
damage the arteries and nerves that supply the penis and as a result, causs piitible
erections. The higher the dose of radiation and the wider the area of thdérpated, the
greater the chance that a man will develop erection problems.

About 1 man in 3 who gets radiation in the pelvic area will notice a change in hig abilit

to have erections. This change most often develops slowly over the first yeafter so a
radiation treatment. Some men continue to have full erections but lose them before
reaching climax. Others no longer get firm erections at all. Men whodeg atho

didn’t have full erections before they were treated, who have high blood pressure, or who
have been heavy smokers seem to have a higher risk of having erection problems after
radiation.

Testosterone is a male hormone that plays an important role in erections. Soimevme
less testosterone after pelvic radiation. The testicles, which makedestestmay be
affected either by a mild dose of scattered radiation or by the genesal strcancer
treatment. Testosterone levels usually return to normal within 6 months dfaiadia



therapy. But if a man notices erection problems or low sexual desire after ca

treatment, the doctor may decide to do a blood test to find out if testosterone is low.
Some men can take testosterone to raise low levels to normal. Men with prostate canc
should know that replacement testosterone can speed up the growth of prostate cancer
cells. You can read more about sexual problems during cancer in our booklet called
Sexuality for the Man With Cancer

Second cancers

The link between radiation and cancer was confirmed many years ago tetodgs of
the survivors of the atomic bombs in Japan, the exposures of workers in certain jobs, and
patients treated with radiation therapy for cancer and other diseases.

Some cases of leukemia are related to previous radiation exposure. Most detretop wi

few years of exposure, with the risk peaking at 5 to 9 years, and then slowiyngecl

Other types of cancer that develop after radiation exposure have been found to take muc
longer to show up. These are solid tumor cancers, like cancer of the breast btdsing.

are not seen for at least 10 years after radiation exposure, and somerarsediayen

more than 15 years later.

Radiation therapy techniques have steadily improved over the last few decades.
Treatments now target the cancers more precisely, and more is known aiooyt set
radiation doses. These advances are expected to reduce the number of secocelary ca
that result from radiation therapy. Overall, the risk of second cancers atbmust be
weighed against the benefits gained with radiation treatments.

To learn more about this, please see our document &dlashd Cancers Caused by
Cancer Treatment

Other general health concerns

Many patients want to know how they can improve their general health to help their
body’s natural defenses fight the cancer. They may also want to do things to speed up
their recovery from radiation’s side effects.

Quitting smoking

For patients who still smoke, it's never too late to quit. Studies show that people with
some types of cancer who keep smoking during and after treatment haaéea rigk of
the cancer coming back and of new cancers forming. Smoking can increasederany si
effects, too. It can also reduce appetite at a time when extra nutritiozdisché-or help
quitting smoking, please see dbuide to Quitting Smokingr call us at 1-800-227-2345.



Diet

You may need to avoid certain foods because of your treatment, but eating a balanced
diet is important. It's also important take in enough calories to provide ermrgy f

healing. If you're having trouble getting enough nutrition or are worried abouttyyrest

of food you should be eating, ask your doctor about a referral to a dietitian. You may also
want to see our document callgdtrition for the Person With Cancer During Treatment:

A Guide for Patients and Families

Patients should check with their doctors before taking any vitamins on their own during
radiation treatment. Certain vitamins, such as A, E, and C actiagidants They

prevent the formation of ions (electrically charged particles) that geyd&IA in cells.
This damage is thought to have an important role in causing cancer. There is some
evidence that getting enough antioxidants might help reduce the risk of getting some
types of cancer. But during treatment, radiation therapy works to figherchpnc
producing these ions, which severely damage the DNA of cancer cells. Senistsc
believe that taking high doses of antioxidant vitamins during treatment may make
radiation therapy less effective by reducing the damage to canserStefar, studies
have not fully tested this theory. While this is being researched, many radiation
oncologists recommend the following:

* If your doctor has not prescribed vitamins for a specific reason, it's best a#eto t
any on your own.

* A single multivitamin tablet each day is probably OK for patients who want tatake
vitamin supplement, but check with your doctor first.

* It's safest to avoid taking high doses of antioxidant vitamins or other antioxidant
supplements during treatment. Ask your doctors when it might be safe to dhart suc
vitamins or supplements after treatment is finished.

What's new in radiation therapy?

New ways of delivering radiation therapy are making it safer and moxie#feSome of
these methods are already being used, while others need more study befoae they
approved for widespread use. And scientists around the world continue to look for better
and different ways to use radiation to treat cancer. Here are just sefesvod current
research interest:

Hyperthermiais the use of heat to treat cancer. Heat has been found to kill cancer cells,
but when used alone it does not destroy enough cells to cure the cancer. Heat created by
microwaves and ultrasound is being studied in combination with radiation and appears to
improve the effect of the radiation. For more information, see our document called
Hyperthermia



Radiosensitizer sare drugs that make cancer cells more sensitive to radiation. Some
chemotherapy drugs already in use (such as 5-fluorouracil or 5-FU) are knte
radiosensitizers. Researchers are trying to find new substances timakélkumors
more sensitive to radiation without affecting normal tissues.

Radioprotectors are substances that protect normal cells from radiation. These types of
drugs are useful in areas where it's hard not to expose vital normal tissugigtioma

when treating a tumor, such as the head and neck area. Some radioprotectors, such as
amifostine (Ethyd?), are already in use, while others are being studied in clinical trials.

To learn more

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 Web site,
www.cancer.org.

Dealing with cancer

After Diagnosis: A Guide for Patients and Families (also in Spanish)
Coping With Cancer in Everyday Life (also in Spanish)

Nutrition for the Person With Cancer During Treatment: A Guide for Patiadts a
Families (also in Spanish)

Helping Children When a Family Member Has Cancer: Dealing With Treatfalso in
Spanish)

Cancer treatment

Understanding Radiation Therapy: A Guide for Patients and Familiesr{édg@mnish)
Understanding Cancer Surgery: A Guide for Patients and Families (alsonistgpa
Understanding Chemotherapy: A Guide for Patients and Families (also irsl9pani
Imaging (Radiology) Tests

Hyperthermia

Choosing a Doctor and a Hospital (also in Spanish)

Health Professionals Associated With Cancer Care



Side effects of cancer treatment

Fatigue in People With Cancer

HYPERLINK "C:\\ssLINK\\sexuality-for-the-woman-with-caactoc"Fertility and
Cancer: What Are my Options? (also in Spanish)

Second Cancers Caused by Cancer Treatment
Sexuality for the Man With Cancer (also in Spanish)

Sexuality for the Woman With Cancer (also in Spanish)

For caregivers of peoplewith cancer

What it Takes to Be a Caregiver

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

Quitting smoking

Guide to Quitting Smoking (also in Spanish)

National organizations and Web sites*

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

American College of Radiology
Toll-free number1-800-227-5463
Web site: www.acr.org

Provides patient information regarding radiology procedures, radiation safety,
FAQs, and a radiology glossary, as well as a list of accreditedi&cili

American Society for Radiation Oncology (ASTRO)
Toll-free number: 1-800-962-7876

Web site: www.astro.org

Web site for patients: www.rtanswers.org

Patient Web site has a locator of member radiation oncologists. Free brochures
including specific brochures on radiation for bladder, breast, colorectal,
gynecologic, head and neck, Hodgkin’s, lung, non-Hodgkin’s, skin, and prostate
cancers are available.



National Cancer Institute

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

Web site in Spanish: www.cancer.gov/espanol

Offers accurate, up-to-date information about cancer to patients, thdiegami
and the general public.

*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 calated-r
information and support. Call us B800-227-2345 or visit www.cancer.org.
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