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CANCER

A disease in which cells
start growing and
sometimes spreading in
an abnormal way that
can cause problems in
a person'’s body.
Tumors can

be cancerous.

In this article, we will explore the way radiation can be used to treat
cancer. Radiation for cancer therapy consists of high-energy particles
or light that can damage living cells, including cancer cells. Radiation
beams can be generated using a special machine, called a linear
accelerator, and they are precisely aimed at a patient’s cancer. When
cancer is located near the patient’s lungs, the cancer moves around as
the patient breathes in and out. Hitting the cancer with the radiation
beam can be hard when the cancer does not stay still. It is a little
like trying to hit a moving target in a video game. In that case, there
are some tricks that patients and radiation therapy workers can use
to make sure that the radiation beam hits the cancer and misses
healthy organs.

WHAT IS CANCER?

When a person has cancer, they have cells in their body that can
increase in number quickly and make them sick. One way that cancer
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RADIATION

Energy that can travel
from place to place.
When radiation has
high enough energy, it
can be harmful to living
cells.

LINEAR
ACCELERATOR

A machine that
generates, shapes, and
directs radiation beams
at cancer cells.

RADIATION
THERAPY

A type of treatment
used to damage cancer
cells using high-energy
radiation beams.

can be slowed down or stopped is by using a kind of radiation.
Radiation is energy, in the form of particles or light, that can travel
from one place to another. One form of radiation we see every day is
light from the sun. Other kinds of radiation have enough energy that
they can travel through solid objects, like a person’s body. This type
of radiation is called x-ray radiation, and it can be used by dentists to
take pictures of teeth. The radiation used for treating cancer is even
higher energy. This high-energy radiation can cause a lot of damage
to the body's cells, so scientists aim radiation beams at cancer cells to
damage the cancer cells and keep them from growing and spreading.
Radiation can hurt both healthy cells and cancer cells, so it is important
to be careful to aim the radiation at the cancer cells while avoiding the
patient’s healthy cells and organs as much as possible [1].

WHERE DOES RADIATION COME FROM?

Scientists use a machine called a linear accelerator to create radiation
beams that are used to treat cancer. This machine speeds up tiny
particles called electrons very fast—close to the speed of light! These
speedy electrons crash into a piece of metal, which causes the release
of large amounts of the radiation used for cancer therapy [2]. You can
learn more about linear accelerators from another article in Frontiers
for Young Minds. Figure 1 shows a picture of a linear accelerator in
a hospital.

Making radiation beams is not the only thing that linear accelerators
can do: they can also change the shape of the radiation beam and
point it in different directions. You can think of a linear accelerator a
little like a flashlight. Just like you can turn on a flashlight, a scientist
can turn on a linear accelerator. You can move the flashlight around to
change which direction the flashlight beam is headed, and a scientist
can change the direction of the radiation beam by moving parts in the
linear accelerator. You can also put your hand in front of the flashlight
to make shadows of different shapes. Scientists can do the same thing
with thick pieces of metal that block part of the radiation beam and
change its shape.

WHAT HAPPENS WHEN A CANCER PATIENT IS TREATED
WITH RADIATION?

Sometimes doctors treat cancer using radiation, sometimes they use
drugs called chemotherapy, and sometimes they surgically remove
the cancer. Many cancer patients receive radiation therapy as part of
their care—in fact, there were about two million new cancer cases in
the United States in 2023, and about half of those patients received
radiation therapy [3, 4]. When a patient needs radiation therapy, a
healthcare team works to deliver the treatment carefully and safely.
Before radiation therapy, the patient lies down on a flat surface so
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Figure 1

Photo of a linear
accelerator used to
make radiation beams
to treat cancer.

Figure 1

their doctor can take a 3D picture of their body, called a CT scan. This
scan shows where the cancer is located, and the picture is used by the
radiation team to design a treatment that damages the cancer cells
and avoids healthy cells.

When it is time for treatment, the patient lies down in the same position
they did for their CT scan, and the radiation beam from the linear
accelerator is carefully positioned to target the patient’s cancer. The
positions of the patient and the radiation beam need to be exactly right
because it is important to avoid hitting healthy cells or organs while
making sure that the cancer cells are treated with the right amount
of radiation.

WHAT HAPPENS WHEN THE TARGET IS MOVING?

When a patient gets radiation therapy, they must lie very still while their
healthcare team gets them into position and aims the radiation beam
at just the right spot. But what happens if a patient has cancer in a
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MOTION
MANAGEMENT

Strategies in radiation
therapy to make sure
that radiation reaches
the target accurately,
even when the target
can move.

DEEP INSPIRATION
BREATH HOLD

A technique in radiation
therapy in which a
patient takes in a deep
breath and holds it
during treatment.

part of their body that is moving? For example, when you breathe,
you can see your chest moving because your lungs are changing
shape. When you breathe in, your lungs increase in size and fill with
air. When you breathe out, your lungs decrease in size. If a patient has
cancer in or near their lungs, this can make aiming the radiation beams
trickier than when the target is not moving. You can think of this like
a video game in which the player must hit a target with a cannon. In
the easy levels, the target stays still. In harder levels, the target moves
around. In even harder levels, the target moves around and may also
get close to other objects the player is trying not to hit. This is a lot like
radiation therapy: the target is the cancer cells, and the cannon is the
high-energy radiation.

Sometimes the radiation team can use special tools that help control
motion—this is called motion management. Breast cancer is a good
example. Breast cancer is a common disease, with about 300,000 new
cases in the United States in 2023 [3]. When patients are treated for
breast cancer using radiation, the radiation team often wants to treat
the whole breast. They need to think about what other healthy cells
are near the target so they do not damage those healthy cells. For
example, if a patient is being treated for breast cancer on the left side,
their heart is near the target. Scientists must also think about what
happens to the target when the patient is breathing in and out, which
can make the target move around.

We can use some special strategies to hit the target (the breast) while
not hitting the object we are trying to avoid (the heart). The patient
can be a big help with motion management—they can take a deep
breath in and hold it for about 20s. When they do that, their lungs
fill with air, and their chest moves a little farther away from their
heart (Figure 2). While the patient is holding their breath, the linear
accelerator can be turned on, so radiation is delivered only during
the short amount of time that the patient is holding their breath. This
allows the radiation beam to irradiate the breast while missing the
heart. This strategy is called deep inspiration breath hold. In medicine,
the word “inspiration” means “breathing in”. The patient takes in a
deep breath ("deep inspiration”) and then they hold it during treatment
("breath hold").

When you look at Figure 2, it might not look like a very big difference
between treating with normal breathing and treating with the patient
holding their breath. But this little change can make treatment a lot
safer for the patient, so itis important to do!

Most people cannot hold their breath for much longer than 20s. Since
it sometimes takes too long to deliver all the radiation while the patient
holds one breath, the patient might be asked to hold their breast a few
times. In that case, the radiation is paused, and the patient gets a break
to breathe normally for a while. When the patient is ready, they take
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Figure 2

Cross-sectional
pictures of a patient
lying down to be
treated for breast
cancer. On the left, the
patient is breathing
normally, and the
radiation beam aimed
at the breast overlaps
some of the patient’s
heart. This could
damage the heart. On
the right, the patient is
holding a breath in,
which makes the lungs
expand and pushes the
breast away from the
heart, so the patient’s
breast cancer can be
treated without
damaging the heart
(adapted with
permission from Safer
Radiation Therapy,
Copyright by Vision RT
Ltd., 2023).
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Figure 2

another deep breath in and hold it, and the radiation beam is turned
back on to continue the treatment.

Breast cancer is not the only disease in which there is motion because
of breathing. When a patient has a tumor in their lungs, liver, or
pancreas, the radiation team can use similar strategies to make sure
that they hit the target and miss the healthy tissue, just like with
breast cancer.

SUMMARY

Radiation is a tool that can help patients with cancer. When treating
a target with radiation, it is very important to hit the right spot and
avoid healthy tissue that is in the same region. Motion management
strategies help accomplish this, even when the target is near body
parts that move around. Patients can help with their own treatment,
using techniques like deep inspiration breath hold, to make sure that
the cancer cells are treated with high energy radiation while keeping
healthy cells safe.
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