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Radiation therapy is an important cancer treatment. At least half of

the cancer patients in the United States receive radiation therapy

every year. X-rays are often used in radiation therapy. How are

X-rays produced? How do we use X-rays to treat cancer? This

article answers these questions and explains the physics behind

radiation therapy.

WHAT IS CANCER?

The human body is made of cells. Normally, cells grow, divide, do
their jobs, and eventually die. Cells divide to produce new cells, and
the new cells replace the old cells that are dying or dead. A balanced
rate of cell replacement is the key to proper organ function, growth,
and aging.

For reasons that are not yet clear to scientists, sometimes cells start
to divide uncontrollably. Some of these cells become cancer cells.

CANCER

A disease caused by
uncontrolled growth
and division of
abnormal cells. Uncontrollable division of cells can create a solid mass of cells called
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tumor, which can grow and invade other body tissues. Tumors canTUMOR

A swelling part of the
body of tissue, formed
when cells grow and
divide more than
they should.

a�ect organ function and may lead to death.

Surgery, chemotherapy, and radiation therapy are themain treatments
used to fight cancer. Surgery aims to remove the tumor, but other
treatments aim to destroy the cancer cells. DNA contains the

DNA

Substance inside a cell
that contains
instructions for growth,
development,
functions,
and reproduction.

instructions for life and is present inside most cells, even cancer
cells. Destroying the DNA may kill the cell, so many cancer therapies,
such as chemotherapy and radiation, focus on destroying the DNA
inside cancer cells [1]. Every year, 50–60% of cancer patients in the
United States receive radiation therapy [2]. Radiation can be produced
in various ways. One of them is to use a machine called a medical

linear accelerator (LINAC), which produces X-rays.
MEDICAL LINEAR

ACCELERATOR

A machine that uses
electricity to generate a
stream of fast moving
particles to produce
radiation to
treat cancer.

HOWARE X-RAYS PRODUCED?

Before we go into the details of how a LINAC works, let’s talk about
electrons. Electrons, together with protons and neutrons, are the basic
components of everything that we see: the earth, water, computers,
human bodies, and everything else! If we take a wire, like the kind from
an old-fashioned light bulb, and heat it, electrons will come o� the
wire. The wire e�ectively becomes so hot that electrons “boil o�” its
surface. Now we have some “free” electrons. Electrons have negative
charges, so they are attracted to positive charges. The LINAC uses
this property to give electrons lots of energy and make them move
at extremely high speeds in an accelerating waveguide. The energy
of electrons is measured in electron-volts. The voltage from a typical
wall socket in your home ranges from 100 to 240 volts, depending on
which part of the world you live in. A LINAC, however, accelerates the
electrons to an energy equivalent of millions of volts.

Inside the LINAC, these extremely fast-moving electrons will hit a
target, which is usually made of tungsten. Tungsten is a dense metal,
packed with protons and electrons. What happens when all those
fast-moving electrons hit the tungsten target? They may interact with
the protons and electrons of the target and give o� energy. Energy
has di�erent forms, including light, heat, and speed. Part of the energy
created when electrons slam into the tungsten target is emitted in the
form of X-ray radiation [3]. Figure 1 shows a diagram of a LINAC, with

X-RAY RADIATION

High-energy light
capable of
penetrating solids.

a patient on the treatment table.

TREATING CANCERWITH X-RAYS

X-rays are a type of light that cannot be seen by humans the way
blue and red light can. Due to their high energy, X-rays can penetrate
deeply into—or even go right through—human bodies. Just like clear
or partially tinted glasses are transparent to visible light, most parts of
the human body are transparent to X-rays.
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Figure 1

Figure 1

Inside a medical linear
accelerator (LINAC),
electrons are
accelerated to
extremely high speeds
and slammed into a
tungsten target. When
the electrons hit the
tungsten’s protons or
electrons, these
collisions give o�
energy in the form of
X-ray radiation. The
X-rays are directed to
the site of the patient’s
tumor.

Figure 2

Figure 2

DNA is present in most
cells and contains all
the instructions for
keeping the cell alive
and performing its
functions. The high
energy of radiation can
damage the DNA,
which can either cause
the cell to die
immediately or prevent
it from dividing to form
new cells.

You may have heard that light is both a wave and a particle—and
although thismight sound confusing, it is true! Light particles are called
photons. To help us better understand X-rays, we will have to think
of them as particles. Human bodies are almost transparent to X-rays,
which means some of the photons go right through human bodies as
if nothing is there. Some photons, however, bump into and interact
with the protons and electrons of the body. Just like with tungsten in
the LINAC, energy is given o� when these particles collide with each
other. The energy emitted is so high that it can damage the DNA of
both normal cells and cancer cells (Figure 2). Once there is enough
damage to a cell, it will either die immediately or will not be able to
divide to produce new cells.

To treat cancer, we want to kill the cancer cells and protect the normal
cells, but X-ray photons cannot tell the di�erence between the two.
How do we solve the problem? First, most cancer cells divide very
quickly, while normal cells don’t divide as much. During cell division,
a cell’s DNA is exposed and vulnerable to X-ray damage. Therefore,
cancer cells are easier targets for X-rays. Depending on the type of
cancer, doctors will come up with a specific treatment pattern that
will allow the normal cells to remain undamaged or to recover from
the treatment. For example, cancers that are located deep inside the
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body receive treatment that is designed so X-rays enter the body
from di�erent angles, and the patient receives radiation on di�erent
treatment days. By doing this, the X-rays focus on the cancer cells,
while the surrounding normal cells get much less damage.

WHAT ARE THE SIDE EFFECTS OF RADIATION

THERAPY?

Because radiation can damage normal cells, there are some side
e�ects related to the treatment. The most common side e�ects
include hair loss and skin discomfort. Patients also get tired easily
throughout the treatment. Treating cancer is not easy and most of the
time, a combination of treatment methods must be used to achieve
the best results. Sometimes, however, cancer treatment may still fail.
There are still many unanswered questions in the field of cancer
treatment, and doctors and scientists are studying and doing research
to continue to find better solutions.

Patients who receive radiation therapy using X-rays produced by a
LINAC do not become radioactive—they do not emit radiation. The
source of radiation, the LINAC, is always outside the patient’s body,
which is why radiation will not be emitted from within the patient’s
body. To treat some types of cancer, instead of using a LINAC, radiation
may be given to a patient using an implanted device. In such cases,
when the source of radiation is inside the patient, the patient can emit
radiation. These patients must usually follow specific instructions from
their physicians about how to resume daily life after radiation therapy.
For example, some patients may have to wait a few weeks before
holding a baby, or may not be able to travel on an airplane without
a doctor’s letter.

RADIATION THERAPY REQUIRES TEAMWORK

The production of x-rays by the LINAC is an exciting and innovative
method to treat cancer, and the technology will continue to evolve
and grow in order to benefit patients’ lives. Treating cancer with
radiation therapy requires teamwork. The radiation oncology team

RADIATION

ONCOLOGY TEAM

A group of medical
professionals helping
treat patients
with radiation.

includesmany specialists. Doctors, nurses, and radiation therapists see
and interact with patients throughout their treatment, while medical
dosimetrists create the treatment plans that will be delivered by the
LINAC. Medical physicists test and calibrate the LINAC frequently to
ensure it is operating properly and safely. In addition, the treatment
team includes physician assistants, nurse assistants, social workers,
administrative specialists, and others! Each team member has a
critical role to play, to make sure that patients receive the best
possible treatment.
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