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Focused ultrasound is a new technology that is being used to treat

certain kinds of cancers in children, like cancer in the bones and brain.

The approach is similar to the ultrasound thatmothers receive to view

their babies during pregnancy, only more powerful. The increased

power of the ultrasound allows it to be used to treat the cancer, rather

than just for imaging. How does focused ultrasound work? What

type of childhood cancers can it treat? What are the advantages and

disadvantages of focused ultrasound compared to more traditional

treatments like surgery, chemotherapy, and radiation therapy?

WHAT IS FOCUSED ULTRASOUND?

If you were to see a focused ultrasound (FUS) system, youmight think

FOCUSED

ULTRASOUND (FUS)

A technique to
concentrate ultrasonic
waves within the body,
with the purpose of
treating or diagnosing
a disease.

it looks like something from a science fiction film—but instead, it is a
new type of cancer treatment. To treat a brain tumor, for example,
the patient places their head into a futuristic-looking helmet, then
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slides into a colossalmagnetic resonance imaging (MRI) scanner. The
MAGNETIC

RESONANCE

IMAGING (MRI)

An imaging method
that uses a large
magnet and radio
waves to take images
of structures inside the
human body.

system allows doctors to both see the brain tumor and to treat it,
without even making an incision in the skull. The contraption might
seem more fitting aboard an interstellar spaceship, for treating a brain
tumor in a Jedi, but the technology is now being used to treat cancers
in kids.

Ultrasound is sound with frequencies above the human hearing

FREQUENCIES

The number of times a
sound wave oscillates
each second.

threshold of 20 kHz. Bats use ultrasound to locate objects they cannot
see. Similarly, ultrasound is used in medicine to visualize objects inside
the body. For example, it is used to see babies inside pregnantmothers.
FUS concentrates the energy from many individual ultrasound waves,
which can be used to heat things up—the way the sun rays can be
concentrated through a magnifying glass. The device concentrates
this focused ultrasound energy on a very small spot. The sound waves
pass through the skin and the bones to heat a tumor located inside
the body—without the need to cut through the skin. The temperature
at the focal spot is hot enough to kill cancer cells, and the focal
spot is moved across the tumor, killing the cancer cells in a process
called ablation.ABLATION

A medical treatment
that heats cancer cells
to destroy a tumor.

To help doctors know if they are heating the correct location, the MRI
scanner is used to observe the treatment. The MRI scanner works like
a camera, using magnets and radio waves to take photographs inside
the body. Similar tissues have similarmagnetic properties, and changes
in themagnetic properties allow doctors to tell the organs apart. When
focused ultrasound is performed duringMRI, the temperature increase
causes the FUS beam to appear as a bright spot—the brighter the spot,
the higher the temperature.

This allows doctors to adjust the system to maintain the desired
temperature and to steer the beam across the tumor. The change
in temperature with time and the di�erence in the shade of gray
in the MRI scans help the doctors determine if the tumor was
fully treated.

FUS technology has been used to treat adult men with prostate cancer
for many years, and has been integrated into standard treatment
guidelines if cancer returns with radiotherapy. One of the main
complications to approving FUS to a primary treatment option (such
as surgery and radiotherapy) has been the lack of long-term data to
compare risks and benefits. As FUS technology continues to improve
[1], this technique may provide a new treatment option for many adult
and childhood cancer types, such as liver cancer (Figure 1).

COMMON PEDIATRIC CANCERS

Tumors are an abnormal group of cells that grow much more than
normal cells do. Some tumors are benign, meaning that they do

BENIGN

Irregular growth of
certain tissues, but
does not spread to
nearby tissue or to
other parts of the body.

not spread to other parts of the body, and they do not return after
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Figure 1

Figure 1

A child with liver cancer
could be treated with
FUS. The FUS system
focuses the sound
waves onto the tumor,
heating up and killing
the cells in a process
called ablation. The
focal spot is scanned
across the tumor, to kill
as much of the cancer
as possible (Figure
created
with BioRender.com).

being removed by the doctor. Other tumors are malignant, meaning
MALIGNANT

A type of cancerous
cell that is capable of
spreading to
surrounding tissue or to
other locations within
the body.

they can spread to other parts of the body and can also return
later in life. Malignant tumors are often more dangerous and are
called cancer.

Luckily, cancer in children—called pediatric cancer—is rare. The most
common pediatric cancer types worldwide are shown in Figure 2.
Leukemia, a cancer of the blood, is themost commonpediatric cancer.
The second most common pediatric cancer is brain cancer, including
cancer of the central nervous system, such as the spine. The thirdmost
common pediatric cancer is non-Hodgkin’s lymphoma. Lymphoma is
similar to leukemia, but the cancer cells collect in tissues as a large
lump, instead of staying in the bloodstream (for more information on
the treatment of blood cancers, see this Frontiers for Young Minds
article).

HOW IS CANCER NORMALLY TREATED?

Cancer treatment depends on the situation and type of cancer.
Surgery, chemotherapy, and radiation therapy are usually the main
treatments. Cancer surgery involves cutting the tumor out of a
person’s body. Chemotherapy is a special medicine used to treat
cancer, which stops the cancer cells from growing, spreading, and
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Figure 2

Figure 2

This graph shows the
estimated number of
boys and girls between
the ages of 0–19 with
cancer in 2020, all over
the world. Incidence
means the number of
new cancer cases in the
past 5 years. Mortality

means the number of
people that died from
that type of cancer in
2020. Prevalence
means the total
number of kids living
with the type of cancer
(Source: GLOBOCAN).

returning. Radiation therapy works by sending X-rays to the cancer
site to kill the cancer (for more information on X-ray therapy, see this
Frontiers for Young Minds article).

Cancer treatments all have advantages and disadvantages. Surgery
can often give the best results but can be painful. Chemotherapy and
radiation therapy might be e�ective, but they can cause people to
feel very sick and lose their hair. Cancer cells divide very quickly and
chemotherapies are designed to kill dividing cells—but these therapies
cannot distinguish between normal and unhealthy dividing cells. Cells
in most normal tissues do not divide as frequently as cancer cells
and are generally una�ected by chemotherapy. However, side e�ects
result from the death of healthy cells that do divide quickly, such as
cells in the lining of the intestines (resulting in nausea and vomiting),
as well as skin and hair cells (leading to hair loss).

One main advantage of FUS is that it is non-invasive, which means
that the doctor does not need to make an incision to treat the
cancer. It is also non-ionizing, which means there is no radiation—this
reduces the side e�ects. However, FUS is not without disadvantages.
It is newer than surgery, chemotherapy, and radiation therapy, which
makes predicting the results less certain. Also, FUS is not as e�ective
as other treatments in certain situations. For instance, leukemias, the
most common childhood cancers, are cancers of cells traveling in the
bloodstream, so they cannot be treated with FUS.

WHAT TYPE OF PEDIATRIC TUMORS CAN BE TREATEDWITH

FOCUSED ULTRASOUND?

The types of cancer that can be treated with FUS depends on the
country. For example, in the United States, only pediatric tumors in
the bones are normally allowed to be treated with FUS. Other types
of pediatric tumors can be treated with FUS in special tests called
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clinical trials. In addition to bone tumors, soft tissue tumors likeCLINICAL TRIAL

A research study to test
a new medical
treatment, to evaluate
how e�ective it is and
whether it has
dangerous side e�ects.

those in muscle tissue can be treated in countries other than the
United States (for more information about where FUS can be used to
treat various types of cancers, see here).

Clinical studies are now being performed using FUS to treat pediatric
brain tumors. The doctors use MRI to see inside the brain during
the treatment. An illustration of an FUS system for brain conditions
is shown in Figure 3. The first successful FUS brain tumor ablation
was reported in an adult patient in 2014 [3]. Results were recently
published for the world’s first clinical trial for pediatric brain tumors,
showing the procedure could be performed safely. Childhood brain
tumors are often associated with seizures and reduced cognition,

COGNITION

Collection of mental
processes used to
acquire new
knowledge, such as the
processes of thinking
and remembering.

such as problems with memory and communication. The treatment
significantly reduced seizure occurrence and showed a notable
improvement in cognition [4].

Figure 3

Figure 3

FUS system with GE
MRI, that is used to
treat conditions in the
brain (Reprint. Figure 1
from Magara et al. [2].
CC BY 2.0).

CONCLUSIONS

Cancer treatment is very complicated and the treatment choices
patients face can be confusing. New and improved therapies have
extended the lives of a growing number of cancer patients. FUS is
a new treatment currently being tested in clinical trials for various
pediatric cancers, including brain cancer. Brain cancer is one of
the most common childhood cancers and FUS has many potential
benefits in the treatment of brain tumors. FUS is non-invasive,
non-ionizing, and doctors can visualize the treatment using MRI. The
number of pediatric cancer clinical trials involving FUS is increasing,
and this technology will hopefully be used to successfully treat many
cases of childhood cancer in the future.
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YOUNG REVIEWERS

BHARGAVA, AGE: 14

I am Bhargava and I am in the 9th grade. I like Science. I enjoy reading. I play a

lot of chess and badminton. My favorite destination is the beach and I also like to

swim. I want to become a grandmaster in chess and also learn computer science. I

also like Maths, Geography, and History. I really like Anime and my favorite Author is

Roald Dahl.

HARSHITHA, AGE: 14

I love animals and insects, basically Biology. I like to grow up and become a veterinary

doctor to help injured animals. My other hobbies are reading, writing storybooks,

and the most favorite one is table-tennis. Before my dream of becoming a vet, I

wanted to be a professional TT player. My favorite subject in school is Science, more

specifically Biology.

MAYESHA, AGE: 12

Hi! My name is Mayesha. I am 12 years old. I have one cute little sister. I am interested

in scientific innovations and fictional stories. I love swimming and biking. I like to play

with legos and listen to stories. In my sparetime I spend a lot of time playing with my

sister. My favorite subject in school is Mathematics.
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