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Radiation therapy is an effective and widely used method of treating
cancer, and as with any treatment, it is essential to get the right
dose. However, Dr Stephen Kry from The University of Texas MD
Anderson Cancer Center has found widespread errors in the systems
that calculate the doses patients receive. Through his research, he
has helped to identify where these errors occur, how common they
are, and provide possible solutions. He hopes that his work will go
on to improve the quality and efficacy of radiotherapy for many
cancer patients.

Cancer Prevalence and Treatments

Radiotherapy: Is It safe, Is It Effective?

Cancer is a disease that touches almost
everyone in some way, at some point
in their lives. In fact, half of all people
will develop it. Characterised by the
overproduction of cells in a specific
part of the body, some cancers have the
ability to cause destruction where they
grow and spread to other tissues. As
the human body has over 200 types of
cells, there are over 200 types of cancer,
but among the most common are those
occurring in the head and neck, breast,
prostate, lung and bowel.

About 50% of people with cancer
receive radiotherapy as part of their
treatment. This may be with the aim to
eradicate the cancer, make a tumour
smaller to facilitate its removal (called
neoadjuvant treatment), or just to
relieve and control symptoms.

Thankfully, cancer research has made
incredible progress over the last few
decades and many types of cancer
now have effective treatments. If the
cancer has produced a solid tumour,
surgery is often the first step to begin
fighting back. Some patients receive
chemotherapy, which targets cells that
multiply more often than the body’s
normal cells. Because chemotherapy
drugs are circulated through the
bloodstream, they can reach cancer
cells in most parts of the body. Other
patients may instead, or in addition,
receive radiotherapy.

Most often this is done as external
radiotherapy, where a machine known
as a linear accelerator is used to direct
ionising radiation or high-energy
electromagnetic waves (i.e., X-rays) at a
tumour. Internal radiotherapy involves
swallowing or injecting a radioactive
liquid or inserting a radioactive object
near cancerous cells. The radiation from
both procedures creates damage to the
DNA within the cells, which prevents
them from growing and dividing.
Eventually, if the treatment is successful,
the cancer cells die and the tumour
stops growing. It is important that a
sufficient dose of radiation is delivered
to kill the tumour. Healthy cells around
the tumour can also be damaged by
radiotherapy, but they usually recover
after some time.
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Like all cancer therapies, radiotherapy
has side effects, and too much radiation
dose increases the risk and severity
of these side effects. Two of the most
common consequences are general
fatigue in the following weeks and sore
and red skin where the radiation had
been targeted. Depending on where
the patient has been treated, they may
also experience decreased salivary
production (dry mouth) for patients
treated in the head and neck, shortness
of breath for patients treated in the
lung, or diarrhoea or rectal bleeding
for patients treated in the pelvis. If the
goal is to cure the cancer, not just lessen
symptoms, radiotherapy is often given
five days a week for one to seven weeks.
The result is that 40% of people who
receive radiotherapy as part of their
treatment are cured.

across the studies but it also helps
institutions identify errors within their
own processes and make improvements
for the future.

External radiation therapy, in particular,
is very technologically complex. There
are more than 100 simultaneously
moving parts on a linear accelerator
shaping the radiation dose in three
dimensions to ensure the radiation is
limited, as much as possible, to just the
tumour. This complex delivered dose
must accurately match the intended
dose, which is calculated in 3D using
specialised computer systems. It
is necessary that the intended and
delivered dose agree to ensure that
the patient has received the optimal
dose. Disagreements could lead to not
enough dose being delivered and a
reduced chance of killing the tumour,
or too much dose being delivered and
excess side effects.

dosimeters within the phantoms
measure the amount of radiation
a specific location in the head has
received. Using these phantoms, the
accuracy of radiation therapy can be
tested.

Phantom Heads

Finding the Errors in Radiotherapy
Delivery

The term ‘head and neck phantom’
may conjure up images more in line
with Halloween than cancer research.
However, they are in fact a vital part of
Dr Stephen Kry’s studies into radiation
oncology at The MD Anderson Cancer
Centre. Head and neck phantoms
are anatomically realistic models of a
human head. Their shape, proportions
and density mirror the real thing and
inserts include simulated tumours as
well as organs at risk. Devices called

This phantom was developed by the
Imaging and Radiation Oncology Core
(IROC) in 2001. IROC provides quality
assurance support for clinical trials by
the USA’s National Cancer Institute,
ensuring that all institutions provide
consistent and accurate radiotherapy
doses. IROC monitors more than 2,000
radiotherapy clinics and hospitals
worldwide, and the head and neck
phantom is irradiated by around 200
institutions every year.

While this phantom was originally
developed to credential institutions who
wish to partake in clinical trials, it is also
broadly used by institutions who want
to assure themselves that they are able
to deliver radiotherapy correctly. The
phantom tests the simple but critical
objective of whether the institution
can deliver the dose they intend to
deliver. This practice has a number of
benefits as it not only reduces variability
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To pass, institutions have to give the
head and neck phantom a delivered
dose within 7% of what was planned,
within 4 mm of the planned spot. These
criteria are loose compared to the
dose accuracy needed biologically and
compared to what should be achievable
technically – institutions should be able
to deliver the dose within 2–3%. When
this testing started in 2001, pass rates
started at 66%. Although they are now
around 90%, this is still not quite good
enough for Dr Kry, given that it means
~10% of institutions still fail to deliver
radiation doses that are appropriately
accurate. There were no studies that
investigated the reasons why this was
happening until recently, when Dr Kry
and his team set out to find answers.
Using a thermoluminescent dosimeter,
they determined the accuracy of
radiation delivery on head and
neck phantoms across hundreds of
institutions. The team found that
most failures to pass the phantom
test were due to incorrect doses being
delivered – usually too little radiation.
Small inaccuracies and errors in the
institution’s configuration of the dose
calculation software were identified as
primary culprits.
Dr Kry and his colleagues were
concerned about the high levels of
inaccurate radiation dose delivery
across the sites IROC worked with. This
issue could directly and negatively affect
cancer patients: unexpectedly underdosing patients may lessen their risk of
side effects, but it would also lessen the
chance that their cancer was cured. Dr
Kry saw that resolving inaccuracy was of
the utmost importance. To resolve these
dose discrepancies, it was necessary
to understand where errors were
originating from so that institutions
could address these issues.

For more complex and realistic patient treatments, Dr Kry
dug further into the head and neck phantom program. Dr Kry
and his team developed a system to recalculate 259 head
and neck phantom irradiations to search for and identify
calculation errors in institutions’ treatment planning systems.
Using this system, the team evaluated the doses to the head
and neck phantom that were predicted by hundreds of cancer
centers, each using their own clinical treatment planning
system. Dr Kry’s team found a concerning number of failures
in the ability of institutions to calculated doses accurately.
If an institution had failed the head and neck phantom test
originally, the team revealed that 68% of them were due to
calculation inaccuracies. Overall, a concerning one in five
institutions showed errors in their treatment planning systems
for radiotherapy

Head and neck phantom. Credit Stephen Kry.
Revealing Dose Errors
Dr Kry investigated several aspects of the way in which
institutions predict radiation dose using their specialised
computer system. Because the radiation delivery is so complex,
the computer system is customised at each institution
to describe each unique radiation beam. This process of
modelling the physical radiation beam within the computer
system is a complex process with ample opportunities for
errors.
The first evaluation was of basic characteristics and
calculations from the computer. IROC compared measured
and delivered doses for more than 1,000 radiation machines
at institutions that participated heavily in clinical trials. The
institutions selected for evaluation focussed on those that
involved higher numbers of patients in clinical trials. These
establishments usually had no particular concerns about
their dosing. A focus of these visits was to evaluate radiation
dosimetry – how well the dose calculated by the treatment
planning system matched that actually given. This was done
for simple radiation fields (e.g., a square beam of radiation,
instead of a complex-shaped field that would be used to treat
a patient).
The team discovered that even for these simple cases, dosing
inaccuracies were relatively common and came down to errors
in how the institution had modelled the radiation in their
computer system.

Using this new evaluation system, Dr Kry and his colleagues
can now inform an organisation when their treatment planning
system is inaccurate. They want to emphasise the importance
of creating accurate beam models in the treatment planning
system so that patients are given the best possible care.
To aid institutions in improving the accuracy of their treatment
planning system calculations, Dr Kry’s team has worked on
providing guidance on how to better develop beam models. For
example, in 2019, they created a dataset that could be used as
a reference by people testing their treatment planning systems.
This helps them to assign the correct parameter values to the
systems so that the consequent beam models calculate the
correct radiation dose for the patient. Enabling an institution
to double-check their calculations and detect anomalies in this
way allows them to confidently treat their patients, knowing the
dose they are giving is as accurate as possible.
Work for the Future
Dr Kry hopes that his team’s research will aid the continuing
improvement of the quality and accuracy of radiation therapy.
He has identified the magnitude and origin of dosing errors
that are unfortunately common in radiation oncology. Based
on the underlying causes of dosing errors, he has developed
practical solutions that can be used in real-world treatment
centres. As clinical physics develops and evolves, his work will
undoubtedly be useful for a long time to come.
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Dr Stephen Kry hails from Calgary, Canada. He completed
his Bachelor of Science (Honours) in Physics in 1999 at the
University of British Columbia in Vancouver. He then went on to
receive both his MSc in Medical Physics and his PhD in Medical
Physics from The University of Texas MD Anderson Cancer
Center in Houston. Whilst taking on many appointments
and responsibilities throughout the years as part of various
professional and scientific societies, he has also fulfilled
numerous roles at MD Anderson. Currently, Dr Kry is a tenured
Associate Professor in the Department of Radiation physics.
He is the director of MD Anderson’s Accredited Dosimetry
Calibration Laboratory, Principal Investigator of the Imaging
and Radiation Oncology Core (IROC), and Director of the
Houston office of IROC. He is a member of the Graduate School
of Biomedical Sciences at The University of Texas Health
Science Center where he maintains a laboratory with several
graduate students. His work has earned him multiple honours
and awards such as the Highest Commendation from the
Graduate School of Biomedical Sciences at his university. Dr
Kry’s research focuses on improving the safety and quality of
radiotherapy treatments for cancer patients.
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