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Glossary of terms

Abbreviation

Meaning

EBRT External Beam Radiotherapy

HDR High Dose Rate

LDR Low Dose Rate

LINAC Linear Accelerator

MCQ Multiple Choice Question

MPSM Managerial Problem-Solving Method
OAR Organs At Risk

OEQ Open-Ended Question

PCaBT(s) Prostate Cancer Brachytherapy Treatment(s)
QA Quality Assurance

RTT Radiotherapy technologist

TNM Tumour, Node, Metastasis

TPS Treatment Planning System(s)

us Ultrasound

USA United States of America

uT University of Twente




1. Introduction

Each year more than 160000 men get diagnosed with prostate cancer in the United States of America
(USA) alone (Litwin & Tan, 2017). Around 1 out of 9 men get diagnosed with prostate cancer sometime
during their lifetime (Porzycki & Ciszkowicz, 2020). Worldwide around 375000 men died in 2020 from the
consequences of prostate cancer (Cancer Today, n.d.).

These numbers show that prostate cancer is a big health problem in the USA, but also worldwide.
Brachytherapy can help improve the clinical outcome when treating prostate cancer, however, it is now
being underutilized (Corkum et al., 2020). To help increase the adoption of brachytherapy we analyse
workflows of high dose rate (HDR) prostate cancer brachytherapy treatments (PCaBTs) in the USA to find
out how to increase the efficiency, reduce the complexity, and help to make it more popular. To start
analysing HDR PCaBTs, we first discuss prostate cancer in more in detail in Section 1.1 and categorise HDR
PCaBTs in Section 1.2.

1.1 Brachytherapy

There are multiple treatment options for prostate cancer, these are (combinations of)
watchful waiting, active surveillance, radiotherapy, surgery, hormone therapy, chemotherapy, and
experimental treatments that are still in clinical trials.

In this research, we will focus on a prostate cancer treatment called high dose rate proste cancer
brachytherapy. This is a particular type of radiotherapy (Chargari et al., 2019).

1.1.1 HDR Prostate cancer brachytherapy treatment workflows
We categorized HDR PCaBTs into three workflows. These are:

e A non-Realtime workflow
e A Realtime workflow without image registration
e A Realtime workflow with image registration

(Mendez & Morton, 2018), (Mohnike et al., 2020), (Smith et al., 2018).
We discuss these three workflows in more detail, as they are the focus of our research.

1.1.1.1 Non-Realtime workflow

An HDR PCaBT can follow a non-Realtime workflow. Figure 1.1 shows a basic representation of a non-
Realtime workflow. The main difference between this workflow and the others relates to the presence,
or in the case absence, of immediate feedback on needle positions during insertion.
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Figure 0.1: A basic representation of the steps of a non-Realtime workflow for prostate cancer brachytherapy treatments

Before a therapeutic intervention is selected, diagnostic images are made to determine whether the
patient has prostate cancer, and in which stage the tumour is. Different kinds of images can be made
depending on the equipment available. Often MRI images, CT scans, or a combination of both are used.
These images are then used at the beginning of the PCaBT to determine the position and size of the
volume to be treated and to plan how many and where the needles are going to be inserted. This plan is
usually made before the patient arrives for his treatment.

When the patient arrives for the treatment, the following steps are taken:

Step 1: The usual preparations are done to make sure it is the right patient, whether the medication the
patient takes will not interfere with the treatment, etc.

Step 2: If this is all okay, the patient will get anaesthesia (full, epidural, or a caudal block).

Step 3: When the patient has received anaesthesia, the area where the needles will be inserted is cleaned
and the doctors can feel and look whether everything is as expected. If anything unexpected is found, the
plan can still be adjusted. If the doctors agree on the plan, the needles are inserted. Afterwards, the
needles are labelled, to be able to identify them correctly later during the treatment.
Step 4: When all the needles are inserted, they are fixated to ensure they do not move relative to the
tumour/prostate.

Step 5: After this, new images are made to be able to determine the exact position of the needles relative
to the tumour, prostate, and organs at risk.

Step 6: In these images, the needles, tumour, and organs are reconstructed/delineated to be able to see
what their location is respective to each other.

Step 7: When these images are clear and checked, the dose can be calculated. This is done by deciding for
how long the radioactive source should be in certain positions within the needles. Not all needles and/or
positions in the needles (dwell positions) are used during a treatment. The calculation is done in a
treatment planning system (TPS). The goal of the calculation is to design an optimal treatment plan and



make sure that the tumour gets enough radiation to destroy the malignant tissue but prevent the organs
that are near from receiving too much radiation. Research is done to decide what these limits are (The
Royal College of Radiologists, 2019). The treating physician can decide to do it all themself by adjusting
the positions and/or dwell times of the source until the result is sufficient. As an alternative, the TPS can
recommend treatment plans based on criteria filled in by the doctor. Often these suggested treatment
plans need adjustments, but this can still save time compared to manually planning and optimizing the
dose distribution.

Step 8: When the treatment plan is created, optimized, and then checked, the pre-treatment quality
assurance (QA) can start. During this assessment, it is made sure that the patient is ready for the execution
of the treatment.

Step 9: If everything is okay, the patient is brought to the room where the afterloader is located and then
the needles are connected to this afterloader. The afterloader is the machine that contains the radioactive
source and sends this source to the predetermined dwell positions for the planned dwell durations.

Step 10: When ready for treatment, all personnel leaves the treatment room and the treatment is started.
During treatment, the afterloader sends the source one by one into the needles, according to the plan
that was approved by the radiation oncologist. The patient and the treatment process are monitored using
cameras in the treatment room.

Step 11: After the treatment execution, the source is retracted in the afterloader, the needles can be
disconnected and removed, and depending on how the patient feels, he can go home again.

This treatment cycle, or parts of it, can be repeated to increase the dose, depending on the tumour and
how the patient reacts to the treatment.



1.1.1.2 Realtime workflow without image registration
Figure 1.5 shows a basic representation of a Realtime workflow without image registration. During a
Realtime workflow ultrasound (US) imaging takes place during the insertion of the needles.
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Figure 0.1: A basic representation of the steps of a Realtime workflow for prostate cancer brachytherapy treatments. The green
steps are different than a non-Realtime workflow for prostate cancer brachytherapy treatments.

Step 1-2: A Realtime workflow without image registration starts with the same steps as a non-Realtime
workflow. The differences start during the needle placement step.

Step 3: One or multiple needles are inserted.

Step 4: US images in real time are made. So, while the needles are inserted, the doctor can simutaneously
see where the needle goes and what the impact is on the dose distribution.

Step 5: If a needle is inserted to a position that is not exactly as planned, the plan can be changed, and the
effect on the planned dose can be corrected by inserting the rest of the needles differently than planned
before.

Step 6-11: Due to the imaging being done during the insertion of the needles, this is not needed anymore
afterwards (in between step 6 and 7). Other than that, the steps after the needle insertion are the same
as a non-Realtime workflow.



1.1.1.3 Realtime workflow with image registration
Figure 1.6 shows a basic representation of a Realtime workflow with image registration.
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Figure 0.2: A basic representation of the steps of a Realtime workflow with image registration for prostate cancer brachytherapy
treatments. The green steps are different than a Realtime workflow without image registration for prostate cancer
brachytherapy treatments.

A Realtime workflow with image registration uses the diagnostic images made to determine whether the
patient has prostate cancer and in which stage the tumour is, also later in the process. These diagnostic
images are often obtained with MRI.

Step 1: To be able to use the images later, the organs and the tumour are already delineated in the 3D
image before the operation starts.

Step 2-7: Then all the steps are the same as during a Realtime workflow without image registration, till
after the needles are fixated.

Step 8: If image registration is used, the organs, the needles, and the tumour are delineated in the images
made during the treatment. Later the diagnostic images made before the treatment are fused with the
images made with a different imaging modality after needle insertion. To do so, the structures in the
images need to have the same dimensions. So, the images can be combined by deforming one of the
images until an organ or the tumour has the same shape as the other image. By doing this, the doctor can
define the target more accurately and more precisely plan the treatment of the tumour.
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Step 9-13: The steps after this are again the same as during a Realtime workflow without image
registration.

1.1.1.4 Other workflows

Non-Realtime, Realtime without image registration, and Realtime with image registration are three
examples of possible workflows that can be used to define how hospitals treat their prostate cancer
patients with brachytherapy. However, there is a high chance that hospitals or clinics that both follow one
of these workflows, still have their differences.

These differences can be caused by the equipment available, such as differences in imaging equipment
available, and whether the patient is moved between rooms/departments during the treatment process
or not.

It is also possible that there are differences due to the preferences and/or habits of the involved medical
professionals, such as differences in how the needles are labelled, or when this labelling is done.
The number of images used during a Realtime workflow with image registration can also differ due to
preference or due to time pressures.

1.2 Problem identification

Even though brachytherapy is an established cancer treatment and has been available for several decades,
the implementation in standard workflows is limited and market penetration is not complete. In addition,
differences in market adoption exist between countries. The Managerial Problem-Solving Method
(MPSM) was used to identify the reasons why brachytherapy is currently underutilized (Heerkens &
Winden, 2021), (Corkum et al., 2020). Via interviewing Elekta employees and doing market research in
combination with screening of literature, a list of potentially relevant problems was created. Relating the
problems resulted in the problem cluster (Figure 1.1). From the problem cluster, we identified the
following core problem:

It is unknown how to use brachytherapy efficiently in different hospital settings.

To be able to solve the core problem, it should be written in a way that the problem and the goal are
clear. The method described in the book Solving Managerial Problems is used for this. Following this
method results in the following statement:

There is insufficient knowledge available of the possible prostate cancer brachytherapy
treatments and the time each step takes, while this knowledge is needed to document and
improve the efficiency of the treatments.

An overview of the possible prostate cancer brachytherapy treatments and the time each step takes is
needed to see which steps have opportunities for improvement. Due to the scope of the research and the
limited time available for this research, it was decided to collect the required information in one country.
This does eliminate the need for translation of questionnaires and multiple validation procedures and
reduces the number of local Elekta representatives that must cooperate. We chose to collect data from
centres in the United States of America. This region is chosen because the USA is a highly developed
country and is currently one of the largest economies in the world. In addition, Elekta has a large installed
base in the USA, and the USA is the leader in modern PCaBTs. After identifying steps that offer the largest
opportunity for improvement, these steps can be improved to help solve the following problem:



On average, the procedure times for prostate cancer brachytherapy treatment are too long in
hospitals/clinics in the USA.

However, improving a step of a prostate cancer brachytherapy treatment and then implementing the
improvement is outside of the scope of this research. So, for this research the goal is to answer the
following question:

Which step(s) of high dose rate prostate cancer brachytherapy treatments in centres in the USA
gives the biggest opportunity for improvement relating to time?

To be able to answer this question, multiple sub questions need to be answered. These are:
1. What is prostate cancer?
a. What staging system for prostate cancer is used in the USA?
b. Which treatment methods exist and how do they work?
2. Which different workflows can be used during an HDR PCaBT?
3. Which steps are taken in different workflows of HDR PCaBTs?
4. How long does each step of an HDR PCaBT take on average in hospitals/clinics from the USA?
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2. Methodology

2.1 Methodology for gathering data about HDR PCaBTs

To answer the questions 1, 2, and 3 from section 1.2, a systematic literature review (SLR) was
performed. Using this study, we wanted to find out how prostate cancer works, what the workflows
and steps of HDR PCaBTs can be, and why these steps are performed.

We choose an SLR since the research is about all hospitals and clinics who perform HDR PCaBTs. So,
looking into the workflow of an HDR PCaBT of only one hospital would not be enough, because
different hospitals/clinics use different workflows. To make sure the data for the SLR is reliable, we
used PubMed for our research (PubMed, 2023).

The answers to these questions are used as a steppingstone for creating the survey.

2.2 Methodology for gathering data from hospitals
A self-administered quantitative survey was made to find out how long each step of an HDR PCaBT
takes on average in hospitals/clinics from the USA. This kind of survey has the following advantages:

- We do not need to physically travel to the USA to get data from the USA.
- Less people are needed to collect the data, which also saves costs.

- The survey can be filled out by doctors whenever they have time for it.

- ltis easier to keep the participants anonymously.

While using a self-administered survey, multiple factors need to be kept in mind
(Cooper & Schindler, 2013).

- Sensitive data is collected, so by using a program like Qualtrics the data can be collected safely
(University of Twente, 2023).

- Aself-administered survey could lead to more unclear answers, however, multiple validations
helped to mostly prevent this.

- A self-administered survey often has a lower response rate, but the extra number of surveys
that could be send out because we used this kind of survey meant that the quantity of
completed surveys did not suffer from the low response rate.

The survey was sent out to 62 Elekta customers working in centres in the USA that perform HDR
PCaBTs. The reasoning behind this can be found in Section 1.2.
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3. Survey

To answer the research question, we decided that we needed to gather more data about how long
each step of an HDR PCaBT takes on average in centres in the USA. We decided that a quantitative
survey was the best way to collect these data due to time limitations and logistic restrictions. This
survey was sent out to 62 Elekta customers from the USA. The survey asked, among other things,
questions to figure out which HDR PCaBT workflow they use, how exactly they performed this
workflow, and how much time they take on average to perform the steps of their workflow.
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4. Results

The initial goal of the research was as follows:

Which step(s) of high dose rate prostate cancer brachytherapy treatments in centres in the
USA gives the biggest opportunity for improvement relating to time?

Especially step X, is with 12 to 28% of the total treatment time a relatively time-consuming part of
the procedure. Also, step Y takes a relative long time in the Realtime workflow without image
registration. These steps, especially step X, have therefore the biggest opportunity for improvement
relating to the total treatment time.

However, further research needs to be done to confirm this statement because these numbers are
based on a survey with 12 fully completed responses, which means the data pool is limited for
subset comparisons, and there are indications that the estimated durations may be different from
actual durations in the real-life situation.
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5. Conclusion & Recommendations

5.1 Conclusion
This research analyses the workflows of HDR PcaBTs as it is currently being executed by Elekta
customers in the USA. The goal of the research was to answer the following question:

Which step(s) of high dose rate prostate cancer brachytherapy treatments in centres in the
USA gives the biggest opportunity for improvement relating to time?

To answer the research question, we decided that we needed to gather more data about how long
each step of an HDR PCaBT takes on average in centres in the USA. We decided that a quantitative
survey was the best way to collect these data due to time limitations and logistic restrictions. The
survey asked, among other things, questions to figure out which HDR PCaBT workflow they use, how
exactly they performed this workflow, and how much time they take on average to perform the
steps of their workflow. This survey was sent out to 62 Elekta customers from the USA.

There were 12 fully completed responses and from these responses 3 used a non-Realtime
workflow, 7 used a Realtime workflow without image registration, and 2 used a Realtime workflow
with image registration. These responses gave their self-reported duration estimates of all the steps
from their workflow. With the help of these self-reported duration estimates, we show that step X
and Y take relatively long. Step X can take up to 28% of the total treatment time on average and step
Y can take up to 11% of the total treatment time on average. However, the time it takes for step Y
takes a long time during Realtime HDR PCaBTs, but not during non-Realtime HDR PCaBTs. This could
be explained by the different imaging techniques used during the workflows. Realtime workflows
make use of US, while non-Realtime workflows make use of CT scans.

This research has thus shown that step X and Y should be the focus area for innovation, since these
have the most impact on the total treatment time. Comparing this to existing literature about HDR
PcaBTs is not possible, because data about this topic was not yet publicly known. However, the
report from L. de Kraker (2023) showed that during a cervical cancer brachytherapy treatment the
needle handling, imaging, and plan optimization & evaluation are points of improvement. This is
similar to the conclusion of our research.

5.2 Impact in practise

Looking at the problem cluster from Figure 1.1, we can see which impact improving step X and Y will
have. First, this will reduce the total treatment time, which can lead to more patients being able to be
treated per day and/or reducing the workload of healthcare personnel. This would also mean that the
reimbursement hospitals and clinics get for PCaBT would be relatively higher compared to the effort
and/or time PCaBTs take. If this reimbursement would relatively increase, it would become more
attractive for hospitals and clinics to offer PCaBTs instead of other treatments. This would positively
impact patients with prostate cancer because PCaBTs often perform better than other prostate cancer
treatments (Corkum et al., 2020).

5.3 Limitations

There were only 12 responses, which is a small data pool for subset comparisons. For Realtime HDR
PcaBTs with image registration, there were only 2 responses. Having a small data pool could result in
the averages not being a good reflection of the real-world situation.

A response rate of 19% could also mean there is a selection bias, so maybe only people who think they
perform well filled in the survey or something similar. This could also result in the averages not being
a good reflection of the real-world situation.

The survey is filled in with estimation, so the exact time certain steps take is never measured. Also,
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there is a significant difference between the calculated and the estimated total treatment time. This
suggests that either certain steps happen parallel or that the data is indeed not completely accurate.
This data is only from hospitals/clinics from the USA and it is unknown if other countries have the
same problems with HDR PCaBTs or not.

5.4 Recommendations

5.4.1 Recommendations to improve HDR PcaBTs

This research was the start of a bigger project to see what a good way of collecting and processing
data was for HDR PcaBTs. During this research, we not only found out how to continue this research,
but we also already have suggestions for further research into innovating brachytherapy. These are:

5.4.1.1 Shifting to using image registration

The collected data shows that Realtime HDR PcaBTs with image registration are the most efficient and
that 2 out of the 9 centres that use Realtime HDR PcaBTs already use image registration. This could
suggest a future shift to the use of image registration.

5.4.1.2 Share knowledge and offer trainings

Some hospitals perform certain parts of their workflows more efficient compared to other hospitals.
By researching why they perform more efficient and sharing this knowledge, an efficient and possibly
a standardized way of performing the different workflows can be defined. This knowledge can help
hospitals to improve their efficiency, especially if they are now less efficient than the other hospitals.
Elekta could help learn hospitals the most efficient way by offering trainings for the hospital personnel
where they can practise on using Elekta equipment in a correct and efficient way.

5.4.1.3 Improving treatment planning systems

The time spent on making, optimizing, and evaluating the plan takes relatively long. There have also
been multiple complaints about the planning system Elekta offers. So, improving this system could not
only improve the efficiency of HDR PcaBTs but also improve customer satisfaction.

We found out that certain hospitals are already working on their version of the program that includes
automatic dose calculations. By collaborating with them, Elekta could not lose its market share for the
program, and they can make use of already completed research.

5.4.2 Recommendations for the continuation of the research

When more data on HDR PcaBTs will be collected, the research can follow the same steps as this
research. However, some steps should be performed differently than during this research. The
following points should be taken into consideration:

5.4.2.1 Who does the research?
As a bachelor student there was limited time to spend on the research. Due to not having a medical
background, relatively much time was spent on getting to know how brachytherapy works. By either
selecting people who have longer time for the research, selecting people with a medical background,
or offering a quicker way to learn about brachytherapy, the time spent on getting to know
brachytherapy can be reduced.

5.4.2.2 Which data to collect?

Only 12 out of 62 of the persons that received the survey of this research filled them in completely. If
data from the other 50 can be (partially) collected, this could help evaluate the accuracy of this
research.

Furthermore, extra data from other parts of the world, like Asia or places that are less developed can
give different insights and can help find improvements that work worldwide. During our research we
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heard that China and Japan are known for their efficient way of working, so their way of working could
be valuable information for other hospitals/clinics. Different countries have also different
reimbursements for HDR PCaBTs, which could influence the way of working. Furthermore, the way of
working of an academic or private hospital also differs. So, these points should be kept in mind.
Doing more in-depth research about how each step of an HDR PcaBT works, can help find possible
solutions for improving those. This research shows that needle handling and plan optimization &
evaluation consume the most time, so these are logical areas for further research into innovation.

5.4.2.3 Making the survey

The survey used during this research can be used again, however, adaptations should be made. One
of these adaptations is to find a better way to ask for the different workflows, instead of putting
everyone into one of three categories. Furthermore, finding a better way to ask if steps are happening
one after another or parallel could decrease the difference between the calculated and the estimated
total treatment time. Including questions to see what the quality of the HDR PcaBTs performed by the
hospitals/clinics gives relevant information. This helps to evaluate if other hospitals/clinics want to
learn from more efficient workflows (while looking at time) or if the quality of the treatment reduces
too much to want to adapt.

Something that should be kept in mind is that the survey should not have too many questions. This
avoids people not filling it in due to them not wanting to put the time into it. Also, the survey and the
email invitation should be adapted to the laws, regulations, culture, and language used in the area
where the survey will be sent out.

The data safety should also be taken into consideration, so a program that can store the users’ data
safely must be used because the survey asks for sensitive data. Qualtrics was used during this research,
and this program is a worldwide leading survey tool in terms of privacy measures
(University of Twente, 2023). By following the General Data Protection Regulation (EU, 2018), the
privacy of the participants will be guaranteed.

5.4.2.4 Validating the survey

The survey should be validated by multiple persons to avoid that people who fill in the survey do not
understand or misinterpret the questions. And the survey and the email invitation should be validated
by at least a person who knows the usual procedures from the area. This research got first validated
by Elekta employees who are experts in the field of HDR PCaBTs, then it got validated by an Elekta
employee that is an expert in surveys, and afterwards it got validated by an Elekta employee from the
USA to make sure the survey was adapted to the customs, laws, and regulations of the USA.

5.4.2.5 Sending out the survey

The survey should be sent to as many relevant hospitals/clinics as possible, to increase the amount of
data collected. However, it should be taken into account that there are limited number of
hospitals/clinics that perform HDR PcaBTs in certain areas. The survey should be sent out by someone
familiar to the persons filling out the survey to improve the chance they will fill in the survey. If he
does not want to send the survey, try to see if it is okay to put him in the Cc of the email.

Once the survey has been sent out for a while, send out a reminder to the persons who have not
reacted yet. This will increase the total response rate and lower the selection bias. If they still do not
react, it could be checked if they ever received the survey by, for example, calling them. Furthermore,
do not send the email around major holidays, because that is when people do not respond. And when
they catch up on work accumulated during the holiday, their priority is often not on a survey.

5.4.2.6 Processing data
When the data is collected, it should not only be looked at which hospitals perform HDR PcaBTs
quicker than others, but also why. Are they compromising on the quality of the treatment? And if

17



not, is the workflow from them easy to use in other hospitals? If this is the case, there workflow can
be used to help standardize HDR PcaBTs.

To go to a hospital and time a treatment in real-life to validate the results of the survey could
validate the data quality.

If the steps from HDR PCaBTs that have the most potential to reduce the total treatment time are
found and validated with enough data, it should be researched why these steps are taking relatively
long. If the cause is found, an improvement can be made.
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