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Portfolio Master Projecten en stages

1 Master Projects at Catharina Ziekenhuis Eindhoven
1.1  Optimization of breast cancer patient treatment plans using artificial intelligence

Background: Patients with cancer can be treated in various ways, usually with a combination of surgery, chemotherapy,
immunotherapy and radiotherapy. With radiotherapy, a high radiation dose is given to the tumor while sparing the
surrounding tissue as much as possible.

In 2019 we started a successful research line on the automation of the process of treatment dose planning and adaptation
using deep learning (DL). This started with DL for segmentation of target volumes and organs at risk for breast cancer
patients based on CT data. Simultaneously, we started DL for dose plan generation for breast cancer patients. These
models have been clinically introduced in the years 2022-2023.

Since, there have been simultaneously around 4 master students working in this research line alongside a PhD student.
Subtopics within this research line are (involving master projects):

e Improvements and broader application of the DL segmentations and DL planning models for breast cancer
patients. This includes multi-institutional studies. The research is partly in collaboration with the vendor of our
treatment planning software so we generate a maximum impact .

e Segmentation and planning DL based on CT for other patient groups

e Quality assurance models for segmentation and treatment planning

Student background: Masters student in biomedical engineering, Electrical engineering or physics or Artificial
Intelligence and Entrepreneurship with knowledge of Deep Learning.

Student skills: Phyton / Matlab programming, data analytics, modeling

Involved supervisors: Coen Hurkmans (clinical physicist, professor Clinical Physics Radiotherapy, dept of EE and dept

of Applied Physics) or one of the other clinical physicist at the dept. of radiotherapy, Hanneke Bluemink (clinical
physicist).
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Figure: An axial CT slice through the middle of the breast

Screenshot treatment plan created in RayStation (RaySearch stock image

Currently open projects

1.1.1 Development of a treatment planning independent Quality Assurance model for QA of deep
learning target volume segmentations for breast cancer radiotherapy based on .

Objectives: Deep learning based segmentation of breast target volumes has been introduced clinically in 2022 in our
hospital. Currently, the radiation oncologists need to check each contour for correctness and if needed perform these
corrections. However, many contours do not need to be corrected. The goal of this project is to develop, train and test a
new quality assurance model which can predict the correctness of the deep learning based segmentations. This needs to
be treatment plan independent such that the model can be used generically.

M&M: Start with a literature review on possible QA models which do not incorporate dosimetric metrics. Select the most
appropriate one and develop, train and test this model. As a possible starting point, the uncertainty maps might be used
as input to the model (e.g. chen et al. fonc 2020). This model can be improved by using other optimisation metrics like HD
and surface DSC or average DSC and extending the model to 3D. As an alternative, the DL generated and DL corrected
segmentations could be used as input. This would entail building a new DL network. Quantify the percentage of
segmentations that would still need corrections and the possible time gain which can be reached by using the new model
To use the model clinically, a small GUI might need to be developed.
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1.1.2 Development of a Quality Assurance model for QA of deep learning target volume segmentations
for breast cancer radiotherapy based on dosimetric relevance metrics.

Objectives: Deep learning based segmentation of breast target volumes has been introduced clinically in 2022 in our
hospital. Currently, the radiation oncologists need to check each contour for correctness and if needed perform these
corrections. However, many contours do not need to be corrected. The goal of this project is to develop, train and test a
new quality assurance model which can predict the correctness of the deep learning based segmentations. This model
takes the dosimetric consequences into account, thus increasing the clinical significance of the prediction while making it a
bit more specific to the type of treatment plan and thus currently making it somewhat less generic.

M&M: Start with a literature review on possible QA models which incorporate the treatment plan. Select the most
appropriate one and develop, train and test this model. Quantify the percentage of segmentations that would still need
corrections and the possible time gain which can be reached by using the new model. Treatment plan data generation
within the commercial planning system is part of this project and will be assisted by specialist breast radiotherapy
treatment planners. To use the model clinically, a small GUI might need to be developed.

1.1.3 Development of a 3D deep learning treatment planning model for locoregional breast cancer
radiotherapy.

Objectives: Deep learning based treatment planning for breast has been introduced clinically in 2022 in our hospital. We
want to expand this to planning for locoregional breast cancer, which is a significantly more complex technique. This
will make the planning process much more efficient and will lead to a higher consistent quality of the plans.

M&M: A cleaned dataset for this purpose is available but might need to be expanded. Previously, a 2D DL model has been
developed with reasonable results. Using this data, a new, 3D DL model needs to be developed, trained and tested
which will lead to results good enough for clinical implementation. Datasets from 6 other hospitals are also available
to include in either training and/or test datasets to quantify inter-institutional usability.

1.2  Optimization of cone-beam CT imaging for adaptive radiotherapy

Background: Radiotherapy is delivered in a fractionated fashion (i.e., the dose is typically given in 3 to 30 daily treatment
sessions). Most treatment devices (i.e., linear accelerators, or Linacs) are equipped with onboard cone-beam CT (CBCT)
imaging to provide the image guidance that is needed to ensure the target (i.e., tumor) is positioned correctly each day.
The image quality on our current CBCT Linacs, however, is sub-optimal and in need of improvement. We want to use the
images clinically to adapt our treatment plan for every treatment session. This is now hampered by the inaccuracy with
which the tumour and organs can be defined on the CBCT scans and with the uncertainty in the calculation of the dose due
to the inaccurate electron density information in the CBCT images. In a research cooperation with the vendor, Catharina
Hospital defined the following objectives.
Objectives: With the by the vendor newly developed reconstruction algorithms CBCT scans will be generated from clinically
obtained image acquisition data. These new CBCT reconstructions will be inspected and analysed in terms of:

o Visual comparison and quantitative scoring with respect to original CBCT scans

o Image quality comparison and its applicability to plan-of-the-day for rectal cancer treatments

o Accuracy of dose calculations

o Suitability of the new CBCT scans for (automatic) delineation purposes

o Validation of (deformable) registration tools using the new CBCT scans.
The data from rectum, lung and oesophageal cancer will be used in this project

Student background: Master student biomedical engineering, applied mathematics or physics.
Student skills: Python programming, data analytics, modeling, and interest in radiotherapy.
Involved supervisors: Paul van Haaren (medical physicist); Coen Hurkmans (clinical physicist, professor Clinical Physics,

dept of EE and dept of Applied Physics)
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Figure: example of an axial image through the lungs showing 2 lung cancer nodules on CT (left) and on Cone-beam CT
(right). Note the poor image quality of the Cone-beam CT.

1.3  Automatic delineation and treatment planning on CBCT for online adaptive radiotherapy of bladder patients

Background: A challenge in the radiotherapy treatment of bladder cancer patients is the large variability of the target
shape and volume. In our clinical practice, CT scans with different bladder fillings are acquired to prepare different
treatment plans. Onboard cone-beam CT (CBCT) imaging is used on the linear accelerators (Linacs) to ensure the target
(i.e., tumor) is positioned correctly each day and to select the most suitable treatment plan with the bladder filling of that
day. In this project, we want to investigate the possibility to use the CBCT images clinically to adapt our treatment plan for
every treatment session.

Objectives: Investigate the accuracy of automatic delineation and treatment planning on CBCT scans for bladder cancer
patients

o Suitability of various types of CBCT scans for automatic delineation, using an existing Deep learning tool
in our treatment planning system

o Accuracy of dose calculation on the CBCT scans, using the available tools in our treatment planning
system

o Suitability of the CBCT scans for automatic treatment planning.

o Quantification of the clinical benefit of daily online adaptive treatment of bladder patients

Student background: Master student biomedical engineering, applied mathematics or physics or equivalent.
Student skills: Python programming, data analytics, modeling and interest in radiotherapy.
Involved supervisors: Mariska de Smet (medical physicist); Coen Hurkmans (clinical physicist, professor Clinical Physics

radiation therapy, dept of EE and dept of Applied Physics)

1.4 Development of a deep learning quality assurance model for deep learning generated segmentations for prostate
cancer on the MR-linac

Background: In MRI guided radiotherapy a new optimal dose plan is created for every radiation treatment of the patient.
To make such a plan, currently the radiation oncologist delineates the targets and organs at risk for every treatment. For
each radiation treatment session a new MRI is acquired and the prostate is rigidly registered between this new MRI image
and the pre-treatment MRI image and then manually edited.

A deep learning segmentation model has been developed reduce the amount of manual editing needed.

However, from previous work in amongst others our hospital it is known that there is a significant percentage of
segmentations that do not need adaptation at all, based on the clinical irrelevant consequences for the dosimetry and
treatment plan. A Quality Assurance (QA) model to predict the segmentations that need to be adapted has been
developed based on a few dosimetric parameters. Although this model shows potential, there is a need to develop a new
model with a higher positive predictive value without increase of a false negative prediction (incorrect label of
segmentations that need adaptation but are classified as not needing adaptation).

Objectives: To develop, train and test a quality assurance deep learning model for segmentations of prostate, rectum and
bladder on MR-linac images.

The performance of the DL model is evaluated by comparing variation with the observer delineation, time reduction and
consistency of the new workflow compared to the delineation from radiotherapists starting the workflow with the rigid
registration of the prostate.

Methods and materials: A large cleaned dataset is already available of MR segmentations including a clinical label of
acceptability of the prostate segmentations from a previous project. This dataset can be used to train and test the deep
learning model that needs to be developed in this project. A literature study on which DL models would be best suited is
part of the project.

Student background: Bachelor/master student in biomedical or electrical engineering, or applied physics.
Student skills: Python programming, DL, study design, statistics, social skills
Involved supervisors: Hanneke Bluemink (clinical physicist), Coen Hurkmans, (clinical physicist, professor Clinical

Physics radiation therapy, dept of EE and dept of Applied Physics)
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