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Daily online (re-)optimisation of radiation therapy

Abstract:

Development of an ultra-fast optimisation approach to solve large and
complex problems within 1 minute. This is required to greatly improve
cancer treatment by radiation therapy (radiotherapy).

Cancer is diagnosed yearly in around 12 million people worldwide.
Radiotherapy is one of the three main treatment modalities. Prior to
treatment, a patient-specific treatment plan is generated, based on
medical images (Computer Tomography (CT), Magnetic Resonance
Imaging (MRI), Positron Emission Tomography (PET)). The treatment
plan defines treatment parameters like directions from which to
irradiate the patient, intensity profiles, etc. Generation of a treatment
plan is highly complex and involves mathematical optimisation.
Generally, the treatment is delivered in several (up to 40) consecutive
treatment days. An important limitation in current practice is that the
patient’s anatomy will generally differ from day to day, and from the
pre-treatment imaging that served as the basis for generation of the
treatment plan. As a result, the plan that was optimised for the
pre-treatment anatomy will in general not be optimal for the daily
treatments, which could result in a failure in curing the patient. In
current clinical practice, tumours are treated with large margins to
avoid these failures, but this will generally result in higher incidences
of severe treatment-related morbidity (side effects) as large volumes
of healthy tissues are irradiated to a high dose as well. Modern
treatment units are equipped with in-room imaging, i.e. a CT-scan can
be made daily with the patient on the treatment couch, awaiting for
the daily treatmen fraction. The purpose of this project is to use the
CT-scans for daily, very fast (re-)optimisation of the treatment plan, a
procedure that is called adaptive radiotherapy (ART).

The Erasmus MC is a front-runner in development of new approaches
for radiotherapy treatment planning. We developed and clinically
implemented a mathematical algorithm to fully automate treatment
planning, i.e. without requiring manual interaction [1,2]. This is an
important prerequisite for daily fast optimisations, as manual
interaction is very time-consuming. Recently, we reduced the
optimisation time by a factor of 12 by mathematically remodelling the
multi-criteria optimisation problem [3]. Another technique in use is the
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plan-of-the-day approach, where the patient is treated with a plan
from a database. This patient-specific database contains plans for
different anatomical variations (determined by non-rigid image
registration) [4,5]. Recently, our department purchased a robotic
CyberKnife unit with an in-room diagnostic CT-scanner. It is believed
that with this novel scanner with high quality images and the
state-of-the-art treatment option of the CyberKnife, ART can be
brought to a whole new level. In an on-going project, in-room
diagnostic CT-scanners will also be installed in our future center for
proton therapy.

Your work will include the research, development, evaluation, and
implementation of a suitable ultra-fast optimisation routine, capable of
solving large multi-criteria problems. To reduce the complexity of the
problem, practical warmstarting strategies may be required and need
to be investigated. As the computed plan will be used directly for
treatment, strict quality assurance is an essential element for
succesful implementation. The work is embedded in a
multi-disciplinary research group with radiation oncologists,
mathematicians, (medical) physicists, computer scientists and
imaging scientists.
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Requirements of Background:
candidate: Mathematics, Operations Research, Optimisation, Multi-Criteria
Optimisation, Numerical Mathematics, Computer Science.

The area of expertise is clearly oriented around mathematical
optimisation. Considering the complexity of the problem, you should
also be able to invent practical approaches for the problem.

Master degree: Yes

IELTS Grade: 7.0 (minimal 6.0 per component)
or

TOEFL: 100 (minimal 20 per component)

Supervisor Prof. dr. B.J.M. Heijmen
information: b.heijjmen@erasmusmc.nl

Co-supervision by:
Dr. S. Breedveld
S.breedveld@erasmusmc.nl

Websites:
http.//www.erasmusmc.nl/radiotherapie/research/radiationoncologym
edicalphysicsandimaging/

http.//sebastiaanbreedveld.nl/

Top-list of peer-review publications by Prof. dr. B.J.M. Hejjmen (153 in total)
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Voet P, Dirkx M, Breedveld S, Heijmen B

Automated generation of IMRT treatment plans for prostate cancer patients with metal hip prostheses: Comparison of different planning
strategies. Med Phys. 2013 Jul;40(7):071704. doi: 10.1118/1.4808117.
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