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2 beam proton plan VMAT x-ray plan

Proton therapy enables much lower dose to surrounding tissues

What do protons do that x-rays don’t?



What do protons do that x-rays don’t?

Presenter
Presentation Notes
the bodies of growing children are especially vulnerable to the lifechanging side effects of radiation therapy
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Presentation Notes
If we look at this from the front – we can see clearly that we are hitting the heart and some lung, For paeds, in later life, a higher risk of cardiac disease, and girls have a much greater risk of radiation induced breast cancer



Why does it work?

X-rays
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Why does it work?






https://www.youtube.com/watch?v=OTd5dv3VDws

How to deliver proton therapy?






Realising the potential of proton therapy

Are we delivering what was intended?

Presenter
Presentation Notes
Proton therapy is still in its infancy and can be considered to be 20-30 years behind conventional x-ray radiotherapy, meaning that there are still a number of technological challenges that need to be overcome. 



The advantage of protons is that they stop.

Range uncertainty

The disadvantage of protons is that we 
don’t always know where…

10% range error

Presenter
Presentation Notes
Here we have a treatment volume wrapped around a critical organ. The advantage is… Protons have the POTENTIAL to stop exactly where you want them to. But at present we don’t know exactly where that is. So current centres add a margin of error to account for this -  targeting strength of protons a weakness. When you are given a weapon that demands such precision for delivery, you need to couple that with imaging techniques and delivery techniques to know exactly what you are aiming at. At UCL we have a programme of research to tackle this.



Tumour shrinkage during treatment fractions

Research is focusing on fast & efficient automated re-plan based upon 
daily imaging

Presenter
Presentation Notes
X-rays – blurs a dose across the patient. So if tumour shrinks, you’ll still be treating it. For protons, if the tumour shrinks, there is a chance you will underdose the tumour and deposit your dose in critical organs. If this shrinkage was not picked up through appropriate imaging and the plan not modified in response, you get this unwanted situation.



Impact of daily anatomical change

Variation of bowel gas over multiple 
images for a single paediatric patient

Kidney motion over multiple images for 
a single paediatric patient

Image every day and deliver optimal plan

Moinuddin et al Paediatric blood and cancer 59(6):1137 2012

Reduce normal tissue toxicity



Predicting motion and future anatomy

Can we adapt treatment delivery in response to predicted anatomical change?

J. McClelland

Reduce normal tissue toxicity

Presenter
Presentation Notes
With protons we have to solve the problem of how do you treat a tumour that’s moving during therapy. This is typical lung tumour motion due to respiration






What is the biological effect along the proton 
path?

Presenter
Presentation Notes
This is a plot of physical dose (blue) and the biological weighted dose (red lines) against tissue depth. We can apply a factor that enables the conversion of proton dose from the more commonly prescribed x-ray dose. Current clinical practice assigns an average value of 1.1 to the entire proton path (red dashed). Not good enough, is only an approximation and is inaccurate for many tissue types and proton beam energies. We can model and measure that the biological effectiveness is greatest at the end of the proton path, resulting in almost twice the intended biological effect. Careful placement of the end of the proton path is required to ensure that the proton does not range off into a critical structure. 



Some big challenges in proton therapy

Move towards planning based on predicted biological 
effect rather than deposition of radiation energy

Biological Effectiveness

Presenter
Presentation Notes
The relationship between proton dose and biological effect within a complex treatment field in the patient is simply unknown at a detailed level. Once understood, the move towards planning patients based upon the predicted biological effects rather than deposition of radiation energy can progress.
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