
 
Treatment of the future……today 

 
Proton Beam Radiation Therapy 

Presenter
Presentation Notes
Until recently, Proton Therapy has been something of an unknown entity in the UK and Ireland and whilst I have known for months I would be presenting about Proton Therapy here today, in the last week or 2 it has become something of a hot topic.You may have seen in the news recently about a child called Aysha King, whose parents took him from a hospital in England and travelled to the south of Spain where they were subsequently arrested. I won’t go into the detail here as you may be very much aware of it anyway. However, the treatment they were trying to get for their son is Proton Beam Radiation Therapy which I will be talking about today.
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A personal view  
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This is my son Stan. Last April when he was 5 years old, he was diagnosed with a benign brain tumour called a pilocytic astrocytoma which was attached to his brain stem. When he was diagnosed he required surgery in an attempt to remove the tumour. Unfortunately, due to the complex location of the tumour, the surgeons were unable to completely remove the tumour. He had a scan in August to review the tumour and there had been a little bit of growth.As such, he underwent a further 7 hour surgery in September. As the tumour was attached to the brain-stem, the surgeons did warn us that it is unlikely they would be able to remove the tumour in its entirety. However, using neuro-imaging technology during the procedure, they were able to remove a lot more of the tumour. Following the surgery, we were told that he would benefit from a course of radiotherapy but that they wished to send Stan to America for a new type of treatment not yet available in the UK.We were told of 2 possible locations in the US – Florida or Oklahoma. We had no say in our destination and it was literally a case of which treatment facility can accommodate us first. Naturally, my family and I were hoping for Florida and had ideas of taking my son to Disney World, Universal Studio’s, Epcot Centre etc. but we ended up in OklahomaI am so glad we did and I’ll explain a little bit more as to why later!!!!!As I said, the treatment my son received is not yet available in the UK although that is likely to change in a few years. Therefore, I want to take this opportunity to discuss the differences between traditional radiotherapy and the newer form of treatment proton beam radiation therapy.



Traditional radiotherapy 
• Approximately 4 out of 10 cancer patients will require radiotherapy 

– Can shrink tumours to make them amenable to surgery (neo-adjuvant) 
– Destroy residual tumours left behind after surgery (adjuvant) 

 
 

• High energy beam of radiation, usually x-rays 
• Damages the tumour DNA directly or creates charged particles called free radicals that 

damage the DNA that stops them from dividing or proliferate (grow) 
• Nearby healthy tissues also suffer temporary cell damage from radiation but are usually able 

to repair the DNA damage and continue growing normally over time. 
• External and Internal radiotherapy available depending on the site of the cancer 
• Can be used in conjunction with other methods of treatment i.e. chemotherapy 
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A few facts about traditional radiotherapy and what it does.



Traditional radiotherapy 
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Linear acceleratorThe linear accelerator uses microwave technology to accelerate electrons in a part of the accelerator. This allows these electrons to collide with a heavy metal target. As a result of the collisions, high-energy x-rays are produced from the target. These high energy x-rays are shaped as they exit the machine to conform to the shape of the patient's tumour and the customised beam is directed at the patient's tumour. The beam may be shaped either by blocks that are placed in the head of the machine or by something called a multi-leaf collimator that is incorporated into the head of the machine. The patient lies on a moveable treatment couch and lasers are used to make sure the patient is in the proper position. The treatment couch can move in many directions including up, down, right, left, in and out. The beam comes out of a part of the accelerator called a gantry, which can be rotated around the patient. Radiation can be delivered to the tumour from any angle by rotating the gantry and moving the treatment couch.



Traditional radiotherapy  
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The units in which radiation dose is most commonly measured is the Gray and is noted in this image by “Gy”  -  I don’t profess to understand what this means exactly but in simple terms, the higher the numerical value, the greater the dose of radiation.Because of the physician's inability to adequately conform the irradiation pattern to the cancer, healthy tissues may receive a similar dose and can be damaged. Consequently, a less- than-desired dose is frequently used to  reduce damage to healthy tissues and avoid unwanted side effects.



Proton therapy – the science  
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So on to PROTON THERAPY……………..This was a bit of a motto adopted by patients whilst I was in the US and it is something that has stuck with me ever since.Ultimately, the goals of traditional radiotherapy and proton therapy are essentially the same. A targeted dose of treatment to a cancerous tumour aiming to destroy the DNA cells within the tumour to stop them from growing. X-rays and protons can be equally effective in destroying cancer tumours. The difference is that X-ray treatments damage more healthy tissue in the process and the dose administered is often less than required as a consequence. X-rays release their maximum dose of radiation soon after penetrating the skin, potentially damaging healthy tissue and organs on their way to the tumour and again as they pass through the body beyond the tumour. A proton is a positively charged particle that is part of an atom and they can be precisely directed to release much of their energy when they reach a tumour. Because there is much less exposure to healthy tissue with protons, a higher dose often can be delivered to the tumour itself, leading to more effective treatment – I’ll explain why in a couple of slides time. It is still unavoidable that some surrounding tissue will be exposed to radiation, however both the area exposed and the dose is significantly reduced compared to traditional radiotherapy methods.



Proton therapy – the science  
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The weekend my family and I arrived in Oklahoma, the treatment facility had an open day to allow people to tour the building and see behind the scenes. The only do this twice a year as its not a case of simply turning the machines off. They have to ensure that certain parts of the building are free from radiation.Photo 1  -  The 220-ton cyclotron is 18-feet in diameter and 8-feet high.Photo 2 and 3  - The beam transport system distributes a beam of proton energy to each of the four treatment rooms quickly and efficiently – The facility I visit in Oklahoma had 4 treatment rooms and the machinery seen here feeds into each of the rooms to administer the treatment.The cyclotron is responsible for splitting the atom and accelerating protons to nearly the speed of light to create a beam of energy that can deliver a more-effective dose to a patient's tumour – it uses the same technology as the Large Hadron Collider near Geneva, just on a smaller scale.The cyclotrons accelerate charged particle beams using a high frequency alternating voltage which is applied between two "D"-shaped electrodes that sit in the middle of the machine. In operation, the electric field between the dees draws charged particles from the source into one of the dees, and the magnetic field produced by the electromagnet makes the particles move in a circular path. The electric field between the dees alternates rapidly so that the particles are accelerated each time they cross the gap between the dees. As they speed up, the particles travel in ever-larger circles within the dees, yet the time they take to complete each revolution remains the same. 



Proton therapy – the planning  
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The major advantage of proton treatment over conventional radiation, however, is that the energy distribution of protons can be directed and deposited in tissue volumes designated by the physicians-in a three-dimensional pattern from each beam used. This capability provides greater control and precision and, therefore, superior management of treatment. Radiation therapy requires that conventional x-rays be delivered into the body in total doses sufficient to assure that enough ionization events occur to damage all the cancer cells. The conventional x-rays lack of charge and mass, however, results in most of their energy from a single conventional x-ray beam being deposited in normal tissues near the body's surface, as well as undesirable energy deposition beyond the cancer site. This undesirable pattern of energy placement can result in unnecessary damage to healthy tissues, often preventing physicians from using sufficient radiation to control the cancer.Protons, on the other hand, are energized to specific velocities. These energies determine how deeply in the body protons will deposit their maximum energy. As the protons move through the body, they slow down, causing increased interaction with orbiting electrons.Maximum interaction with electrons occurs as the protons approach their targeted stopping point. Thus, maximum energy is released within the designated cancer volume. The surrounding healthy cells receive significantly less injury than the cells in the designated volume.As a result of protons' dose-distribution characteristics, the radiation oncologist can increase the dose to the tumour while reducing the dose to surrounding normal tissues. This allows the dose to be increased beyond that which less-conformal radiation will allow. The overall affects lead to the potential for fewer harmful side effects, more direct impact on the tumour, and increased tumour control.SO HOW DO THEY CONTROL THE DEPTHE THAT THE BEAM WILL DEPOSIT ITS MAXIMUM CHARGE AND PREVENT AN EXIT DOSE?



Proton therapy – the planning 
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These are the appliances that control the shape and penetration of proton beams during  treatment  -  Brass aperture  -  Acrylic compensator  -  They will be placed on the head of the gantry where the beam will exit the machine.Brass apertures control the profile of the proton beam while acrylic compensators control the depth of penetration of the beam. These are individually made for each patient that undergoes proton beam radiation therapy. The shape and depth of these are determined by the treating physician and he will plan these by using the various CT and MRI scan images.�If you recall the previous slide and the different colour lines that circle the tumour, this is the process of mapping the treatment and calculating the shape of the apertures and compensators.http://www.onlinetmd.com/tmd-0410-quality-control-metrology-cancer-treatment.aspx?client_id=39347 

https://www.google.co.uk/imgres?imgurl=http://4.bp.blogspot.com/-CsjrC3oFu0s/UfBOWtPkpOI/AAAAAAAAAWk/KV1eeywuG6U/s1600/DSC00466.JPG&imgrefurl=http://clivustumor.blogspot.com/2013_07_01_archive.html&docid=DVhbqJ-J-oAy-M&tbnid=UKEZ0KdqQ2CseM:&w=1600&h=899&ei=3OYyU6PEN8OntAaSkoBw&ved=0CAIQxiAwAA&iact=c


Proton therapy – the planning  

  

Presenter
Presentation Notes
When the proton beam treatment is being administered, it is vital that the patient remains absolutely still. It is a very careful process of aligning the patient into the correct position prior to the beam commencing.For tumours of the head and brain, a mask is created which will keep the patient still, but it also pins the patient to the couch upon which they lay. They will also have a body cast mattress made.



Proton therapy – the treatment  
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This is the machine that administers the radiotherapy. At the facility my son went to, they had 4 treatment rooms. This room here has a gantry that has a 360 degree rotation, allowing the beam to be administered from any angle. In 2 of the other rooms, the machine was able to rotate 30 degrees with the last room having a fixed beam. Which machine is more suitable will depend on the location of the tumour and the specific needs of each patient. 



Proton therapy – the benefits  
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When used to treat a tumour, X-rays and protons deliver radiation in different ways, because the physical properties of X-rays are different from the properties of protons. X-rays are electromagnetic waves that have no mass or charge and penetrate completely through tissue. Protons are large, positively charged particles that penetrate matter to a finite depth.Protons can be conformed to release much of their energy at precise depths so they can target tumours inside the body, depositing much of their radiation exactly at the tumour site.X-rays release their maximum dose of radiation soon after penetrating the skin, potentially damaging healthy tissue and organs on their way to the tumour and again as they pass through the body beyond the tumour – Exit dose.



Proton therapy – the benefits  
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Common side effects from traditional radiotherapy for prostate cancer can include:Gastrointestinal disruptions Urinary complications, and Sexual dysfunctionFrom my experience at ProCure, there were a number of men being treated for prostate cancer and they reported few to no side affects from the treatment. Each Wednesday, they have a “graduation ceremony” where people who have finished treatment are invited to say a few words and the opportunity to say thank you.My family and I attended most weeks and without fail, each person who took the time to speak was highly complimentary about their experience going through this treatment. I recall one man who was a teacher, who continued to work all the way through his treatment and when school finished drove an hour and 45 minutes to have his treatment every week day. Now given the potential side effects that traditional radiotherapy may cause, to remain as active as this man, may not be possible. The journey itself each day could be quite problematic.



Proton therapy – the benefits  
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It goes without saying that, the brain is one of the most important, if not THE most important organ in the body. Therefore, minimising damage to healthy tissue is essential, particularly in children who continue to develop and grow.As I am sure you know different areas of the brain control different functions and so the side effects can be varied, depending on the site of the tumour and areas exposed to radiation but side effects can include:Loss of memoryCognitive issuesMobility difficultiesStrangely, proton beam radiation is not particularly new. The first patient to be treated with   



During proton therapy 
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There may be side effects during or after treatment, but they are generally minor, less frequent, and less severe than the side effects that can result from standard X-ray radiation therapy, primarily because less healthy tissue is exposed to radiation in proton therapy. Depending on the site of the tumour, side effects may include skin irritation in the direct path of the proton radiation, tiredness, and hair loss in the area being treated.



During proton therapy 
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My son had 30 sessions of proton beam radiation spread across a 6 week period. During that time, he generally felt very well and save for the odd moments of fatigue and vomiting twice in the earlier stages (although being absolutely fine 5 minutes later), he was like any other child his age. Oklahoma was fantastic. The people were exceptionally friendly and couldn’t do enough for us and there was plenty to do. Fortunately, as Stan felt so well we did as much as we were able. Images on slide show just a few of the things we did.



After proton therapy 
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My sons last day of treatment was on Christmas Eve last year, so only 5 months ago and yet you can see from the image here that his hair has fully grown back.Follow up with secondary care  -  In my Son’s case:Quarterly MRI scans, eventually moving to half yearly and then annuallyPhysiotherapy, Opthalmology, Audiology, Endocrinology, Psychological testingFor others, it will depend on the site of the cancer and any symptoms or weakness caused by the diagnosis.



What type of cancer can it treat? 
• Base-of-Skull Tumours 
• Brain Tumours 
• Breast Cancer 
• Gastrointestinal Cancers 
• Head and Neck Tumours 
• Lung Cancer 
• Melanoma of the Eye 
• Paediatric Cancer 
• Prostate Cancer 
• Tumours near the Spine 
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Essentially, proton beam radiation therapy can treat the same type of tumours that traditional radiotherapy can treat. However, as documented in the examples I have already given, tumours whose location is very close to important structures and organs that may be exposed to radiation, proton beam radiation is beneficial in that the exposure of radiation to healthy tissue is minimised.Breast cancer - heart, lungs, and other organs to radiation. The result can be an increased risk of side effects such as coronary artery disease, lung scarring, and secondary malignancies.Gastrointestinal – dependent on where in the gastrointestinal tract they occurLung cancer -  heart, uninvolved lung, oesophagusSpinal tumours – dependent on where in the spine the tumour has occurred



The future? 
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Strangely, proton beam radiation is not particularly new. The first patient to be treated with it was over 50 years ago. However, it seems only in the last 5 or so years that it is starting to get some traction. Currently there are only 4 or 5 centres across the whole of the US and a few others across Asia and Europe. However, the government have put aside £250 million of funding committed to the building proton beam radiation centres at University College London Hospital (UCLH) and The Christie Hospital in Manchester, with a view to treating up to 1,500 people per yearWhilst these 2 centres will be offer treatment via the NHS to treat a number of cancers, the UK does in fact have a cyclotron used to administer proton beam radiation which has been in operation since 1989. This is based at the Clatterbridge Clinic in Wirral but is only for private patients and used exclusively to treat tumours of the eye. I couldn’t find a great deal of information about this, but from what I understand it is on a much smaller scale, hence why it only treats ocular tumours.



The future? 
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Mr Kysel believes he will be able to recoup some or all of the £17,000 he self funded to have the treatment in Prague by taking advantage of a European Union directive on cross-border healthcare, which came into effect in England last October.
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