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Radiographer
Looks like Morlette is lined up in the right place today, which is handy… 

Porter
Today's programme comes from the radiotherapy department at University College Hospital in London.

Radiographer
So we're just bringing the bed height up to the appropriate height now … that's the noise you can hear.

Morlette
Right above me is a round contraption but it's sort of unlike sort of something like a scanning machine where you get wheeled into it, it's just above me and it never touches me.

Porter
I'm standing to the side here Morlette, it look a bit - it's a bit like - it's about the size of elephant and this is the head sort of hanging over you.  You've got some lights shining down on you.

Morlette
It moves because it goes to different angles to give you the treatment and it's also got panels that can come down and take pictures and they do that in order to check that the radiation is going to exactly the right spot.

Porter
Radiotherapy - that's using radiation to treat cancers - receives nothing like the public attention given to surgery and chemotherapy. But its Cinderella status does not reflect reality - particularly when it comes to the latest techniques.

Cancer specialist Professor Jeffrey Tobias.

Tobias
Nowadays we're able to pinpoint with very much greater accuracy where the tumour is, what its anatomical relations are.  We understand, of course, tumours are not shaped spherically, they're always irregular and we can deal with that with modern radiation technology so much more effectively now.

Porter
Despite these advances a recent YouGov poll suggests that the general public still regard radiotherapy as an old fashioned, blunderbuss approach that doesn't work very well. 

The reality is very different - radiotherapy is modern, highly targeted and very effective, and now plays a part in the cure of just under half of all cancers in the UK.

But it was not always thus. 

It was exactly a hundred years ago that Marie Curie received her Nobel Prize for discovering radium.  And back then when the Curies - Marie and Pierre - were pioneering research into radioactivity, along with fellow scientist Henri Becquerel, the approach was somewhat cruder.

Adrian Thomas is an historian of radiology as well as a clinical radiologist at the Princess Royal Hospital in Bromley.

Thomas
What had been found both by Henri Becquerel and Pierre Curie was that you could have effects on the skin by radium.  Henri Becquerel had some in his waistcoat pocket and found some changes in the skin of his chest.  This was also done by her husband Pierre Curie, who again noticed this and therefore Marie Curie felt this could be used for treatment for patients and this was taken up energetically by many people throughout Europe.

Porter
Doctors soon started using radium to treat skin cancers, followed by tumours in the neck and breast.

Thomas
Initially it was actually quite simple, just having a piece of radium in a rubber bag applied to the skin but fairly rapidly it could be shown that you could put radium into either a glass vial or into a needle and the advantage of this was it could then be placed directly inside the tumour or next to the tumour.  So, for example, if a patient had a tumour in the neck then radium could be placed into a needle, the needle could be inside the tumour and actually treat the tumour from inside, which was much more effective than x-ray treatment which was treating from the outside.  The other thing you could do was, particularly in tumours in the pelvis in women, you could actually have the radium which could be applied directly to the tumour by a surgeon.  In fact by the 1920s surgeons in Scandinavia were actually using radium for treating pelvic tumours in women rather than surgery.  It did actually work - tumours were killed - and it produced a real sense of hope for people.

Porter
But along with this early optimism, was widespread naivety about the dangers of over exposure.

Thomas
Certainly by 1910 people were aware of the dangers of radiation and both from x-rays and radioactivity but there was a very poor understanding of the biology - how the radiation affected the body.  At that time it was believed that you could work with radiation, you could become ill or unwell because of it, you could then go on a holiday to the countryside and have a rest and therefore you'd come back and be completely recovered.  And this was part of the reason why Marie Curie injured and also many people who worked with her.  It's all rather poignant that what actually made her most famous was that which killed her as well.  As the 20th Century progressed people became very much aware of the risks of radiation, knowledge has gradually grown and therefore limits the dose both for professionals and for patients having revised and reduced throughout the century.

Porter
Back at UCH - University College Hospital - Morlette Lindsay is about to have her daily radiotherapy

Morlette:
.... sort of complain about the fact that you killed Nigel Pargetter off? 

Porter
It's a different department we have nothing to do with the Archers…

Morlette has just started a six week course of radiotherapy for a cancer that started in her leg.

Morlette
I noticed over the summer, probably end of July, beginning August that I had a small lump on my left thigh, I could actually feel something.  And then I just thought well if I'd found it on my breast I would have been very worried and I would go to the GP.  So I made an appointment to see my GP.

Porter
And it turned out to be a sarcoma, which is a?

Morlette
It's a type of cancer, it's quite rare.  So what was explained to me the day I had my diagnosis, my consultant explained to me that I would have an operation to take it out and that would be followed by radiotherapy after I'd had some time for my wound to heal basically.

Porter
And the aim of the radiotherapy was to clear up anything that was left and prevent...

Morlette
Clear up any cells that were left and prevent it coming back.

Radiotherapist
Can you just come down a little bit more?  I'm just going to put those straps on, as we usually would...

Porter
Now you've got Morlette's leg in a sort of - well a solid half cast there and that's to keep it still.

Radiotherapist
Absolutely and these are all...

Porter
It's pretty tightly in there isn't it, yeah.

Radiotherapist
Yeah, we've only got very tight tolerances on our treatments, sort of millimetres, so we need to immobilise the leg sort of within millimetres.  Excuse me Morlette.

Porter
Like most radiotherapy patients, Morlette's receiving external beam x-ray radiotherapy.  She's precisely positioned on a platform below the machine which fires beams of x-rays into her thigh from different angles carefully calculated to give any cancer a much higher dose than surrounding tissue.

In Morlette's case, the treatment is being used to mop up any cancerous cells left behind by the surgeon and, like all radiotherapy treatments, works on the principle that radiation damages the DNA within cells. Healthy tissues can repair this damaged DNA, but cancer cells are not so resilient - a difference that cancer specialists have leapt on.

Jeffrey Tobias is professor of cancer medicine at UCH.

Tobias
What radiotherapy can do, and I suppose what makes it special, is to distinguish between the normal tissues surrounding a tumour and the tumour itself and to exploit the difference between the ability of the normal tissues to recover from the x-ray beam, to regenerate, and the much lesser ability of the tumour cells to do the same thing.  So we believe that many tumour cells are intrinsically more sensitive to radiotherapy and also have a lessened power of recovery once the radiation has hit them.  

And I think one of the most important developments in modern radiotherapy is that we have got far better precision now, far better precision, and an understanding with modern imaging techniques of precisely where the tumour sits in relation to sensitive surrounding tissues, therefore we can home in on the tumour itself with a much tighter margin and a much greater degree of accuracy with modern techniques.  And what that allows us to do is to increase the dose to the tumour whilst feeling confident that we're not going to be damaging to an irreparable degree the normal tissues around that tumour.  That's really very important because there is what we call a strong dose response effect and for many, many tumours if you could safely get sufficient radiation dose in then you're beginning to win the game.

Radiographer
We're all ready to switch the machine on now.  So we'll just be popping outside the treatment room...

Porter
Radiographers Kim Whittle and Ruth Dillon have set everything up for Morlette's treatment.

Radiographer
... and this noise just sounds as we're coming out of the treatment room, so it's just a safety - another safety mechanism.

Porter
So now we're in the control room, we're sat here in front of a bank of video screens, so we can see Morlette in the room there, waiting for you to press the button.

Radiographer
So we've got a point about 20 wedge, we've got 10 and B and 22 MUs.  So there's certain things that we need to check on the plan that is correct for Morlette every day, so we're making sure we give the correct treatment.

Porter
So she's actually receiving the beam now is she?

Radiographer
Yeah, yeah. So she won't actually see anything or feel anything.

Porter
Do they ever feel anything?

Radiographer
No, no.

Tobias
We're no longer stuck with one beam which comes in through the body wall and somehow has to find its way to the tumour.  We can use many, many radiation beams, for example we have equipment where the patient will be lying nice and still on the treatment couch and the machine can rotate around the patient and that means that we can treat from various angles of the body which will have the effect of not only giving us a much more even dose throughout the tumour - the tumour volume - which is very important indeed but also if you like evening out the radiation dose which inevitably will go through the normal tissues of the body but by moving the beam around we can reduce the amount of radiation dose that any one part of the body has to try and cope with.  And that's proven very valuable.

Porter
And those advances in technology have - they've obviously - it's better for the patient but has it changed the way that you, as a clinician, would use the radiotherapy?  Are you now using it for things that you didn't used to use it before?

Tobias
Yes that's a very interesting question and the answer is yes, for example there are certain tumours which might be very close to the spine, as a result of modern technology we can be very much more confident of treating a tumour of that type close to one of the most sensitive structures of the body - that's to say the spinal cord where over treatment with radiation and damage from radiation could be truly devastating, we're now able to deal with that kind of problem with very much greater confidence.

Porter
Morlette, before it was mentioned as a treatment for your sarcoma had you heard anything about radiotherapy, did you know anything about it?

Morlette
I was aware that both radiotherapy and chemotherapy were different ways of treating cancers and when I heard it was only going to be radiotherapy the one little bit I knew was that at least this would not be as bad for my body.  But actually now going through the therapy I actually think well I'm really, really lucky that this is one of the therapies suggested for me because apart from feeling a bit tired and the fact that perhaps over the six weeks my skin might blister a little bit I feel no other side effects, so I think I'm very lucky that this is actually the treatment recommended for me.

Porter
Morlette has had radiotherapy in addition to surgery, but radiotherapy may also be used on its own, or in conjunction with chemotherapy.  Indeed while chemo and radiotherapy are often used as back up to surgery, the combination can sometimes be offered as a far less mutilating alternative. Jeffrey Tobias.

Tobias
I'm thinking for example of a laryngectomy, now when I came here 30 years ago to UCH most patients with cancers of the larynx were treated by laryngectomy and they had to face a permanent loss of voice because of course laryngectomy is loss of the voice box by surgery and it might well prove curative but at a very considerable and you might even say dramatic price.  Nowadays we'll use radiotherapy or very, very often radiotherapy and chemotherapy together in conjunction usually given pretty much at the same time, concurrently, instead of surgery with an excellent and beautiful result and wonderful preservation of the voice.  That's the kind of advance that of course really means so very much to patients.

Radiotherapist
How are you today Zac?

Batten
Okay. [Indistinct words]

Radiotherapist
Sorry Zac?

Batten
I was just asking if this was the same room as yesterday?

Radiotherapist
Oh I don't know.  

No I think this is a different one.

Porter
The department at UCH treats more children with cancer than any other hospital in the country.  Ten-year-old Zac Batten had a rare tumour of the salivary gland on the side of his face.  Most of it was successfully removed surgically and he's now having radiotherapy to clear any remaining cancer.

Radiographer Kim Whittle...

Whittle
So what we're going to do with Zac's treatment is place a mask over his face - there are eye holes and mouth holes so he's able to breathe and see, if he would like.  And this clips into place on the bed, it keeps the head very still because there's a lot of structures in the head that we don't want to treat, like the eyes and things like that, so we need everything sort of as tight as we can, so millimetres of tolerance.  So keep your chin up, pop your chin up some more Zac if you can, that's it.

Porter
Doctors treating children - many of whom are even younger than Zac with problems like brain tumours or lymphomas - have to give special thought to the side effects of treatment on surrounding healthy tissues.

Zac is under paediatric oncologist Yen Ching Chang.

Chang
If we think about the children from a purely medical biological standpoint their tissues are still growing, so we do have to think very carefully about the tissues that are growing, so such as muscle, bone but there's a developing organ such as your brain, so during your childhood of course a lot of your brain is developing and that is a special consideration.

Porter
Because the consideration would be that if you get collateral damage to healthy tissue it'll stop those tissues growing and developing?

Chang
Or it changes or slows their rate of development.  So we have to consider the fact that we're hoping that most children will be cured of their cancers, most childhood malignancies are more curable than adults' malignancies, even if they've spread outside the primary site.  So we're looking at treating children perhaps as young as five or six and then hopefully them living to 80 years old and so we have all that consideration that some of the late effects might manifest 50, 60, 70 years later and we have to mindful of that.  And in particular I think the late effect that we need to consider is that of second cancer, so when we use radiation there is a small risk that you will develop a second cancer during your lifetime because you've had radiation treatment - that risk is small, many of these cancers may well be treatable, nevertheless it is a consideration that we need to think about.

Porter
But what does that practically mean for you as the doctor in charge, how do you alter things to fit in with those concerns?

Chang
So with children our main concern is trying to limit the dose to the normal tissue where we can.

Porter
Does that mean different equipment or...?

Chang
So it doesn't mean different equipment, so with adults - so with children what we tend to do is we use a lower total dose of radiation and in many respects that's because many of the childhood tumours are more radiosensitive, so they don't need such high doses, which is useful.  The other thing we do is we drop what we call the dose profraction, so as you know we give radiotherapy in very little pieces every day over a six week period, with children we lower that dose per day because we know that that actually decreases your late effects, so that is very useful.

Whittle
Ready to go outside now Zac, I'll just go and pop your music on for you okay?  Okay Zac?  Okay here we go.  So we're trying to encourage patients to bring their own music, so they can just try and relax as best they can and have their own thoughts in there while they try and keep still.

Chang
One of the other considerations with children is that radiotherapy requires quite a high level of compliance and if you have a teenager - once a teenager's had their radiotherapy processes explained to them then they will comply as an adult would but if you're talking about a very young patient - under two - then we would actually give radiotherapy every day under general anaesthetic for up to six weeks.

Porter
Yes because practically just getting someone to lie still...

Chang
Lie still.  And we also often have to put immobilisation devices on them, so we can treat with millimetre precision and often the way we do this is with plastic masks, which are not painful to wear but they're tight, obviously, and uncomfortable.  And we can get children as young as four or five to wear these masks awake and comply with treatment but it takes a lot of work and we have actually here at UCH case specialists in our department whose job it is to prepare the children for radiotherapy and get them to feel that it's acceptable and get them to cooperate.

Porter
Zac what do they do at the hospital to make things good for you, are they nice - the staff here?

Batten
Yeah they're really nice, the nurses are nice and the playrooms.

Porter
What do you like about the playrooms?

Batten
They had a PS3.

Porter
Yeah I noticed ... yeah I see, so you sit here playing with your wheel - PS3 or whatever it is until they call you through.  And the actual treatment only takes a few minutes.

Batten
Yeah then I go - after radiotherapy then I go to school.

Chang
One of the amazing things about our play specialist team is that most children who have radiotherapy actually enjoy the radiotherapy, although their parents don't believe it when they tell them and actually are disappointed when radiotherapy finishes because we've made it such a fun experience.  But that is really important in the preparation of the children for radiotherapy.

Porter
Some children may enjoy it, but having radiotherapy daily for five - six weeks is a major disruption for most patients. A problem that can only be compounded by side effects like sore skin and fatigue, and less common ones like nausea and diarrhoea.

But a new approach developed by the team at UCH gets around both issues - it's a fast, one-off treatment that has few, if any, noticeable side effects. 

It has been developed for use in patients with breast cancers who often have a long course of radiotherapy to the affected breast after the lump has been removed. But Professor Tobias and his team have pioneered giving a one off dose of radiotherapy at the time of surgery while the patient is asleep on the operating table.

Tobias
The treatment takes about an extra half hour, perhaps 40 minutes, so that adds to the time of the surgical procedure and the anaesthesia but the patient of course is fast asleep and the treatment is a very beautiful miniaturised radiation probe mounted on a robotic arm.  And so as the patient is breathing in the usual way the robotic arm will go up and down with the patient's respiration, an even dose is given and in the majority of patients who have undergone this treatment we see no side effects at all and as far as we can tell with a follow up period of around about four years there is absolutely no difference in terms of effectiveness or treatment failure or relapse rate between the single treatment, totally under anaesthetic, surgery and radiotherapy done all at one time, just a single treatment, or the conventional five week programme.

Porter 
These results came from a clinical trial involving more than 2,000 women in the UK and from eight other countries and was published in The Lancet medical journal last year.  

Tobias
So we're very, very excited by this because in terms of convenience to the patient, to say nothing of the potential of side effects and the logistic problems within a radiotherapy department, we feel that the new treatment is obviously very much superior.  So we're continuing this work now and more and more centres are interested and taking it up.

Whittle
So for this particular treatment we've got three treatment beams, each for about 30 seconds treatment each.

Porter
Most radiotherapy involves machines which deliver external beam therapy.  But there is a sub-department here at UCH which takes a different approach - irradiating the cancer from the inside using a technique known as brachytherapy.

Payne
My name's Heather Payne, I'm a clinical oncologist at University College Hospital with a special interest in prostate cancer.  Brachytherapy literally means near or close treatment and whereas with external beam radiotherapy where you shine a beam of x-rays from one side to the other and it goes right the way through the patient, with brachytherapy you're inserting a radioactive source directly into the tumour.  And that has several advantages.  It means that you can give a big dose of radiation to a small area in quite a quick time.  It also means because radioactive sources will give a very big dose in the areas immediately surrounding the source but the dose of radiation wears off quickly.  So you can treat the tumour but spare the normal surrounding tissues.

Porter
When you say sources, what sort of things are you putting in and how do you put them in?

Payne
They're two types of brachytherapy and they can all use different sources.  So there is the type of brachytherapy where we permanently insert a source and an example of that would be iodine seeds for prostate cancer, early prostate cancer, where it's slow growing.  And these are like little grains of rice, they're tiny, tiny little radioactive sources of iodine.  They're inserted into the prostate by a needle through the area of skin between the scrotum and the anus and so the man lies down, has an anaesthetic, and the needle containing these sources will be pushed into the prostate, the needle's taken away and the little sources remain in the prostate and will slowly give off a dose of radiation directly inside the prostate gland itself.

Porter
But some men have more aggressive prostate tumours that require a faster harder hit. Three years ago, Hamish Marrat-Crosby, a journalist at BBC Radio Jersey, found himself in this position

Marrat-Crosby
I think many men are in this situation, it was only through pressure from my wife to get something done about getting up at night and waking her up when I went to have a pee that I discovered I had prostate cancer at all.  And by the time I was diagnosed it had spread and I had been sent to London for an operation but the surgeon said no, I can't operate, you're only hope is some form of radiotherapy and brachytherapy treatment, go and see my good friend Heather Payne.

Payne
The other type of brachytherapy is called after loading.  And so the procedure for that, depending on where you're treating, is that you might put needles or a tube inside the tumour, again under an anaesthetic with the patient nicely asleep.  The tube is then connected by plastic tubing to a machine which houses a very high dose rate source, such as iridium.  The radioactive iridium will then pass through the tubing, pass inside the patient, inside their applicator, give doses of radiation and then go back in the machine.  So in that case that person is not radioactive in any way but they've had a huge dose of radiotherapy delivered directly inside their tumour.

Porter
The radioactive substance may only be in the patient for a very short time during each treatment session, but the plumbing has to be left in place for the couple of days it takes to deliver all the doses.

Marrat-Crosby
Twenty odd needles are inserted into you and they go up and into the prostate itself.  The needles are inserted under anaesthetic, then you spend two days lying very still and that's a bore, it's not painful, it's very uncomfortable, it's invasive, any idea of dignity goes out of the window.  During that time I was wheeled down to the oncology department three times and the various needles were connected to some form of machine which pumped in miniscule amounts of a radioactive serum and then after three days they were taken out and I was then in shuffling around mode at UCH and finally after about being there five days I was allowed out.  And I must say it is the most wonderful feeling to walk out of a cancer ward in a major London hospital, you daren't look back because there are people there who you know are never going to walk out at all.

Porter
Heather, I can understand the rationale behind local delivery like that but what's in it for the patient, what would they notice in terms of outcome for their disease or perhaps side effects?

Payne
I think that there are two ways of using brachytherapy, it can be used as the sole treatment for their tumour or it can be used to boost the total dose.  And certainly with high dose rate prostate brachytherapy these men will have four and a half to five weeks of external beam and then will have two or three brachytherapy insertions.  And that probably gives them a dose to the equivalent of about 10 weeks of external treatment.  Now we couldn't do all of that with external treatment because they'd be too big a dose to the surrounding normal tissue, so we're getting a bigger dose of radiation, hopefully better tumour control and better outcomes for similar side effects.

Marrat-Crosby
It's just over three years ago since I finished this particular course of treatment and before it all started I remember Dr Payne saying to me that Hamish, I can't guarantee you a cure but this is the best you're going to get.  And tests have shown, over the last three years, that she has proved right and I am still looking - well if not cured at least I have a lengthy and if not timeless delay which is quite good enough for me, thank you very much, it's much more than I hoped for some years back.

Payne
A decade or so ago these men with high risk disease were treated in a very nihilistic way, many men would perhaps just be given hormone treatment or just have their cancer watched until it spread or caused other problems.  I mean the results now with combined treatment with high dose rate brachytherapy, external beam and hormone treatment are phenomenal - we're seeing sort of up to 80% of men who are well controlled at sort of five and 10 years.  So this has been a big, big breakthrough.

Porter
Heather Payne talking to me in the radiotherapy department at University College Hospital in London.

If you would like more information on the various forms of radiotherapy covered in today's programme then you will find some useful links on the Case Notes website at bbc.co.uk/radio4 - where you can also listen to the programme again or download it as a podcast.

Next week I will be in Liverpool, continuing the cancer theme and finding out the latest in the battle against one of most feared forms of the disease - cancer of the pancreas.


