*Speaker: David Hoxley
(Applause) Thank you very much, folks. Yes, so my name’s David and about 10 years ago I contracted a boutique little haematological malignancy called multiple myeloma. I was in the UK, it was my first post-doc, and well as they say, cancer is a growth industry. And at that stage I was doing research into using diamond to make electron production plates, so basically flat-panelled displays for use in things like iPhones. As I got treated I realised that the science and the haematology of treating cancer is very, very good these days, it’s come along really, really well. And the biggest challenges are sometimes clinical. Knowing the dose is one thing, but being able to get it into the patient, and being able to work out exactly what the dose should be, can be difficult if the patient’s immune system has crashed.

So my first image is not of me but of someone who could be a lot like me who’s looking at a line that’s going into their chest, which is where the chemo goes in and the blood comes out. It’s quite tricky when you are putting in the chemo because you need to work out what the immune system is at so you can work out the dose. What it really means in practice is a lot of hit and miss and a lot of time in hospital. Hospitals are not the best place for a patient to be, partly because they’re slightly depressing and partly because they do have some interesting infections, they are after all full of sick people. It’s also pretty pricey, having someone in hospital for a very long period of time gets very, very expensive. I was very lucky and the Australian taxpayer was very generous so I’m here 10 years later to be able to tell the tale. But as more and more cancers become more and more successfully treatable, then it becomes pricier and pricier. So we have to think about subtle ways in which we can be more effective, not only for the good of the patient, but for the good of society in general.

So this is a little close-up of the sort of standard routine that a chemotherapy patient has to go through. The tricky part about people on chemo is that their veins collapse, so getting a needle in, like on the back of this hand can be quite tricky and it can take hours of site after site after site. It gets very painful. It also takes a lot of time. So what would I like to do about this? I would like to get rid of the sitting in the hospital chair part of it and use a sensor to be able to continuously monitor your blood. I’m a physicist who works in diamond devices so I’m going to make a diamond device that will do it. Not that sort of diamond. It’s absolutely beautiful, but I as a physicist look at that and see filth, all that blue is contaminants that are no good to me at all. It’s the sort of thing that you find lying around in the ground. Now I can tell the difference between an iPhone and a potato, right? So I want the iPhone, not the potato.

So we’re very lucky, in the last 10 years a couple of companies, Element Six in particular, which is the diamond growing wing of De Beers, has produced these beautiful single crystal synthetic diamonds, which have got no defects, they’ve got no unwanted colours. They come in all various varieties, but we’re interested in the single crystal version. Once you’ve got a blank template like that you can start to do things with it. Now putting a great big chunk of mineral on the inside of you is probably not something you’d feel comfortable about. But it doesn’t have to be big, it can be small. So in particular what we want is to be able to cut some channels into it. And the sort of channels we want to cut in are very small.

So here’s your brick of diamond, and we’d like to cut in some small channels here, so that the blood can flow in. And as it flows in it can mix with different streams of blood and form small chemical reactions which we’ll call assays, and in here it can detect whether or not it’s time for a particular form of chemo. Do you have enough white blood cells in your blood? Do you have a particular paraprotein that tells you it’s time to start chemotherapy again? Being able to get the blood in there when it’s a very, very small channel is quite a technical challenge, but it’s being solved as we speak. It’s quite cutting edge. Making it out of a diamond is quite unusual, but the nice thing about a diamond is that it’s very, very bio-compatible. It’s basically made out of carbon, which is what we are, a carbon-based life form. Things don’t grow on the surface of diamonds, bugs don’t tend to grow unless you want them to. You can treat the walls of these to be any sort of chemical reaction you’d like. It could be an immuno-responsive type assay, it could another sort of chemical reaction, it could be an electro-chemical reaction. You’ve got lots of different scope with diamond because the surface can be changed in a lot of different forms. But if you want it to just sit inside the body and not interfere with anything, that’s great, it can do that.

So diamond turns out to be perfect for biosensors. The hard part is working out how you’re going to make these tranches, and how you’re going to coat them on the inside, ‘cause what you want is you want these little tubes, and these tubes are really only about one on 10 to the six metres, so we’re looking at a fraction of a human hair. The amount of fluid going in is very small. That’s great, you’re not taking much blood out of the patient. You don’t need a huge amount of blood to be pumped through, normal blood flow will do that. And you need to coat somehow with an assay, and then you need to be able to read that out. This is my … this is where my expertise lies. I know how to coat diamonds so that they become electrically sensitive, and I have some pretty good ideas after having spent a bit of time working in quantum computation about how we can do readout in very small and very difficult to measure systems.

There’s only one problem with this great scheme. I’m not a biologist. I know something about the way that these assays work and I’m learning all the time. But I know that there’s a lot that I don’t know. In particular, I’m really interested in people who would like to join me on this project, because it’s got to be a cross-disciplinary team, it’s got to have physicists, engineers, biologists and clinicians. Now there seems to be a sort of separation between the squishy sciences and the so-called hard sciences. And so I would be very interested in bridging that gap and find out how we can get a sensor like this actually made and practical.

I guess there are a lot of different motivations for this as well. Not only myself, but my son was diagnosed with leukaemia about two years ago and I saw him go through the whole thing again. With kids it’s even harder. Parents watch their kids but they can’t read their minds, they can’t read their bodies. And if you think it’s hard to get needles into the collapsed veins of an adult with chemotherapy, you try doing it on a three year old. Also kids don’t do well in hospital. For the sake of their mental health it’s very, very important that they spend as much time out of hospital as possible, running around doing things.

So if we could somehow take the in-patient thing out of the equation, have them hooked up to a monitoring device that effectively gave them their chemo all the time in response to the signals that were being generated inside them, they would still feel like crap, they’d still be mister baldy head, but they wouldn’t have to lie there in a hospital bed like you can see Gene’s doing here. I got to say that probably the most useful application of the iPad is keeping kids on chemo wards occupied while they lie there for 10 hours at a time.

So my motivation originally was quite strong while I was being treated and then it waned. Now it’s come back again, it’s a lot stronger. And I’ve decided I’m really going to have a go at this. It’s a very difficult, technical problem but I’m applying for funding at the moment, and anyone who’s watching this, if you’ve got any ideas and you’d like to help me out, I’m all ears. I had a fantastic conversation with a nurse yesterday, who works in ICU, and she said, hey, why don’t you use the heart as a power supply? It’s a big battery, isn’t it? And it is. So I think that they way to get this device built is to use the ears as much as what’s between them.

So that’s my big fat idea. Thank you very much for listening.

(Applause)
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