Emma: Good afternoon, everybody, and welcome to our Fight for Sight webinar today, which is “Why is a form of vitamin B3 being tested in glaucoma clinical trials?” So before we get started, we have a couple of housekeeping notes or points for you:
There will be live captions available during the webinar.
We may use illustrated slides to guide us, but we will read out everything on these. 
Slides, a transcript, and a recording will be made available post-webinar, so if you have any friends, colleagues, family members that couldn't make it, that you don't need to scribble frantically, they will get the webinar content afterwards, as will you.
Please use the Q&A window to ask questions. There's time for questions towards the middle of the webinar session, so if things crop up now or during the Q&A session, please feel free to send us your questions.
The chat function is disabled--It can be distracting for screen readers
and after the webinar, we'll be sending you an email with a link to a survey--We'd be really grateful for any feedback that you may have, 'cause it helps in future planning.

Okay. So over to today's webinar and our panel, which is hosted by me. I'm Dr. Emma Blamont, I'm the head of research and programmes at Fight for Sight, so I oversee the research grants programme and our social change funding programmes.
And I'm joined by Professor Ted Garway-Heath - who's professor of ophthalmology at UCL and a consultant ophthalmic eye surgeon at Moorfields Eye Hospital, And Zaynab Rehman, who's a communications assistant at Fight for Sight, working within the external affairs team. So at Fight for Sight, our mission is to fund the brilliant minds and bright ideas that put change in sight, and that's for everyone impacted by vision loss.
And the driving force behind our mission is,  imagine being told that you, or someone that you love is losing their sight. At that moment in time, most people have two profound questions within their mind, which is, "How can this be stopped?" and, "How do I live my life without vision?"
So our researchers, luckily, are working better to understand, diagnose, prevent, and treat vision loss, so less people will be affected by vision loss in the future, hopefully.
And in parallel, through our social change funding program, we build initiatives to change lives for blind and vision-impaired people.
So now over to the panel discussion, where I'm joined by Zaynab and Ted.
So Zaynab and Ted, welcome. Thanks for coming along today for this really interesting discussion on a potential new treatment for glaucoma. So to start with you first, Ted, please could you tell us a little bit more about the research that you're currently undertaking at Moorfields UCL?
Ted: Sure. Thank you. And well, we're currently running a clinical trial of a potential new treatment for glaucoma, which is this high-dose vitamin B3. Briefly, a clinical trial is where patients get usual treatment for their glaucoma, so that's either eye drops or laser to lower the pressure, and then we randomize patients to either the active treatment, which is the high-dose vitamin B3, or the placebo, which is commonly called a sugar pill.
And at the end of the follow-up period, we look to see whether or not those who've been taking the active treatment, (the B3,) have done better in terms of less vision loss than those not taking the B3. One of the other things that we're going to be doing in the trial is looking at doing blood tests and things, looking at potential mechanisms to understand how the vitamin B3 works and ultimately, hopefully, identify which particular patients are more likely to benefit from the B3 than others. At the moment we've just completed our recruitment period, so we've recruited 378 participants to the trial, and we are now in follow-up. So the follow-up period for each participant is a little over two years, so we'll be getting the results in the autumn of 2028. 
Emma: Wow that’s fairly soon in terms of research time. So I'm gonna just ask, Zaynab, so could you tell us a little bit about your journey with glaucoma and how you currently are being treated and managed?
Zaynab: Sure, yeah. So I was diagnosed with glaucoma, amongst many other eye conditions, at around the age of two. This is because when I was born, my eyes were an anomaly and we weren't sure what was wrong. There were only four other recorded cases at the time of my diagnosis,  so quite rare, but glaucoma is one of the subconditions if you'd like to call it.
I was treated, initially, with eye drops (three different types,) but we found that I actually lost all the existing vision that I had at the age of around six for a short period of time, but it was still traumatic nonetheless. We weren't sure what caused it, so I stopped taking the eye drops, but I'm still being monitored very regularly, and I still use lubricants in the eyes.
In terms of day-to-day, obviously I have little to no vision, so that has quite an impact in terms of doing things, adaptations and stuff like that. And obviously with glaucoma, I have to be very careful with certain things, even sleeping positions. So yeah, that's kind of me in a nutshell. 
Emma: Okay, Thank you. Thank you for sharing that. I guess for people hearing about the research for the first time, they might be having questions about why vitamin D3, and this particular sort of form of vitamin B3 even, not D3,  Get your vitamins right, Emma. So people might have questions about why vitamin B3 and this particular form of vitamin B3, and why do researchers think it might help protect the optic nerve in glaucoma? 
Ted: Sure. So I think there are three main lines of evidence that caused us to settle on vitamin B3. There have been population-based studies in America and Korea which have shown that the levels of vitamin B3 in blood tests were lower in people with glaucoma.
So that's, if you like, a sort of smoking gun that vitamin B3 might be important. And then there have been quite extensive laboratory studies where rats and mice have had high pressure generated in the eyes, and they've been given high-dose vitamin B3, and it was found that those taking the high-dose vitamin B3 compared to those that weren't were almost completely protected from developing glaucoma.
So that, again, is very suggestive at least in an animal model of glaucoma, that it might work. And then we've got the research findings from our own research group and others that maybe we'll talk about in a little bit which have shown that the energy production in cells of people with glaucoma is reduced compared to those who don't have glaucoma.
And also, there's a compound that vitamin B3 is converted to within cells, and I'll call it just NAD 'cause it's quite a long word otherwise, the NAD levels are also lower in people with glaucoma. So these three lines of evidence suggested to us that examining vitamin B3 as a potential treatment might be beneficial.
Emma: That's fascinating. I suppose going back to this idea about the energy production, there's  the concept that glaucoma may involve problems with cellular energy production and, there's a particular powerhouse within the cell called the mitochondria, which is responsible for generating all the energy that a cell needs.
Could you expand a little bit more about this in sort of simple terms, please, for the audience? 
Ted: Yes, certainly. Mitochondria are the little elements within almost every cell except red blood cells. Almost every cell has the mitochondria to produce energy for the cell to function, 'Cause the cell has various processes like making proteins and repairing the structure of the cell, and all that requires energy, and it's the mitochondria which produce that energy. Now, vitamin B3 is a compound that's converted into another compound called NAD, which is a bit like the oil in the machine that keeps the machine ticking over to produce energy.
Now, the first study that I'm aware of that suggested the function of mitochondria may be reduced in glaucoma patients was from about 20 years ago, a publication that came out of Saudi Arabia, which looked at the function of mitochondria in blood cells from a blood test and showed that the function was lower.
And I noticed that publication and thought it would be interesting to take it further and look at it in more detail in our own patients in the UK. And that sort of queued our first grant application to Fight for Sight. And they funded some of our initial work to look to see how mitochondrial function related to the development of glaucoma and also the non-development of glaucoma in people who are at high risk.
So in general, people that have very high pressure in the eyes are at greater risk of developing glaucoma. And one of the findings from our initial study was that if those patients with high pressure didn't develop glaucoma, they actually had better mitochondrial function than average. So that was suggesting that it was a protective factor.
So we then applied for further funding to look at general glaucoma patients in the clinic. And this was undertaken by a PhD student at the time called Bledi Petriti, who's now doing a post-doctoral position at Yale in the United States. And he found that if we look at mitochondrial function in patients with high pressure glaucoma and normal pressure glaucoma and compare it to people without glaucoma, both glaucoma groups had lower mitochondrial function than the people without glaucoma.
But in particular, people with normal pressure glaucoma had particularly low mitochondrial function. And he also found that the NAD levels that comes from the vitamin B3 were lower, again, particularly in the people with normal tension glaucoma. So this again, was additional evidence that we could submit to the grant funder, which is the NIHR, for our clinical trial and put it together with all the other evidence from the laboratory evidence and the population studies to build a picture that suggests that giving vitamin B3 might support the function of these mitochondria and prevent the glaucoma from progressing.
Emma: Okay. So how would the NAD be beneficial? Do you think it could be protecting vision or helping to restore visual function or slowing progression? 
Ted: Yes there's another piece of the picture which I should mention, which is a couple of research groups, one in Australia and one in the United States, did a short-term clinical study of high-dose vitamin B3.
And because it was a short-term study, they can't answer the question of whether or not the high-dose B3 slows glaucoma or not, but they could answer the question of whether or not it benefits vision in glaucoma patients. So what they did was they measured the vision using two techniques. One is the visual field test, which many glaucoma patients will be familiar with, pressing a button, seeing lights on a screen in front of them.
And then the other was by a method called electrophysiology, where they measure the electrical output of the eye in response to flashes of light. And what they found was that glaucoma patients given high-dose vitamin B3 actually had an improvement in their visual function. And the way that we explain that is that we believe that with people that have glaucoma, that some of the nerve cells in the eye are probably not functioning very well.
The nerve cells are alive, but they're not functioning properly. And what the vitamin B3 has done is allowed them to function better, and that causes their vision to be a bit better. So that was another piece of evidence that pointed to the fact that vitamin B3 would benefit the vision in some way.
And now we need to answer the question of whether or not it will slow the rate of change of vision loss in glaucoma. So in answer to your question, the B3 will probably give a small improvement to the vision, but what we really need to know is whether or not it preserves vision in the longer term, and we will only know that after the clinical trials have completed.
Emma: Okay. Zaynab, do you have any questions for Ted? 
Zaynab: Yeah. Just quickly,  how long are those clinical trials set to last? 
Ted: That's a good question because generally trials in glaucoma are very long. But we've done a lot of research in the past to look at ways of speeding up clinical trials, and that's largely by doing the visual field testing that's required more frequently, and doing it, concentrating the tests at the beginning of the follow-up period and at the end of the follow-up period. And that's enabled us to reduce the follow-up time for the trials to two years per participant in the trial.
To that you need to add- Other things that we worry about in clinical trials, and that's like recruiting participants, and that takes between one and two years to recruit. And then you need to set up the trial and analyze it at the end. So the answer is, it's five years from the beginning of the trial, but we're halfway through now, so we've got a two and a half years to go.
Zaynab: Wow. Cool. And then also obviously as we've discussed a lot of current treatments and  eye drops and things, focus on lowering pressure. And I know you talked about mitochondria and stuff as well, but are there any other kind of differences in comparison to eye drop treatments and other treatments that the vitamin B3 approach has?
Or yeah, are there any other kind of differences or anything? 
Ted: So the main difference, I think from lowering the pressure in the eye is that what we're doing with this type of research is that we're trying to make the cells in the eye less vulnerable to the effects of pressure in the eye. So it's a treatment that goes hand-in-hand with lowering eye pressure.
And hopefully we'll be able to identify which people that have glaucoma are going to benefit most from the vitamin B3 approach, 'cause it's probably not everybody. It'll be those who are more vulnerable to the effects of pressure, and then we give them the B3, and it'll make them less vulnerable to the effects of pressure.
What we don't know yet is whether or not the protective effect, (if we find the protective effect,)  we don't know if it'll be confined to the people who have poor mitochondrial function or everybody, because the animal studies that have been done suggest that even if you take rats and mice and increase the pressure in the eyes, it will protect them from developing glaucoma as well.
So it may work across the spectrum of glaucoma, not just those people with poor mitochondrial function. But that's speculative. Remains to be seen.
Zaynab: Wow. Emma, I'll hand back to you. 
Emma: Yeah we've got a question actually that's come up in the chat, who's from somebody called Amanda, who's asked that, given the doses of nicotinamide used in the study reports in glaucoma are much greater than usual recommended doses, do we know if bioavailability is an issue, i.e.
are mega doses still absorbed? And also, are the pathways that convert nicotinamide to NAD able to cope, or are they saturated? And there was a follow-up about risks of adverse events. 
Ted: Yeah. Okay, so should we come back to adverse events later? Because that's an important topic. But the question about the bioavailability and the dose that's required is a very good one, because one of the things that we haven't done yet is explored the dose that's actually required.
What we've done is we've taken the equivalent dose from the animal studies that were shown to be effective and using those in people. If we go back to the population-based studies, the recommended daily intake of nicotinamide is less than 20 milligrams a day. Our trial is using three grams a day, so very much higher doses.
But if we look at the population studies, we can see that the prevalence of glaucoma, the amount of glaucoma in the population declines to a very low level, even when the daily intake is as low as 60 or 70 milligrams. So it may well be that we don't need these very high doses, and that's something that we will need to go back and look at if we show that the high dose is effective.
Now, the question of bioavailability is also a really interesting one, because it's only low doses in diet that are related to the low levels of NAD and mitochondrial function. It may well be the conversion of the nicotinamide into the compounds that are needed, and it's actually a very complex system.
One of the potential routes that the level of NAD is regulated in the body relates actually to the gut microbiome and the bacteria that there are in the gut that recycle the nicotinamide and support the formation of NAD in the cells in the body. So we're actually going to be starting another study fairly soon looking at the gut microbiome to see whether or not that influences the levels of the vitamin B3 in the bloodstream and the downstream nicotinamide adenine dinucleotide, the NAD.
So it's a complex picture. To add to that, some of the enzymes that are responsible for producing NAD from vitamin B3 may decline with age. And it may be that we need another approach to improve the function of those enzymes in some people if the function in some people is found to be low.
We can talk about the side effects now, because we are using very high doses and there have been I think two, or maybe three reports around the world of acute liver failure with these very high doses. Now fortunately, the liver failure recovers completely on stopping the high-dose vitamin B3,  so that's the good news. But it does show that whilst generally safe, there are some people who might have quite serious adverse effects from the very high doses. So we're not recommending these high doses to anybody, certainly until we've got the results of the trial. And even then, it's likely that they would only be recommended under medical supervision until we've done the work where we try and refine our knowledge about the dose that's actually required to prevent the glaucoma progression.
Emma: And I guess that medical supervision point is a very good one, given that vitamin B3 can be easily purchased in pharmacies, high street chains. We're not advocating that people go ahead and buy the equivalent of three grams a day and take it. So that's a very important note. 
Zaynab: Don't try and self-treat yourself.
Emma: Yeah. 
Wait for the results of any trial and medical supervision. 
Ted: Exactly. 
Emma: So we've got a follow-up question about mitochondrial function, with the person asking, "How is mitochondrial function measured? Is this something that could be introduced as a standard test for people diagnosed or at risk with Glaucoma?"
Ted: So at the moment, it's quite a niche laboratory study. What we do is we use an instrument called the Seahorse Analyzer, and we take a blood test. We take blood, spin it down and remove the white blood cells from the blood sample, and then put the white blood cells in the Seahorse Analyzer and look to see how much oxygen they use to produce a little chemical called ATP, which is the energy chemical that's used in cells.
That in itself is unlikely ever to become a routine test for people with glaucoma,  because it's as I say, a niche laboratory study that's not widely available. The test on the Seahorse has to be done within two hours of the blood being taken, so it's on a very fresh sample.
And that, and the complexities of the analysis really preclude it from being a routine test. But what we're doing in the trial is we're looking at other chemicals that can be detected in a blood test to see if those can give us the same information that we get from the Seahorse Analyzer.
One is the actual vitamin B3 level in the blood test, and the other is the NAD level--the metabolite of nicotinamide B3, in cells. And it may well be that looking at those will give us what we call a biomarker, a blood test that can be used to identify people who might need extra vitamin B3.
Emma: Okay. All right. Do you have any questions, Zaynab? 
Zaynab: Yeah, I wanted to go back to what you were saying earlier about the recruitment process and it taking a couple years to recruit people. How do you decide on those people? Like, how do you recruit and select the patients for the trial?
Ted: That's a really interesting question because in general, the principle of clinical trials is to recruit people who are most likely to benefit from the treatment, and we don't want to restrict the group too much, because if we do that, then we restrict the group of people that might benefit at the end of the day.
So we keep our criteria for entry to the trial as simple as we can. Having said that,  in order to measure the rate of vision change in people with glaucoma, we need them not to have too little glaucoma or too much glaucoma. So we want a sort of middling amount of glaucoma so that we can actually detect change, so that restricts the group that we can look at a little bit. And then we also want people that haven't had their treatment altered too much on the basis of how fast they've been getting worse. And the way that we do that is by recruiting people who are newly diagnosed. So what we did is we recruited people who'd been diagnosed within the last five years, but especially the last year, and had visual field loss measured between about just detectable loss and half their vision lost in terms of the visual field.
And when you put all that together, it takes time to identify those people, and an interesting side comment is that the way that we follow glaucoma patients now  and see them for the first time has changed over the last 10 years, and especially since COVID. So a lot of the time we don't see patients face-to-face, so the doctor doesn't see the patient.
They come in for all their tests, the doctor looks at the test results, and if everything's stable, we send a letter to the patient, and if they're not stable, we telephone them. But that means that we're not talking to patients face-to-face as much as we used to, and that makes recruitment to a trial more difficult as well.
Zaynab: Yeah.
Emma: So I suppose some people might be listening thinking, you had your initial hypothesis about energy regulation within glaucoma and, there was that fortuitous find from, the Saudi Arabian study. But, people perhaps listening may not understand the complexities of traveling from that serendipity moment through to the clinical trial.
Can you expand on that process, please? 
Ted: Yes, absolutely. There are two parts to the question because a lot of research is done in animals and animal research isn't always directly applicable to people. They're a good test bed to test very specific hypotheses, but it doesn't always translate.
So the bottom line is that we have to do both clinical research and laboratory research with animals to generate the evidence that we need. My research is in clinical research, so the approach I took was having read this publication from Saudi Arabia was, well,  is this the case in our own glaucoma patients in the UK?
And as I mentioned, the first step there was to apply to Fight for Sight for a grant to start looking at that. So we looked at mitochondrial function in glaucoma patients and patients with high pressure without glaucoma, and generated some evidence that mitochondrial function was important.
That then provided us enough background to go for a larger grant for a more in-depth study to start looking at a wider population and start asking questions about whether or not there are particular types of glaucoma patient that this applies to more than others. Other bits of evidence that are required in order to do a clinical trial, are basic evidence that the compound we want to test, in this case vitamin B3, is effective, and that's where the animal study comes in.
And that was done in the States, or in Cardiff and in the United States, where they gave high-dose vitamin B3 to animals with high pressure and found it to be protective. And then there was an early clinical study in Australia and New York, testing it in humans to see whether or not it influenced visual function and found that it was beneficial to visual function.
So it's a question of putting building blocks of background information together to create a big picture. It's like a jigsaw. And then you present the picture that the jigsaw makes to the funding body that funds clinical trials, and they have a look and say is this strong enough evidence for us to spend £2 million answering a question, does it work in patients?"
Emma: Thank you. So this is a multi-center trial as well. It's not just within Moorfields. Could you elaborate on the other sites involved in this trial and perhaps the complexities of work as well in terms of lining these sites up? 
Ted: Yes, absolutely. So multi-center trials are often regarded to be to provide stronger evidence than single center trials because you're looking at more diverse populations.
So for instance, we know that social deprivation and different ethnicities may affect susceptibility to glaucoma and response to treatment, so we're looking for as widely representative population as possible. So we aimed for our sites in the trial to reflect the ethnic makeup of the country and also the socioeconomic structure of the country.
So we've got sites all over the UK from the furthest north I think is Sunderland, the furthest west is Belfast, furthest south is Portsmouth, and the furthest east is Moorfields, which is the lead site and has recruited most participants to the trial. And in terms of the complexities of running trials, you need a team that's highly experienced in running a trial to deal with the administration and have the mechanisms in place to quickly capture adverse events and untoward effects of interventions, and also have the statistical expertise to look at the results of the trial afterwards.
So to do all that, we go to a clinical trials unit, and our trial's being run by the comprehensive clinical trials unit at UCL, and they have all those expertise that I mentioned. They've got a clinical trials manager, a database manager to make sure that all the outcomes of the study are recorded correctly within a database and then the statisticians will be able to go to it and eventually answer the question, does it work or not?
And then how does it work from our laboratory studies that we're also doing alongside in our labs at the Institute of Ophthalmology. 
Emma: Thank you. Could I just remind those online, please put your questions in the Q&A? We do have a bank of questions that have already arrived, but any further questions, please type in the Q&A, don't try and use the chat window.
So to follow up on this, so obviously you said the trial will complete in 2028. I remember that from earlier. So how long will it take then for you to know whether it's been successful and nicotinamide or vitamin B3 could be a future treatment? And what will you need to do afterwards in order for it to become a routine treatment for those with glaucoma?
Ted: Yeah. We've given ourselves three months to analyze the results. So the results should be out quite quickly. One of the things I should say is that initially we decided on the size of the trial to give us a 90% chance of identifying a treatment effect if it exists. But because recruitment was tricky, we had to reduce that to an 80% chance to detect a treatment effect if it exists.
So if we get a negative result, there's a chance it may be that it does work- But we didn't have a big enough trial to identify the effect. And that is related to a- another point that I was going to make, is that typically when we do a clinical trial, we like to see two clinical trials with the same result before we recommend it for clinical practice.
So the relevance of those comments is that there are other clinical trials that are ongoing around the world looking at nicotinamide. There's one in Australia which We've planned ahead, and we're going to add the participants in Australia to our own trial, which will give us more than a 90% chance of identifying the treatment effect if it is there.
Then there's another large trial in Singapore, a smaller trial in Sweden, and a smaller trial in the United States. So we're hopeful that once all these have reported, we'll have a good idea of whether or not the treatment is effective. And then the next bit's interesting, because usually, clinical trials are done by a pharmaceutical company on an experimental drug, and when they get the results, they then have to apply for a license to market it on the basis of the results of the trial.
This is different, because vitamin B3, as you've already said, is available over the counter. One of the things that we'll need to be wary of is that the companies who produce vitamins, (we call them nutraceuticals,) don't have the same regulation as pharmaceutical companies, so they're not required to monitor the proportion of active compound in their products in the same way that pharmaceutical companies are--It's not as rigorous. So there will probably need to be a step where companies that want to market their vitamin B3 for glaucoma treatments will need some sort of a regulation to validate their product as being suitable for treatment. But it means that the vitamin B3 as a treatment will probably come to market rather more quickly than it would if it were an experimental product.
And then one of the things that's always done after a product comes to market is what we call post-marketing monitoring, and that's usually for side effects, because clinical trials are not usually big enough to pick up all the side effects that might happen. So there's usually post-marketing monitoring, which will identify those side effects.
Emma: All right. Thank you. So we've had a couple of questions. I think we probably need to revisit this just to reinforce a point that was made earlier. So we've had a couple of people, (one of them is a normal tension glaucoma patient. The other has the LHON gene and also have glaucoma,) and they're asking about whether there’s any benefit or whether they should take a daily dose of vitamin B3.
Ted: So again, the answer is that we don't even have evidence for ordinary glaucoma yet. So we can't make any recommendations until we get those, and we certainly can't recommend the high dose because of the potential side effects. A frequent question I get asked, though, is what about supplements in the diet?
We know that vitamin B3 is safe. So there's probably no harm in taking a supplement, but we don't know if it'll do any good. The question about Lebers is interesting because that's a genetically inherited form of mitochondrial dysfunction that gives rise to a problem with the optic nerve.
We don't know if vitamin B3 will be effective in those people with that genetic change. Although there is a group in Cardiff who I think is interested in looking at that particular question where they've got a number of patients with that condition. And then there are other heritable forms of glaucoma related to mitochondrial dysfunction that may particularly benefit.
But again, we need to look at those individually to answer that question. We don't have those answers yet. 
Emma: Yeah. And I suppose to reinforce, as you previously mentioned, high doses of vitamin B3 are associated with potential liver failure as an adverse effect. So there's no advocacy for taking high doses of vitamin B3. It's just the standard vitamin tablets, if anything. 
Ted: That's right. 
Emma: Okay. Let's see what other questions are in the chat then. So we have a question from, I believe, the Bristol area asking, "Are you still recruiting, and if so, is Bristol a center?" 
Ted: Oh. No, I'm afraid we've completed our recruitment. Bristol wasn't a recruitment center for this particular trial, but we've completed our recruitment unfortunately we can't take any new participants. 
Emma: Okay. Do you have a question, Zaynab? 
Zaynab: I actually have two. So you mentioned earlier about there being smaller trials and bigger trial in different places.
Is there an ideal Number for a trial to be most effective? 
Ted: The answer is yes. But it's a little bit of a complicated formula, if you like, to get to the number needed. It depends on the size of the effect of the treatment, and the variability of the outcome measure that we're measuring.
So our main outcome measure is the visual field test, and many people will understand that's quite a variable test. So we need a lot of visual field tests per participant, and quite a long period of time. Two years is close to the minimum period in order to be able to measure change within individual participants to answer the question.
So the more variable the test, the more patients we need in a study to look at the treatment effect across patients. And the other thing I mentioned was the effect size. We have to guess what the effect size would be, and we don't really know because we don't have any pilot studies for vitamin B3 to tell us how effective it might be.
So the approach we took was to say if it reduces the rate of vision loss by 20%, that would be clinically meaningful." So we want to be able to measure a 20% reduction in the rate of vision loss, and then we worked out the number of patients that we needed based on that and the variability of the visual field test.
Zaynab: Finally I know we're already halfway through the trial at the moment, (I think you said.) Besides the recruitment process, what have been some other challenges or hurdles, and how have they been overcome in terms of the trial? 
Ted: Yes, that Brings back painful memories of the start of the trial. It's a painful memory, but what occurred was entirely appropriate. So what happened was we identified a manufacturer for the vitamin B3, and that was the manufacturer that had produced the vitamin B3 for the Australian study. And when we submitted our grant application that all went through smoothly, and then we went for our ethical approval, and the regulator looked at the proposal and said, "Okay, this is a manufacturer of a nutraceutical that doesn't have the paperwork to assure us of manufacturing quality, so we're going to require a level of paperwork-" To assure that manufacturing quality, which is entirely appropriate, but it delayed the start of the trial by 18 months.
And while it was delayed, we were getting frustrated. The grant money was ticking away, 'cause we'd already started employing people and it made life very difficult, and it's delayed getting an answer to the trial. But as I say, from the point of view of regulation and patient safety, it was entirely the right decision of the regulator.
But that was the biggest hurdle. That and recruiting people. Those are the two big hurdles. 
Zaynab: Wow, Thanks for sharing.
Emma: So one of the questions we had was that obviously a lot of glaucoma treatments currently look at reducing pressure within the eye, and, this is a novel approach, thinking about neuroprotection, protecting the optic nerve.
And are there other neuroprotective treatments in development, or is this unique? 
Ted: There are others in development. So there's a lot of interest in the United States and Canada at the moment of the possibility of insulin eye drops being protective in glaucoma. So I think they've done some very preliminary studies.
There are some products that companies are looking at that regulate blood flow, which are showing promise in small studies that may come into clinical trials. But there is one other product that's currently in a clinical trial, and that's called citicoline, which is a compound that works through numerous mechanisms.
So they're not quite sure which mechanism is- Having its action in glaucoma. In their preliminary studies, similar to vitamin B3, they've shown that giving citicoline promotes visual function. It actually improves visual function in glaucoma patients somewhat. And it also works in animal models of glaucoma.
So there's a company called Omicron that's conducting a clinical trial with more than 30 sites over Europe, aiming to recruit nearly 1,000 patients, that's almost finished recruiting. Their follow-up period is three years, so we won't have the results from that study until the end of 2029, maybe 2030.
But again, the preliminary s- clinical studies on citicoline are promising, so there may be an additional neuroprotective approach coming to patients in the not too distant future. 
Emma: Okay. Wow., so there's more work on the horizon then, more avenues, potential avenues. We've got a question which is about what is the one misconception about glaucoma research that you most wish people understood better?
Ted: Ooh, yes. That is easy! One of the problems is that glaucoma is almost certainly a multifactorial condition that has numerous contributing mechanisms. So the level of pressure in the eye is the most important. The age of the person is probably the next most important thing, but we don't really fully understand yet what it is about aging that confers susceptibility, although our hypothesis is that mitochondrial function is a major part of that, 'cause we know that mitochondrial function declines with aging. So that was one of the things that took us to hypothesize that mitochondria might be important. But then there are a whole host of other things that may be important, from blood flow to the eye,what we call vasospasticity, so that's conditions like migraines and Raynaud's, where the blood vessels go into spasm.
That may be important in glaucoma. The biomechanics of the tissue that make up the eye are probably very important, too. Measuring that's difficult and it's a whole research discipline all of its own. So yeah, the misconception is that we just choose one of those and get an answer for glaucoma and the reality is that we need to consider all of these.
And the, if you like, art and skill of glaucoma research is finding the next major risk factor for glaucoma. There are many risk factors that may have little impact. We want to find those that have big impact and find treatments that address those factors. 
Emma: Yeah. Coming back to that I'm thinking about risk factors.
You mentioned the enzymes are involved in converting nicotinamide to NAD. Is there any genetic variance within those enzymes that could be a potential cause in some patients for having the low levels and the  poor mitochondrial function? 
Ted: Yeah, there very well may be.
We know that glaucoma in general is highly heritable. So some estimates have suggested that it's up to 80% genetic. But a point I always make is that people have the same genes when they're 50 as they do when they're 80, and the proportion of people with glaucoma when they're 50 is less than 1%, but it's more than 5% over the age of 80.
So there's something about aging that, if you like, uncovers the genetic propensity, and some of that may well be the enzymes. So when people have looked at, if you like, grouping genes for their functions in relation to glaucoma, there is a group of genes related to mitochondrial function that do contribute to glaucoma susceptibility.
What all those do hasn't been fully elucidated yet. But they affect mitochondrial function in one way or another. And even if some of these enzymes do have reduced function, that's not necessarily genetic. It may be something else that's happening as people get older. There may be other deficits, other compounds affecting the function of those enzymes, and that's another line of research that would, I think, be very profitable in the near future 
Emma: Okay.
Thank you for that. So we've got a couple more questions again about vitamin B3. So we have a question from a lady called Carol, who said she tried taking high doses of vitamin B3 for nearly two years, but eventually gave it up about a year ago because she was having major problems with itchy skin and suspected that it was the B3 that was exacerbating this.
And she was saying her glaucoma is now worsening, and she's tempted to restart the B3. And she asks, is there any way of avoiding side effects? 
Ted: It's a good question because it reminds me that there are various forms of vitamin B3. One of them is nicotinic acid, which does cause more in the way of flushing and itching of the skin.
The form that we're using has much less of that side effect, nicotinamide. So the first thing would be to check that's the form that she's been using. In Singapore, they started with the same dose as us, three grams a day, but they had a lot of side effects around flushing and itching of the skin, and they've reduced their dose by half.
So they're looking at a gram and a half a day now. But that brings us back to the comment that we made earlier, is that because we don't know if it works or not yet if you restart the nicotinamide, I would restart just at normal supplement doses that you get in ordinary vitamin supplements. And that may be effective, and await the results of the trial.
And if the results are positive, then go back to your doctor so that you can have the higher dose under medical supervision. 
Emma: Yeah. Thank you. We've got another question asking about how B3 will behave in the case of patients who have high blood sugar and hypertension. And I'm not sure whether this is something you can answer now or whether this actually might be something that comes out of the trial.
Ted: Something we're looking at in the trial, so we're measuring not blood sugar directly, but we're looking at a what's called hemoglobin HbA1c which is, if you like, sugar-coated hemoglobin which as is an indicator of long-term blood sugar levels. So we're looking to see whether or not there's any relation of either the effectiveness or side effects of the vitamin B3 in relation to high blood sugar levels.
One thing to mention though, is that a lot of people with high blood sugar levels are on treatment for that. A common treatment is called metformin, and it's believed metformin might actually be beneficial for glaucoma in itself. So it's going to be difficult to untangle that from effects of the high blood sugar.
But so far as we know, there's no direct contraindication between vitamin B3 and high blood sugar, and high dose vitamin B3 has in fact been trialed in the past as a potential treatment to prevent diabetes. It didn't work, but it was  investigated for that potential.
Emma: Great. All right I think probably it's time for one last question. Actually somebody's put in a question saying, "Having attended the webinar, can participants be alerted when results are published with the link?" So I think people are very keen, the attendees, to know the results of your trial, as are we.
So I suppose one final question before we start wrapping up, and, this has been a really inspiring conversation about the research that's been undertaken and, the hope that this could be a new treatment for glaucoma. So looking ahead to 10 years fast-forwarding, how do you think glaucoma treatment would have evolved, or what's your hope for the evolution of glaucoma treatment?
Ted: I'll give my hopes 'cause I'm always overly optimistic and hope and expect things to happen quicker than they actually do. But my hope for 10 years will be that we have treatments not only to lower the pressure in the eye, but we have neuroprotective treatments to make the nerve cells in the eye more resilient to the effects of pressure like nicotinamide and perhaps some of these others that are being trialed.
My hope is that we'll also understand some of these other mechanisms that lead to glaucoma damage, and we'll have treatments that address those mechanisms. So the hope in 10 years is that we'll be able to take someone with glaucoma and say to them you've got- This subset of glaucoma in which this treatment is more likely to be effective than that treatment, rather than just giving a generic pressure-lowering approach, which is all we've got at the moment.
So one of my colleagues has a grant application to develop what are called digital twins. So the idea is that we can build a digital model of people with glaucoma, with all these various factors that will influence glaucoma susceptibility, and then we can test treatments in this model and identify which treatments are gonna work in which type of glaucoma patient.
So that's the hope for 10 years. It'll probably be 20 or longer. 
Emma: So more tailor-made treatment approach, more individualized to the patient. 
Ted: Indeed. 
Emma: That sounds great. So we can probably wrap up for now with a thank you for answering these questions. So yeah, so we've got a link to the resources that you might find interesting.
The link to the webinar title, so it's about more about the glaucoma research we've funded. You can find out more about Ted, and you can read more about eye conditions like glaucoma in our A to Z. So these links will be coming in the slide deck that you'll receive at the end of the webinar.
And in terms of our next webinar, we have the Power of Sport with Metro Blind Sport and Bloomsbury Football Foundation, so that's part of our social change funding program. So you can join and register on the link provided if you're interested in joining that, which will be held on Wednesday the 24th of June at the same time.
And thank you all for attending today for our Fight for Sight Presents webinar. Thank you, and have a good rest of your day. And thank you, Ted, and thank you, Zenny. 
Ted: Thank you very much. Bye-bye. 
Emma: Bye-bye.
