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Laurence: I absolutely loved football growing up and it's incredibly difficult to turn around to a young
person say, do you recognize the long-term kind of consequences you're making? At that point in time
where it matters so much, isn't it, in terms of being like your peers, you know, non-affected peers, you
know, that sort of normalization process, you know and trying to fit in with certain peer groups and also
peer pressure, you know, it's really hard to turn around to a young person and say, I wouldn't play that.
Adam: That is Laurence Woollard. He’s 31, he lives in Cambridge in the United Kingdom. Laurence is the
founder of On The Pulse Consultancy. And what he’s describing there is his childhood - what it’s like for
him to live with a rare genetic disease called hemophilia A.
If you don’t have severe hemophilia, or don’t know anyone who does, you might think of it as a bleeding
disorder. But the specifics of the disease can be brutal. The normal wear and tear of daily life, of playing
ball with friends, could lead to painful internal bleeding into the knee, ankle, or elbow joints.
Laurence: It completely disrupts every aspect of daily life, often requiring complete bedrest and or no
weight bearing on the affected area. And in worst case scenario is hospitalization. And although like pain
can be very subjective for people living with hemophilia, it can be a lifelong issue.
Adam: Overtime, those regular bleeds can also cause lasting damage.
Laurence: There can be a loss in range of motion, joint function, and ultimately lead to disability. And
this can have like a huge knock-on effect to your independence and everyday living physically and
mentally, and often requires the episodic or permanent use of walking aides, adaptions to the home, if
you're lucky, and, or, you know, a part to full-time care and support often from a partner or caregiver. It
has implications for school attendance and your ability to learn effectively as well as determining career
choices and, and level of, of health to hold down a job and, or remain in employment altogether.
Adam: By the time Laurence was a teenager, he was already experiencing some degradation in his
joints.
Laurence: Hemophilia was already kind of dictating what type of work I could do and ultimately that was
going to be desk-based. Again, that sort of has all sorts of implications in terms of your career route and
whether you can achieve what you wanted to set out to do, and again, that kind of life aspirational
piece.
Adam: Laurence decided to build his career around helping others who also have rare diseases. His
focus is on strategic advising and patient advocacy. Because, while rare diseases are individually
uncommon, collectively, the number of people with rare diseases is much larger than you might expect.
It’s similar in scale to the number of people with diabetes. About 400 million people worldwide live with
a rare disease. About half of those people with rare diseases are children.
But unlike diabetes, only five percent of people living with rare disease have access to any treatment.
That’s just 1 in 20. And most of those treatments are just treating symptoms. So, for example for
hemophilia, patients can get frequent infusions that help their blood to clot. But that doesn’t entirely
change their reality of living with hemophilia.
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What would life be like if there was another option? A potentially one-time treatment that could get at
the root cause of a rare disease? Well, it may be possible and research is currently ongoing.
Welcome to Science Will Win. I’m Adam Rutherford.
I’m a geneticist, and science communicator. I’ve spent my life studying Darwin and evolution, synthetic
biology, and developmental genetics. I’ve even served as a science consultant for films such as Ex
Machina and Annihilation.
And in this season of Science Will Win we’re going to be exploring gene therapy.
Now I first learnt about gene therapy as an undergraduate studying genetics in the 1990s. We were only
a few years after the first disease genes had been identified, things like Duchenne Muscular Dystrophy
and Cystic Fibrosis. And the prospect then for treating and correcting those diseases made it all very
exciting. But this was years before the Human Genome Project and the complexities of genetics would
be fully realized. In retrospect, that enthusiasm was perhaps a bit naïve.
Over the course of the season we’re going to be following the long journey gene therapy has taken. And
we’ll explore the complex path these medicines are still traveling in the hope of becoming available
treatments. We’re going to be talking to scientists, advocates, policymakers, and crucially to patients,
and their loved ones, to get the full scope of where we’re going - and why it’s so important that we get
there.
And just as a reminder, Gene Therapy is a promising area but it is investigational in nature for many
diseases. There is so much research to be done to understand the safety and efficacy of those potential
therapies. Remember, you should always discuss treatment options with your healthcare provider.
Dirk: I always tell to my friends or my family members that I'm witnessing, some exceptional moments
in, in medicine and in science, and I feel extremely privileged and lucky to be able to witness them.
My name is Dirk, Dirk Vander Mijnsbrugge, which for you is probably a name that is very difficult if not
impossible to pronounce.
Adam: Dirk is a vice president of medical affairs at Pfizer. He’s a medical doctor by training.
Dirk: I graduated medical school end of the eighties. So more than 30 years ago. And I worked as a GP,
and at that time the therapeutic armamentarium that we had, like the medicines we had, were what we
call in technical terms, small molecules, right. they are, and they were very effective medicines. So for
example, anti-hypertensive medicines right people with hypertension, we had very good antihypertensive medicines and what these medicines did, they treated symptoms of high blood pressure,
and really they help patients. But these were medications that had to be taken daily, chronically.
Adam: And that’s the case for a lot of medicines throughout history. If you have an illness, you take
something that treats those symptoms. And that can work very well. But, they’re not treating the cause
of the illness.
More than three decades ago – when I was starting out in genetics - gene therapy was just an idea; a
concept that DNA might be used as medicine and help us do just that: treat the cause of a disease.
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But scientists latched onto that idea and turned a speculation into reality.
By the mid 90s, Dirk had started working in the pharmaceutical industry. And it was around that time
that things started to really change.
Dirk: At that time, I witnessed what was really a revolution in medicine and in science. And it was the
availability of what we call disease modifying agents. Now with these disease modifying agents, we
could have medicines that could influence the course of the disease. But here again, these medicines
had to be taken lifelong.
Adam: This next generation of disease modifying agents are sort of like a precursor to gene therapy.
They do what their name says: they modify a disease rather than treating symptoms. What you’re trying
to do here is change the nature of the illness. Still, they need to be taken indefinitely to keep working.
This was also an important moment for Sonal Bhatia, chief medical officer for rare disease at Pfizer. She
started her career as a physician, too. Seeing this shift to modifying diseases and treating them at their
source really changed things for her.
Sonal: It made me realize that if I could move to the world of pharma, I could make a difference in
bringing breakthrough medicines. As the chief medical officer, in my role, I am responsible for helping
navigate a group of people that are working with our clinical team and our commercial team to help
bring very important medicines through the fruition and completion of our phase three trials, and then
taking them through the regulatory approval to finally have access of our medicines to patients.
Adam: Now this is a key point: Two things make gene therapy fundamentally different from other
treatments: the first, is that gene therapy addresses the root cause of genetic disease. And second, it is
potentially a one-time treatment that doesn’t need to be administered continually for the rest of the
person’s life.
Now these are fundamental ideas at the center of gene therapy, so let’s get stuck into the weeds here.
What is the root cause of a genetic disease?
Now, cast your mind back to science class, where you learn about DNA and genes. Genes are made of
DNA, and we humans, we have about 20,000 genes in every cell. Genes are bits of code that influence all
sorts of physical characteristics, from simple things like hair color or eye color, all the way up to
immensely complicated things like behavior. And they can do that because genes encode proteins, and
proteins, well they do all the work in an organism – all life is either built of – or by – proteins. But we
have to zoom in a little bit further, because what DNA actually does is encode amino acids, and proteins
are made of amino acids. Cells are industrious little factories, as Dirk explains.
Dirk: And what this factory does, the factory produces proteins and those proteins allow for the normal
functioning of the organ and of the body right. Now, what happens if one of these genes is not
functioning properly? So either the gene does not function at all, meaning that the factory does not
produce the necessary proteins, or the genes produce the wrong proteins.
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Adam: In some cases, that malfunctioning leads to rare genetic diseases -- like hemophilia. In
hemophilia, the deficient or defective gene doesn’t produce a clotting protein, which is needed to help
the blood clot and prevent bleeding. But that’s just one example. There are about 7,000 rare diseases
and 80 percent of them are genetic in origin. Throughout the series, we’ll hear more about a few of
them.
It’s kind of terrible that such a small part of your body – one gene - can have such an impact on
everything in your life.
But, that’s also what makes it a prime place to start for gene therapy. Here’s Sonal again.
Sonal: So when you just have one gene that's altered, it is easier to think about, well, what is that gene,
put it into the vector, put it into the human body and have it target the organ and replace that single
gene. An example of that is hemophilia A, hemophilia B, Duchenne muscular dystrophy. These are all
examples of single gene alteration diseases. And it becomes an easier proposition for gene therapy to
reprogram cells at that with just one gene alteration so that they can function normally.
Adam: There are three general methods for gene therapy and they are all pretty astonishing methods of
trying to correct faulty genes.
The first one is called gene silencing. It kind of works like this: we pinpoint the gene that’s not working
correctly. And then, we aim to go into that genetic code and basically tell it to stop. Dial it right down.
Silence it.
Another approach is called gene editing. You use an editing technique such as CRISPR, you can go in and
permanently cut and paste the genetic code, or replace or repair that malfunctioning gene.
But the method we’re going to be focusing on here is called gene transfer. Doctors would inject a
working gene into the body’s cells. That gene will then potentially start producing the correct proteins
and take over from the faulty gene. That sounds super easy, but how does that actually happen?
Dirk: Now here is where science-fiction comes to place that's. We have the gene, so how do we get the
gene into the body? How do we make sure that the gene goes into the organ, where we wanted to kind
of take over and what we're using these are deactivated viruses. So what we mean by deactivated, it
means that they are no longer active, but we can use them as a sort of space shuttle.
Adam: What Dirk is describing, in scientific terms, is known as is rAAV gene therapy - that stands for
Recombinant Adeno-Associated Virus gene therapy. With this the trick is to get the gene into the cell,
and so you need a transport, and the best delivery service that we currently use are viruses.
Dirk: We can kind of program them, we call it vector biology, we can program them so that they
specifically target the organ where we want it to express the new gene. So we have viruses that would
typically go to the liver. We have other types of viruses that would typically go to muscles. We have
other viruses that would typically go to the brain. So based on the virus you use, you know where the
virus will start to express the new gene that needs to be takeover, that needs to be transplanted.
So once the virus, arrives to the target organ, it's like a space shuttle, it opens up and it starts to deliver
the gene into the target organ. So the gene penetrates into the target organ, and then it takes over from
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the non-functioning or malfunctioning gene. And the transplanted gene starts to express the correct
proteins to allow for a normal functioning of the body again.
Adam: Now, the idea of gene therapy was first considered in the 1960s. It has been slow progress, which
is fine, because these treatments need to be fully understood, tested, and they have to work. We’ve
gained a better understanding of the human genome in the last three decades, and this has taught us
about the sources of genetic disease and with that comes the potential answer to the question of how
to fix them. In the 1990s, the first trials for gene therapy began.
But it’s taken decades of testing, clinical trials, of scientific advancements chipping away at the human
genome to get us to where we are now. There have been major breakthroughs, and disappointing
setbacks. But through it all, the goal has remained clear: to get these potentially transformative
treatments to eligible patients.
Sonal Bhatia - she’s the chief medical officer for rare disease at Pfizer – has seen that speed of science
quicken over the years.
Sonal: We have three types of gene therapy options for hemophilia A, hemophilia B, and Duchenne
muscular dystrophy or DMD. These are all in phase three, and we're very excited that, you know, in the
next couple of years, we may be able to see a positive outcome from these trials to allow us to bring
these medicines to patients. But in addition, we have over 10 preclinical gene therapy molecules that
are being studied in our labs. And if those pan out to fruition, then by 2025, we're hoping that there'll be
one new gene therapy medicine available every year in various disease areas. And that's just Pfizer. I
know that at a global level, across all of pharma together, we're all going down this race, but every other
company also has a lot of gene therapy assets that they're developing in their preclinical and clinical
pathways. And so I think 2025 and beyond there's going to be a lot of gene therapy options for patients
in the market.
Adam: Before that happens, the industry, health systems, policy, regulations, and society are also going
to have to prepare to change how we think about medicine. This is totally new ground, and the road to
commercial availability for gene therapy is uniquely challenging and requires overcoming a whole
variety of hurdles.
Durhane: Absolutely need to have changes in terms of our policies. Absolutely need changes in terms of
how our healthcare systems are set up. Absolutely need change in terms of our financing of these. And
to be able to think ahead. I mean, when we think about very, very transformative therapies like heart
transplants, or like all the kinds of organ transplants that we have. I mean, the limitations there is that
we don't have the organs. We can't actually do more than is available, but we don't stop by saying, oh
my gosh, we can't really afford to do it. We try to make it available. And this is the same thing we have
the time actually. I mean, the challenge is that many of these therapies are coming, but they're going to
be coming on slowly. This is the time for us to really think differently.
Adam: That’s Durhane Wong-Rieger. She’s is the president and CEO of the Canadian Organization for
Rare Disorders and she also serves as a chair for Rare Diseases International. Durhane has been working
in the rare disease space in Canada since 2012, and she first got involved because her children were
both born with rare diseases.
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Durhane: I think too many healthcare systems, too many financial systems are using their old strategies,
they're old ways of doing business to try to adapt to gene therapies. It's not going to work and it's not
working. You know, we cannot use a health technology assessment for the kind of traditional drugs that
they've been used, for a PPI to say, okay, how does it pay for gene therapy, not the same thing. We need
different ways of thinking. We also need a culture that says, if we can treat people, let's figure out how
we can treat them.
Adam: We’ll also need to figure out ways to ensure that clinical trials include people from diverse
backgrounds; that people who live in remote parts of the world will still have access to this care; that
regulators can adapt to the changing science and ensure safe and effective treatments can get
approved; and we’ll also need to put a value on gene therapies and figure out the best way to manage
payments. We’re going to get into these challenges and potential solutions in some of the episodes
coming up.
The hurdles required to make gene therapy a bigger part of patients’ care options are huge, the urgency
of making it happen cannot be overstated. Remember, for 95 percent of these rare diseases, there are
no available treatments. None whatsoever. And many genetic diseases lead to a decline over time slowly losing eyesight, or muscle strength, and in some cases leading to disability and shorter life
expectancies. They’re changes that often can’t be reversed.
So, this great momentum can also feel very slow. That’s certainly the case for patients, as well as patient
advocates. That’s the other part of this story.
Durhane: This will still be a slow process. I get a little bit kind of, you know, not understanding. I'll say,
God, you've been researching this for 10 years. Like the first patient was treated 10 years ago and
they're really benefiting how come it's not on the market yet. And it's like, well, it does take a long time.
And there are a lot of other things we have to consider, et cetera, et cetera, et cetera.
So I think the time is now for us as patient advocates, but also as healthcare systems to think ahead,
these are coming, are we going to get systems in place that we can make it happen? Are we going to get
financing in place that we can make it happen?
Adam: After talking to so many people who live with rare diseases, or who work in advocacy or therapy
development, what sticks with me, and what I think is the take home message for you, is the impact
gene therapy could have. This is life-transforming potential – and I stress potential because these
treatments are still being investigated.
But, what could that look like? We asked Laurence Woollard - we heard from him at the beginning of
this episode.
Laurence: So it’s quite a difficult question to answer only because when you've been relying on
treatment to survive, for your whole life and still do, and your risk management related to cause and
effect of a bleed has been so deeply ingrained from childhood, the prospect of having a continuous,
therapeutically relevant clotting factor level where the aforementioned becomes pretty irrelevant,
seemed absolutely wild. And I think the first words, when I think about gene-based technologies, the
first word that really comes to mind is freedom. Promoting freedom of doing things, freedom in physical
and mental wellbeing, throwing off the shackles of limitations in life that some people may perceive
their hemophilia to be responsible for.
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Adam: For some, gene therapy is already bringing about this change. There are a few therapies currently
available to patients with rare genetic diseases in the U.S. and the EU. And others that are going through
the clinical trial process.
Dirk Vander Mijnsbrugge’s work puts him at the forefront of gene therapy development. And that
reminds him why the work is so vital. Meeting with patients and understanding how research may
impact their lives gives him purpose. He told us about what it meant for him to meet one of those
patients just a few years ago.
Dirk: That made it very concrete to me. And while everybody has a purpose, it made the purpose on
why I am doing what I'm doing extremely tangible and extremely concrete. And I felt so incredibly not
necessarily proud, but what I realized, what I do has a tremendous impact on patient's lives.
Adam: This sense of purpose is something you’re going to hear again and again when you talk to people
working with rare diseases - this motivation to keep working toward this goal of gene therapy. Pfizer’s
Sonal Bhatia thinks back to her experience as a physician working with patients with rare diseases and
how we should drive continued improvement of care through innovation.
Sonal: As a physician, I have seen patients with sickle cell disease in crisis, and I've seen them come to
the hospital every time they're in a crisis and require treatment. And the treatment helps them after a
few days to get them to some sort of life. But that patient that continuously comes through the ER to
get treatment, just to treat their pain, deserves the ability to have a gene modifying or a genetic change.
It's really a genetic change for these sickle cell patients. If only we could introduce a gene therapy option
for them where they no longer have their disease and they can live their life pain-free along with all the
other challenges that they face. To me, that would be the biggest promise we can offer humanity. And
so I keep my focus remembering those patients that I have witnessed in the emergency room or in my
clinical practice back in the day, they are, those faces are my drive and force to continue to work with all
of our external stakeholders to find that solution and bring the patient the access that they need. And
it's a journey. It is a cumbersome journey, but we're so much closer today than we were a decade ago.
And it's up to us now to make this happen and to get to that finish line.
Adam: On the next episode of Science Will Win, we’re diving even deeper into the nuts and bolts of
gene therapies. We’re going to get a glimpse into the all-important clinical trial process and why it’s so
crucial, but also so challenging when it comes to rare diseases.
Science Will Win is hosted by me, Adam Rutherford.
Please take a minute to rate, review and follow Science Will Win on Apple Podcasts, Spotify or wherever
you get your podcasts from. It helps new listeners to find the show. Special thanks to the Rare Disease
team at Pfizer and Wonder Media Network.
See you next time.
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