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Praise for Our Future is Biotech



“Andrew presents an invigorating vision of biotech’s profound impact on our lives, underpinned by a rich tapestry of scientific innovation and human progress. Our Future is Biotech is a clarion call to those mired in pessimism, offering an informed, optimistic outlook grounded in tangible advancements and potential. With its accessible narrative and compelling evidence, it not only educates but inspires readers to engage with the biotech revolution – both for personal empowerment and as savvy investors. As the book reveals the sector’s capacity to reshape industries from healthcare to clean energy, it’s an essential read for anyone committed to understanding the technologies that will define our future.”


—Christian Angermayer, Biotech Entrepreneur, Founder of Apeiron Investment Group


“A tour-de-force and a book that I found unputdownable. Andrew has seen the way for biotech and brings a unique, insightful and typically plain-English perspective to us all. This is a must-read and highly recommended.”


—Barry Smith, Founder of Sunday Times’ Fast Track 100 probiotics company, Symprove


“An excellent analysis of the life-changing scientific developments occurring in the world right now and a good prod in the ribs to governments and regulators to improve the funding environment to ensure we all benefit!”


—Jim Wilkinson, CFO of Oxford Science Enterprises


“Our Future Biotech serves as an essential guide through the transformative world of health technology. This book brilliantly maps out the intricate challenges and opportunities of the biotech sector in an era of extended life expectancy, increasing burden of chronic diseases, and widening health inequalities. With its thorough analysis and forward-looking solutions concerning new technologies, financial strategies, and healthcare reforms, it empowers readers to not only understand but also contribute to the evolution of healthcare. The inspiring ‘The Future is Bright’ chapter left me optimistic about our ability to harness innovation for better health outcomes. A must-read for anyone interested in the future of human health.”


—Jo Pisani, Chair of the Precision Health Technology Accelerator and several European biotech companies, former head of PwC UK Pharma and Life Sciences


“Throughout our history, nature has sustained and nurtured humanity. In our complex modern world, more than ever before, we need to look again to nature to inspire and unlock innovative solutions and new technologies that can transform our way of life and protect and sustain the environment and biological support systems of our precious planet. As Andrew Craig so succinctly states in the title of his timely and erudite book: Our Future is Biotech. As a ‘non-scientist’, Andrew’s grasp of the key concepts and complex fundamentals that underpin the application of biotechnology to solve problems in such diverse areas as human health, sustainable agriculture, waste management and clean energy production is extraordinary. He delivers a clear, comprehensive, accessible and unbiased view of the industry and its potential that is easily accessible to a wide readership. This is a must read for the shrewd investor with an eye to the significant opportunities emerging from the sustainable and life-changing new technologies emerging from this industry, but also for those more broadly interested in a guide to understanding biotechnology and its importance to the future of humanity and our planet.”


—Dr Victoria Gordon, co-Founder of QBiotics Group, former Chairman of the Australian Rainforest Foundation


“In a world of ever-greater complexity, biotechnology is at the forefront of the complex: from the medicines we take, to the medical devices that are implanted, to the myriad of apps directing our diet and exercise regimes. Every day we are impacted by the products of this ‘biotech revolution’. Even those who specialise in biotechnology can struggle to keep up! Our Future is Biotech is an outstanding, easy to read, anatomy of the impacts that biotechnology will have on all of us, what we need to understand and what we might need to do about it. I urge anyone with an interest in the future to read it!”


—Dr Eliot Forster, Professor of Molecular and Clinical Cancer Medicine (University of Liverpool), CEO of Levicept, Chairman of Avacta plc


“This is an important and extremely timely book which covers many key aspects of the biotech industry. Andrew provides excellent context for all readers no matter what level of knowledge and dives with appropriate depth into so many important areas of dramatic innovation. I thoroughly recommend this book as a clear guide for anyone interested in the sector and its impact on all of us, now and in the future.”


—David Browning, biotech industry veteran, former Chairman of Oxford Bioscience Network (OBN)


“At bd-capital we look to invest in companies that are on trend with a unique point of difference. Biotech is a fertile hunting ground for our company, because there are large and growing unmet human needs, particularly as we all live longer. Andrew Craig’s book places a good deal of emphasis on the crucial and poorly understood role of the microbiome in human health and in the inexorable rise of so many diseases of modernity, including IBS, IBD and a good deal else, which the evidence suggests may have much to do with a compromised microbiome. This is highly aligned with our stance and the reason our first portfolio investment was in the probiotics business, Symprove – a company Andrew holds in high regard. Ethical investing is at its best when good returns on capital, can be paired with making the world a better place. This is how we feel about our investment in Symprove and about the biotech sector more generally.”


—Richard Baker, Managing Partner of bd-capital, former Chairman of Whitbread plc, CEO of Alliance Boots plc


“Our Future is Biotech is one of the most positive accounts of the potential of biotechnology that I have read. It emphasises the important interaction between adequate funding for research and the potential benefits to human health, making the case that if there is adequate funding then nothing is beyond our abilities to improve our existence on planet earth.”


—Professor Ingvar Bjarnason MD, MSc, FRCPath, FRCP(Glasg), DSc, Professor of Digestive Diseases, Consultant Physician, Gastroenterologist


“This is a must-read. In a world of volatility and short-term thinking, Andy looks at the longer term trends that matter and identifies how we should be taking advantage of them. He has a lovely way of writing – inciteful yet humble, knowledgeable yet open to new and fresh ideas and opportunities. I recommend Our Future is Biotech to anyone that wants to know more about the future and how we can all benefit from the greatest period of technological and scientific change in human history.”


—Mike Seabrook, veteran UK stockbroker, Head of Oberon Capital


“Andrew Craig has shone a bright spotlight on the extraordinary opportunities that will be created by ‘biotech’ in the coming decades, how this is driven by the convergence and combination of numerous life science disciplines, and how it will ultimately provide the answers to most of the world’s problems! Our Future is Biotech is an excellent and positive review of the exponential progress made in innovative life sciences over the past decades and the life changing potential it holds – on a timescale that’s meaningful for all of us. A thorough, insightful and uplifting read.”


— Alastair Smith, Chief Executive of Avacta Group plc


“Andrew Craig’s book is clear and direct. This is about why and how biotech is transforming health and delivering massive social, environmental and economic value – not just in impacting the major diseases that ruin and end lives prematurely such as diabetes, Alzheimer’s and cancers, but also how biotech provides a key to developing more sustainable agriculture and environment. I was particularly struck by the section ‘Biotech Miracles’ that explains how biotech is providing the tools – drugs, diagnostics, devices and data/AI – to cure many diseases previously thought uncurable, to give hope in the fight against emerging health ‘tsunamis’ such as microbial resistance, and to extend old age and health in old age. Our Future is Biotech is about the cures, understanding, medicines, diagnostics and devices that allow us to live healthier, happier and longer lives in parallel with saving trillions of health dollars. It is a very cogent and well-argued case.”


—Hugo Tewson, co-Founder of Chronic Foundation, Chairman of Digostics Limited
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Introduction




‘On what principle is it that with nothing but improvement behind us, we are to expect nothing but deterioration before us?’


Thomas Babbington Macaulay





This book has an unashamedly lofty ambition: I’m going to make the case that the biotechnology and related industries will have a very significant and positive impact on all of us – in the relatively near future and for many decades to come. I’m going to share a thoroughly empowering and positive way of looking at the world and one that will serve as an antidote to the epidemic of negativity so prevalent at the moment.


First, though, let me clarify what I mean by ‘biotechnology’ – or just ‘biotech’ for short – and how I intend to use those words throughout the book. Chambers Dictionary provides a reasonably comprehensive definition of biotechnology as:




the use of living organisms (e.g. bacteria), or the enzymes produced by them, in the industrial manufacture of useful products, or the development of useful processes, e.g. in energy production, processing of waste, manufacture of drugs and hormones, etc.





As you can see, biotechnology is about much more than just healthcare – even though it’s probably fair to say that when most people hear the word they assume it refers to the development of drug therapies. That is certainly a huge focus for the industry, but this book embraces a much broader definition and a wider and more fundamental set of themes.


Using living systems and organisms to make things that are useful to us goes way beyond curing disease alone. It is also something human beings have been doing for thousands of years, but we are on the cusp of a step-change for all sorts of exciting structural reasons. The development of the biotech and related industries will have huge consequences for human life, with everything from agricultural production and clean energy generation to the development of more powerful computers at stake. It’s no exaggeration to say that biotech will be crucial to feeding the world, enabling the developed world to continue with its way of life, making that way of life possible for people in the developing world, and doing all of the above without pushing our environment to the brink.


So when I mention ‘related industries’, I am referring to life sciences and the medtech, healthtech, agritech, nanotech and cleantech industries, as well as things like artificial intelligence (AI), machine learning and even quantum computing. Many of these would more normally be categorized as pure ‘tech’ industries or sectors, but ‘convergence’ is a key part of the message. Increasingly, it is the combination of all these various technologies that gives them their potential. The ‘biotech’ bit, however, has a key role for two primary reasons:




	First, many of our most important remaining challenges as a species concern biological systems.


	Secondly, biotech is growing very fast. Biotech ‘exponentials’ have the potential to be even more powerful than tech exponentials.





It may not be strictly correct to use the word ‘biotech’ as a catch-all, but I think you’ll agree it makes things rather easier. ‘Our Future is Biotech/Life Sciences/Medtech/Healthtech/Agritech/Nanotech/Cleantech/AI and Quantum Computing’ would have been a rather cumbersome title after all.


‘Biotech’, defined in this way, could be where the answers to many of our most pressing challenges as a species lie. That’s why it’s so important.


And crucially, biotech is going to create an enormous amount of economic value as a natural function of solving these challenges. There is a good chance that the next raft of trillion-dollar companies will emerge from these areas: the Apples, Amazons, Googles and Microsofts of the next few decades will be biotech companies. They will be the organizations that solve our most intractable problems: everything from cancer, dementia, diabetes, obesity, and numerous mental health challenges within healthcare, to (clean) power generation, agricultural productivity and environmental stewardship. Their development will mean that many more of us can live far better, safer, healthier, wealthier, happier and longer lives.


It has been estimated that up to 60 per cent of the world’s physical inputs could, in principle, be made using biological means, while up to 45 per cent of the world’s disease burden could be addressed using science that is conceivable today, leading to US$2–4 trillion globally of annual direct economic potential using biological applications by 2030–40. This more than likely underestimates the reality considerably. Global pharmaceutical revenues alone were already more than $1.42 trillion by the end of 2021, up from $390 billion 20 years earlier. Within that 2030–40 timeframe we could be using ‘photosynthetic microorganisms’ and ‘biophotovoltaic’ cells to make electricity. There is a reasonable chance we could be using nearly carbon-neutral ‘algaculture’ to make fuel for the automotive and aviation industries. We may have revolutionized the packaging industry with biologically based entirely biodegradable products to replace plastics. We may even be using ‘biological’ computers which are some way more powerful than the transistor-based ones in use today. It is also more than likely that biological processes will have revolutionized agriculture and the food industry.


Few people have much of an idea of the phenomenal progress being made in these areas, even now. There are already ‘miracle cures’ for several diseases, with far more to come soon. Not that long ago diabetes, for example, was so often a death sentence. The prognosis for millions of diabetics has been revolutionized since the development of human insulin in the early 1980s, arguably one of the first ‘biotech’ drugs. Giant steps have been made in the treatment of so many other diseases as well, as we shall see.


Great progress is being made in many other areas of scientific endeavour, too much of which goes sharply unreported. Exponential progress will also very likely drive the price of such things down far enough to make them widely available globally, not just in the ‘rich’ developed world.




Why this book now?


In the pages that follow I will give compelling evidence for the broad claims I’ve made above. My hope is that you, the reader, will derive several tangible benefits by the end of proceedings as a result.


First, you will have the ability to make better use of some of these technologies to improve your life, particularly your health and mental health. One of the sad realities when it comes to health is how poorly distributed ‘best practice’ and ‘best information’ are globally. We have never had access to more information than we do today, but a great deal of that information isn’t good enough, particularly given the rise of social media and short-form content displacing long-form. There are also a number of inherent reasons why medical practitioners can take decades to implement best practice from somewhere else in the world. This happens in modern, technologically advanced nations, not just in the developing world. We will look at why this is.


Secondly, I am firmly of the belief that we should be giving consideration to this broad story when it comes to our investments. This is my background, after all. My first book, How to Own the World, is all about how important it is that everyone should be thinking about investment, without exception. I make the case that it is truly one of the great tragedies of our time that so few people think about such things enough or, indeed, at all – much to their detriment and to the detriment of society more broadly.


My strong belief is that widespread effective financial literacy, and the considered use of investment products as a result, can be a kind of ‘silver bullet’ – for individuals, and, more broadly, for societies as a whole. At the individual level, every person who learns enough about financial markets to become properly financially literate and optimize their financial affairs as a result, very significantly increases the chance that they will become wealthy – and almost no matter how much they earn – over time at least.


This reality has two powerful knock-on effects for society more broadly. First, every person who does this is likely to need far less state support – for them and for their dependants. This is good for public sector balance sheets which are horribly challenged all over the world. Secondly, by virtue of becoming investors, they are helping to provide capital for companies seeking to solve real human problems and/or deliver human wants and needs – just the sort of companies working in the areas which are the focus of this book.


A depressingly small number of people know anything at all about financial markets or make use of them in an effective way, even in modern liberal democracies, even with the phenomenal access to information that most people have these days, and even given the fact that the fundamental ‘technology’ of financial markets has now been with us for more than two centuries. This makes people’s lives immeasurably harder than they might otherwise be. It is also a massive challenge to national balance sheets all over the world and to companies that need capital to do any number of fantastic things, and this includes many of those working in the biotech industry.


Having at least some investment exposure to the themes this book focuses on may well prove to be a good thing to do in the years ahead, given the enormous value that these companies are likely to create.


The third and, I would argue, most important tangible benefit that I hope you will derive from this book is nothing less than a sunnier disposition and a material improvement in your outlook, mood and conception of the world we live in. The ideas laid out in this book could well just put a spring in your step.


Sir Arthur C. Clarke, the British author who gave us 2001: A Space Odyssey, famously stated as one of his Three Laws that ‘Any sufficiently advanced technology is indistinguishable from magic.’ There is a great deal of ‘magic’ going on out there, for those willing to seek it out. Science fact increasingly looks like science fiction. That magic is also highly likely to create several trillion ‘currency units’ of real economic value in the next few decades, to our great benefit as a species. It is the people at work in this sector who will be instrumental in ensuring the continuation of the unimpeachably fantastic progress our species has made in the last few centuries into the next few.


In this book, I will make the case that the world is already the best it has ever been for humanity in aggregate. Notwithstanding the daily deluge of negativity that comes from our press about pandemics, the environment, the machinations of politicians, corruption, terrorism, violence and conflict, the reality is that human experience for the vast majority of people has been steadily improving for at least two centuries – in terms of everything that actually matters: longevity, health(care), food, shelter, warmth, energy, light, literacy, leisure, travel, political, religious and sexual freedom, and extraordinary freedom from violence, war and homicide for the vast majority of the global population, as against the norm in every other previous age notwithstanding current crises in places like Ukraine, Israel and Gaza, and Yemen.


The incredible progress made by our species in the time since the Agricultural and Industrial Revolutions and the dividends paid for many billions of us alive today cannot be understated. In the main, that progress has been delivered by technological development – by the ‘tech’ industry if you like. Many of the remaining challenges we face will be addressed by the (bio)tech industry, if only due to the inherent nature of many of those challenges and the extent to which they involve biological systems.


All of this will create very significant economic value and pay real dividends for every aspect of our lives and for our impact on the planet too.







Some biotech ‘magic’


One of the singular privileges of my time working in the biotech sector has been getting to meet the senior management teams of a large number of companies face to face and being able to visit their facilities and speak to their commercial staff and scientists. Over and above that, I have also been able to attend industry conferences and events and maintain a regular dialogue with professional investors, many of whom are highly specialist and incredibly knowledgeable as a result.


Time after time, I find myself stumbling across things which, to me at least, are really quite extraordinary and where science fact really does look like the science fiction of only a few years ago. Here are a few examples, in no particular order:




	An Australian company, QBiotics, that has spent more than 20 years going into the Australian rainforest looking for natural compounds which might have anticancer, wound healing and antimicrobial properties. Its lead drug can be injected directly into any tumour that can be biopsied – that is to say, the significant majority of tumours. So far, it has shown an astonishing ability to destroy those tumours and to achieve exceptional on-site wound healing thereafter.


	A highly innovative British company, Oxford Biomedica, has been a world leader in a particular kind of biotech manufacturing process for more than 20 years. In that time, it has focused on scaling up and injecting as much efficiency into that process as possible, with much larger batches, clever software, automation and robotics, for example. Doing so has meant that it is able to take the manufacturing cost of a particular cancer treatment down tenfold, from a level that was too high to make that treatment commercially viable, to one which meant that Novartis – the company behind that treatment – was able to launch the drug. In the fullness of time, the company has said publicly that it may be able to take the cost down another five- to tenfold.


	A Belgian company, Ablynx, which has used antibodies from llamas (yes, llamas!) ‘to create new therapeutics and refine existing treatments’. The company spun out of a Belgian research institute in 2001 and 20 years later was acquired by French pharmaceutical giant Sanofi for just shy of $5 billion. There are other companies elsewhere in the world doing similarly innovative things, including one in Australia which is using, of all things, shark antibodies!


	Another British company, Avacta, with a similar technology (although using human proteins rather than anything from a llama or a shark this time) may be able to use that technology to deliver a kind of highly targeted chemotherapy. That is to say that it may be able to manufacture a chemo drug which is released only when it arrives in the tumour microenvironment, thus reducing the horrendous side effects usually associated with chemotherapy very significantly, quite possibly even getting rid of them altogether. Eventually, its technology may be able to develop a simple oral pill for cancer with no side effects, as crazy as that may sound.


	A Nobel Prize-winning technology, CRISPR, means that it is now possible to change the DNA of animals, plants and microorganisms with extremely high precision. CRISPR has had a massive impact across the life sciences, is contributing to new cancer therapies, and may eventually be able to cure inheritable diseases.





We are in the process of very significantly improving our understanding of the extraordinary complexity of microorganisms – the bacterial ‘biome’ and viral ‘virome’ – in each of us and in our environment more generally. This could be described as a new frontier of sorts and will have far-reaching consequences for health and healthcare in the years ahead.


There are companies developing wearable devices such as wrist watches and even rings which can measure key aspects of our physiology with exceptional accuracy. Such technologies can then communicate wirelessly with clever software embedded in apps in our smartphones. We are on the cusp of a step-change in ‘wearable’ tech and development of the idea of ‘the quantified self’ which will very likely significantly improve our health and, happily, go some way to shifting the focus of our healthcare systems far more towards prevention than cure – something which I believe will be an unalloyed good. Leading US entrepreneur Peter Diamandis has described this as a move from ‘sick care’ to ‘continuous healthcare’.


One of the most exciting potential uses of biotech in agriculture is that of cell-cultured foods – the development of meat cultivated from cells rather than animals. We may be only a decade or two away from being able to bioengineer all kinds of animal protein so accurately that it will look, smell and taste precisely the same as the beef, lamb, chicken, tuna or lobster that many of us enjoy today, but will have been grown in culture in a lab – quite possibly only a mile or two away from where we live. This approach will be infinitely more efficient, humane and positive for the environment than our current methods of securing such animal protein by growing and then slaughtering billions of animals each year and shipping meat hundreds or even thousands of miles.


At the most extreme end of what may be possible, there are even scientists who view ageing as nothing more than a disease that may be curable. British biomedical gerontologist Aubrey de Grey stated publicly as long ago as 2008 that he believes that the first human being to live to one thousand years old is probably already alive today. While his stance is extremely controversial, there are plenty of entirely sensible scientists at leading research institutions who believe that we may be on the cusp of another step-change in life expectancy, building on the three-to-four-decade improvement we have already seen in the last century or so. Happily, such scientists expect us not just to live longer but also to remain younger. We may not be too many years away from 70 or even 80 being ‘the new 40’ that 50 and 60 have already become (that is, if you’re to believe the pages of plenty of lifestyle magazines and blog posts in recent years).


But just as there is the potential for such technologies and businesses to make an extraordinary contribution to our future, there are some very particular structural challenges faced by many of the companies working in the sector that are slowing progress.


Outside of the USA, many innovative biotech companies face an extremely difficult funding environment. There is too little capital willing and able to support companies which could be changing the world and significantly improving our lives. This is compounded still further by the fact that there are too few journalists willing to write about what they are doing.


Of course, these two things are related. When it comes to the innovation we might be making, we are fighting with one hand tied behind our back. We could be moving a great deal faster, were this not the case.







About this book


Over the course of this book, you’ll discover how biotech is going to change all of our lives for the better.


Part 1 shows how the industry has already delivered some incredible science and created several trillion dollars’ worth of real wealth in a relatively short period of time, and looks at the factors which have driven that outcome. It then goes on to examine some of the challenges facing the industry, particularly with respect to capital markets outside of the USA, before looking at why it is likely these challenges will be overcome.


In Part 2 we will look at the development of modern medicine, how our antibiotic and vaccine technologies have impacted infectious disease, and the relationship between this reality and the subsequent explosive growth in a worrying number of ‘diseases of modernity’ and disorders including diabetes, epilepsy, inflammatory bowel disease and irritable bowel syndrome, obesity, and a raft of other autoimmune diseases and mental health problems. We look at the key role played by the microbial world in all of this and at how biotech is best placed to deal with these various challenges and deliver the technologies and healthcare systems needed to revolutionize how we approach medicine at a fundamental level.


In Part 3 we look in more detail at the development of the pharmaceutical and biotech industries from penicillin to DNA, RNA and mRNA and at the rise of biologic drugs and cutting-edge innovations such as gene and cell therapy, stem cells and gene editing. We then give consideration to the key diagnostic and analytical tools which have facilitated all of the above and at the role the industry has to play ‘without us’ in areas such as clean power generation, agriculture and processing power and even at the undeniably radical idea that ageing may be nothing more than a disease that could be curable, to a certain extent at least.


Much of the above may seem like ‘science fiction’ or even just ‘wishful thinking’. I very much hope that by the end of this book, however, you’ll be able to see how ‘real’ such things are. Biotech can and will change the world and your life in the years ahead. Happy reading – and happy investing too!







PART 1


The biotech industry


Changing the world and creating wealth


In this section, we’ll look at how biotech is already a multitrillion-dollar industry, with much more to come, and at why the Apples, Amazons, Googles and Microsofts of the next few decades will be biotech companies. We’ll examine six powerful factors driving the industry and also some of the challenges facing biotech companies, especially outside of the USA. As we’ll see, these challenges should be overcome.


The future is bright… and biotech.




1


The six structural factors driving the biotech revolution


In the time since the biotech industry first emerged, roughly from the 1970s onwards, the industry has created a great deal of economic value. By the end of 2022 the top 700 or so biopharma companies in the world were collectively valued at just shy of $5.4 trillion. There are thousands more companies not captured in that number so the real value creation is larger still.


In this first chapter of the book I thought it might be instructive to look at some of the key reasons why this has happened and, even more importantly, why it seems likely that this will continue and even accelerate in future.


Momentum is important in growth industries like biotech. More often than not, success begets success. Notwithstanding this fantastic value creation, biotech is still pretty poorly understood and poorly funded in many parts of the world. The USA and, more recently, China account for a disproportionately large percentage of the industry, which presents a significant opportunity, as other regions should eventually ‘catch up’ for all sorts of structural reasons.


There are six key structural factors that have been driving the biotech sector, which we’ll look at in turn:




	The science


	Demographics


	Equity fundamentals


	The ethical case


	An improving regulatory environment


	The public sector and government.





1 The science


First, the science being done by biotech companies is getting to a point where reality increasingly looks like science fiction. Exceptional technological progress is being driven by three related and complementary exponentials:




	The fall in the cost of processing power (the impact of Moore’s law)


	The fall in the cost of sequencing a human genome


	The increased ability of scientists, clinicians and regulators all over the world to collaborate using these exponentially improving technologies.





Moore’s law is one of the most important exponentials in the world. This is the basic idea that the processing power of our computers per dollar spent doubles every two years or so. This phenomenon was identified in 1965 by Gordon Moore, one of the founders of leading chip manufacturer Intel Corporation. This rate of growth has persisted for more than 120 years – utterly astonishing when you think about it. Top US VC investor and Tesla ex-board member Steve Jurvetson has described the graph (Figure 1.1 below) as ‘the most important graph in human history’.


[image: Scatter graph of different devices showing linearly increasing transistor count on an exponential scale against years 1970 to 2020.]


Figure 1.1 Moore’s law


Source: Hannah Ritchie and Max Roser, https://ourworldindata.org/moores-law, licenced under CC.


As the underlying driver of essentially all of our technological progress, Moore’s law has been the single most important factor for human progress overall for more than a century. Amazingly, the cadence at which it has developed goes back several decades before Gordon Moore came up with the idea. Even before we had transistors, microchips and computers, human ingenuity was developing at this sort of pace.


It is likely that this will continue to be the case. In my lifetime the processing power of our computers per ‘currency unit’ invested has multiplied as much as a billion times. Moore’s law is an utterly extraordinary thing, a testament to the phenomenal ingenuity of our species and nothing less than a source of great hope for our future.


That said, there is a chart from the biotech industry that has been leaving it for dust for more than a decade: the fall in the cost of sequencing a human genome.


Figure 1.2 shows that the cost of sequencing a human genome – reading our genetic code in full – has fallen from $100 million to less than $1,000 in less than 20 years. The real picture is actually even more astonishing. It is difficult to estimate the precise cost of sequencing the first ever human genome, but it was thought to be around $3 billion in today’s terms and took many hundreds of researchers 13 years to complete. Today there are companies that can do it in a few hours for as little as $200.


[image: Line graph of cost per human genome showing dollar cost on an exponential scale against years 2001 to 2021. Moore’s law is shown as a linearly decreasing line. Actual cost follows Moore’s law until mid-2007 where it decreases faster than Moore’s law.]


Figure 1.2 Cost of sequencing a human genome, 2021


Source: National Human Genome Research Institute


From 13 years and $3 billion to a few hours and $200: this is a statistic that far too few people know anything about. Importantly, this has far-reaching implications for our ability to fight disease and potentially to find effective cures for things like cancer, diabetes, Alzheimer’s and dementia, and, eventually, for any and every other disease known to humanity, as hyperbolic as that may sound. It will have a role to play in many other areas of human progress, too.


As science writer Melanie Senior has put it: ‘The explosion of gene editing and delivery tools, visualization methods and computer-powered data analysis is allowing scientists to tame biology in ways that weren’t possible just ten or even five years ago.’ Exponential rates of progress can also be seen in places like the cost and efficiency of solar power, quantum computing technology, engine efficiency, chip design, battery technology, and so on. This reality will very likely have extraordinarily positive and powerful consequences for us all – and sooner than most people realize – particularly as such technologies converge.


There is no question that scientific progress here is nothing less than phenomenal. Innovation is developing exponentially, and reality increasingly looks like science fiction. Not only is Moore’s law ‘the most important graph’ in human history, but it is also the most important underlying investment theme, too.


At the time of writing, the main US stock market index, the S&P, has delivered average returns of roughly 10 per cent per annum for more than a century (going all the way back to January 1923). Moore’s law has been the most fundamental driver of that fact. When you zoom out from all of the noise around financial markets and ‘the news’, it is the development of Moore’s law that underlies the extraordinary increase in real wealth and living standards enjoyed by most of humanity since the Agricultural and Industrial Revolutions. As it delivers exponentially, this will continue and likely even accelerate into the future.


2 Demographics


While the science is developing at such a blistering pace, the need and demand for healthcare is exploding for a number of powerful structural reasons. All over the world, populations are ageing, getting dramatically more obese and suffering from a raft of other ‘diseases of modernity’ – and all while getting wealthier, too.


Most diseases are diseases of age. Approximately 80 per cent of cancer cases are diagnosed in people over the age of 55, and the risk increases steadily as we get older. This is also true of many of the other major diseases. As a result, as populations all over the world live longer, their demand for healthcare increases. The growth in the percentage of the world’s population who are over 60 that has occurred in the last half century and the extent to which this is forecast to become even more pronounced in the future is extraordinary. You can see a visual representation in the United Nations World Population Ageing Highlights 2017 at page 4: https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2017_Highlights.pdf.


The same is true of obesity. In most developed economies today, anywhere from half to two-thirds of the population are classified as obese or overweight. The developing world is doing its best to catch up, sadly. Just as with age, obesity significantly increases rates of illness. It is estimated that there are now more than half a billion people in the world with diabetes, for example – a fact that has much to do with those rates of obesity.


Both of these factors have driven a massive increase in the demand for all kinds of healthcare products and services, and these factors are getting stronger every year. The world’s largest specialist diabetes-focused business, Novo Nordisk, is now valued at well over $350 billion, for example, and it has been estimated that oncology spending was more than $200 billion in 2023 alone.


Humanity is also increasingly suffering from a large number of ‘diseases of modernity’ and disorders, including, but not limited to, debilitating allergies such as hay fever, nut allergies, eczema and asthma, epilepsy, inflammatory bowel disease and irritable bowel syndrome, and a raft of other autoimmune diseases including rheumatoid arthritis, coeliac disease, myositis and lupus. In addition, rates of depression and other mental illnesses are also on the rise all over the world. We will look in more detail at why this has been happening later in the book. For now, however, it is enough to highlight that these are all significant market opportunities for businesses working in the sector.


It is also the case that wealthier populations spend more money on healthcare than poorer ones – because they can afford to. It wasn’t that long ago that most of the world’s population had no access to healthcare whatsoever. Decent healthcare was the preserve of a privileged few in the developed world. This has been changing rapidly. Today, billions of people all over Asia and Latin America and even some of the wealthier parts of Africa have access to functional healthcare services and drugs in a way that their grandparents or even their parents did not. This phenomenon is also developing exponentially.


The Chinese healthcare market is already the second biggest in the world, for example, having grown at an eye-watering pace for many years. A number of leading market commentators believe that it will overtake the US market in the reasonably near future. This fact alone is likely to be bullish for companies with quality assets which can address that market, let alone so many other large markets such as India, Pakistan, Indonesia and most of Africa in the fullness of time.


3 Equity fundamentals


This is a more ‘specialist’ point than the two I’ve made so far and a bit less intuitive for someone without training in financial analysis, but successful biotech companies exhibit a number of attractive ‘equity fundamentals’. These include: significant pricing power, high margins, long product cycles and high barriers to entry thanks to their long-duration intellectual property (patent protection).


Perhaps more important from a pure investment perspective, they’re also sitting in a sector with unprecedented financial firepower. In 2023 leading accountancy firm Ernst & Young (EY) estimated that there was around $1.4 trillion of cash available to biopharma and medtech companies for investment and mergers and acquisitions (M&A). There is a similarly large sum in the private equity and venture capital sectors focused on funding pharmaceutical and life science companies.


What this means is that there is an astonishing quantity of money available across the world to develop the science and, potentially, to bid up the prices of the companies involved. The sheer scale of the investment capital focused on and available to the sector implies that there are likely to be plenty of potential buyers for any company that can demonstrate it has something valuable.


This reality is stronger in healthcare and biotech than in nearly any other economic sector – given the sheer size of these financial firepower numbers and given the fact that an increasing number of the largest companies in the sector seek to acquire or license innovative science and intellectual property rather than develop it themselves.


4 The ethical case


A fourth key structural argument for the merits of the sector concerns the growing focus on so-called ‘ethical’ investing across much of the world.


You may be aware that one of the biggest investment themes for the last several years has been something called ESG. ESG stands for ‘environmental, social and governance’. In 2019, 2020 and 2021 ESG funds attracted $285, $542 and $649 billion of investment capital, respectively. This was not far off half of all new investment flows for the last two of those years in Europe.


The basic idea is that the more ‘ESG’ a company or fund is, the more ‘ethical’ you can consider it to be across those three broad areas:




	
Environmental – This is perhaps the most ‘obvious’ of the three components. An ESG assessment will look at things like a company’s impact on climate change, energy consumption, resource depletion, pollution, disposal of hazardous waste, deforestation, impact on biodiversity, animal welfare and so forth.


	
Social – Here the ESG assessment looks at a company’s impact on all of its stakeholders as well as on society as a whole – put simply, a given company’s impact on people. This would include things like conditions for employees: fairness, diversity, labour rights, working conditions and so on. In the biotech and healthcare setting specifically, patient outcomes would obviously be a key consideration.


A company scoring well here would also demonstrate that it was mindful of the same factors at work with its suppliers as well as for its own staff. It might be great to work for a Californian tech company in Los Angeles or a British fashion brand in London, for example, but not so great to work for the Chinese company supplying that tech company with components or the Sri Lankan company supplying the fashion brand with clothes. A company should only score well here if it can demonstrate it is thinking about all of the above across its entire supply chain.




	
Governance – This aspect of an ESG assessment examines how well a company addresses things like the use of accurate and transparent accounting policies, executive pay, and its treatment of shareholders, particularly in terms of their voting rights and their ability to exert control on a company’s management when needed. Governance is also concerned with potential conflicts of interest, the choice of board members, or where a company might make political donations. Interestingly, big tech companies, which might otherwise seem like quite enlightened ‘good actors’, often perform pretty badly here given concerns over things like data misuse, tax avoidance and higher voting rights for founders’ shares versus everyone else’s.





ESG will also want to take account of a company’s involvement in ‘sin’ products such as alcohol, tobacco and guns (or other armaments and defence products more generally).


A key point to make about ESG as a whole is that it is a complicated and subjective area. It is hard to be black and white. The ESG credentials of any given company or investment are inherently difficult to establish. Information about a big company will often be highly imperfect and, even if you can get accurate information, there is a huge element of subjectivity and judgement when ‘scoring’ such things. By extension, it is even harder to establish the aggregate ESG credentials of a fund or investment company which may own hundreds or even thousands of companies.


Take the environmental bit, for example. Copper requires a great deal of energy to mine but there could be no electric cars or wind turbines without it. An oil company is very clearly a ‘carbon’ company, but how might we legislate for, say, a large medical logistics company delivering life-saving products but using a fair bit of diesel and aviation fuel in doing so? The more you think about how interconnected everything is, the more bewildering any judgement becomes and the harder it is to draw hard-and-fast conclusions about a company’s environmental credentials.


Much the same could be said of the ‘social’ and ‘governance’ components. During our careers many of us will have had direct experience of working for a company with a fantastic reputation and brand while marvelling at just how rotten and imperfect it is when you’re on the inside. Even if you work for a wonderful company that you love and that you’re very proud of, how many times might you have heard your friends and peers tell stories about how hopeless their company is and say things like ‘If people only knew the truth and what a disaster we are’? I’ve lost track of how many times I’ve come across such sentiments in more than 20 years of working with people at some of the ‘greatest’ companies in the world.


That said, many, possibly even most, companies in the world, certainly stock-market-listed ones, are becoming naturally ‘more ESG’ over time for several inherent, structural reasons. Basically, because most of their stakeholders are forcing them to.


There is often an inherent micro-push at many companies in the world towards being better corporate citizens, because of the impact of the people who run those companies, work for them, buy from them and invest in them. Not that long ago, many companies were run by ‘rich, old, greedy, white men’. Many of the investors in those companies were cut from the same cloth, and relatively few of their employees or customers thought that much about whether a company was exploiting minimum-wage workers or damaging the natural world.


This has changed very significantly in the last 20 years or so. There is therefore a ‘supply’ push element to this, in that a very significant percentage of companies are actually run by people who care about all things ESG just as much as the rest of the population might. There are plenty of companies where management and employees have a real sense of mission about such things. I have seen this first-hand in the healthcare industry time and time again.


So often I see people ranting about the behaviour of big pharma companies on social media. While there are always bad actors in any area of human endeavour, I have found that CEOs, divisional management and research staff in most companies with whom I’ve worked directly are invariably driven far more by a passionate desire to improve patient care, or even the world at large, than they are by greed or self-interest. I think it is also important to note that what may have been the status quo in the past is not necessarily true today. It is pretty easy to find examples of ‘bad pharma’. Entire books have been written on the subject after all. But things are improving and will continue to improve. Bad news gets more attention than good news – a subject to which we will return.


Even where management teams might not be inclined to be good corporate actors out of personal choice, there is also a powerful ‘demand pull’ factor at play here, in that they are effectively forced to be good actors or face real problems by the very fact that they need to hire young staff, attract capital and sell their products to consumers who care about such things more than ever before.


You can see this in popular culture: Julia Roberts won the Best Actress Oscar in 2001 for her portrayal of US activist Erin Brockovich. The film of the same name told the story of how Brockovich took on the Pacific Gas and Electricity Corporation, one of the biggest utility companies in the world, and secured $333 million of compensation for nearly 200 people who, the case found, had been poisoned by the company over many years. This was a real wake-up call for corporate America and illustrative of just how much the mood music had changed by 1996 when that court case took place. This sort of outcome had rarely happened previously. Erin Brockovich could never have secured that result in the 1950s, 1960s, 1970s or even 1980s, and since then this reality has been supercharged by social media, of course, even if somewhat imperfectly.


Above, I have suggested there is a micro-push towards ESG at the level of the company. There is a fair bit of evidence that there is also a related top-down macro-pull. That is to say that, increasingly, the world’s biggest and leading companies are unilaterally deciding to put ESG centre-stage in much of what they do.


There are myriad examples of this. Unilever is one of the biggest consumer products companies in the world. In 2022 it sold just over €60 billion worth of many of the products we use every week in 190 countries. Its brands include Dove soap, VO5 hair products, Hellmann’s mayonnaise, Ben & Jerry’s, Cornetto and Magnum ice cream, Lipton tea, Domestos bleach and Persil washing products – the list is very long.


In June 2020, the company announced ‘a new range of measures and commitments designed to improve the health of the planet by taking even more decisive action to fight climate change, and protect and regenerate nature, to preserve resources for future generations’. It underpinned this with an ambitious target: ‘Unilever will achieve Net Zero emissions from all our products by 2039.’ The company also set up a €1 billion ‘Climate & Nature Fund’.


In the investment industry BlackRock is one of the biggest investment companies in the world, quite often the biggest on any given day. At the time of writing, it is in charge of more than $9 trillion of client assets. In 2020 its CEO, Larry Fink, wrote a letter to thousands of CEOs around the world entitled ‘A Fundamental Reshaping of Finance’, announcing ‘a number of initiatives to place sustainability at the center of our investment approach’. Even the nasty old oil and gas industry seems to be subject to the ESG macro-pull: again in 2020 Shell CEO Ben van Beurden announced the company’s intention to be ‘a net-zero emissions energy business by 2050 or sooner’. And Shell is by no means the only massive company in that sector with similar aspirations. It is often forgotten, for example, that the oil majors are some of the biggest investors in clean energy technologies, committing $9 billion in 2020 alone. This is not surprising when you see headlines such as Yale Climate Connections’ ‘Institutional Investors are running away from big oil …’ – precisely the point I am making.


There are thousands more examples from companies all over the world. There is much talk of ‘greenwashing’ when these sorts of companies make these sorts of announcements, and there is certainly a fair bit of that to be sure, but the mere fact that they even feel that this is something they need to be doing is a real improvement on times past.


The biotech and healthcare industry generally scores very well on all things ESG. Leading Danish reputational intelligence company RepTrak ranked Pharmaceuticals, Biotechnology and Life Sciences as the number- one industry sector for ESG in 2021. Animal testing remains a challenge for companies working in the industry, and this does negatively impact their ESG scoring, but this is more than compensated for by the broader impact on patient outcomes. It is also perhaps worth mentioning in passing that there are a reasonable number of sensible scientists who believe the days of animal testing may be numbered. There are alternative technologies showing great promise in that respect.
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