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Foreword

The UK is on the cusp of what we hope will

be the greatest surge in public investment in
science and innovation for a generation. And
the launch of UK Research and Innovation
(UKRI) brings a radical reorganisation of its
institutions. This presents a huge opportunity
to do things better, and not just to remake the
existing system on a grander scale.

We want to see a UK research and innovation
system which is not only more productive and
dynamic, securing long-term economic growth
and competitiveness, but also fairly geared
towards addressing the priorities of the people
within it.

There have been important discussions about
the need to shape the 'direction’ as well as
speed of economic growth through investments
in science and innovation - for instance about
'mission driven,’ 'transformative’ and 'inclusive’
innovation policy. Yet we are still early in
implementing the bold shifts in policy thinking
and practical organisation required, and in
understanding how to deal with the complex
trade-offs.

The ‘biomedical bubble’ is the ideal lens through
which to consider these difficult balances.

The authors show it is a field the UK excels in,
and one that has benefited disproportionately
from public funding as a result. But as funding
as grown, the productivity of that investment
has declined. The authors question not only

a broken R&D model, but an endemic bias

in public support for R&D which still hugely
prioritises manufacturing over services, decades
after the UK economy shifted. They also
question a system in which the health benefits
of research and innovation spending do not
spread in a way that is fast or fair enough.

Around half of all health issues are rooted in
environmental and behavioural factors, yet too
little of the R&D budget for health is invested in
exploring these more fully.

The authors are not arguing against vital
medical research or discovery-led biological
research. Far from it. They are champions of
UK science investment. But they are arguing
for a review and reassessment of spending
priorities, and a more sophisticated way to get
the balance right in the future.

So far this concentration on biomedical life
sciences has not been challenged or debated.
We believe that there needs to be a proper
debate about whether or not this is the right
balance. For the first time, this report sets out
the evidence, facts and analysis we need to
have that debate.

This report raises important and challenging
questions, and also offers practical ways to
capitalise on the opportunity of UKRI for the
UK's future. We look forward to the ideas and
conversations it generates, and to working with
UKRI and the wider community to shape an
innovation system that powers a thriving future
economy and society.

Kirsten Bound, Executive Director of Research, Analysis and Policy at Nesta



The Biomedical Bubble -
a summary

‘As a government, we have set the goal of research and development investment
reaching 2.4 per cent of GDP by 2027 - more than ever before. That could translate
to an additional £80 billion investment in the ideas of the future over the next

decade.”"
Prime Minister Theresa May, speech at Jodrell Bank, 21 May 2018

Biomedical science and innovation has benefited from significant increases in public
investment over the past 15 years. This builds on the remarkable strengths of the UK's
academic life sciences base and pharmaceutical industry. But continuing to prioritise the
biomedical, in a period when government aims to boost research and development (R&D)
spending to 2.4 per cent of GDP, risks unbalancing our innovation system, and is unlikely to
deliver the economic benefits or improvements to health outcomes that society expects.

For too long, the pharmaceutical and biotechnology sectors have dominated policy thinking
about translating research, but these sectors are in deep trouble, with R&D productivity
plummeting and R&D investment falling. Meanwhile, much of the wider innovation needed
for the NHS, public health and social care has been under-resourced. Greater emphasis
needs to be given to the social, environmental, digital and behavioural determinants

of health, and decisions about research priorities need to involve a greater diversity of
perspectives, drawn from across the country. The creation of UK Research and Innovation
(UKRI), which aims to bring a more strategic approach to funding and prioritisation, is the
right moment to rethink this balance. This paper sets out why and how the UK needs to
escape the biomedical bubble if it is to realise the economic, social and health potential of
extra investment in R&D.

A question of balance

Over recent decades, research in the biomedical sciences has been a great British success
story. It has produced a remarkable body of knowledge with direct impact on people's

lives, through new medicines and improved health outcomes. It has underpinned the
pharmaceutical industry, the UK's leading knowledge-intensive sector. And it enjoys
widespread public support, with around 11 million people donating to medical charities each
month.

Globally, in excess of US$200 billion is invested each year in biomedical research. In the UK,
since the mid-2000s, there has been a substantial expansion of health-related research as a
fraction of overall public investment in R&D. This covers a range of disciplines and goals, but
around half of all health-related research is in basic biomedical science. The share of overall
research council spending accounted for by the Medical Research Council (MRC) has risen
from 16 per cent in 2004 to 24 per cent in 2015 — a 75 per cent increase in real terms. There
have also been substantial uplifts in the volume of funding available from the Wellcome
Trust and other charities.

This emphasis on the biomedical components of the wider health and research system is
not well supported by evidence of impact or value for money, but reflects the power and
influence of the biomedical community in shaping research priorities and the allocation of
resources.



A biomedical bubble has developed, which threatens to unbalance the UK's research and
innovation system, by crowding out the space and funding for alternative priorities. This

is not a speculative bubble, as developed for tulips in the 1630s, or dotcoms in the early
2000s; there is far too much substance in the biomedical sciences for this. But it is a social,
political and epistemic bubble (similar to the ‘Westminster bubble’, or the filter bubble’), in
which supporters of biomedical science create reinforcing networks, feedback loops and
commitments beyond anything that can be rationalised through cost-benefit analysis.?

The biomedical bubble represents a risky bet on the continued success of the
pharmaceutical industry, despite mounting evidence that this sector faces a deepening
crisis of R&D productivity, and is cutting its own investment. And it favours a particular
approach to the commercialisation of science, based on protectable intellectual property
and venture capital based spinouts — despite the evidence that this model rarely works.

Our health and social care system is under growing strain, and as the NHS marks its 70th
birthday this month, there is renewed debate about its long-term affordability. Too often,
the biomedical bubble distracts attention and draws resources away from alternative

ways of improving health outcomes. Only 5 per cent of health research funding is spent on
researching ways of preventing poor health.®> And more than half is spent in three cities -
London, Oxford and Cambridge - despite variations in life expectancies of up to eight years
across the country. This paper argues for a more balanced distribution, aligned to what

the evidence clearly shows are crucial social, economic, environmental and behavioural
determinants of better health outcomes.

The UKRI moment

Despite the Prime Minister's recent announcement of extra investment, the UK's ageing
population means that pressures can only intensify across our health and social care
system. As a country, we are also aiming to invest more than ever in research and
innovation, with an ambitious R&D intensity target of 2.4 per cent of GDP by 2027 (up from
1.7 per cent of GDP today).

In this paper, we argue that the current weighting in the research and innovation system
towards biomedical science needs to be rethought. The contours and distorting effects
of the biomedical bubble are becoming more visible: in terms of corporate R&D and
industrial strategy; health outcomes and inequalities; regional growth; and the long-
term sustainability of the research and innovation system. After decades of success, the
biomedical sector is in danger of becoming a case study in how research and innovation
policy go wrong.

What lies beyond the bubble? This is the right time to be asking this question. In April 2018,
the UK's new strategic funding agency - UK Research and Innovation (UKRI) - opened

its doors for business. By 2020, UKRI will have a turnover of £8 billion a year. In return, it
promises smarter coordination and prioritisation, more creative interdisciplinarity, and a
step-change in research and innovation performance.

UKRI recently published an initial prospectus, which signals its intention to look afresh at
questions of prioritisation and balance across the research and innovation system.* There
are multiple aspects of balance to consider: between disciplines and research councils;
between quality-related, responsive mode and directed funds for industrial strategy, global
challenges and other strategic priorities; between the south-east of England and the rest of
the UK. The outcomes of this process are likely to coincide with the 2019 Spending Review,
which will present UKRI with its first opportunity to start reshaping the funding landscape.



The structure of this paper

We begin by revisiting some of the highlights of UK biomedical research, rewarded with a
succession of Nobel prizes. For a golden period, these breakthroughs were complemented
by a world-leading pharmaceutical industry, which yielded bumper returns on investment,
both financially and in terms of health gains. Chapter two describes how the UK has
doubled down on biomedical research over recent years, ploughing an ever-greater share
of public funding into this part of the system, despite growing signs of a mismatch between

disease burden and research efforts.

Chapter three explores the extent of the R&D productivity crisis now afflicting the
pharmaceutical industry, as the number of new drugs developed per billion US dollars of
investment has been halving every nine years. It describes how the UK's biotechnology
‘revolution’ continues to disappoint, and outlines the problems that are created by relying
too heavily on innovation models based on the particular features of this sector. Chapter
four examines the uneven regional distribution of biomedical R&D in the UK, and how this
maps onto health needs and priorities. Chapter five considers the dividends that flow from
involving a greater diversity of people, disciplines and perspectives in setting research and
innovation priorities — and drawing on more collective, distributed and democratically-

accountable forms of intelligence and expertise.

Finally, chapter six asks: how can we make the most of the exciting possibilities of UKRI?
Questions of balance across the research and innovation system need to be addressed with
robust evidence, pluralism of views, and a genuine openness to rethink what's not working.

To escape the biomedical bubble and realise the potential of future investment, we end with
nine recommendations. Two of these are focused on the future of health research and the
rest on how UKRI tackles questions of balance, prioritisation, place and public engagement.

Recommendations for the future of health research

The purposes of the Government's Life Sciences
Strategy should be more clearly articulated and
separated into two distinct strands: a strategy
for the UK's pharmaceutical and biotech
industries; and a wider strategy for its health
and social care systems. As part of this, UKRI
should make targeted interventions to support
the pharmaceutical and biotech sectors as they
tackle a deepening crisis of R&D productivity,
and to accelerate the development of an
internationally competitive medtech sector.

The research system needs to scale up
investment in integrated strategies for
innovation in health, public health and social
care. In the past decade, government has

demonstrated its commitment to cutting-edge
biomedical science through the establishment
of the Francis Crick Institute. A similar
commitment is now needed to a National
Institute for People Powered Health, able to
harness patient and community participation
to improve the effectiveness of the health

and social care system including effective
preventative approaches that address the
social, behavioural and wider determinants of
health. This could be delivered at a fraction of
the cost of the Crick Institute but bring just as
much benefit to the UK population, particularly
if it was located outside the south-east of
England.




Recommendations for UK Research and Innovation (UKRI):

In the context of the Government's 2.4 per
cent of GDP R&D intensity target, UKRI
should lead a debate about the nation's
research and innovation goals, missions
and priorities - for health, defence, energy
decarbonisation, economic productivity and
so on - and the optimal balance of funding
to deliver these.

In developing a roadmap towards the

2.4 per cent GDP target, UKRI needs to
benchmark interventions against the scale
of its strategic aspirations, and the need to
increase R&D spending across the public
and private sectors by tens of billions of
pounds. The 2019 Spending Review needs
to commit to significant stepped increases
in R&D investment, and UKRI should
produce an annual ‘state of UK research
and innovation’ report on progress towards
the 2.4 per cent target and measures of
outcome, performance and effectiveness.

In its recent strategic prospectus, UKRI
commits to reviewing the balance of funding
across the UK R&l system. This review must
be open, inclusive and evidence-informed,
addressing multiple dimensions of balance:
between individual disciplines and councils,
and new cross-disciplinary schemes;
between quality-related (QR), responsive
mode and directed funding for industrial
strategy, global challenges and other
strategic priorities; between the south-east
of England and the rest of the UK.

UKRI is a funder for all the nations and
regions of the UK, and its governance

structures need to reflect this. A high level
UKRI advisory group should be created
with representatives of the devolved
administrations, city-region mayors and
other regional authorities. In the context

of the 2.4 per cent GDP target, greater
priority for new facilities and large strategic
investments should given to regions outside
the south-east of England.

As UKRI reviews balance and priorities
across the research and innovation
system, it must ensure diverse public and
stakeholder engagement. Its forthcoming
vision for public engagement must be
backed up by significant resource and
meaningful mechanisms to influence high-
level strategy and priorities.

To better support interdisciplinary

health research, UKRI needs to be more
experimental in the modes of funding it
deploys - for example, through greater use
of sandpits, lottery-based mechanisms, and
co-design of research with patients, carers
and clinicians. There should be a particular
focus on supporting early career researchers
through diverse, cross-disciplinary career
pathways.

UKRI should join forces with others to
commission a What Works Centre for
Meta-Research (or ‘research on research’).
This could support small-scale experiments
across the research and innovation system
and undertake independent evaluation

of policies, funding schemes and wider
progress towards long-term goals.




The long boom of UK
biomedical science

11 The age of the genome

On 25 June 2000, a scientific breakthrough was announced, not just with a paper and a
press release, but through a joint statement by Prime Minister Tony Blair and President Bill
Clinton.® The release of the first draft sequence of the human genome made front page
news around the world.

This was the culmination of an international race that, to many, symbolised all that is

best about modern biomedical science. It was underpinned by remarkable technological
progress, its approach was collaborative and truly international. The USA played the leading
role, providing about half of the estimated US$300 million cost of the first draft, but there
were sizeable contributions from the UK, Japan, France, Germany and China. It brought
together publicly-funded science, medical charities — particularly the UK's Wellcome Trust -
and the private sector. That collaboration shaded into outright competition, with the entry
of a rival effort from the private sector, venture-funded Celera, whose brash CEO Craig
Venter's commercial attitudes contrasted with the public service ethos of the UK lead, John
Sulston.

But there was agreement about the ultimate goal - improving human health. The ambition
was obvious. Craig Venter, in his remarks at the launch event, focused on cancer: “...each
day approximately 2,000 die in America from cancer. As a consequence of the genome efforts

that you've heard described by Dr. Collins and myself this morning, and the research that will be
catalyzed by this information, there's at least the potential to reduce the number of cancer deaths to
zero during our lifetimes.”

Since the first announcement of the human genome sequence, the field has accelerated.
The cost of sequencing whole human genomes has been falling exponentially;® dropping
from about US$100 million per genome in 2001 to below the psychologically important
US$1,000 benchmark in the last year or two. We can now envisage routine sequencing of
individual patients, to establish genetic susceptibilities to certain diseases and profiles for
the efficacy of certain drugs.

This is the promise of stratified medicine - the benefits of which have been long anticipated,
though slower to materialise than expected.” The significance of the Human Genome
Project has also been emphasised by the chief executive of UKRI, Mark Walport. Interviewed
after stepping down from his earlier role leading the Wellcome Trust,® he said: “People said it
was hyped, but if anything the benefits of the project were underestimated.”



1.2 Unravelling the secrets of the cell

But there is much more to the progress of the biomedical sciences than genomics. The
discovery of ribonucleic acid (RNA) interference — for which Andrew Fire and Craig Mello
received a 2006 Nobel prize® — provides an example of the uncovering of an entirely new
role for RNAs, a twist in our understanding of gene expression, and a fresh avenue for the
development of anti-viral drugs.”

The mechanisms of some of the central elements of biology have been unravelled at
astonishing levels of detail. For example, Venki Ramakrishnan, from the MRC Laboratory

of Molecular Biology (LMB) in Cambridge, shared the 2009 Nobel prize for chemistry with
Thomas Steitz and Ada Yonath for disentangling the details of how ribosomes are build and
operate." Paul Nurse and Tim Hunt, then working at the Imperial Cancer Research Fund,
shared the 2001 Nobel prize for medicine (with Leland Hartwell) for their discoveries of how
the cell cycle is controlled.™

Our new understanding of fundamental mechanisms at the level of the molecule and cell
has been driven by the development of new techniques, especially in microscopy. The 2017
Nobel prize for chemistry was awarded to Richard Henderson, also based at the LMB, for
one such technique, cryo-TEM.®

Other breakthroughs in UK biomedical science have had direct implications for medicine.
In Aberdeen, Philip Cohen identified the signalling networks that control the inflammation
response in the innate immune system. Another promising avenue for regenerative
medicine - the repair of organs and tissues - rests on the discovery that mature cells can be
reprogrammed to form pluripotent stem cells (which led to the award of a 2012 Nobel prize
to John Gurdon and Shinya Yamanaka).

The unravelling of mechanisms by which cells recover damaged DNA won Tomas Lindahl,
of the Cancer Research UK Laboratory at Clare Hall, a 2015 Nobel prize (shared with
Modrich and Sancar). These insights led directly to the development of drugs which stop the
operating of these repair mechanisms in tumour cells. These so-called PARP inhibitors, for
example AstraZeneca's olaparib, are now being commercialised as anti-cancer drugs.

1.3 The golden years of the UK's pharmaceutical industry

The historic strength of the UK in academic biomedical research was matched by a
powerful and innovative pharmaceutical industry. No-one did more to shape that industry
than William Black, who developed the beta-blocker propranolol for ICI in the 1960s. Then,
having fallen out with ICI's management, Black went to rival drug company Smith Kline
and French, where he developed the histamine H2 receptor antagonist Cimetidine, for the
treatment of stomach ulcers. This went on to make US$14 billion during the 17 years it was
protected by patent.™

By 1987, H2 and beta-blockers accounted for 36 per cent of the value of the world's top 20
selling medicines, with nearly 75 per cent of these sales of products invented and developed
in the UK. Black's work has been described by the economist John Kay as perhaps the
biggest individual contribution to shareholder value ever made.” And it went well beyond
discovering two highly lucrative drugs. The dominant paradigm for drug discovery - based
on the idea of drug receptors and a systematic exploration of chemical space to find
molecules that would bind to and block those receptors - was largely his creation; and for
this he was awarded a Nobel prize in 1988.



In 1975, César Milstein and Georges Kdhler laid the foundations for an entirely new class of
drugs, with their discovery of a method of making monoclonal antibodies. This work, which
won a Nobel prize for medicine in 1984, was again carried out at the LMB in Cambridge.
Later LMB work by Greg Winter developed methods for ‘humanising’ these antibodies,
rendering them suitable for use as drugs.

The UK's first major biotechnology company - Celltech - was created in 1980 to capitalise
on the discovery of monoclonal antibodies, with an initial 44 per cent UK government stake.
Greg Winter later founded another biotech company - Cambridge Antibody Technology

- in 1989. This company had a success with the development of Adalimumab (Humira) - a
humanised antibody effective against auto-immune diseases like rheumatoid arthritis.
Celltech was sold for £1.5 billion in 2004 to the Belgian chemical company UCB, while
Cambridge Antibody Technology was bought by AstraZeneca for £702 million in 2006.

By the 1990s, there were already signs that the flow of ‘blockbuster’ drugs was slowing,
prompting a series of corporate rearrangements and mergers. The UK pharmaceutical
industry is now dominated by just two companies: AstraZeneca, the successor to ICI
Pharmaceutical; and GlaxoSmithKline, the successor to Smith Kline and French and Glaxo
Wellcome. Their importance to the national innovation landscape is underlined by the fact
that they are the only two UK entries in the world's top 100 firms by R&D spending.”

1.4 The health dividend

The most direct benefits of health research are visible in the data on mortality, morbidity
and disease. The big killers of the past are still with us, but we have seen steady
improvements. Cardiovascular diseases - coronary heart disease, strokes and other
circulatory diseases - still account for more than a quarter of all deaths in the UK, but death
rates have seen a 73 per cent fall between 1974 and 2013.

Figure 1.1. Improvement in cardiovascular disease death rates in the UK. Age standardised
death rates per 100,000 from cardiovascular disease.
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Figure 1.2. Age standardised cancer mortality rates for the UK from 1971 to 2014. Data from
Cancer Research UK.
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More dramatic improvements are to be found in cancer survival rates, which are steadily
increasing. The 1 year standardised survival rate in England increased from 50 per cent in
1971, to 65 per cent in 2000 to 70 per cent in 2010.

Figure 1.3. Improvement in cancer survival rates. One year, 5 year and 10 year survival rates,
all patients, England.
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A key question is what proportion of these improvements can be ascribed to biomedical
research, and what to other factors, such as public health measures? We contend that the
biomedical contribution is exaggerated and diminishing, but will return to this question in
section 6.4.

1.5 Return on past investments

What was the rate of return on these golden years for academic biomedical science and
the pharmaceutical sector? We can express this both in improved health outcomes for the
population at large, and in direct financial returns as measured by increased GDP growth. A
series of influential What's it worth? reports by the Wellcome Trust, Medical Research Council
and Academy of Medical Sciences have attempted to quantify these outcomes.?’ These
studies consider the impacts of all kinds of medical research, not just biomedical science.

Looking first at the health improvements that have resulted, we can quantify these in
terms of a net value of £25,000 for one extra quality adjusted life year, less the cost of the
treatment to achieve that.

« For cardiovascular disease, the UK public and charity research effort amounted to £133
million a year between 1975 and 1998. This represented about 17 per cent of the world
research in the areq, which in total produced a net health gain valued at £3.6 billion
between 1992 and 2005.

- The largest health gain was found for cancer. Here, UK public and charity research
investment was about £290 million a year between 1976 and 1995. This represented 17
per cent of the world's investment, which in total produced a net health gain valued at
£6.5 billion between 1991 and 2010.

The second outcome is in direct economic returns to GDP. This builds on the finding that

an increase in public-sector R&D leads to a corresponding increase in private sector R&D.??
This in turn leads to a direct return to the sponsoring company through the development of
new and improved products, and to wider spillovers to other companies, who can use the
knowledge generated to create further value of their own. Recent estimates put the total
economic rate of return on public health research spending from 1975 to 1995 at between 15
and 18 per cent.®

Combining this economic return with the net estimated monetary value of the health gain
puts the total rate of return on this historic investment at between 24 and 28 per cent per
annum - that is, society gains between 24 and 28 pence every year, into the indefinite future,
for every pound that we invested in medical research in the 1980s and 1990s.

This work is part of a large literature attempting to quantify the economic and social returns
on R&D, which use a variety of methodologies and produce a diverse set of estimates.? It is
important to understand the assumptions behind this work so as not to misuse it. Two issues
stand out.



The first is one of attribution. Any particular health or economic benefit will flow from a
multiplicity of causes, and identifying what proportion of the benefit should be ascribed to
underlying biomedical research is likely to be problematic. As we describe in section 6.4,
important questions remain about the relative contributions of biomedical research and
public health measures, particularly in the case of cardiovascular disease, where smoking
cessation and other public health measures have played a significant role.

The second issue relates to timing. Such analysis is necessarily retrospective, but from a
public policy or UKRI perspective, what we need to understand now is the likely future
return on current investments. Estimates of economic return rest on assumptions about the
relationship between the volume of public and private R&D, and the rate of return on that
private R&D. Both of these relationships have changed since the period considered in the
Wellcome/MRC/AMS studies. As we discuss in section 6.5, a strong correlation between
public health-related R&D and business R&D in pharmaceuticals broke down around 2012,
while the fall in the productivity of pharmaceutical R&D (see section 3.1) means that the rate
of return on private sector R&D is considerably lower now than in the period considered in
these studies.

1.6 People power: medical charities and public support for research

There is no doubt that medical research is a popular cause. Of the £9.7 billion given

to charitable causes in the UK in 2016, 8 per cent (£776 million) went towards medical
research,” and around 11 million people donate to medical charities each month.? This
helps to create and sustain a direct connection between the British public and medical
research, and many charities are exemplary in the way in which they connect public, patient
and carer priorities to the research they support. The Alzheimer's Society, for example,

aims to “put the knowledge and experiences of people affected by dementia at the heart of the
research agenda”, and supports such engagement through its Research Network Volunteer
programme.?

The UK's largest medical research charity, the Wellcome Trust, supports research through
funding generated through its endowment, rather than by direct donations from the public.
Wellcome has also been a long-term and thoughtful supporter of public engagement,

not least through a series of reports tracking public views on science and biomedical
research.? In the latest of these, carried out in 2015, 77 per cent of respondents are very or
fairly interested in medical research, and 94 per cent think medical research will definitely
or probably lead to an improvement in the quality of life for people in the UK over the next
20 years.?” Wellcome's new strategy for public engagement, developed by Imran Khan and
colleagues, promises a greater focus on 'people-centred health research’, which aligns well
with the arguments in this paper.®°



Priorities: doubling down
on biomedical science

Success breeds success, and the strength of the UK's biomedical life science sector has led
to its further growth. Especially since the mid-2000s, there has been a substantial expansion
of the fraction of overall government research spending devoted to health-related

research, and to biomedical research within this. This increase in public funding has been
supplemented by additional charitable funding, particularly from the Wellcome Trust.

What is the strategy underlying this expansion? The research effort devoted to different
disease areas does not closely match the burdens those diseases place on the health of the
population; rather the model has been one of emphasising excellence in basic biomedical
science, with the assumption that this will naturally translate into clinical benefits and wider
economic gains.

The danger of this expansion is that it is starting to unbalance the system as a whole. A
strategic approach to government support for research and innovation needs to consider
questions of balance explicitly, uncomfortable though these discussions might be. What is
the right balance between health research and research in support of other strategic goals?
What is the right priority to attach to the pharmaceutical and biotech industries, compared
to other industrial sectors? And within the overall envelope of health research, what is the
right balance between biomedical life sciences and other approaches to improving health,
which may be based as much on digital, environmental, social and behavioural factors.®

2.1 Changing priorities for UK research

What are the big trends in UK government research and development spending over the
past 25 years? The first is a relative decline in defence-related R&D.32 In 1995, this accounted
for 37 per cent of government R&D spending; by 2015, this had fallen by more than half,

to 16 per cent. Research related to health has been one of the main beneficiaries of this
‘veace dividend', with a particularly steep increase beginning around 2005, to become -

in the OECD's classification - the second largest objective of publicly-funded R&D, after

the ‘general advancement of knowledge', accounting for around 23 per cent of total
expenditure. Other objectives, such as industrial production (3.6 per cent in 2015), agriculture
(3.5 per cent in 2015) and energy (2.5 per cent in 2015), remain surprisingly modest
components of overall government support for research.



Figure 2.1. The fraction of overall UK Government spending since 1995 on R&D whose
socio-economic objective is health.
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This rise partly reflects the introduction of a new organisation to coordinate R&D in the NHS - the
National Institute of Health Research - created in 2006,* with a budget rising to over £1 billion in
2015/16.34

Figure 2.2. Fraction of Research Council spending accounted for by the Medical Research Council.
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There has also been a shift in the balance across the research councils, with the fraction of
total research council spend accounted for by the Medical Research Council rising from 16
per cent in 2004 to 24 per cent in 2015, a 75 per cent budgetary increase in real terms.®

2.2 The UK health research landscape

The most detailed analysis of the UK's health research landscape is that produced by
the UK Clinical Research Collaboration (UKCRC), most recently in 2015.3¢ This provides a
complete, bottom up analysis of research grants, covering all significant funders in the
public sector. And it includes medical research charities, which are themselves significant
funders.

The most important charity funder is the Wellcome Trust. Thanks to a highly effective
investment strategy, the size of Wellcome's endowment portfolio has grown substantially
over the past decade, and in 2017 reached £23.2 billion.?” This enabled it to spend £1.1 billion
on research in the past year, double what it was investing a decade ago. Around £800
million of this annual spend goes into biomedical research or related infrastructure, though
Wellcome has also diversified in recent years to support more work on the social and
environmental determinants of global health, and on policy, ethical and regulatory issues.3®

Figure 2.3. Direct spending on health related research by funder, UK Health Research
Analysis 2014, UK Clinical Research Collaboration 2015.
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Health related research covers a variety of disciplines and goals. Within the 2014
UKCRC analysis, 5.4 per cent is classified as ‘prevention’, which includes behavioural and
environmental factors, 6.1 per cent is classified as ‘health services', covering organisational



and system-wide studies of healthcare. 'Disease management’, accounting for 4 per cent
of research, is concerned with the experience of patients and practitioners, including self-
management and palliative care.

Detection and diagnosis, at 10.2 per cent of research, focuses on the development of new
biomarkers and new diagnostic methods, and as such will include physical as well as
biomedical science.

The majority of research supported is in classifications dominated by biomedical science,
either basic or translational. ‘Underpinning’ research accounts for 22.7 per cent, with
‘aetiology’ (studies of the fundamental causes of disease and its development) accounting
for a further 29.3 per cent.®®

At the translational stage, 13 per cent is classified as ‘treatment development' - translating
basic biomedical research into experimental treatments in the preclinical stage, and 9.7 per
cent is ‘treatment evaluation’, including clinical trials of new treatments.

So overall, more than half - 52 per cent - of health research is in basic biomedical science,
while a further 22.7 per cent is devoted to translational biomedical science. Funders have
different emphases, but around 81 per cent of the spending of the research councils and
medical research charities falls into areas dominated by basic and translational biomedical
research.

Another lens through which to scrutinise health research expenditure is that provided by
the Higher Education Statistics Agency (HESA), which collects research income statistics
for universities by category. (This data does not give a complete picture, as it leaves out
freestanding research institutes run by research councils or charities.)

Table 2.1. Research income (expenditure) in Medicine, health, and bioscience in UK
Universities, 2014/14.

HESA Cost Centre Research income Fraction of total
2014/15, £k medicine, health and
bioscience income

101 Clinical medicine 1,866,116 63.0 per cent
102 Clinical dentistry 21933 0.7 per cent

103 Nursing and allied health professions 56,898 1.9 per cent

104 Psychology and behavioural sciences 93,833 3.2 per cent

105 Health and community studies 82,840 2.8 per cent

106 Anatomy and physiology 63,668 2.1 per cent

107 Pharmacy and pharmacology 72,002 2.4 per cent

112 Biosciences 7,06,433 23.8 per cent
Total 2,963,723 100 per cent

Source: Higher Education Statistics Agency.



This classification is much coarser than the detailed analysis in the UKCRC data, but
it confirms the broad picture of an overwhelming dominance of clinical medicine and
fundamental bioscience in the overall balance of health-related research.

2.3 Mismatches between disease burden and research effort

What is the mechanism by which the supply of research is matched to the demand for

its results?*® A natural expectation by those who support biomedical research is that it
addresses the health problems that are most important to society - too much focus on
questions that are academically interesting but not relevant to clinicians and patients has
been characterised by lain Chalmers and Paul Glasziou as a form of research waste.*' But
on a global scale, the misalignment between research effort and the burden of disease has
been frequently remarked upon, most recently by Ismael Rafols and Alfredo Yegros.*?

We should not expect a complete correlation between the diseases that cause the highest
burden in mortality and morbidity and the research effort devoted to them. To some extent
we should expect that research will follow lines of attack that are most likely to yield

results, and some diseases may just be too difficult to address given the current state of
background knowledge. It may also be prudent to undertake research for disease areas that
currently don't impose major burdens, on a precautionary basis against future changes. But
this kind of analysis should be an essential first step in assessing whether research efforts
are being appropriately prioritised.

The UKCRC analysis compared research spending in specific disease areas with a measure
of their impacts derived from