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FOCUS AREAS

WELCOME
Since then we have launched five new funding schemes
through which we have already made 19 awards,
supporting crossdisciplinary research, facilitating collaboration within our network and filling significant funding
gaps. Your response to our strategy and new schemes
has been tremendous – from the breadth of the applications we’re receiving, the workshops and meetings
taking place to develop specific priorities, and novel
collaborations that are starting to form.

Iain Foulkes
Executive Director
Strategy & Research Funding
Cancer Research UK

In our work on cancers of unmet need, we’re funding
an even greater programme of high quality pancreatic
cancer research, beating the targets we set ourselves
to increase investment in this area. We’re also making
huge strides in our lung cancer activity and have
launched leading-edge initiatives such as TRACERx
and the Lung Matrix trial – you can read about these
later in this publication.

This has been another busy year for
Cancer Research UK. With the launch of
our new Research Strategy we set out an
ambitious agenda for the future – aiming

As ever, we are proud of the researchers we fund and the
high quality work you carry out. Over the last year you
have published some excellent research, made inroads
in previously uncharted territory, and moved many areas
of science and research on.

to transform the outlook for cancer
patients. To achieve these ambitions
we need your expertise, creativity and
ideas. With this in mind, our strategy
publication was accompanied by a series
of events around the country where we
brought the strategy to you, sharing our
priorities and the opportunities ahead. It
was a great chance to talk with many of
you directly, and discuss areas where we
want to accelerate progress.
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Last year we spent £341 million on research and are
proud that this includes such a breadth of excellence –
covering basic, translational and clinical to population
research. As our income continues to grow – this year
we raised £522 million through the generosity of our
supporters – we anticipate that the funds will be available
in future years to fulfil our ambitious research plans. We
will continue funding research of the highest calibre,
driving innovation in new areas, as well as building on
existing strengths in UK cancer research.
This publication highlights some examples of your
incredible work, celebrates a few of the many successes,
and provides personal perspectives on challenges
ahead. We hope you enjoy reading it.

SETTING THE SCENE

OUR STRATEGIC
PRIORITIES
Our Research Strategy set out
Cancer Research UK’s priorities
for the next several years.
Across these areas we are
building on our existing strengths
and increasing investment
where we want to build capacity.
Articles in this publication cross
many of these priority areas.

BASIC
UNDERSTANDING
OF CANCER

CANCER
PREVENTION

CANCERS OF
UNMET NEED

THERAPEUTIC
INNOVATION

PRECISION
MEDICINE

EARLY
DIAGNOSIS
RESEARCH

Our mission as an organisation is farreaching — to save more lives by preventing,
diagnosing and treating cancer. Partnership
and collaboration underpin everything we
do. These principles have been central to
the development of our strategy and will
continue to be at the heart of our approach.
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OUR FUNDING
FACTS & FIGURES
Last year (2014/15) we supported research worth £341 million across
all cancer types, making us the largest funder of cancer research in
Europe. We work in partnership with others to achieve the greatest

OUR FOCUS
We focus our funding on the high quality research and
innovative ideas that we believe will have the greatest
impact for the public and cancer patients. To do this
we balance response-mode funding for new research
with directed investments in specific initiatives and
infrastructure. Success rates for our committees vary
from year to year on the basis of competition and
available budget, but are comparable to those of
other biomedical funders. More detailed information
about what we have funded recently is available on
our website cruk.org/recently-funded-awards

FUNDING BY
DISEASE TYPE

CERVICAL
£3M

COLON & RECTAL

initiatives across the entire research pipeline, from understanding the

£29.6M

biology of cancer through to late-phase clinical trials.

PANCREATIC

BREAST

£31M

LIVER
£2.3M

OUR DISCOVERY SCIENCE
PORTFOLIO

ANNUAL RESEARCH
ACTIVITY IN 2014/15
TOTAL SPEND
£341.4M

Our basic portfolio continues to be an area of major
importance, with over half of our research spend
invested in understanding the biology and causes of
cancer. We remain committed to funding curiositydriven research supporting a broad range of activities
through our Institutes, and response-mode awards.

FUNDING ACROSS THE
RESEARCH PIPELINE
CLINICAL

SARCOMA
£1.9M

OVARIAN
£11.3M

PROSTATE

£14.6M

RESEARCH THAT
UNDERPINS ALL
TYPES OF CANCER

OUR TRANSLATIONAL PORTFOLIO
We want the research we fund to lead to patient
benefit, and in recent years our spend on
translational research has increased substantially.
We also support preclinical development and
early-phase trials through our Centre for Drug
Development (CDD) and the Experimental Cancer
Medicine Centre (ECMC) Network.

KIDNEY
£3.8M

£116.4M

BRAIN
£8.7M

NON
HODGKIN
LYMPHOMA
£6.8M

BLADDER
£4.3M

MYELOMA
£3M
SKIN
(EXCLUDING
MELANOMA)
£3.3M

18%

55%

PHARYNGEAL
£2.4M

£15.3M

impact, providing support through a range of funding schemes and

BASIC

HODGKIN
LYMPHOMA £2M

LEUKAEMIA

£21M

OUR CLINICAL PORTFOLIO
TRANSLATIONAL

27%

We currently support over 250 clinical trials. These are
not restricted to drug trials; we also support a number
of studies aiming to improve surgery and radiotherapy
– important areas not commonly invested in by
pharmaceutical companies. Our Clinical Trials Units
and the ECMC Network support researchers engaged
in trials by providing them with dedicated expertise in
trial design and analysis.

LUNG

OESOPHAGEAL
£6.2M

MELANOMA
£12.4M

£30.9M
OTHER*
£11.2M

* Includes research into over 100 other cancers.
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FUNDING
BY UK CITY

DEMONSTRATING
THE IMPACT OF
CRUK FUNDING

Dundee
£3.9m

Research activity where spend

Glasgow
£22.3m

in 2014/15 is over £1m*

impacts from CRUK funded research via the
Researchfish platform for the first time. It is crucial
that we monitor the outcomes of research in
order to meet the aims of the charity.

Edinburgh
£4.6m

This information provides us with a comprehensive view across
our research portfolio, and demonstrates how we can evaluate the
outcomes of funding on a variety of different levels.

Newcastle Upon Tyne
£4.2m

This first submission collected information on over 650 awards,
with over 12,000 outputs submitted. Highlights include over 7,000
published journal articles, 22% in high impact journals (those with
impact factor band A and B); almost 1,000 engagement activities
from presentations at international conferences to public and
supporter engagement activities; 42 medals and 169 research
prizes; and 45 patent applications published or granted. We will
be running our second submission period in Autumn 2015.

Belfast
£2m

Leeds
£2.8m
Sheffield
£1m
Manchester
£19.9m

Liverpool
£1.5m

In 2014 we collected outputs, outcomes and

45

PATENT
APPLICATIONS

42

MEDALS

Leicester
£1.9m

Birmingham
£7.4m

Cambridge
£42.5m

Oxford
£22m
London
£120.6m

Cardiff
£3.8m

1000

Bristol
£1m

Southampton
£4m

OUR FUNDING COMMITTEES

ENGAGEMENT
ACTIVITIES
Brighton
£1.7m

7000

169
RESEARCH
PRIZES

PUBLISHED
JOURNAL
ARTICLES

*Figures exclude research support costs

CLINICAL CAREERS
COMMITTEE (CCC)†

CLINICAL TRIALS
AWARDS AND ADVISORY
COMMITTEE (CTAAC)

DRUG DISCOVERY
COMMITTEE (DDC)

EARLY DIAGNOSIS
ADVISORY GROUP (EDAG)

NEW AGENTS
COMMITTEE (NAC)

NEW INVESTIGATOR
COMMITTEE (NIC)†

POPULATION
RESEARCH
COMMITTEE (PRC)

SCIENCE
COMMITTEE (SC)

TOBACCO
ADVISORY
GROUP (TAG)

CCC supports clinical academic careers
in cancer research, supporting clinicians
and allied health professionals working
in areas spanning basic and translational
cancer research.

CTAAC reviews applications for funding or
endorsement of investigator-led studies,
encompassing therapeutic, diagnostic
and prevention studies, including Phase I
and II studies (except first-in-man studies)
and large Phase II trials and Phase III trials.

Formed in September 2014, DDC
advises on and implements our strategy
in the area of drug discovery, covering
biotherapeutic and small molecule drug
discovery and our Drug Discovery Units.

EDAG supports short term project grants
for the earlier diagnosis of cancer that
have the potential to immediately impact
on policy and practice for patient benefit.

NAC reviews proposals for the
preclinical development and
early-phase I and II clinical trials
of new anti-cancer treatments
and diagnostics.

NIC supports independent
researchers from the start of
their careers, providing support
at all stages of their career.

PRC supports clinical and public
health epidemiology and educational and behavioural research
in the disciplines of prevention,
screening and early diagnosis.

SC supports our basic and
translational cancer research
activity through programme
awards and project awards in
cancer immunology, multidisciplinary and biomarker research.

TAG considers applications
for policy research and
policy advocacy activities in
tobacco control.

11 Awards & Fellowships����������£14.6M

11 Project Grants����������������������� £0.8M

FUNDING BREAKDOWN
5 Fellowships�������������������������������������������������� £5.7M

FUNDING BREAKDOWN
26 Clinical Trials������������������������������������������ £11.8M

12 Projects Awards��������������������������������������� £2.2M

5 Project Grants���������������������������������������������£0.4M

3 Programme Grants��������������� £8.3M

22 Programme Awards�����������£32.4M

7 Preclinical Grants ����������������� £0.3M

8 Projects��������������������������������������£1.4M

4 Biomarker Projects����������������£1.2M

4 Fellowships��������������������������������������������������£0.3M

2 Trial Grants������������������������������� £0.2M

3 Fellowships������������������������������ £0.6M

SUCCESS RATES
Overall������������������������������������������������������������������28%

SUCCESS RATES
Trials����������������������������������������������������������������������54%

Overall������������������������������������������������������������������ 57%

Overall������������������������������������������������������������������63%

Drug Development�����������������������57%

Programmes������������������������������������75%

Programmes����������������������������������� 58%

Sample Collections������������������������������������������40%

Preclinical Grants�������������������������� 35%

Projects���������������������������������������������40%

Biomarker Projects������������������������13%

Fellowships��������������������������������������������������������� 67%

Trial Grants�������������������������������������� 33%

Fellowships������������������������������������� 38%

†
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4 Drug Development Projects

4 Sample Collections�����������������������������������£1.1M

Overall�����������������������������������������������12%

Overall���������������������������������������������� 69%

Funding previously provided through the Training and Career Development Board
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DIFFICULT DECISIONS
OUTSTANDING RESEARCH

THE ROLE OF
OUR FUNDING
COMMITTEES

SUPPORTING MULTIDISCIPLINARY RESEARCH
Collaborative, cross-disciplinary research is not
a novel concept, but it is new territory for CRUK.
We believe that increased interaction between
scientific disciplines, and the resulting synergy
of expertise and capabilities, has the potential to
drive innovation and progress. That is why in 2014
we launched a funding scheme to support multidisciplinary research. Here we talk to David Clarke,
Research Funding Manager, and Becky Wise, Grants
Officer, who, together with colleagues in the CRUK
funding teams, helped bring this new scheme to life.
WHAT WAS THE BIGGEST CHALLENGE IN SETTING UP
THIS NEW SCHEME?

It is incumbent upon us to fund research of the
highest calibre, and much of this funding is awarded
Every year we invest around £350
through our committees – each with a specific remit –
million into cancer research – this is
enabling us to support a breadth of basic, translational,
clinical and population research. We are incredibly
made possible entirely through the
proud of the funding structures and processes we
generosity of our supporters and the
have established; they have the in-built flexibility to
allow us to evaluate applications across
public. They give generously in the
the full spectrum of research our
expectation that we will deliver benefits
researchers want to undertake,
including expanding our funding
to patients and the public, and we take
to support engineering and the
that responsibility seriously.
physical sciences.
This doesn’t come easily
however – with this flexibility and expanding remit
comes increasing complexity
regarding how we make our
funding decisions. We need
IN THIS ARTICLE
to be able to compare research
that by nature can be very different
Adrian Hayday
(for example a radiotherapy physics
Professor of Immunobiology,
programme versus a mechanistic study
King’s College London
of DNA repair mechanisms in cancer), all the while
Group Leader, Francis Crick Institute
ensuring this meets our strategic objectives. None of
Chair of CRUK Science Committee
this would be possible without the broad expertise and
commitment of the researchers who are involved in our
Ruth Plummer
panels and committees. It is only with their support that
Professor of Experimental Cancer
we can nurture applications and reach robust decisions
Medicine, Newcastle University
to deliver the best research.
Chair of CRUK New Agents Committee
Committee meetings are in fact part of a longer
Member of CRUK Science Committee process which begins with a research application
being made – often 6 months earlier. We have a multistage funding process to ensure our committees are
armed with all the requisite information they need
to make the right funding decisions. Here we talk to
members of CRUK funding committees and the teams
who work behind the scenes, tapping into the vital
knowledge of peer reviewers on the way.

FROM APPLICATION TO COMMITTEE
The numbers are staggering. In 2014/15 CRUK
received nearly 950 individual research applications.
Once submitted, it is then the role of funding teams to
organise expert peer reviews – engaging experts across
a breadth of fields to consider anonymised applications.
Many research programmes can span basic and
translational research, or indeed are entirely
novel, and so enlisting the appropriate
expertise to effectively evaluate them
can be a challenging process.
As
Professor
Adrian
Hayday, Chair of CRUK Science
Committee, explains: “The review
process for each application is
extremely rigorous – so each
proposal gets read and reviewed
by numerous experts in the field,
resulting in a robust discussion at a
Committee meeting. In my experience,
the process for getting CRUK funding is
one of the fairest in the business.”
Applications are then considered either by expert
review panels or the committees themselves, allowing
members to speak directly to applicants and question
them about their proposed research programmes. This
face-to-face meeting gives the panel confidence about
the applicant’s abilities and an understanding of how their
work fits into the bigger picture of research in their field.

THE PROCESS
FOR GETTING
CRUK FUNDING
IS ONE OF THE
FAIREST IN THE
BUSINESS
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INSIDE OUR COMMITTEES
We have to be realistic – not all research can be
funded. Even with a large investment pot, there are often
difficult decisions to be made.
The responsibility is clear as Plummer explains:
“As a committee member, you are there to voice
your opinion and contribute your view. Sitting on any
funding committee makes you think about where the

money is going – there’s a huge responsibility to do
your bit to make sure we fund the best science. But
to me there’s also a different responsibility – some of
these decisions are about people’s careers and jobs,
so you don’t take the decisions lightly, and you owe
it to the applicants to do your homework so there’s a
healthy discussion and debate in the room and every
applicant gets a fair hearing.”
The role of a chair is naturally different – it’s
important to be “unbiased and neutral, making sure all
pertinent information is presented before the decision
is reached” Plummer remarks.
Armed with the recommendations of peer
reviewers, and where relevant expert review panels
across all the applications, the committee has a strategically focused discussion to come up with the final
ranking. They consider, from a basic research stand
point, how the programme will help us to understand
cancer better, or, from a translational or clinical research
standpoint, what the potential patient benefit will be.
The aim is to reach a consensus amongst
committee members, although sometimes that is a
tough ask. As Plummer notes: “there can be a lot of
us in the room who’ve got big enough egos to be
pretty certain we’re right”. However, once a decision
is reached, and everyone’s agreed, it’s a matter of
feeding back to the applicants, including any specific
comments from the committee. The science funding
teams invest a lot of time in this stage; it can mean the
difference between applicants being successful next
time or not. As Dr Gemma Balmer, Senior Research
Funding Manager, explains: “Providing feedback
to applicants is an extremely important part of the
funding process. Between the peer review, expert
review panels and committee meetings, the applications are discussed thoroughly and providing context
around how and why decisions were made is useful

for the applicants – whatever the news, good or bad.
It’s part of the process to ensure we get the highest
quality applications coming through.”
How can applications stand a better chance of
success? Talk to the relevant CRUK funding teams before
submitting – they can be a great source of support and
advice. Plummer continues: “While CRUK staff obviously
can’t write the application for you, they can help make it
the best it can be, giving the Committee the best possible
chance of saying yes to funding.”

This scheme was established to encourage multidisciplinary approaches to cancer research and to
do that we needed to reach out to new research
audiences. The first challenge was to make links
with these communities, and to find people with
relevant expertise to help us develop the scheme
and review applications. We ran a workshop with
these communities to scope the scheme, then
assembled an Expert Review Panel. Our aim was to
establish a panel able to understand and robustly
evaluate a wide range of project applications from
different disciplines. We’ve had a warm response to
the new scheme and many of the people involved in
the initial workshop are now on the panel.
HOW MUCH INTEREST DID YOU RECEIVE?

We were delighted with the number and breadth
of initial applications – including proposals
for diagnostics, chemical biology, novel cell
culture models, novel drug delivery systems,
mathematical modelling and novel imaging
methodologies. This demonstrates the scheme
is filling a real gap in research funding.
WAS IT DIFFICULT TO REVIEW APPLICATIONS?

Obviously there’s a finite pot you
have at your disposal, so it’s a
juggling act to make best use of
that money, and it’s tough when
there’s an application that’s on
the cusp, it’s good science, it’s a
fundable application, but there
just isn’t enough money.
I think we all feel the impact of
those decisions particularly.

We received around 50 applications in total, and
aimed for a minimum of three peer reviewers for
each application. Finding the right people with the
appropriate mix of expertise to best consider each
proposal was a challenge, as the content of each
proposal covered a range of subject areas.
WE’VE REACHED AN IMPORTANT MILESTONE WITH THE
FIRST DECISIONS BEING MADE – WHAT HAPPENS NEXT?

We funded five new projects in April 2015, and the
next round of applications is already underway,
and will be reviewed by the Expert Review Panel in
September 2015. There needs to be flexibility so it can
fund the best multidisciplinary research that’s coming
our way. In the future, we are looking to run events
to facilitate new collaborations, continuing to raise
the quality and ensuring that we’re funding the best
research which could have the biggest impact.

Professor Ruth Plummer
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The Centre for Drug Development supports
two state of the art manufacturing facilities: the
Biotherapeutics Development Unit (BDU) manufactures biological drugs such as monoclonal antibodies,
recombinant proteins and DNA. Meanwhile, the
Formulation Unit produces clinical formulations for
small molecule drugs.

Institutes provide an exceptional research
environment. Our core funding ensures that scientists have access to the long-term support, networks,
core services and equipment needed to succeed in
research. Last year we invested £95 million in our five
core-funded Institutes. On 1 April 2015, the Cancer
Research UK London Research Institute (LRI) became
part of the new Francis Crick Institute. Read more on this
transition on page 48.

MANUFACTURING
FACILITIES

Our Centres form a unique, national network
delivering world-leading research, improved patient
care and greater local engagement. They drive local
partnerships and high-calibre collaborations between
universities and NHS hospital trusts, cancer networks
and other cancer charities, under a united strategy to
accelerate the translation of research into the clinic.
Last year we spent £17 million on centre infrastructure,
and £10 million on training the next generation of
researchers based in our Centres.

In 2014 we opened the Lung Cancer Centre of
Excellence at the University of Manchester and UCL,
bringing together institutes, centres and hospitals at the
leading locations for lung cancer research. Read more
about the work of the Centre of Excellence on page 26.

LUNG
CANCER
CENTRE OF
EXCELLENCE

Supporting the majority of early-phase cancer
clinical trials in the UK, the Experimental Cancer Medicine
Centre (ECMC) Network brings together researchers and
clinicians across multiple sites to deliver an integrated
approach to research and recruitment in early-phase
trials and experimental medicine. Last year we invested
£3.6 million in ECMCs, a figure which is collectively
matched by the four UK health departments.

IMAGING
CENTRES

INSTITUTES

CONNECTING
OUR NETWORK

To help cement the UK’s position as a world leader
in cancer imaging research, in 2013 we teamed up
with the Engineering and Physical Sciences Research
Council (EPSRC) to commit £35 million for five years to
four separate cancer imaging centres across the country.
With sharing best practice and building collaborative links
a key part of this initiative, the CRUK Annual Imaging
Conference was held in March 2015 and provided an
opportunity for our centre researchers to share their work
and knowledge with 200 delegates with a wide breadth
of experience in cancer research. Last year we
spent £7 million on our imaging centres.

CENTRES

EXPERIMENTAL
CANCER MEDICINE
CENTRES

CRUK
NETWORK

NETWORK

Providing an environment in which research
can thrive is crucial to delivering world-class
results. Networking across the UK and beyond
will also be critical to achieving maximum
impact from our research. During the past
five years we have strengthened our research
environment to support collaboration,

RESEARCH
NURSES

CANCER
RESEARCH
TECHNOLOGY’S

particularly through long-term infrastructure
investments such as our Institutes and
RESEARCH
ENGAGEMENT
TEAM

Centres. Moving forward, we aim to further
integrate our research, continuing to build a

DISCOVERY
LABS

DRUG
DISCOVERY
UNITS

CLINICAL
TRIALS
UNITS

leading-edge network for cancer research.

We support a network of Senior Research
Nurses based in Centres and hospitals around the UK.
Their role is primarily to increase awareness of, and
facilitate recruitment to, oncology clinical trials.
In addition they work with patients and families to
promote public and patient involvement, deliver cancer
awareness and health promotion initiatives, help drive
new trials across the UK and support training for the
research nurses of tomorrow.
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Based in our Centres, our Research Engagement
team engages the public with our work through
events and activities across the UK. These activities are
a great way for us to motivate supporters, increasing
donations and ultimately allowing us to fund more
research. None of this could happen without the
enthusiasm and support of research teams across
the country. If you want to get involved, contact
researchengagement@cancer.org.uk

Cancer Research Technology’s Discovery Labs in
London and Cambridge have pioneered an innovative
alliance model which brings industry and academia
together to work around themed areas of cancer biology.
This approach facilitates the low-risk exploration of novel
areas of science with the potential to yield commercially
attractive projects. Alliances are supported by CRT’s experienced business development and legal teams.

Cancer Research UK has an established history of
successful drug discovery and development, having
contributed to the discovery or clinical trials of nearly
50 drugs now in clinical development. Our three DDUs,
focused on small molecules, together account for
greater than 80% of CRUK’s drug discovery budget. Last
year we invested £17.8 million in our DDUs.

Cancer Research UK supports a network of
eight Clinical Trials Units (CTUs) which provide the
UK cancer community with expertise to design and
run clinical trials. Our CTUs provide support covering
all aspects of clinical trial design, management,
database provision and data analysis and publication.
They coordinate both national and international
clinical trials, and other studies which aim to directly
influence routine clinical practice within the NHS and
worldwide, bringing benefit to cancer patients. Last
year we invested £8.1 million in our CTUs.
11

STRENGTHENING OUR
CENTRES NETWORK

DEVELOPING OUR
IMAGING CENTRES

In 2015 we increased investment in our Centres with two new

Our strategic investment in imaging

initiatives aimed at continuing to develop this world-class

began in 2008 and is already

network for the translation of cancer research for patient benefit.

yielding excellent results.

Firstly, we established three Major Centres, in Cambridge,
Manchester and Oxford, increasing our investment
to accelerate progress through building expertise
that combines innovative laboratory research with
cutting-edge experimental medicine, supporting these
centres to become internationally recognised hubs of
excellence. Each Major Centre has specific areas of focus.

The second initiative is our Centre Network Accelerator
Awards, which provide infrastructure funding for CRUK
Centres of up to £5 million over up to 5 years in priority
areas to facilitate translational research, and to build
capacity and collaboration across the network. This
year four Awards were granted – each award with a lead
Centre and 4-5 collaborating Centres.

CAMBRIDGE

BELFAST

Developing programmes in early detection and
integrative cancer medicine, expanding the clinical
facilities and infrastructure necessary to strengthen
collaborative research and expand tissue biopsy
collection, and investing in technology that supports
scientists from diagnostic and blood processing to informatics and imaging.

To establish a molecular digital pathology network and
image analysis platform for solid tumours, complemented by a comprehensive Clinical Research Fellowship
programme in molecular pathology, providing a model
for modern pathology training in translational research.

MANCHESTER

To develop a structural biology resource in four Centres
to accelerate drug discovery, enhancing existing
investment in drug discovery programmes, and encouraging use of this resource across our network of centres.

Developing a biomarker sciences centre, delivering
biomarker-driven early-phase clinical trials, infrastructure support for increased tissue acquisition and
analysis, and developing innovations in radiotherapy
delivery and imaging to increasingly personalise
radiotherapy through integrating patient-specific and
tumour-specific information.

OXFORD
Expanding the definition of the personalisation of
treatment, through linking specific molecular and
genetic patient data with functional imaging, to select
the most effective experimental combination of surgical,
radiotherapy and systemic interventions.

LEICESTER

THE FRANCIS CRICK INSTITUTE
To cultivate a culture of experimental medicine and
cement the Crick’s role as a focal point for interactions
with CRUK centres in London through establishing a
cancer Clinical Research Fellowship programme, and a
cancer colloquia and workshop programme.

UCL
To build a cancer immunotherapy catalyst network,
integrating expertise from across the network of Centres
to establish an interdisciplinary programme to understand, implement and aid cancer immunotherapy.

At the King’s College London / University College
London centre a team has performed early proofof-concept work on a newly developed sequence
– VERDICT (Vascular, Extracellular and Restricted
Diffusion for Cytometry in Tumours) — to quantify and
map tumours in vitro. Coupled with existing imaging
methods, it could provide new, powerful biomarkers of
tumour grade and progression, which could be used to
develop stratified, non-invasive treatments.

The centre at The Institute of Cancer Research has
established new state-of-the-art radiochemistry facilities
which will support cutting edge preclinical research as
well as enabling a range of new clinical studies.

One of the important issues in collaboration in cancer
imaging is the lack of standardisation of techniques
between laboratories, at the University of Oxford they
are developing a web based platform for Dynamic
Contrast-Enhanced-MRI analysis to collate and share
algorithms for different components of the analysis
throughout the imaging community.

EXPERIMENTAL CANCER
MEDICINE CENTRES
Efficient delivery of trials to time and
target is essential for the UK to retain
and enhance its reputation in
early-phase clinical research.
Currently there is a lack of consistency in the way clinical
cancer studies are approved and set up, leading to significant delays in trial delivery.
The ECMC-Trial Harmonisation Programme (ETHP)
aims to help build on the current ECMC initiative and
transform it into a UK-wide, world-class Network
for the fast and efficient delivery of early-phase
oncology clinical trials.
By establishing a single operational framework and
formalising the network across all the ECMCs, trial
management processes and collaboration will become
smoother and more efficient, resulting in faster set
up and delivery for all early-phase oncology trials
entering the Network.
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The University of Cambridge / University of Manchester
imaging centre is leading a project to develop and
extend the CRUK ‘Image Biomarker Roadmap for
Cancer Studies’. The project harnesses the expertise
of over 50 eminent imagers from around the world to
provide a framework for all biomarker imaging research
and will publish a consensus document later this year.

RESEARCH
ENGAGEMENT TEAM
In 2014 more than 11,000 members of
the public visited our research locations
to see our world-class science in action.
The team organised 260 interactive lab
tours and more than 100 other events
including film screenings, open days and
even a full blown ‘Science Ceilidh’
In the past year the team attended more than 400
events, from science festivals to marathons engaging
with almost 50,000 people to tell them more about
our work. Transporting science to surprising locations
– including the local pub – the team partnered with
artists, musicians and actors to help bring our research
to life. In Southampton they went ‘Back to the Future’,
taking our supporters on an interactive journey through
time to show them how our ambition that 3 in 4 people
will survive cancer will be achieved.
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PROMOTING
PRECISION
MEDICINE IN
COLORECTAL
CANCER

PRODUCTIVE
PARTNERSHIPS

As cancer research moves steadily towards an era
of precision medicine, CRUK is committed to tackling
the significant challenges in making this a clinical
reality. Together with the MRC, we are co-funding
the ‘Stratification in COloRecTal cancer: from biology
to treatment prediction (S-CORT) consortium’, led
by Professor Timothy Maughan at the University of
Oxford. We have agreed a 50:50 funding partnership
of £2.5 million each over five years.
This project brings together the leading colorectal
cancer research groups in the UK and has both pharma and
diagnostic companies amongst its collaborators. The clinicians involved have played a key role in the development
of the FOCUS-4 trial, a flagship study in molecular stratification, supported by both CRUK and the MRC.
This partnership represents a more aligned working
relationship in the continued development of the UK’s
approach to stratified medicine.

Cancer research is a complex endeavour

We continue to strengthen existing

The goal of stratified medicine is

and at Cancer Research UK we recognise

partnerships as well as seeking to expand

to provide patients with the best

that collaborating with others is crucial

our partnerships with organisations from

treatments by ensuring that existing

if we are to achieve our ambitions and

a broad range of sectors.

medicines are targeted at those who

transform the outlook for cancer patients.

will derive most benefit, but also by
Here we outline a few of the many

accelerating the development of

That’s why we already partner with

partnerships we’ve been working on

new therapies. Here in the UK, we’re

a range of organisations, both in the

over the last year.

ideally placed to be at the forefront

UK and internationally, developing

of this field because we can combine

mutually beneficial relationships that

excellence in research with access to

support shared research objectives and

some of the highest quality clinical

programmes. Our partnerships provide all

resources and data in the world.

parties with the opportunity to accelerate
progress through shared knowledge,
resources and capabilities.

To talk to us about potential
partnerships, contact
strategicpartnerships@cancer.org.uk
Professor Sir John Savill
Chief Executive of the MRC

A TRANSATLANTIC
PANCREATIC
CANCER
DREAM TEAM

INSPIRING
MULTIDISCIPLINARY
INNOVATION
Opportunities for innovation arise at the boundaries between disciplines. With this in mind we launched
our Multidisciplinary Project Awards in August 2014,
to encourage collaboration and the involvement of
non-traditional cancer disciplines, such as engineering
and the physical sciences.
CRUK has since entered into a new partnership with
the Engineering and Physical Sciences Research Council
(EPSRC), the main UK funding agency for training and
research in engineering and physical sciences, to
increase the amount of funding for these new awards.
When we launched this new scheme there was
a great deal of interest from cancer researchers and
those from other disciplines, leading to more applications than we could possibly fund. By establishing this
partnership, the funding available has increased to up
to £37.5 million over five years.
Working with the EPSRC not only increases
funding for collaborative cancer research projects,
but also unites the expertise and scientific networks
of both organisations, to ensure that the highest quality
multidisciplinary work will be funded.

This co-funding partnership continues the
CRUK-EPSRC relationship, offering significant value
to our efforts to promote multidisciplinary research.
The first joint awards were decided in April 2015 –
when our Science Committee considered a breadth
of applications covering diagnostics, chemical biology,
mathematical modelling and novel cell culture, drug
delivery, and imaging methodologies. Look out for
information on these projects as they get underway.

This new partnership will build on
our existing collaborative work

Five-year survival for pancreatic cancer has seen
limited improvement in the past decade and boosting
the quantity and quality of research is a key priority for
CRUK.“ Quite simply, we need to make faster progress
against pancreatic cancer, which devastates tens of
thousands of families across the world each year,” says
Iain Foulkes, Cancer Research UK’s executive director
for strategy and research funding.
As a signal of our intent in this area we’ve joined
forces with the Lustgarten Foundation to fund a Transatlantic Pancreatic Cancer Dream Team through our Stand
Up To Cancer (SU2C) partnership. The grant provides up
to £7.8 million over a three-year period for research on
prevention, diagnosis, or treatment of pancreatic cancer
by a “dream team” of top scientists. The grant will be a
transatlantic collaboration, with Dream Team leaders or
Principal Investigators based in both the UK and the USA.
Applications are managed by the American Association for Cancer Research (AACR), SU2C’s Scientific
Partner. A Joint Scientific Advisory Committee (JSAC)
will conduct a unique, interactive, rapid, and rigorous
evaluation of the applications via a multistep scientific
review process. Phillip Sharp, Nobel laureate, institute
Professor at the David H. Koch Institute for Integrative
Cancer Research at the Massachusetts Institute of
Technology, and chair of the SU2C Scientific Advisory
Committee, will serve as chair of the JSAC, with David
Tuveson and Richard Marais as co-chairs.
“We are pleased to again partner with SU2C for a
third pancreatic cancer Dream Team and to newly partner
with Cancer Research UK. Together, we will focus on new
approaches to treat those diagnosed with pancreatic
cancer so that more patients can benefit and live longer
lives,” said Kerri Kaplan, executive director and chief
operating officer of The Lustgarten Foundation, America’s
largest private funder of pancreatic cancer research.

which is already reaping rich
rewards for scientists, engineers,
clinicians and of course, patients.
This partnership will help the UK
acquire tools and skills we need in
our collective battle against cancer.

Professor Philip Nelson
Chief Executive of the Engineering and

Pancreatic cancer cell image taken
using a Scanning Electron Microscope

Physical Sciences Research Council

14

15

TRANSLATING
TODAY’S
SCIENCE INTO
TOMORROW’S
MEDICINE
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CRT DISCOVERY LABS: A PROVEN PARTNER FOR PROGRESSING
ACADEMIC RESEARCH TO CLINICAL TRIALS

DRUG
DISCOVERY &
DEVELOPMENT
In drug discovery and development,
Cancer Research UK can be
compared to a medium to large
biotechnology company. The record
of our success – from Carboplatin
to Abiraterone — and the size of
our current portfolio, plus the
infrastructure and expertise that we
have built up within CRUK, are often
the envy of industry.
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But we are very different from a biotechnology
company, and we are not in competition with industry.
Our models of academic drug discovery and of drug
development which draw on our academic research
community are unique in the world, and it is our diverse
portfolio of world-class basic research which gives our
translational research its strength and unique flavour.
Much of our drug discovery record can be
attributed to the core-funded academic Drug Discovery
Units (DDUs) at our Centres and Institutes. And in 2014
we created a new committee to oversee the diversification of our drug discovery activities, and to review
applications to new response-mode funding schemes.
We have also been partnering with industry in order to
trial new funding scheme formats.
Building bridges between academia and industry
is also the goal of the Discovery Laboratories (CRT-DL)
within our commercialisation arm, Cancer Research
Technology (CRT). CRT-DL have in-house capabilities
which enable them to translate research into commercially attractive projects. But it is in building alliances with
the right industry and academic groups that the CRT-DL
excel, and we’re currently excited by the progress of
one such collaboration which in 2014 produced a novel
highly selective inhibitor of an atypical Protein Kinase C.
(see box above right)

Also in 2014, our Drug Development Office
became the CRUK Centre for Drug Development
(CDD), reflecting the in-house expertise and infrastructure in early-phase drug development and extent
of activities that have been built in the Centre. The CDD
has recently celebrated successful outcomes from
its Clinical Development Partnerships programme,
bringing new life to agents which have been deprioritised by industry, and has built a unique initiative
for investigating novel drugs in combination with
its Combinations Alliance.

CHANGING DRUG DISCOVERY
In 2014 we created the Drug Discovery Committee,
chaired by Professor Stephen Frye, to oversee the
expansion and diversification of our drug discovery
activities. At the same time we introduced new funding
schemes reflecting the priorities set out in our Research
Strategy. We have recently funded the first round of
awards through these new schemes, including our
first two biotherapeutics research programmes.
We are also addressing gaps in the UK’s immunotherapy research infrastructure through our partnership
with MedImmune, the global biologics research
and development arm of AstraZeneca. The CRUKMedImmune Alliance Laboratory is now up and running

Cancer Research Technology’s Discovery Laboratories (CRT-DL) have successfully worked with CRUK
scientists and industry partners to discover a first-inclass, orally-active, and highly selective Protein Kinase
C (PKC) inhibitor which is now progressing towards
Phase I trials. The drug targets PKC iota (PKCι), a key
player in cell growth, establishment and maintenance
of cellular polarity, and migration, and which is found
to be amplified in many carcinomas.
The potential of PKCι as a target was identified by
Professors Peter Parker and Neil McDonald working on
PKCι signalling pathways and its structural biology at the
Francis Crick Institute. They turned to CRT-DL and its
collaboration partner, Teva Pharmaceutical Industries,
who designed a drug discovery programme leading to a
clinical candidate that could successfully modulate PKCι.
The drug discovery collaboration was highly
iterative, explains Parker, involving the Crick teams
throughout. “Our role as academics is to deepen
knowledge and insight. Hence we can invest time
and effort into extracting this depth of understanding
and then contribute this to create a well informed
development and trial activity.”
“I believe this is the first research collaboration to
demonstrate that selective small molecule inhibitors
against a key regulator of cellular polarity can be efficacious in models of human cancer”, says Dr Jon Roffey
from the CRT-DL. Dr Christian Dillon from CRT-DL
added, “A significant breakthrough has been identifying

a set of small molecules that possess strong anti-cancer
activity, yet are well tolerated in animal models and
maintain suitable properties for further development.”
Several other important outputs have come from
the project, including early work on solving the co-crystal
structure of PKCι and identifying its binding motifs.
Additionally, using an inhibitor-resistant mutant of
PKCι, the team has invented a novel methodology for
kinase substrate identification, dubbed Kinase Identification of Proximal Substrates (KIPS). The method enables
the identification of kinase activity biomarkers, removing
a significant barrier to drug discovery and development.
Finally, some of the well characterised compounds
discovered during the collaboration have been fed back
into academic research as declared tool compounds.
The PKCι inhibitors provide a means of acutely blocking
protein function and exploiting these in model organisms
is having a profound impact on understanding the
cellular functions of PKCι. These tool compounds are
now accessible to the wider academic community.
Ignyta have now licensed the programme, and
Parker is actively involved in facilitating the progression
of the inhibitor to Phase I trials. Parker hopes that the
compound could be effective in inhibition of tumour
growth and metastatic spread in a broad range of carcinomas. “By working in collaboration with CRT and our
industry partners, we are seeing a drug candidate progress
to its first patients in the coming months, something that
otherwise may not have occurred for years.”

in Cambridge, providing access to MedImmune’s
world-class antibody engineering platform for CRUK
researchers looking to translate their work. The priority
for the Alliance is to support research into novel therapeutic and diagnostic antibodies, although the lab also
has the ability to produce reagents for research where
this may provide new therapeutic insights.
We have also been trialling novel formats for
response-mode funding of drug discovery through the
Bayer co-funded Drug Discovery Project Grant, which
combines the resources from industry with the breath of
ideas that can only come from a response-mode funding
call. Established with CRT, a major goal for this partnership
was to foster collaboration between academic researchers
and drug discovery scientists from industry. The partnership
has enabled CRUK to increase the funding available for
drug discovery projects and allow applicants access to
Bayer’s in-house technology and expertise.
Dr Paul Wilcock, Research Funding Manager for the
scheme, explained: “One of the most successful innovations we pioneered with this scheme was partnering
applicants with a Bayer scientist who helped the investigator develop their proposal and will provide expertise
throughout the duration of the project.” This is extremely
beneficial for both the investigator and the project.
“And by partnering with industry in drug discovery,”

Wilcock adds, “we also ensure that projects are
really focussed on the goal of helping patients, and
promising agents will be able to exploit Bayer’s expertise
in drug development.”
We awarded funding to four projects in November
2014, and we are now monitoring the progress of
these against their agreed milestones, in order to
assess the impact that access to Bayer scientists and
infrastructure has had for the projects and to inform the
development of future funding schemes.

DRUG DISCOVERY UNITS
”In the past few years pharma has been closing
research sites,” says Professor Martin Drysdale. “They’re
concentrating much more on being development
companies. That means the whole field is much more
reliant on the discovery research happening in the
not-for-profit and academic environment to keep the
pipeline flowing. CRUK really has an exemplar model for
doing this now, funding core drug discovery groups with a
lot of diverse expertise in drug discovery, and most importantly having access to all that world-class basic biology.”
CRUK fund three of these DDUs – the DDUs at the
Cancer Research UK Beatson Institute and the Cancer
Research UK Manchester Institute, and the Institute of
Cancer Research (ICR) Cancer Therapeutics Unit – with

The CRUK-MedImmune Alliance
Laboratory is an innovative collaboration
where CRUK’s Principal Investigators
will propose novel oncology targets as
candidates for MedImmune’s antibody
generating technology. Within the
laboratory, MedImmune and CRUK
scientists will work together to generate
medicines which will transform the lives
of oncology patients for the future.

Maria Groves
Lab Head for the CRUK-MedImmune Alliance

CONTINUED OVERLEAF
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UNBLOCKING DRUG
DEVELOPMENT BOTTLENECKS
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a total annual investment of £17.8 million. In addition
to working with groups at their host institutes, these
units work as a network with complementary skill sets,
and are open to collaboration with the whole CRUK
community. Researchers with Small Molecule Project
Awards, for example, often collaborate with a DDU, but
the teams are also always on the lookout for breakthroughs in basic biology.
“The DDUs are here to work with CRUK researchers
to help them translate their work. We want researchers
to be coming to us with potential targets, and then we’ll
try to set up a collaboration in which we’ll help with the
target validation, the work that’s required to show that
something really is a hot target rather than a biological
curiosity, and if it looks good then de-risk the target
and identify potential inhibitors.”
“One of the best examples of the DDUs’ work is
the HSP90 story,” says Drysdale. The potential of the
target was first identified by Laurence Pearl’s structural biology and signal transduction team at the ICR,
working with Paul Workman at the ICR Unit. Further
discovery work was conducted in collaboration with
Vernalis. Their work leading to the HSP90 inhibitor
AUY922 won the ICR team the 2013 Cancer Research UK
Translational Research Prize.
“HSP90 is the kind of target that we love to work
on,” says Drysdale. “What gets us really excited is when
we get a target like that, before anybody else has spotted
its potential. HSP90 is now everyone’s favourite target,

but because CRUK was doing the basic research, it was
in on the game from the start. It can be a risk being
the first, and it can be hard work, but when it goes
right it’s very rewarding to work on. And ultimately
it’s what we’re all here for. If we don’t translate and
do drug discovery well then we’re not doing what the
public put 50p in a bucket for. “

CENTRE FOR DRUG DEVELOPMENT
With a portfolio of 28 preclinical and early-phase
projects, the CDD ranks alongside the top five pharmaceutical companies for cancer drugs in development.
But the Centre is unique says director Dr Nigel Blackburn.
“We can take the risks that industry won’t,” says
Blackburn. “Because we are free of this profit burden
we get to be more innovative, we can try new things
and take more risks, and so the rewards are potentially
greater. No other charity does anything like this; we are
the only charitably funded drug development group in
the world – and that’s an exciting place to be.”
The Centre’s Clinical Development Partnerships
(CDP) scheme brings new life to promising agents
which have been deprioritised by industry, helping to
jumpstart research on promising drugs. The scheme
has seen three success stories so far, with perhaps the
best example being the development of IMA950, an
immunotherapeutic vaccine for glioblastoma, through
Phase I trials (see box right). The innovative risk-reward
model means that we are taking on the development

IMA950, a cancer vaccine for glioblastoma
(GBM), has met the two primary endpoints of safety
and immunogenicity in a trial conducted by the
CDD. We’ve now entered into a licence agreement
with immatics biotechnologies GmbH which will
continue to develop this cancer vaccine for GBM, the
most common and lethal adult brain tumour.
The decision is based on positive results from
a Phase I trial conducted by the CDD under the
Clinical Development Partnerships (CDP) scheme, a
joint initiative between CRUK and CRT. Without their
support and expertise, it is highly unlikely that such a
trial could have gone ahead.
IMA950 is a vaccine that has been specifically
developed to treat GBM that contains 11 different
tumour-associated peptides (TUMAPs). The TUMAPs,
identified by immatics using its proprietary drug discovery
platform XPRESIDENT®, are over-expressed on the
surface of GBM tumours. They are designed to trigger
the patient’s immune system to recognise and erradicate
tumour cells while leaving healthy cells unharmed.
IMA950 is the first therapeutic vaccine developed
under our CDP initiative. Under the scheme,
companies retain rights to their drugs while allowing
the CDD to undertake early clinical development work
to assess each treatment’s benefit to cancer patients.
These partnerships offer a unique collaboration that
gives a second chance to potential cancer therapies
that would otherwise be stuck on the shelf.

There are currently more than
four and a half thousand potential

IN THIS ARTICLE
of the agents at our risk – but have received milestone
payments from the successful projects, and have
revenue-sharing agreements in place for agents which
make it to the clinic. Most importantly, though, the aim
is to ensure that patients benefit from new treatments.”
Currently creating excitement at the CDD is MOv18,
a first in class IgE antibody against folate receptor ɑ.
“The hope is that these types of molecules might
harness a unique set of effector cells and might be more
powerful in attacking tumour cells than traditional IgG
molecules,” says Chief Drug Development Scientist Dr
Robert Williams. “But industry has shied away from this
area because IgE antibodies can be involved in allergic
reactions. By working with immunology experts in the
academic community – led by James Spicer’s group at
King’s College – we were able to undertake preclinical
work and design a clinical trial to mitigate that risk and
satisfy the UK regulatory authorities. A Phase I clinical trial
in patients with advanced solid tumours is scheduled to
open to recruitment in September.
As well as carrying out early stage trials, the CDD
also runs the Combinations Alliance, a matchmaking
service for academic researchers seeking novel drug
combinations. “Here, we don’t necessarily fund the
trials,” explains Blackburn. “Industry partners open up
their portfolios of Phase II and III drugs, and we act like
a dating agency, providing the framework, resources
and knowledge to help partners find potentially exciting
new matches. We also offer preclinical funding to help

Technology

That’s where we come in – to take
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Another of our development approaches is the
CRT Pioneer Fund (CPF). The £50 million fund was
created in 2012 by CRT and the European Investment
Fund to take projects with a high level of scientific
novelty and clear patient benefit into Phase II trials.
In December 2014, Battle Against Cancer Investment
Trust Limited (BACIT) joined the Fund, and committed
to increase funding by £20 million.
At least two-thirds of the fund will be used to develop
the most exciting scientific discoveries made by CRUK
scientists. The remaining projects may come from other
academic groups or industry in the UK. The fund is focused
on investment directly into projects – preferably in host
institutes – rather than supporting spin-out companies,
management teams and infrastructure.
Although only three years old, the fund has already
seen some success, with five investments made (see
table below). Particularly exciting are MPS1 inhibitors
discovered at the CRUK Cancer Therapeutics Unit at
the ICR. These mitotic kinases are part of the spindle
assembly checkpoint, and inhibitors lead to errors in
chromosome segregation ultimately resulting in mitotic
catastrophe and cell death.

Promise

CRUK Cancer Therapeutics
Unit at the ICR BACIT Sareum

Blocking CHK1, part of the DNA damage
response, could boost the efficacy of chemotherapy drugs by blocking repair of the
DNA damage caused by these drugs.

Esterase Sensitive Motif
(ESM) technology

Chroma Therapeutics

An expansion of the license from Chroma Therapeutics to the CPF for all rights in oncology to its
Esterase Sensitive Motif technology will enable CPF to
develop projects that modulate the immune system.

MPS1 inhibitors

CRUK Cancer Therapeutics Unit at the ICR

MPS1 is one of the mitotic checkpoint kinases,
responsible for correctly organising cell division.
Inhibitors lead to mitotic catastrophe.

p38 inhibitors

Barts Cancer Institute, QMUL
Chroma Therapeutics

Inhibiting p38 activity switches tumour-associated macrophages from driving tumour
growth to destroying tumours.

RET inhibitors

CRUK Manchester Institute
Drug Discovery Unit

Up to 2% of non-small cell lung cancers have RET
mutations, and the receptor also plays a critical role
in the development of medullary thyroid cancer.

CHK1 inhibitors

the most promising ones forward.

Dr James Ritchie
Drug Development Scientist,
Cancer Research UK

THE PIONEER FUND

Partners

to be developed. Any one of them
could be effective in treating cancer.

Martin Drysdale
Head of the Drug Discovery Unit
at the CRUK Beatson Institute

Nigel Blackburn
Director, CRUK Centre for
Drug Development

Robert Williams
Chief Drug Development
Scientist, CRUK Centre for
Drug Development

CRT PIONEER FUND INVESTMENTS MADE TO DATE

drug treatments in pharmaceutical
companies, waiting for the resources

investigators acquire the data they need to carry out
a new combination trial. This service could really help
advance cancer therapy, and is only possible because
we are a charity.”
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Coloured scanning electron micrograph (SEM) of cancer cells in the human ovary

The journey of taking olaparib to market took
almost two decades of hard work underpinned by the
ingenuity and combined efforts of many individuals.
Along the way there was a collective ‘eureka’ moment
for two of our researchers, Professors Alan Ashworth
and Steve Jackson, who spotted a synergy between their
basic research that is now reaping rewards in the clinic.
In the mid-1990s, Ashworth, then at the Institute of
Cancer Research in London, was a key member of the
group that discovered the DNA repair gene BRCA2, and
identified mutations in this gene in families with high
incidence of breast cancer. His lab subsequently defined
a role for BRCA2 in repairing DNA double-strand breaks.
This work led Ashworth to hypothesise that DNA-repair
defects associated with BRCA mutations might be
targeted by drugs. Around the same time in Cambridge,
Jackson was developing drugs to block DNA repair
processes in cancer cells. One target in his sights was
an enzyme called poly (ADP-ribose) polymerase (PARP)
which is required to mend single-strand DNA breaks.

OLAPARIB
REALISING
THE PROMISE
OF SYNTHETIC
LETHALITY

FRESH PERSPECTIVE
Ashworth and Jackson soon realised that they were
trying to solve the same problem but from different
perspectives. “The connection between PARP and BRCA
transpired following a discussion where we considered
the possibility that PARP inhibition might induce a
specific form of DNA damage that BRCA mutant cells
would find very difficult to repair,” Ashworth explains.
Together, they predicted that PARP inhibitors under
investigation by Jackson might preferentially kill cancer
cells harbouring BRCA mutations while sparing normal
cells. These drugs were proposed to exploit synthetic
lethality, whereby blocking one DNA repair pathway
(e.g. with a PARP inhibitor) compromises cell survival

DNA REPAIR

In December 2014, the drug olaparib
(Lynparza) became the first of a
new class of treatments known as
PARP inhibitors to be licensed for
clinical use, heralding in a new era
for personalised, targeted treatment
– and turning the promise of
‘synthetic lethality’ into reality.
22

only when the back-up pathway (e.g. BRCA) is disabled.
In December 1997, Jackson founded the spin-out
company KuDOS with Cancer Research Technology
and the University of Cambridge to commercialise his
academic work on DNA repair. “The involvement of
CRUK was crucial,” says Jackson, “because it provided
seed funding to establish platforms for screening and
preclinical studies”. KuDOS developed several specific
and potent inhibitors of DNA repair proteins and worked
closely with Ashworth’s team in London to test their
efficacy in cell lines with BRCA mutations. As predicted,
the leading KuDOS PARP inhibitor – olaparib – was strikingly effective in this model of inherited cancer.
However, it quickly became apparent that the
financial clout of a large, established pharmaceutical
company was required to fully realise the potential of
olaparib. The favourable laboratory results obtained using
KuDOS compounds did not go unnoticed by industry. In
2005, seeking an opportunity to boost its oncology development pipeline, AstraZeneca brokered a £120 million
deal to acquire KuDOS and all of its assets. AstraZeneca
then took olaparib forward into clinical trials.

The first Phase I study with olaparib was designed
to test the synthetic lethality hypothesis in patients with
BRCA mutations. It worked, and today is widely cited
as a prime example of truly personalised medicine.
Further studies followed, including a Phase II trial led
by Jonathan Ledermann at the CRUK and UCL Cancer
Trials Centre, providing vital evidence to support AstraZeneca’s regulatory submission. It showed impressive
increases in progression-free survival and extension of
‘time to next treatment’ for patients with relapsed ovarian
CONTINUED OVERLEAF

following reatment with olaparib (synthetic lethality).
DNA DAMAGING AGENTS

B

lead us to inventing a new treatment
for BRCA mutation carriers and having
it approved almost 20 years later.
Funding from Cancer Research UK
throughout this period was critical in
making this happen.

Professor Alan Ashworth
University of California
San Francisco

IN THIS ARTICLE
Alan Ashworth
President of the Helen Diller Family
Comprehensive Cancer Center,
University of California,
San Francisco, USA

BRCA

PARP

DNA REPAIR: CELL SURVIVAL

Steve Jackson
Professor of Biology,
Gurdon Institute,
University of Cambridge

Jonathan Ledermann
Professor of Medical Oncology,
UCL Cancer Institute,
Cancer Research UK and
UCL Cancer Trials Centre

C
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DNA REPAIR: CELL SURVIVAL

did we know that this would eventually

The schematic outlines the pathways operating in (A) normal
gene mutation and (C) cancer cells with BRCA gene mutation

BRCA

identify the BRCA2 gene in 1995. Little

REALISING CLINICAL POTENTIAL

cells without BRCA gene mutation, (B) cancer cells with BRCA

A

We started helping Mike Stratton

BRCA

PARP

OLAPARIB

MUTATION

NO DNA REPAIR: CELL DEATH
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cancer, with a subgroup of ‘super responders’– heavily
enriched for BRCA mutation carriers – still exhibiting
disease control two to three years later. According to
Ledermann, these outcomes were previously unheard
of for chemotherapy in ovarian cancer.

EXTENDING THERAPEUTIC REACH
With the groundwork done, the hope now is that
olaparib will be active against many different cancers
either as a single agent or in combination with other
therapies, regardless of BRCA status. Over 10% of human
cancers exhibit ‘BRCAness’, a term coined by Ashworth’s
team to describe tumours that have BRCA-like DNA
repair defects but lack gene mutations. Preclinical data
from KuDOS shows that PARP inhibitors increase sensitivity to radiotherapy and chemotherapy and might also
be used to treat cancers with compromised DNA repair
resulting from hypoxia.
Olaparib’s success has motivated companies to
develop additional PARP inhibitors which are now being
accelerated into the clinic. One such example rucaparib,
developed by Clovis Oncology, received breakthrough
therapy designation from the FDA in April as a treatment
for women with BRCA-mutated advanced ovarian
cancer, based on the results of the ARIEL2 study. The
company plans to seek regulatory approval for the drug
in 2016. A number of CRUK studies are testing PARP
inhibitors for broader indications (see table below) and

olaparib is tipped to pave the way for other synthetic
lethality approaches over the coming years allowing
even more patients to benefit.
Cancer Research UK continues to support links
between academia and industry to ensure that basic
research in this area brings future gains for patients.
Jackson remarks: “It is my belief that strong partnerships between academic groups, clinicians, biotech and
pharma will continue to play crucial roles in producing
the next generations of cancer therapies.”
At the time of going to print in June 2015, NICE had
made an interim decision not to recommend olaparib
for ovarian cancer patients with BRCA gene mutations.
CRUK’s Chief Clinician, Professor Peter Johnson, said
of this decision: “NICE’s provisional decision not to
recommend olaparib for the small number of women
with ovarian cancer and mutations in the BRCA gene is
hard to understand. This is a great example of personalised medicine which offers a new treatment for a type
of cancer where we have made little progress in the last
decade and where there is a clear need for different
approaches. The NHS can’t afford to ignore important
innovations like this while our ovarian cancer survival
rates lag behind the rest of the developed world. We
hope that the manufacturer and NICE can work together
quickly to reach an agreement which allows the drug to
be made available when NICE issues its final guidance.”

PARP inhibitors could represent
the biggest development since
the introduction of platinumbased chemotherapy drugs. For
the first time, a drug is available
that works in a defined subgroup
of ovarian cancer patients with
a specific predictive genetic
marker. The current UK threshold
for BRCA screening should,
therefore, be reset to ensure
that we do not miss the pool of
people who are unaware that
they have BRCA mutations.

Professor Jonathan Ledermann
Cancer Research UK and
UCL Cancer Trials Centre

CLINICAL TRIALS OF PARP INHIBITORS
CURRENTLY SUPPORTED BY CANCER RESEARCH UK
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Study

Phase

Cancer type

Therapeutic regimen

Main outcome measure

Lead investigator (location)

ROCOCO (CRUKD/11/012)

I

Oesophageal

Olaparib + radiotherapy

Maximum tolerated dose of olaparib that
can be safely given with radiotherapy

Andrew Jackson (Southampton
University Hospitals NHS Trust)

OPERATIC
(CRUKD/11/006)

I

Glioblastoma

Olaparib + chemotherapy
(temozolomide)

Maximum tolerated dose of olaparib that
can be safely given with temozolomide

Anthony Chalmers
(University of Glasgow)

PIONEER (CRUKD/14/008)

I

Pancreatic

Olaparib + capecitabine-based
chemoradiotherapy

Safety and toxicity

Jeff Evans (University of Glasgow)

ComPAKT (CRUK/14/004)

I

Solid tumours (with or
without BRCA mutations)

Olaparib + AZD5363
(kinase inhibitor)

Safety and tolerability

Timothy Yap (Institute of
Cancer Research, London)

PIN (CRUK/11/055)

II

Non small cell lung cancer

Olaparib as maintenance
therapy after chemotherapy

Progression-free survival

Dean Fennell (University of Leicester)

PARADIGM (CRUK/13/034)

II

Glioblastoma

Radiotherapy

Overall survival

Anthony Chalmers
(University of Glasgow)

TO-PARP (CRUK/11/029)

II

Prostate

Olaparib

Response rate

Johann de Bono (Institute of
Cancer Research, London)

CRUKD/08/042

II

Breast and ovarian

Rucaparib

Anti-tumour activity

Ruth Plummer (Newcastle University)

STOMP (CRUK/10/037)

II

Small cell lung cancer

Olaparib as maintenance therapy
after chemoradiotherapy

Overall survival

Penella Woll (University of Sheffield)
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A CANCER
OF SUBSTANTIAL
UNMET NEED
Lung cancer is one of four cancers
of substantial unmet need that we
have identified as priorities for Cancer
Research UK. Patient outcomes for
lung cancer are typically poor, and
progress has been slow compared to
other cancer types. We are now working
to close this gap, investing in new
infrastructure and some of our most
ambitious research programmes to date.

A NEW STRATEGY FOR LUNG
CANCER RESEARCH
Lung cancer is the second most common cancer
in the UK, with 40,000 patients receiving a diagnosis
each year. Yet it still has one of the lowest survival rates,
with less than 5% surviving 10 years after diagnosis. And
things don’t seem to have been improving. For all the
advances in our understanding of cancer biology and for
all our innovations in cancer therapy, survival rates remain
stubbornly low. While overall 10 year cancer survival has
doubled to 1 in 2 since the 1970s, for lung cancer the
statistics have barely budged and remain at 1 in 20.
Much of this can be attributed to the fact that
two-thirds of people present with locally advanced or
metastatic disease. But our knowledge of lung cancer
biology and our understanding of the drivers of the
disease have also lagged behind other tumour types.
“Traditionally lung cancer just wasn’t in the public
eye as a cancer that merits much research or funding,”
says Charlie Swanton, Professor of Personalised
Medicine at UCL and The Francis Crick Institute. “But
in the past few years, we’ve finally been seeing some
results. Alongside breast, it’s one of the two big cancers
where we have seen a real impact with personalised
26

medicine. Lung cancer is one of the first tumour types
where it was proven that targeting a biomarker-positive
population is very beneficial.”
The recent introduction of precision medicines
targeting ALK and EGFR positive tumours in lung
cancer might finally mean we will see a shift in progression-free survival. “We’re now routinely screening
patients for these driver events,” Swanton explains. “At
first diagnosis we’re getting an approximation of what’s
happening in a tumour and what the line of treatment
should be. It’s a really good start.”
“Clearly we’ve got a long way to go in understanding
why drug resistance occurs and how to mitigate and
block it, and how to make progress in metastatic disease.
But we’ve made some significant inroads.”
Cancer Research UK is aiming to build on this new
momentum in lung cancer research and work towards
transforming the outlook for patients. In our research
strategy we pledged to increase our support for research
which will enable us to achieve this and we’re already
making progress. We know that tackling a task of this
scale is going to require investment and innovation
– and we’re committed to building the long-term infrastructure that is required.

A CENTRE OF EXCELLENCE
FOR LUNG CANCER
In 2014 we opened the Lung Cancer Centre of
Excellence jointly hosted between the University
of Manchester and UCL, the first of several Centres
that we promised in our Research Strategy would be
devoted to tackling cancers of unmet need. Led by
Swanton at UCL and Professor Caroline Dive at the
University of Manchester, the Centre of Excellence
for Lung Cancer brings together institutes, centres
and hospitals at leading locations for lung cancer
research. “UCL and Manchester have really complementary expertise,” says Dive. “Collaborations need
positive working relationships, and Charlie and I have
worked well together within CRUK for a long time –
I think it’s fair to say as the two site leaders that the

working partnership at the centre is really dynamic.
”Complementary expertise is key to the Centre model”,
says Dive. “We’ve drawn up eight themes, with theme
co-leads across the two sites. But we’re not just getting
people working with colleagues they already know
from their own fields, what’s really pleasing with the
Centre is the multidisciplinary nature of everything
we’re doing. We’ve got basic science, translational
and clinical research all linking, which has really
helped us to all pull together.”
“Right now, for example, the UCL biomarker
theme lead Tony Ng is developing a translational
research programme around radiotherapy with a large
team of co-investigators from both sites, including

CHANGES IN SURVIVAL
BETWEEN 1971-72 TO 2010-11
For most cancers, survival is improving
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Manchester’s lung cancer radiotherapy expert Corinne
Faivre-Finn. It’s been a very enabling experience
bringing all the research talent we have to the table
to develop this. There has previously been very little
translational research to help personalise radiotherapy,
so we’re addressing that unmet need, bringing our
biomarker, imaging and radiotherapy people together.
“Meanwhile, Tim Illidge and Sergio Quezada
are designing a really exciting programme within
our immunology theme. They’ll be building on
UCL’s expertise in the tumour microenvironment
and apoptosis, and Manchester’s specialism of
immunotherapy-radiotherapy combinations.”
Alongside immunology and radiotherapy research,
the eight themes will cover basic science, small
molecule drug discovery (drawing on the resource
of Manchester’s Drug Discovery Unit), early detection
and pre-invasive disease, tumour evolution and
heterogeneity, biomarkers, and clinical trials.
“It has been both demanding and exciting
launching this new Centre, but the great thing is that
we can use our grant to be really integrated, designing
our infrastructure and our programmes to be a
perfect fit and bringing in the specialists we need.
“It has barely been a year, and we’ve had to work
hard building up those relationships and developing
ambitious programmes for each of the themes,” says
Dive. “But almost everything is in place now to show
the centre is working really well together, joint grants are
being submitted and the momentum is definitely there.”
Dive’s own flagship research programme is using
circulating biomarkers as a research tool. “One of our
most exciting breakthroughs so far is creating CDX —
circulating tumour cell-derived explant — mouse models.
We’ve developed 15 small cell lung cancer models so far,
and those are currently being characterised.”
“The real advantage of CDX is you can generate
them at patient presentation, before the patient has any
treatment, by enriching tumour cells from just 10ml of
blood. And you can generate another CDX from the
same patient after their disease has responded but

then become resistant to treatment. So for the first
time in small cell lung cancer you have an approach
to study the biology of drug resistant progressive
disease, using a routine blood sample when traditional
biopsies are almost never available.”
The project has caused quite a stir in the lung
cancer community, says Dive, who has been inundated
with requests to present the work internationally. The
team are now working with pharmaceutical companies
to make their models available for pre-clinical testing
of new small cell lung cancer therapies with some

Clearly we’ve got a long way to go in
understanding why drug resistance
occurs and how to mitigate and
block it, and how to make progress in
metastatic disease. But we’ve made
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some significant inroads.

Professor Charlie Swanton

very promising early results. “We’re now bringing in the
expertise of UCL into this project, so that we can learn
more about the importance of tumour heterogeneity
and evolution in these CDX models.”
With late presentation a major part of the lung cancer
problem, detecting and diagnosing lung cancer earlier is
also a key aim of the Centre, and Dive’s hope is that the
Centre will drive a national emphasis on lung cancer.
“That’s easier said than done, of course, and our priority
is to get our programmes up and running. But at the
same time we’re trying to design those as springboards
to reach out across the country. So we’re in discussion
with Cambridge, for example, to bring their early diagnosis

CONTINUED OVERLEAF
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PINT OF
SCIENCE

Lung tissue showing Small Cell Lung Cancer
to the left and normal tissue to the right.

CLINICAL
TRIALS DAY
Patients, carers and the public were greeted
by a giant walk-through pair of inflatable lungs
at Birmingham’s Queen Elizabeth Hospital on
Clinical Trials Day, as part of an event which
showcased the work of our Clinical Trials Unit
(CTU). Professor Lucinda Billingham and staff
from the CTU and West Midlands Regional
Genetics Laboratories were on hand to talk
about clinical trials, stratified medicine and the
lung Matrix Trial with around 250 people.
The popular pink prop has since returned
for the neighbouring University of Birmingham’s Community Open Day, part of the
British Science Festival, capturing attention on
a campus heaving with local residents looking
to find out about the incredible research
happening in their neighbourhood. Around 450
people came for a closer look, and to talk about
the promise of personalised medicine.
“We’re incredibly excited about the huge
potential that the Matrix trial has for improving
outcomes for lung cancer,” Professor Gary
Middleton said. “So we’re really eager to tell
everyone about it, and events like these provide
the perfect opportunity to showcase our research,
and let the public put their questions to the team.”
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CONTINUED FROM PREVIOUS PAGE

expertise to bear on the lung cancer problem.” And there
are already signs of international recognition for
the Centre, which hosts its inaugural conference in
December. “It is the best line-up of speakers I’ve seen
in a long time in lung cancer,” says Dive. “I’m really
excited about that. Charlie and I invited them, and
they all said yes straight away, which is just
phenomenal! That willingness of world
leading lung cancer researchers
to come to our Centre really
shows that the Centre has been
recognised internationally.
“The advisory board is all
in place, with an amazing international team of top experts.
And Charlie and I were made
Fellows of the Academy of Medical
Sciences at the same time, which we
think is a really nice boost for the Centre.
The Centre is in business!”

unprecedented depth of sequence data from each
patient, from which to construct individual phylogenetic trees, the team will take the opportunity to
collect circulating tumour cells, circulating free DNA
and tumour infiltrating lymphocytes from participants.
In this way, they will create a longitudinal biobank
which will help answer the question of how
accurately these biomarkers reflect the
genomic landscape of the disease.
And they will look for the influence
of the host immune system on
the genomic landscape, in case
there are lessons for the development of immunotherapy.
Having such in-depth data
for so many patients provides
the opportunity to understand
how drug resistance occurs in
real time, which in turn may serve
as a model for how clinical trials of the
future could be conducted.
“It has been a challenge to organise a study on this
scale,” says Swanton. “But we’ve been very fortunate
to have a fantastic team around us both at UCL and
Manchester and more widely within the UK. There
haven’t been many studies that span the full infrastructure of respiratory medicine like this, or which
integrate such a diversity of laboratory disciplines.
At times that has been challenging and stressful,
but actually it has been very rewarding. This really
is teamwork, and it’s only possible because of the
enthusiasm and vision of the scientists, trialists and
clinicians involved nationally.”
Swanton hopes that the TRACERx lung study
might serve as a model for research across the
spectrum of cancer types, and the lessons learned from
assembling the multidisciplinary teams and complex
infrastructure are already being put to good use. A
renal study this year started recruiting towards its target
of 300 patients, and an oesophageal study is in the
planning stages, while an evolving European network
is looking to address similar questions in breast cancer.

THIS IS THE
LARGEST EVER
PERSONALISED
MEDICINE STUDY
IN CANCER

TRACERx: TRACKING CANCER
EVOLUTION THROUGH TREATMENT
Also launched in 2014, TRACERx is an ambitious
programme of work taking a longitudinal look at
tumour heterogeneity and aiming to understand
exactly how it responds to treatment. “For the first time
at this scale we’re looking at how a disease presents
and changes over time,” says Swanton. “We’re getting
to grips with some of the most important questions.
What is the relationship between tumour heterogeneity and disease stage and outcome? Can we define
the origins of the lethal subclone in the tumour?
How does the host immune system impact upon the
evolution of subclones? We hope for the first time to
understand how regions of the tumour are related, and
to decipher how the metastatic subclone evolves from
the primary disease and the impact of cytotoxic therapy
upon resistant disease.”
At £14 million and involving nearly 850 patients,
TRACERx is our largest investment in a lung cancer
programme to date. In addition to producing an

“The exciting thing once we start getting several of
these studies online,” Swanton says, “is that we can start to
look for the tumour evolution rule book, if there is such a
thing. We know that tumour evolution is very constrained,
but we don’t yet understand quite how constrained it is.
TRACERx-like studies will shed light on that.”

INNOVATION IN TRIALS FOR THE
PRECISION MEDICINE AGE
Our drive towards improvements in lung cancer
outcomes does not stop there. The £25 million
Lung Matrix Trial – a collaboration with industry and
healthcare partners – is testing an innovative adaptive
trial design to get new treatments to people with
lung cancer faster. “This is the largest ever personalised medicine study in cancer,” says Professor Gary
Middleton, Consultant Oncologist and Professor of
Clinical Oncology at the University of Birmingham.
Matrix, which began recruiting its first patients
in the spring, is a multi-armed trial. So far Pfizer has
contributed two agents and AstraZeneca has 12 drugs
in the trial. Meanwhile, a panel of 28 biomarkers has
been selected from The Cancer Genome Atlas against
which to test the new drugs.
“This is a very flexible and nimble design,” says
Middleton. “New biomarkers and drugs can be introduced quickly without the difficulty and expense of
setting up a new trial each time. And the fact that we
will be discontinuing arms of the trial as soon as it is
clear that a particular drug and biomarker combination
is not worth pursuing is itself important.”
In addition to testing the biomarkers and drugs
themselves, the trial is testing the infrastructure that is
required to make personalised medicine a reality.
“I think Matrix is going to show us where we
should be in 10 years’ time in terms of personalised
medicine in the clinic,” says Middleton. “We’re testing
the whole pipeline — the feasibility of the methods
for biopsy, sequencing and validation, and the turnaround times. Can we really use the biopsies we’re
getting from patients? Is it feasible to use next generation sequencing to stratify patients? While Matrix is the

testbed, we have to work out how to generalise what
we’re doing to the rest of the NHS.”
Patients participating in the trial will be recruited
from all 18 Experimental Cancer Medicine Centres
(ECMCs) that Cancer Research UK funds in partnership
with the devolved Departments of Health and NHS, and
the study will make use of the SMP2 platform developed
by our Stratified Medicine Programme.
“Setting up the partnerships has been a very exciting
part of the project,” says Middleton. “This wouldn’t have
been possible without CRUK bringing together academics,
industry and healthcare infrastructure. And it wouldn’t be
feasible without the SMP2 platform — you just wouldn’t
be able to do these tests separately for 28 separate trials.”
“Brokering the deals with pharma and getting
them to commit their agents has been fundamentally important. From a pharma point of view, you
need to know that development is going to be done
competently and safely. Knowing that the study has
the backing of CRUK and the safe hands of the ECMC
network gives them that confidence.”
“We’ve lagged behind in lung cancer personalised
medicine in the UK,” Middleton concludes. “Now we
can claim the biggest personalised medicine study.
We’re back in the lead.”

Mancunians were given the opportunity
to find out what happens behind the doors
of our Manchester Institute last summer,
when Professor Caroline Dive served a Pint
of Science at the local Solomon Grundy pub.
“Creating opportunities for patients and
the public to engage with what we’re doing to
beat lung cancer is so important,” says Dive.
“This was a really fun way to do that, so I was
delighted to be involved.”
After a whistlestop introduction to the
basics of cancer biology, punters were treated
to a demonstration of the progress that
Professor Dive’s team are making in small cell
lung cancer. A particular highlight was hearing
about the potential for simple, non-invasive
blood tests to transform how we monitor the
genetic changes in a patient’s disease.
“I can’t believe this incredible research
is taking place right on my doorstep,” was a
common reaction. “I’ve had a fantastic evening.
Professor Dive was so enthusiastic, knowledgeable and inspiring!,” one attendee exclaimed.
The evening was rounded off with a pub
quiz, giving the winning team a further chance to
go through the keyhole of their neighbour on the
Wilmslow Road, with a behind-the-scenes tour.
Pint of Science is an international festival that
combines beer and brains. It brings researchers
to local pubs so that they can share their
cutting-edge science with new audiences. In
2015 we reprised our Pint of Science partnership,
with scientists from across the country taking part.

REALISING THE FUTURE
Immunotherapy is a promising branch of today’s
lung cancer research and it’s one of the areas that’s
exciting Charlie Swanton. “I really think heterogeneity is
an Achilles heel — it opens the door to immunotherapy.
For example, we’ve seen in the literature the association
between mutational load and outcome on checkpoint
inhibitors, so this is an area that we’re pursuing in our
projects. What we don’t know yet is whether heterogeneity is also associated with failure, but I expect that will
start to emerge over the coming months.”
“But five years ago, if somebody had told me that
we would be looking at cures in metastatic melanoma
with immunotherapeutic agents, I would have said: you’re
barking mad. That’s actually a reality now. And that makes
you realise that in modern oncology anything is possible.”
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TYPES OF IMMUNOTHERAPIES
Immunotherapy now encompasses

Monoclonal antibodies

PD-1 & PD-L1 inhibition

a diverse panel of treatments. Some

T cell

immunotherapies activate and boost the
power of the immune system; others
help to unmask tumour cells which

Cancer cell
PD-L1

evade the immune system. Increasingly

PD-1

these contrasting therapies are used

Cancer cell

in combination, as well as alongside
chemotherapy, radiotherapy, and other
innovations such as virus therapy, to
present a united attack on the tumour.

Cancer immunology and
immunotherapy have become the hot
topic in cancer research, and now the
excitement is spreading as patients
and the public begin to see the results
in the clinic. As the field gears up to
tackle the next challenges, Cancer
Research UK is investing to create
the platform for immunotherapy to
benefit more patients.
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“I’ve been interested in immunotherapy since the
‘90s,” says Professor Christian Ottensmeier. “It has been
fantastic to see how the field has grown and the dramatic
effects we’re now getting. In melanoma especially it’s
amazing. Patients who three years ago would have died
are now suddenly surviving. In my own clinical practice
I stopped using chemotherapy as the mainstay of
melanoma treatment, it’s now an exception rather than
the rule, and that shift has come very quickly.
“One particular patient brought it into sharp focus
for me; a lady with melanoma who had a huge mass in
her lung, progressing after chemotherapy, and another
on her shoulder which really affected her mobility and
independence. She said to me ‘I can’t play with my
grandchildren anymore. I don’t mind the dying bit, but I
hate this not being able to do anything.’ We had access
to anti-CTLA4 so we tried it and she started getting
better, we could then operate, and five years on she’s
still playing with the grandchildren.”
After many decades in the pipeline, the excitement
that cancer immunologists like Ottensmeier feel for the
potential of immunotherapy is finally spilling over, and
in 2015 it looks set to capture the public imagination.
With promising trial results such as T-VEC and the

William B Coley reads case reports of tumours disappearing after
infection and begins experimenting with immunotherapies, but the
failure of his bacterial toxin therapies dampens enthusiasm for the topic.

RESPONSE, RESISTANCE
AND TOXICITY
“But they’ve been far from consistent outcomes.
Different cancers are responding variably, but even
within cancer types there is massive variation between
patients in response to treatment, in the side-effects
they experience — which with some therapies can be
substantial and sometimes fatal — and in the development of resistance. Still only a relatively small fraction
of patients are seeing the benefit. Solving that is crucial
to discovering better therapies, and of course in finding
the right treatment for each patient. It’s going to be a
huge challenge to untangle that variation, but it creates
some really exciting opportunities.”
Bringing immunologists into cancer research is
important, says Ottensmeier, but what really gets him
excited is the potential discoveries at the intersection of
immunology and tumour biology. “A mechanistic understanding of what determines outcomes is what we really
need to work towards. We have to find out what’s going

The work of Macfarlane Burnet and later Peter Medawar
establishing the role of self/non-self-discrimination in
immunological tolerance implies that cancers will be
overlooked by the immune system as ‘self’ cells.
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on inside the tumour. Not the immune cells in the blood,
not what’s happening on the chest X-rays, not the circulating DNA, useful tools though they might be. It’s working
out what’s happening inside the tumour which will deliver
the breakthroughs. For example, we’re beginning to learn
the importance of tumour cells’ ability to horde glucose
and scavenge amino acids. That can starve T cells. So we
can’t just focus on the immune system, we have to make
the immune system work inside the tumour.”
At Cancer Research UK we are working to
ensure that our funding of cancer immunology and
immunotherapy research and development is set
up to capitalise on the promise that the field offers.
Through new funding schemes launched this year, we
have made it a priority to bring immunologists working
in other disease areas into cancer research and to
establish immunotherapy research programmes.
Our biotherapeutic drug discovery capacity is also
boosted by our partnership with MedImmune — which
will provide industry assistance to CRUK researchers
looking for opportunities to translate their research
(see page 19). And through our Centres Network
Accelerator Awards we are establishing a major
platform for immunotherapy research.

Dendritic cell vaccine

The baton was picked up by Paul Ehrlich, who experimented with vaccinating against tumours. He hypothesised that
most human cancers go unnoticed because they are kept
under control by the immune system.

Modified T cells

Cancer cell

Cancer cell

Genetic manipulation

Dendritic cell
T cell

T cells

Cancer vaccines, teaching the immune system to
recognise the unique features of cancer cells, come in
several varieties, most of which remain experimental but
with some promising results. Antigen vaccines, whole
cell vaccines, dendritic cell vaccines, DNA vaccines and
anti-idiotype vaccines are amongst those in pre-clinical
or clinical development.
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Immune checkpoint inhibition with monoclonal
antibodies has been a particular focus of attention in
recent years. These therapies act to ease the brakes that
usually keep immune response tightly controlled. The
checkpoints are required to prevent the immune system
from targeting the body’s own healthy cells, but cancers
frequently acquire the ability to subvert these controls. Of
particular interest are the T cell regulators, with approval
recently granted to therapies targeting the receptor
CTLA-4 and the PD-1 receptor and its ligand PD-L1.

Antigen

E J Foley is the first of several to show that with tumour isografts
it is possible to immunise mice against tumours from syngeneic
animals, implying the existence of tumour-specific antigens.

Adoptive T cell transfers stimulate an enhanced
response to a patient’s tumour through in vitro
modification of T cells. An especially innovative strategy
manipulates a patient’s own T cells to express chimaeric
antigen receptors specific to their tumour. An expanded
population of these T cells can then be infused back
into the patient resulting in a targeted immune response.

The tumour immunosurveillance hypothesis
re-establishes belief in the ability of the immune
system to discriminate between healthy ‘self’ cells
and tumour cells, and to eliminate tumour cells.
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nivolumab/ipilimumab immune checkpoint inhibitor
combination leading news agendas in recent weeks,
immunotherapy is hitting the mainstream.

Monoclonal antibodies designed to recognise specific
antigens expressed on the surface of cancer cells are
perhaps the most advanced immunotherapies so far
in terms of therapies licensed for clinical application.
Originally these immunoglobulins were designed either
to mark the cells for destruction by the immune system, or
else to inhibit signalling through receptors, but antibodies
tagged with radioisotope or chemotherapeutic drugs are
increasingly being used as a method of delivering these
cytotoxic therapies with greater specificity to cancer cells.

1957

Interferons are discovered at the MRC National Institute
for Medical Research (NIMR) in Mill Hill. These cytokines
are now the most commonly used form of non-specific
immune boosting therapies.
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ACCELERATING
IMMUNOTHERAPY

PERSPECTIVE
Dr Sergio Quezada is a Cancer Research UK Career Development Fellow based at
University College London. Here, he explains the story behind his focus on
immunotherapy and describes his current efforts to understand how the
regulatory and effector functions of CD4+ T cells are influenced by the
tumour microenvironment and other signals.

In 2015 we awarded the first of our Centre
Network Accelerator Awards. These are five-year
funding pots designed to build capacity across the
CRUK Centre network, and to facilitate collaboration
between Centres with complementary expertise. One
of the first Accelerator Awards to be funded will focus
on immunology and immunotherapy research.
"The award will allow us to implement
comprehensive immune monitoring
of patients who are being treated
with immunotherapies," says
Professor Henning Walczak,
who led the bid out of UCL.
"We're looking for the
mechanisms and markers
of response, resistance
and toxicity. The award
primarily pays for the infrastructure — the cytometry,
immunohistochemistry,
genomics, proteomics and
bioinformatics — and the
collection of that data.”
"What we're creating here
is a toolbox for the whole cancer
immunology
and
immunotherapy
community to use. The CRUK community should
look at this platform and think about what it can do
for their projects. If you're interested in interfering
with toxicities, for example, tap into this and it could
really accelerate your research."
The Award brings together a network of

immunologists, cancer biologists and cancer immunotherapists across Centres and Institutes in London, and
will also help the next generation to develop careers
in the field. "We have world experts on T cells, B cells,
dendritic cells and endothelial cells on board, and we're
turning their focus to the tumour, and they're already
making extraordinary discoveries. It provides a great
opportunity for the next generation of clinician
scientists and basic scientists to become
literate in cancer immunology and
immunotherapy, going from the
lab to the clinic and back. It has
been an incredible experience
for me to work together
with such fantastic people
on this application –
people like Adrian Hayday,
Sergio Quezada, Charlie
Swanton, Karl Peggs,
Kairbaan
Hodivala-Dilke,
James
Larkin,
Julian
Downward and the many
others who contribute to this
network. Everyone has been so
keen to get this off the ground."
"I've been working on tumour
immunology for 20 years, so I sensed for a long
time that if we were ever going to see cures in
what is known as incurable cancer, it would come
from the immune system," says Walczak. "I always
thought it was the future, but now it's here, and it's
just fantastic to see."

IN THIS ARTICLE
Henning Walczak
Scientific Director,
CRUK-UCL Centre;
Professor of Cancer Biology, UCL

My research focus is mechanistic, understanding what regulates immunity to cancer
and why therapies work and why they fail. This approach
generates a body of evidence that can inform development of the next generation of drugs. Regulation
of immunity in the context of cancer is complex: the
immune system does not respond well to the presence
of cancer and cancer can overcome potential threats
posed by the immune system. Hence, molecules that
specifically regulate the patient’s immune system could
represent a therapeutic target.
My basic research programme aims to unravel
mechanisms controlling the opposing functions of
CD4+ T cells with respect to tumourigenesis. These
cells are key orchestrators of immunity but they are
also potent tumour-killing machines in their own
right. Therefore, one of the main questions that we
are trying to address is can the direct effects of CD4+
T cells be switched on or boosted therapeutically?
We’re using transplantable and autochthonous
mouse models to identify and target pathways that
restrict CD4+ and CD8+ T cell function. Transplantable models generate rapid and reproducible
results in vivo but the tumours in these mice arise

I ALWAYS
THOUGHT IT WAS
THE FUTURE,
BUT NOW IT’S HERE
AND IT’S JUST
FANTASTIC
TO SEE

1973

Dendritic cells are discovered by Ralph Steinman and Zanvil
Cohn. Steinman later self-experiments with immunotherapy
when diagnosed with pancreatic cancer, shortly before
winning the Nobel Prize for the original discovery.

1980

The power of checkpoint inhibition is demonstrated by
James Allison, Dana Leach and Max Krummel, using CTLA4
antibodies to stimulate tumour rejection in mice.

The T cell antigen receptor gene is cloned,
paving the way for a series of insights into
the structure of the receptor complex.

ANY MOLECULE
THAT SPECIFICALLY
REGULATES THE PATIENT’S
IMMUNE SYSTEM
COULD REPRESENT A
THERAPEUTIC TARGET

from a cell line meaning
that the cancer initiation stages are not
modelled. So we also use
autochthonous
models,
such as an inducible system
of melanoma, because the
tumours that grow spontaneously
in these mice carry the same mutations
as human cancers, allowing us to evaluate
physiologically relevant immune responses.
We hope that finding ways to modulate the
tumour microenvironment, the activation state of
CD4+ and CD8+ T cells, or their tumour-infiltrating
capacity could tip the balance in favour of tumour
eradication in a clinical setting. For example, as the
tumour microenvironment influences the activity of
antibodies conceived in the lab to modulate immune
function, using antibody engineering approaches that
take such effects into account might make them work
better. Also, understanding how T cell functions are
controlled might help improve the efficacy of cellular
vaccination and adoptive T cell transfer techniques.
I first became aware of the power of immunotherapy during my PhD on autoimmunity and transplant
rejection, and decided to postdoc in this area. Working
at Memorial Sloan Kettering Cancer Center with James
Allison, who conceived the concept of immunological
checkpoints, and helped in the development of the
CTLA-4 inhibitor ipilimumab, I had the opportunity to
interact with Lloyd Old, one of the founding fathers of
modern cancer immunotherapy. Old’s setup at Memorial

1996
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1984
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Dr Sergio Quezada
Cancer Research UK Career
Development Fellow at
University College London

The cancer vaccine Provenge is
approved for the treatment of
hormone-refractory prostate cancer.

2000

1997

The first monoclonal antibody for cancer, rituximab,
is approved for the treatment of Non Hodgkin
lymphoma (NHL); more than a dozen others have
been approved in the years since.

Sloan Kettering Cancer Center brought basic
scientists and clinicians together in
a fast-paced environment that
fostered strong collaborative
research, enabling us to
propose and test hypotheses
generated through the
study of both mouse and
human tumours. That’s
an approach I have tried
to emulate with my own
independent research here
at the UCL Cancer Institute,
bridging a gap between
clinical and basic research in
cancer immunology. Our work
is currently split about 70% basic and
30% clinical, thanks to colleagues at the
Royal Marsden and University College London
Hospital who provide access to a range of human cancer
samples both before and after treatment.
On the clinical side, and in collaboration with the
Swanton lab, my team is mapping evolution of the immune
response to lung cancer from diagnosis to relapse as part
of the TRACERx study (see page 28). Most importantly we
want to understand how T cells recognise non small cell
lung cancer cells and how to enhance immune reactivity
against this cancer. I am also involved in protocol development and study design for trials that will examine
immune checkpoints in renal cancer and melanoma.
Receiving a Career Development Fellowship
was the best thing that could have happened for my
career in immunotherapy. Without it, I would probably
never have moved to the UK. The scheme is equivalent to a high-level start-up package in the USA as
it offers funding to both deliver what you have originally proposed and the freedom to extend the scope.
Because it lasts for 6 years, you have enough time
to do quality work. CRUK is in it for the long haul,
supporting researchers as they progress from
junior group leader to a more senior level.

2011

The first immune checkpoint inhibitor monoclonal antibody –
ipilimumab (Yervoy), targeting CTLA-4 – is approved for use in
metastatic melanoma, followed in 2014 by immune
checkpoint inhibitors targeting PD-1 receptor and its ligand.

2020
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CUTTING
THE
CANCER
SUPPLY
LINE

Metabolomics research – which attempts to
profile metabolites within a cell or biological system –
is attracting growing interest, spurred on by remarkable
technological advances that are opening up new
opportunities. Massive data sets, including those from
genomic, transcriptomic, proteomic and metabolomic
experiments, when integrated can provide an unprecedented level of insight into human biology, including
the dynamic changes that occur during tumorigenesis.
As Eyal Gottlieb, head of the recently founded Cancer
Metabolism Research Unit (CaMeRU) at the Cancer
Research UK Beatson Institute in Glasgow explains, “the
cancer world kind of woke up, realising that they needed
to engage analytical chemistry on a large scale to answer
basic biological questions.”
Advances in NMR and mass spectrometry now offer
researchers an extraordinary level of sensitivity – hundreds
to thousands of metabolites can be detected in tissues
or biofluids, giving an accurate read on the metabolic
state of a biological sample. Accompanying computational improvements – including the ability to determine
the intracellular flux of a given metabolite – along with
sophisticated statistics, have also driven progress.
CaMeRU is exploring the metabolic changes
occurring in cancer cells using this type of
system-wide approach to build a broader understanding of the tumour-specific altered pathways and
their interactions and how these can be exploited for
cancer therapy. “Cancer cells live within a metabolically stressful environment,” says Jurre Kamphorst,
a CRUK Career Development Fellow and CaMeRu

member, “so they’re vulnerable. If we can identify
and cut the cancer-cell-specific supply lines we can
inhibit their growth.”
By studying cancer through metabolomics,
researchers are identifying new diagnostic and
prognostic biomarkers as well as potential druggable
targets for cancer. Although many of the metabolic
changes that occur during carcinogenesis are the
consequence of tumour formation, some metabolic
enzymes are encoded by bona fide tumour suppressor
genes. In these situations, “because the cancer is caused
by the loss of crucial enzymes, there is a pretty good
chance that you will see a dramatic change in metabolic
profiling that can be used as a biomarker,” says Gottlieb.

THE ENERGY CRISIS
For many decades, our understanding of cancer
metabolism centred on the Warburg effect – the observation that cancer cells undergo a metabolic shift,
preferentially generating energy through glycolysis, an
inefficient but oxygen-independent way to make ATP (see
Figure). However, there’s more to cancer cell metabolism
than was previously realised. “There are only two ways
to make energy,” explains Gottlieb. “One is oxidative
phosphorylation in the mitochondria and the other is
glycolysis in the cytosol.” All cells are bound by these
rules, but the CaMeRU groups and others have discovered
that cancer cells use non-traditional oxidisable substrates,
such as amino acids, lipids, ketone bodies and acetate
to generate acetyl-CoA that can be used for oxidative
phosphorylation. “Anything you can take electrons from
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Eyal Gottlieb
Director of the Cancer
Metabolism Research Unit
CRUK Beatson Institute

can be utilised in the mitochondria to make ATP,” Gottlieb
says. This shows that cancer cells can use increased
glycolysis and alternative electron donors to generate
energy in a different way from normal cells.

FINDING NEW
BUILDING BLOCKS
Glucose supplies the carbon to build the requisite
molecules for growth and proliferation. Diverting
glucose to inefficient energy production (through
glycolysis) means that cells need to find alternative
carbon sources. One way they bypass this problem is
by using other molecules found in the blood, including
glutamine and acetate. These molecules can be fed into
the metabolic pathways in the cell to generate nucleic
acids, fatty acids, amino acids and cholesterol. “Even
small molecules like vinegar can become a meaningful
nutritional source for cancer cells that cannot rely on
glucose to build biomass because they need it for
energy,” says Gottlieb.
Kamphorst is studying an alternative source of
molecular building blocks: proteins that are scavenged
from a tumour’s external surroundings and taken up into
the cell through a process called macropinocytosis . His
group and others have identified albumin, one of the
most abundant proteins in the blood, as an important
source of carbon and nitrogen for a growing cancer
cell. The extracellular matrix is also an excellent place
to scavenge from. “Cancer cells are usually in a quite
fibrotic environment – there’s a lot of collagen and
fibronectin – so cells consume that to support metabolism but also potentially to migrate.”

CLINICAL TRANSLATION

Cancer cells live within

This complex metabolic reprogramming, a
hallmark of cancer cells, means they are more
dependent on specific metabolic enzymes than
normal cells – an area of intense interest for therapeutic targeting. From a drug development standpoint,
targeting the active site of enzymes is often easier than
preventing protein-protein interactions, and numerous
potential enzyme targets have already been identified.
“Right now the process of taking validated targets into
drug development is ongoing,” says Gottlieb.
An inhibitor of monocarboxylate transporter 1 (MCT1)
is currently the furthest along the metabolism-targeting
drug pipeline. MCT1 is a member of a family of plasma
membrane channels that transport metabolites into
and out of the cell. MCT1 moves important energy and
carbon sources such as ketone bodies and acetate into
the cell, and shuttles lactate (the byproduct of glycolysis)
out, allowing cells to survive. AZD3965, an MCT1 inhibitor
developed by AstraZeneca, is currently in a CRUK-sponsored Phase I clinical trial for the treatment of patients
with prostate cancer, gastric cancer or diffuse large B cell
lymphoma (ClinicalTrials.gov Identifier: NCT01791595).
Molecules targeting tumour-specific metabolic
pathways critical for cancer cell survival, such as
AZD3965, could represent a new era of targeted
therapies. Metabolomics also holds great promise
not only in building fundamental mechanistic insights
into carcinogenesis, but also in identifying better
biomarkers for screening, early detection and tumour
staging, making it a field poised to become increasingly
important in our fight against cancer.

a metabolically stressful

METABOLISM IN CANCER CELLS

Jurre Kamphorst
Professor of Apoptosis and
Tumour Metabolism
CRUK Beatson Institute
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environment, so they’re
vulnerable. If we can cut the
cancer-cell-specific supply lines
we can inhibit their growth.

Dr Jurre Kamphorst

SUPPORTING EARLY
CAREER RESEARCHERS:
JURRE KAMPHORST
After completing his post-doctoral fellowship at
Princeton University, USA, Jurre Kamphorst was
wondering how and where to take his next career
step. “For me the choice was really between the
States and the UK,” he says. “The UK is very strong
science-wise, the funding situation is a bit better
in the UK right now, plus it’s closer to home,” the
Dutch-born researcher explains. The facilities and
the people within the Cancer Metabolism Research
Unit at the Cancer Research UK Beatson Institute
convinced him that Glasgow was a clear winner.
“I came here for an interview and I was really quite
struck by how much you can do here in terms of
the technologies that are available, and I had very
good conversations with people who were really
interested in what I was doing, giving ample opportunities for collaborations” he says.
Kamphorst moved to Glasgow in January 2014,
and is now supported by a six year CRUK Career
Development Fellowship. As a relative newcomer,
Kamphorst appreciates the support he gets from
the senior scientists within the Beatson, the
broader CRUK community, and also from other
early stage researchers. “Last year CRUK had an
early career researchers get-together; it was useful
to talk to people who are at the same stage of their
careers,” he says. “You can talk about the challenges
of setting up a lab and share useful experiences.”

NUCLEIC ACIDS

Blue—— Nuclei (DAPI staining)
Green –—Anti β1 integrin (to show cell periphery)
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Cancer Research UK is committed to
funding the highest quality studies in
population-level research which will
have the biggest impact on cancer –
reducing risk, as well as developing
the most effective prevention
and diagnosis strategies.

PROFESSOR PER HALL
PROFESSOR OF EPIDEMIOLOGY
KAROLINKSA INSTITUTE, SWEDEN
AND CHAIR OF CRUK’S POPULATION
RESEARCH COMMITTEE
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POPULATION
RESEARCH
STRENGTH IN
NUMBERS

Identification of evidence-based risk
factors amenable to modification
through screening or intervention is the
cornerstone of cancer prevention at the
population level. One aim of population
research is to improve understanding
of the underlying causes of cancer and
thereby pinpoint components that can
be rationally targeted, such as smoking
or diet. The ultimate goal is to prevent
cancer by either reducing exposure to
risk or else eliminating it altogether.

IN THIS ARTICLE
Tim Key
Deputy Unit Director
Professor of Epidemiology
University of Oxford

Richard Martin
Professor of Clinical Epidemiology
University of Bristol

Caroline Relton
Professor of Epignetic
Epidemiology
University of Bristol
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SUPPORTING CANCER PREVENTION
Prevention of cancer is a major priority for Cancer
Research UK. Therefore, a key objective of our Research
Strategy is to support epidemiological efforts to
identify novel markers that accurately define cancer
risk within target populations. Information gathered by
our researchers will then be used to guide the development of programmes for primary prevention or early
detection of cancer. Our stake in this area is overseen
by the Population Research Committee (PRC), which is
responsible for funding across two strategic themes: Early
Diagnosis and Prevention.
The PRC Programme Grant supports long-term
multidisciplinary population research led by established clinical or non-clinical investigators. Two of our
most recent PRC Programme Grants were awarded
to Professor Tim Key (University of Oxford) and
Professors Richard Martin and Caroline
Relton (University of Bristol), whose
groups are taking different
approaches to identifying
causal risk factors in cancer.

note of caution when extrapolating the results however,
“Prostate cancer is a complex disease, ranging from small
tumours which grow slowly and rarely kill the patient to
the so-called ‘high risk’ cancers – aggressive, fast growing
tumours with a poor prognosis. Our priority now is to
collect more information on the clinical and molecular
characteristics of tumours so that we can concentrate our
research on finding factors that affect the development
of the high-risk group of cancers.”
Meanwhile, Richard Martin and Caroline Relton
are interested in unravelling genetic and epigenetic
mechanisms that underpin cancer risk. They believe
that proving causality rather than statistical correlation
is paramount for effective prevention strategies. “Most
of the evidence about prevention comes from studies
that show an association, but provide only limited help in
understanding causation. That is, whether changing one’s
diet or lifestyle will actually cause a direct reduction in
personal risk,” Martin notes. “Understanding
causation is important if we want to
intervene or give people advice
to prevent cancer from developing or from progressing.
In addition, the identification of non-causal
associations will help
us better understand
the role of potential
predictive biomarkers
that may have clinical
utility in diagnosis,
disease monitoring and
prognosis”
The PRC Programme
Grant awarded to these
researchers will support their
efforts to evaluate causal risk factors,
mechanistic targets and predictive biomarkers
to help reduce the burden of a range of cancers. “Our
programme exploits novel methods to understand
causation, which in turn will inform the development of
lifestyle and nutritional interventions, clinical guidelines
or advice for people at risk or already diagnosed with
cancer, and a panel of predictive biomarkers.

VERY LITTLE
CAUSE OR
IS KNOWN ABOUT
EFFECT?
Tim
Key
has
WHAT CAUSES PROSTATE
worked extensively on
the causal roles of diet
CANCER AND WHAT
and hormones in cancer
development. His PRC
CAN BE DONE TO
Programme Grant will
focus on the epidemiology
PREVENT IT
and aetiology of high-risk
prostate cancer. “Despite being
the most common cancer among
men in the UK, very little is known about
what causes prostate cancer and what can be
done to prevent it,” he explains. “In our previous research,
also funded by Cancer Research UK, we examined a wide
range of dietary and endocrine factors that might confer
risk.” This body of work demonstrated that risk of prostate
cancer is positively associated with serum concentrations of insulin-like growth factor I (IGF-I). Key signals a

PROSTATE
CANCER COHORTS
EPIC-PROSTATE CONSORTIUM

Prior work implies that prevention is possible
because many lifestyle factors, such as being
overweight, living a sedentary lifestyle and eating a poor
diet, affect cancer risk and progression. These findings
highlight potential areas for prevention; however, many
prevention trials have been disappointing, despite
enormous investment, suggesting that we are not
identifying the right targets. Our programme aims to
address this problem.”

TWO APPROACHES,
ONE GOAL

preventable biological pathways between diet and
lifestyle exposures and cancer,” says Martin. “Because we
are analysing huge amounts of data on every individual,
the methods are challenging. But we have the skills
and experience of over 15 co-investigators in different
fields to be able to undertake this work.” This integrative
strategy will help clarify whether the observed links are
causal (in which case interventions or advice focused
around such links should reduce cancer risks)
or whether they are associational (in which
case interventions would not work, but
the associations may still point to
potential predictive biomarkers that
may have clinical utility in diagnosis,
disease monitoring and prognosis).
“Our findings will strengthen the
guidance that we can offer about
how to help reduce the risk of
cancer occurrence or progression.
In some cases, our findings may halt
plans to conduct large-scale prevention
trials because we will have definitively
demonstrated that associations are not causal.”
Their PRC-funded research is still in the early
stages but Martin is confident that results will soon
follow. “Our programme is due to start in June 2015,
but already our approach has shown promise, with
preliminary work having identified some potential
targets for prevention, such as growth factors and
vitamin D in prostate cancer, and pointers to biological
mechanisms linking lifestyle and diet with cancer.”

OUR
APPROACH
HAS SHOWN
PROMISE

Both teams are looking at
the same question but from
different angles. Martin’s group
in Bristol are using an innovative
technique called Mendelian
randomisation to demonstrate causality. “We propose
an ambitious programme to
integrate observational data from
high-throughput ‘omic’ platforms
with large-scale epidemiological studies,”
Martin states. By contrast, Key plans to conduct
prospective epidemiological studies using data from
three established patient cohorts to identify novel
biomarkers of risk exposure.
As Key explains, “Our programme of research
is designed to distinguish factors that determine the
development of high-risk prostate cancer. The patient
cohorts represent a valuable resource in this respect, as
they provide detailed information on numerous parameters that were measured among hundreds of thousands
of healthy middle-aged men at recruitment. These men
were then followed for many years to see whether or
not they went on to develop prostate cancer.” His team
plans to compare men diagnosed with prostate cancer
with their age-matched peers who remained healthy to
gain insight as to which factors increased their chances
of high-risk disease. “Our previous research showed that
IGF-I is related to risk and may be partly controlled by
diet, so our new research will analyse this relationship in
more depth, in particular by measuring a broad panel of
markers in the blood to allow us to link the diet of the men
with their metabolic and hormonal profile and determine
how this links to prostate cancer.”
The multidisciplinary approach proposed by Martin
and Relton will integrate a wealth of clinical, dietary and
lifestyle data from international studies that enrolled tens
of thousands of patients with prostate, lung and renal
cancer. These studies included very detailed analyses
of the participants’ genetic and molecular characteristics. “By triangulating and integrating these data in
novel ways we are able to better understand potentially

HARNESSING THE POWER
OF THE LARGE DATASETS
Despite differing strategies, the availability of
large patient cohorts is vital to the success of both
programmes of research. “The priority now is to expand
previous research by studying very large numbers of
individuals, characterising their exposures using the best
available laboratory methods for measuring a broad
range of putative risk factors and focusing analyses on
high-risk disease,” states Key.
Martin believes that the revolution in genetic
approaches to epidemiology will enable researchers
to harness the power of large datasets that potentially include millions of items of biological data
per person. Consequently, the discovery of novel
modifiable pathways could be markedly accelerated.
“The challenges lie in making best use of the data for
public health and clinical gain. In particular, working
with social scientists, clinicians, public health specialists,
policy-makers, health services researchers and others to
translate findings into guidance and interventions that
provide real benefits for patients with cancer. ”

•

•
•

•

The European Prospective Investigation
into Cancer and Nutrition (EPIC) survey is
one of the largest long-term cohort studies
conducted worldwide, with more than
521,000 participants recruited from 10
European countries between 1992 and 1999.
The EPIC-Prostate Consortium includes
cases from the UK and seven other
European countries
7,000 patients with incident prostate cancer
(1,500 aggressive cases)
This cohort will be used to investigate
the influence of biomarkers, including
small-molecule metabolites; sexually transmitted infections; markers of inflammation;
β-microseminoprotein (expressed by
prostate epithelial cells); and kallikreins (e.g.
prostate-specific antigen)
Risk for prostate cancer will be stratified
by tumour-node-metastasis (TNM) stage,
Gleason grade and survival
UK BIOBANK PROSTATE CANCER
EPIDEMIOLOGY CONSORTIUM

Between 2006 and 2010 UK Biobank
recruited 500,000 volunteers aged 40–65
years from across the UK to participate in a
long-term national health survey.
• The UK Biobank Prostate Cancer Epidemiology Consortium includes 5,000 cases
• Risk profiles will be constructed using detailed
phenotype and genotype analysis
• Linkage to electronic medical records will
provide information on health-related correlates of prostate cancer diagnosis, including
metabolic factors and infections
THE ENDOGENOUS HORMONES,
NUTRITIONAL BIOMARKERS AND
PROSTATE CANCER COLLABORATIVE GROUP

This is an international cooperative that
performs pooled analyses of research data
collected on potential risk factors.
• Cases are drawn from 32 prospective studies
conducted in 13 countries worldwide
• 20,000 patients with incident prostate
cancer (2,000 high-risk cases)
• This cohort will be used to examine the
influence of nutritional biomarkers and
growth factors on prostate cancer risk
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LEADING
CRUK’S CANCER
PREVENTION
INITIATIVE

CANCER
PREVENTION
INITIATIVE
HOW IS YOUR NEW JOB

Professor Linda Bauld is an applied health researcher, whose
Linda Bauld
INSTITUTE

work focuses on two main areas: the evaluation of complex public
health interventions, and the use of evidence to inform health policy. She is also

University of Stirling

Cancer Research UK’s new Cancer Prevention Champion, with a brief to lead our

RESEARCH AREA

£6 million research initiative focusing on the lifestyle and behavioural changes that

Evaluation of complex
public health interventions,
and the use of evidence
to inform health policy

can prevent cancer. Currently Professor of Health Policy at the University of Stirling,
and Deputy Director of the UK Centre for Tobacco and Alcohol Studies, Professor
Bauld is passionate about the importance of integrating behavioural research into
all aspects of CRUK’s science portfolio.

WHAT RESEARCH ACHIEVEMENT ARE
YOU PROUDEST OF?

IT’S BECOMING CLEAR THAT RATHER THAN USING MODELS

Between 2000 and 2004 I did a study that
showed that if you went to the NHS stop smoking
services, you were four times more likely to stop
smoking than if you just used willpower. They’ve
used that as their slogan for years. It’s helped
thousands of smokers.

BASED ON INDIVIDUALS OR SUBGROUPS, POPULATION

to children and we need to look very carefully at issues
such as alcohol sponsorship of sport, in my opinion.”

LEVEL INTERVENTION IS THE MOST EFFECTIVE WAY TO

YOU’VE ENCOUNTERED A HIGH LEVEL OF HOSTILITY FROM

ACHIEVE BEHAVIOURAL CHANGE. WHAT DO YOU SEE AS

THE TOBACCO INDUSTRY. HOW DO YOU COPE?

THE CHALLENGES FOR CRUK IN THIS APPROACH?

“I’ve been personally threatened in the past. The
police have been involved, and although the university
has been very supportive, it’s not been easy. But you
have to keep going. Smokers are using a highly addictive
product that will kill one in two people who continue
to smoke. The industry that promotes that product is
fundamentally flawed, and part of their technique is to
discredit the scientists who speak out against it; they’ve
done it for decades. I think you have to do the best
quality research that you can, and feel confident about
the evidence you’re using when speaking to parliamentarians or the press. I feel very committed to this – I
wouldn’t do it otherwise.”

WHO IS YOUR GREATEST INFLUENCE?

Michael Russell, who was at the Institute of
Psychiatry at King’s College. He did the early work
that showed smokers smoke for the nicotine but
die from the tar. He’s an inspiration to all of us. He
was very courageous – there was very little support
for his work when he was doing it in the 1970s.
WHAT’S MOST EXCITING IN YOUR FIELD RIGHT NOW?

The rise of e-cigarettes and tobacco harm
reduction presents huge opportunities and huge
challenges – it’s fundamentally transformed what
we do on a day to day basis
BEST MOMENT AT WORK?

Apart from getting through two maternity
leaves? Publishing Health First – an evidence
based alcohol strategy for the UK. Since its
publication in 2013, it’s stimulated a lot of public
debate around alcohol.
WHAT’S YOUR TIP FOR SUCCESS?

For women – don’t be afraid to challenge the men!
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“The work CRUK has done on tobacco is relatively
straightforward – the charity has a policy of non-engagement with the tobacco industry. For tobacco it is
clear, but in other areas there needs to be more of a
sliding scale where we may need to have dialogue with
other industries that sell products which might have
a role in causing cancer. There are important distinctions, particularly around the food industry and the retail
sector, for example. CRUK has important partnerships
and a policy of non-engagement with a supermarket
would be silly – everybody needs to eat. We should say
very clearly that we are asking our commercial partners
to adopt policies that encourage healthy behaviour –
for example, effective food labelling, not having sweets
at the till, not marketing unhealthy products to kids –
these are the kinds of policies we should be advocating.
It’s constructive engagement.
“I think alcohol is more tricky than food. The links
between alcohol and cancer are clear and it is vital
that cancer prevention research is conducted entirely
separately from the alcohol industry. Here it is important
that CRUK works to improve public understanding of
alcohol and cancer risk and also collaborates with
other organisations to make the case for better alcohol
policies. These include measures on price and also
promotion, for example. Alcohol shouldn’t be marketed

DO YOU SEE YOUR ROLE AS CAMPAIGNING?

“Most of my own research is very traditional –
trials and observational studies with smokers who
find it difficult to stop smoking and want a way out.
In terms of my policy roles, we know that the most
important way to change behaviour is to work with
government at the population level. Raising the price of
unhealthy products reduces consumption, and
restricting advertising and marketing changes people’s
consumption behaviour. I wouldn’t be doing an effective
job if I didn’t get involved in building the evidence
base to support those high level actions. So it’s not
so much campaigning, it’s about providing evidence
to support policy change.”

AS CRUK’S CANCER PREVENTION
CHAMPION GOING?

“It’s an interesting but challenging role.
For years, behavioural science hasn’t been a very significant area of focus for CRUK, so it’s about showing the
community that their work is relevant to cancer. For
example, research into physical activity isn’t seen as
cancer research, but it’s a major determinant of chronic
disease, so teams working in this field are perfectly
justified in coming to CRUK for funding; they just need
to show the link with cancer.
“Just as for some of the discovery science that
CRUK supports – where we may not necessarily be
developing a future cancer researcher – we need to
recognise the benefit of supporting someone to become
a really excellent behavioural scientist or public health
researcher who will do research that will be useful to a
whole range of problems. That’s a challenge, to get that
message across – both to CRUK and to the behavioural
science community.”
HOW CAN BEHAVIOURAL RESEARCH BEST INTEGRATE WITH
THE REST OF THE CANCER RESEARCH PORTFOLIO?

“We already collaborate with basic scientists – for
example, in tobacco research we rely on basic research
on the effects of nicotine, largely in rodent models and
preclinical research. We can’t understand how nicotine
replacement therapy works without having that research.
“There’s a big gap between cancer treatment
research and behavioural interventions. We’ve been
working on smoking cessation with oncologists who
specialise in lung cancer – you’d think that that sort
of collaboration would just happen, but it doesn’t. We
are setting up a couple of studies where we’re trying
to tailor treatment options for people who’ve been
diagnosed with lung cancer.
“For researchers in other disciplines, I would say if
you’re designing a complex study, think seriously about
the benefits of involving a behavioural scientist!”
HOW DO YOU RATE OUR PROGRESS SO FAR IN
CANCER PREVENTION?

“We’ve made huge progress but we still have a long
way to go. We know where we’re going – we have a
roadmap, and we’re a major player, both in terms of
policy and research. What we do will matter. So that
keeps me getting up in the morning!”

In 2014, we set up the Cancer Prevention Initiative to accelerate behavioural
and policy research that has a real impact on cancer prevention. Nearly half of
all cancers are attributed to various lifestyle and environmental factors. Cancer
prevention through behaviour change has the potential to make a significant
difference. We know many cancers can be prevented, but knowing how to prevent
them is a huge challenge that will require extensive research, public and policy
interventions and societal will. The initiative aims to tackle cancer by funding
innovative research into behavioural and lifestyle changes that can prevent people
getting cancer, and the policies that support such changes, for the benefit of both
the wider public and for those already affected by cancer.

INNOVATION GRANTS
In February we awarded the second batch of
Cancer Prevention Innovation Grants co-funded by
the BUPA Foundation Fund. In addition to funding
leading-edge projects, these grants are themselves a
novel model for funding research which we are now
rolling out to additional fields.
To develop project ideas, we brought together
a diverse collection of researchers for a three-day
weekend workshop in Oxfordshire. With a broad
range of scientists and clinicians, plus experts from
outside of academia, participants were able to
develop an interdisciplinary view on risk perception
and cancer prevention.
“It’s incredibly exciting to be in a room together
with really different people who all came to the same
position through different routes,” says Dr Gozde
Ozakinci, who is working on two projects funded
through last year's workshop and who returned this
year as a subject guide. “I don't want to just hang out
with my health psychologist buddies, I want to learn
from different people, and the workshops provide so
many opportunities to do that.”
“New ideas come from the intersection between
disciplines,” says Professor Frank Kee, who directed
the workshop. “Social scientists call it the Medici
Effect, when you let people peer over the fence
and get their fresh outlook on a shared problem.

It changes your frame of reference, broadens your
outlook. It’s why groups are always so much smarter
than their smartest members.”
From this cauldron of ideas, participants formed
new collaborations to develop their projects. They
had to act fast and work hard, responding quickly
to feedback from colleagues and subject guides,
because funding decisions are made there and then
on the final day.
“You can’t just wait for inspiration,” Kee says,
quoting the author Jack London. “You have to go after
it with a club! Everyone worked really hard to develop
their projects, working until 10pm to draft and redraft.”
“There is a huge need to get going with your ideas
and with the funded projects quickly and that puts the
pressure on,” adds Ozakinci. “As academics we usually
have time to think about things and work up ideas. This
was a different experience, sometimes it puts you out of
your comfort zone. But it was such a thrill. I thoroughly
enjoyed it, and I keep telling my colleagues to go for it!”
We funded five projects from the February
2015 workshop, ranging from mechanisms to help
people taking up a physical activity to maintain their
motivation with a mobile phone call, through to a
tool to monitor incorrect beliefs about the causes
of cancer. You can read more about the five funded
projects on our website.
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IBIS clinical trials team receiving the CRUK
Translational Research Prize from CRUK
Chief Scientist, Professor Nic Jones

Our Lifetime Achievement Prize recognises
those who have dedicated their lives to scientific
endeavour and improving the outlook for people
with cancer. In 2014, the winner was Professor
Ron Laskey, who is internationally recognised
for his work on the control of DNA replication
and the cell cycle. He retired from his posts
at the University of Cambridge and the MRC
Cancer Cell Unit in 2011. Here he reflects on
his research, the importance of having a good

RECOGNISING
EXCELLENCE:

mentor, and the support Cancer Research
UK provided him throughout his career.

THE CRUK
PRIZE-WINNERS
Cancer Research UK began awarding
prizes to members of the research
community to recognise their outstanding
achievements five years ago. Our awards
support and celebrate the incredible work,
dedication and scientific innovation of
those at the forefront of advancing our
ability to prevent, detect and treat cancer.

Given that I work on highly unusual
cancers, I see this award as an
acknowledgement of the importance
and value of these models in cancer
research. It is a truly enormous honour
and encouragement.

Dr Elizabeth Murchison
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REWARDING RISING STARS
The future of cancer research in the UK relies on
the creativity, talent and original thought of the next
generation of researchers. Our Future Leaders Prize
aims to nurture sparks of brilliance from early career
researchers who have demonstrated the potential to
achieve world-leading status by producing research of
international importance.
In 2014, Dr Elizabeth Murchison at the University
of Cambridge, and Dr Serena Nik-Zainal from the
Wellcome Trust Sanger Institute were honoured as
Future Leaders. During deliberations our eminent
judging panel remarked: “With young investigators of
this quality in the UK, it’s comforting to know that the
future of science is in good hands”.
Dr Murchison’s lab works on the genetics and
evolution of clonally transmissible cancers, providing
fascinating insight into the stability and heterogeneity of
these unusual tumours. Future research to understand
how transmissible cancers differ from those that stay
in one host will enhance our understanding of cancer
evolution and tumour/host interactions, in particular
relating to the immune system. Dr Nik-Zainal is a clinician
scientist who has made remarkable achievements
since completing her PhD, supervised by Professor Sir
Mike Stratton, last year. She received the award for her
research using complex computational strategies to
identify mutational signatures of breast cancer.

HONOURING A
LIFETIME’S WORK
Her future work will aim to understand the biological mechanisms behind these mutational signatures
– a challenging and exciting extension which will have
profound implications for the understanding of how and
why cancer develops.

CELEBRATING TEAM SCIENCE
Many of the major advances in cancer are the result
of an outstanding team of researchers working collaboratively to address a particular research question. The CRUK
Translational Research Prize rewards teams who together
have been at the leading edge of ensuring that scientific
discoveries benefit patients.
In 2014, this prize went to the IBIS clinical trials team,
led by Professor Jack Cuzick at the Wolfson Institute of
Preventive Medicine. Over 20 years, their trials of the drugs
tamoxifen and anastrozole have revolutionised prevention
and treatment in women at high risk of breast cancer. In
addition to designing and conducting trials, the IBIS team
has developed risk assessment tools to accurately identify
women who would benefit from taking preventative
agents. The ‘Tyrer-Cuzick’ risk evaluation model is now
used around the world to assess breast cancer risk.
“We work as a team, drawing together a diversity of
expertise and a huge number of people contributed to the
exciting new discoveries of the IBIS I and II trials – we all
share in this recognition. We now have good choices for
high risk women to prevent some breast cancers, but there
remains a lot more to do,” Cuzick explains.

I was delighted to receive the Lifetime
Achievement Prize. The fact that it comes from
Cancer Research UK makes it all the more special, as it’s
a charity that I admire and respect enormously. I’ve
received funding from Cancer Research UK, in its various
guises, for over 30 years: from my first post-doc position
in London, to my work at the Wellcome Trust/Cancer
Research UK Gurdon Institute in Cambridge, and most
recently at the MRC Cancer Cell Unit, also in
Cambridge. It’s been a marvellous organisation to work with.
From early on in my research
career I was interested in how
cells control DNA and protein
synthesis, and during my PhD
had the opportunity to learn from
my supervisor John Gurdon how
to do nuclear transplantation
experiments in Xenopus embryos
– a technique he had pioneered.
Looking back, I can see how much I
benefitted from having John Gurdon as
a teacher on my degree course, and then as
a mentor and valued colleague throughout my career.
I’d say that supportive mentoring is invaluable for a
young scientist. Guiding the research in my lab was
something I enjoyed tremendously. It helps greatly
if research is a pleasure and not a chore, but every
scientist goes through difficult patches.
It was in the early 1980s that my lab made the
discovery that today has real clinical promise in cancer,
by showing that minichromosome maintenance (MCM)
proteins were involved in distinguishing replicated
DNA from unreplicated DNA. Then, moving to human

systems, we quickly realised that MCM proteins were
not expressed in quiescent cells – that is, most cells in
the human body – but were only present in proliferating
cells. This got us thinking about the role of MCM proteins
in cancer, and the possibility of using them as a marker
to detect cancer cells. We progressed to clinical trials
with our anti-human MCM antibodies within a few years.
Since then, these antibodies have outperformed
standard markers, such as Ki67, in several trials for
detection of tumour cells shed from body
surfaces. So we know that they have
great potential for the early detection
of cancers from body fluids such
as smears, stools, sputum and
urine. The commercial development
of
antibodies
for
screening has been slower than
we hoped, but, nevertheless, our
work has led to a commercial
product that is now used in
combination with existing tests for
cervical cancer.
But it isn’t just about the science – it’s
about the people, and good atmosphere is so important.
I sometimes get out my guitar and sing songs I’ve
written on themes that all scientists recognise, such
as being scooped, the morning after the conference
dinner and seminar fatigue. It just brings a little light
relief to the scientific process.
I have a favourite quotation by the French philosopher, André Gide, framed above my desk. It reads: “One
does not discover new lands without consenting to lose
sight of the shore for a very long time”. That is a
very useful thing for all scientists to remember.

Professor Ron Laskey, pictured receiving the
2014 Lifetime Achievement Prize from CRUK
Chief Scientist, Professor Nic Jones

IT HELPS GREATLY
IF RESEARCH IS
A PLEASURE AND
NOT A CHORE

OUR FUTURE WINNERS
Nominations for 2015 CRUK awards closed
in February and winners will be announced in
November. Who in your lab, institute or centre
deserves to win? Nominations for the 2016
awards open in December 2015. Check out
cruk.org/researchprizes to find out more.
43

Rising through the ranks remains a challenge

A SENIOR
SCIENTIST
PERSPECTIVE

for women in science. Whilst many outstanding
women enter science, engineering and technology
(SET) research disciplines, the percentage reaching
senior positions is depressingly low. Fewer than

Dr Caroline Hill runs the Developmental

1 in 10 SET professors in the UK are women, and

Signalling lab at the Francis Crick Institute

female academics are severely under-represented

at Lincoln’s Inn Fields. She and her team

on decision-making scientific boards.

study intercellular communication

Cancer Research UK is not immune from these

– a crucial process in embryonic

statistics: half of our PhD students and 36% of

development, but one which can go

our 74 CRUK fellows are women, but nearly

awry in cancer, driving the development

80% of our group leaders and programme grant

and spread of tumours. Here, Dr Hill

holders are men. Our Scientific Executive Board

gives us an insight into some of the

is exclusively male, although our funding

challenges she has faced in her career.

committees are more representative:
27% of our 176 Funding Committee members
are women, whereas in academia only 20% of
group leaders are women.

ADDRESSING
THE GENDER
DISPARITY
IN CANCER
RESEARCH
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How can we address the gender imbalance?
Although the causes and solutions are complex, one
strategy is to provide more senior female role models
for women in the early stages of their careers. In early
2014, CRUK introduced the Women of Influence Initiative, a campaign with the goal of raising £1 million
in two years towards funding the research of
CRUK’s cohort of female research fellows.
Uniquely, Women of Influence is not
just a fundraising drive: it also aims
to bring together promising female
early career researchers and top
businesswomen, to build mentoring
relationships. One year in, we are
extremely pleased to report that the
new venture has been a resounding
success. Currently, 18 female fellows
are paired up with leading women
from the private and public sectors. Their
experiences of the challenges facing women in
sometimes hostile business environments are giving
our scientists valuable insights into how to build a
successful career.

Tamara Box, a partner at the globally renowned law
firm Reed Smith is Chair of the Women of Influence
Board, and has been struck by the parallels between
her world and ours: “Medical research and business are
not a natural fit but I’ve been surprised by how similar
the issues we deal with are. These young women are
becoming independent for the first time in their
careers and suddenly running labs, having
to work out budgets and motivate their
teams – we can offer them the benefit
of our experiences.”
Sarah Bohndiek, a biophysicist at
the Cancer Research UK Cambridge
Institute, certainly feels that her
mentor, Cary Marsh, founder and CEO
of Punchfront Innovations, is helping
her to develop the management skills
you need to be a successful lab head: “I’ve
now got a team of ten, and thanks to advice
from Cary, and the books she’s recommended, they
are now working in sub-teams and reinforcing each
other’s research projects. It has relieved some pressure
on me and generates a nice community spirit in the lab.”

YOU HAVE
TO FIGHT
FOR YOUR
POSITION

Cary’s also been giving Sarah tips about
motivating lab members. In science, as Sarah says,
your boss is often keener to pick holes in your data
rather than to thank you for doing a good job: “You
don’t often get reinforcement, so now I’m consciously
trying to do that – looking out for positives and
praising people”.
One of the first lessons Sarah
learned from Cary is about the value
of self-promotion, something that
women are notoriously bad at. “I
picked out an award (the Women in
Science and Engineering Research
Award) I thought I could enter her
for,” says Cary, “and she won it!
Now, when Sarah’s recruiting, and
people see she’s an award-winning
scientist, it’s going to attract talent.”
Sarah agrees the award has been really helpful:
“Since Cary helped me overcome this problem with
self-promotion, I’ve entered and won other awards.
I’m on a bit of a roll now! And the last position I
recruited for received 65 applications – it took me
a whole day to read the CVs.”

Ana Cvejic, a Cambridge-based Career Development Fellow involved in the scheme, is equally
positive about the benefits of her discussions with her
mentor, Gay Collins, the executive chairman of MHP
Communications. Being able to pick up the phone and
talk to an experienced businesswoman in confidence
is both inspirational and a source of strength.
“Science is so competitive and there is a
lot of politics,” says Ana. “You have to
fight for your position and to have your
voice and research heard. Being able
to talk to someone without worrying
about the politics is helpful.”
As the Women of Influence
Initiative goes into its second year,
the last word lies most appropriately
with Tamara Box: “It was less than ten
years ago that Madeleine Albright made her
famous comment, that there is a special place in
hell for women who don’t help other women. I like to
think that today’s professionals have learned the lesson
that women of Albright’s generation fought so hard to
get across: women must help each other wherever and
whenever they can.”

WOMEN
MUST HELP
EACH OTHER

I wanted to be a scientist from childhood.
My interest was initially sparked when I was
about eleven, after reading a children’s biography of
Marie Curie. I loved the idea of finding out things
that no one else in the world knows and it being a
passion. My interest in biology started when I worked
in a hospital lab in my gap year before university, and
grew when I was an undergraduate at Cambridge.
What inspired me then, and still inspires me today,
is a desire to discover how complex living things
develop from single cells and how these processes
go wrong in disease.
I have faced a number of challenges in my career,
some of which I think are universal, while others may
be more specific to the fact that I am a woman in
what is still very much a male-dominated profession,
particularly at the more senior levels. Apart from difficulties convincing peer reviewers (often competitors)
that the work should be published, a major challenge
for all lab directors is people management. In this
profession, you go from being a member of someone
else’s lab to being head of a lab in a matter of months,
with little or no training in how to manage a multinational team of people with very different outlooks
and motivations. This is where mentoring by senior
colleagues comes into its own, and it’s why I am so
keen on the Women of Influence Initiative. People
often seem to be especially hard on female bosses,
expecting them to be much more nurturing and
understanding than male bosses.
A challenge that I have met more recently as
I have joined committees and boards, is how to
get your voice heard when you are quite often the
only woman in the room. This problem will only go
away when more women are allowed to reach the
senior levels – and mentoring young women at the
beginning of their independent careers
is crucial in achieving this.
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GRAND
CHALLENGE

We have to take risks and
be prepared that initiatives
like this can fail, because the
potential gain is so huge that it’s

A BOLD STEP
FOR CANCER
RESEARCH
FUNDING
Six decades have passed since
President John F Kennedy laid down

absolutely worth taking that risk.

Professor Nic Jones
Chief Scientist at CRUK

Nic Jones
Chief Scientist
Cancer Research UK

the gauntlet: “I believe this nation
should commit itself to achieving
the goal, before the decade is out,
of landing a man on the moon
and returning him safely to Earth.”
In articulating his bold intention
JFK drove an historical wave of
technological advances which, eight
years later, resulted in the successful
Apollo 11 mission. Today Cancer
Research UK is issuing a similar call,
to galvanise the global community
behind our most ambitious funding
scheme to date: Grand Challenge.

Grand Challenge, like space, is uncharted territory
for us. The initial challenge is formulating the type of
question that would benefit from the intense focus of
a multidisciplinary, multinational research effort, and
that can be addressed by such a consortium within a
reasonable timeframe. It has to be realistically achievable
but, equally, incredibly stretching and ambitious.
To this end, since the launch of the programme in
September, we’ve been asking the research community
to help us develop potential questions through a number
of channels, including two ‘Big Think’ workshops that
brought together 200 of the world’s leading thinkers.
As we look towards shaping this output into the
inaugural funding call for the Grand Challenge award, we
took the opportunity to catch up with Nic Jones, Chief
Scientist at CRUK, to find out his hopes and ambitions
for Grand Challenge.

WHY DO YOU THINK WE NEED AN
INITIATIVE LIKE GRAND CHALLENGE?
“I think we are at a really exciting time in cancer
research – the opportunities to take our increasing
knowledge and develop it further whilst translating
our findings into patient benefit in the near future are
fantastic. However, to fully exploit this we need to think
and work in a different, more collaborative way: bringing
interdisciplinary consortia together.
“We believe the Grand Challenge can excite and
engage the community to focus on the big barriers that

46

are preventing us from realising the opportunities we
have right now. It’s using a significant funding lever to
change the way we tackle these questions.
“We’ve seen it work in other areas, like the Gates’
Grand Challenge in world health, and we’ve seen it already
begin to change the way people are thinking about the
cancer problem. There is a lot of excitement around the
Grand Challenge scheme and I think huge benefits will
come from people being engaged in it, not just in terms
of the research that we fund, but more generally in terms
of the innovation and collective thinking.”

WHAT SETS THE GRAND
CHALLENGE AWARD APART FROM
FUNDING SCHEMES IN CANCER?
“In cancer there just isn’t anything like the Grand
Challenge award; the level of ambition makes a real
difference. Some of the other initiatives like the National
Cancer Institute’s Provocative Questions are really
worthwhile and proving to be successful, but we wanted
to launch a programme that would be set apart by its
scale and vision. This is crucial in attracting the interest
and the coming together of interesting consortia in a
way that other schemes have not done so far.”

IS THIS A RISKY VENTURE FOR CRUK?
“Yes, but it is imperative that we take risks and are
prepared for initiatives like this to fail. The potential gain
is so huge that it is a risk absolutely worth taking.
“More generally we need to ensure that research
doesn’t become risk-averse – which it tends to do
when research funding becomes tight. It is important
that we use funding levers to change the way research
is undertaken: supporting research that brings disciplines
together, that requires teams to work collectively, and that
recognises the value of every member of those teams.

This means encouraging a movement from an
individual investigator-led approach towards a
consortium-based approach.
“Grand Challenge epitomises this new way of
thinking and I believe the programme, and hopefully
its success, will be an important catalyst for this shift.
“I think it’s a great credit to Cancer Research UK that
it’s prepared to develop this different approach to funding
research – it means the organisation is really embracing
the exciting times we’re in and shaping its research
strategy to support that. I think it’s important to point out
that CRUK doesn’t have to do this — it’s a bold step.”

WHAT SORT OF CONSORTIA
DO YOU HOPE TO SEE FORM IN
RESPONSE TO THE AWARD?
“Clearly that’s got to be based on the challenge.
If sufficiently stretching then I think an ideal consortia
would be multidisciplinary and have an international
perspective. Our role will be to support the development
of the consortium, and the exciting science that it’s
addressing, in the most efficient way.”

WHAT WOULD SUCCESS FOR
GRAND CHALLENGE LOOK LIKE?
“I want to see changes to the way the research
community approaches research problems. I want
to see the community thinking about how they
can think and work collectively around a particular
question or challenge. I want to see them excited about
having the opportunity to address a big question in
such a different way.
“Ultimately, my hope is that in the next five or ten
years, through a series of Grand Challenges, we will have
made a very significant and noticeable difference to the
way people with cancer are treated.”
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As one of the founding partners of
the Francis Crick Institute, we will
maximise opportunities to increase
the understanding of cancer. The
collaborative nature of the institute,
with many scientific disciplines
represented in the same location,
provides a unique environment
for new collaborations and crossdiscipline approaches.

Professor Nic Jones
CRUK Chief Scientist

Early ICRF scientists: in centre
Ernest Bashford, the first director
Inside the Francis Crick Institute with building still underway

A FOND
FAREWELL,
A BRIGHT
FUTURE
In April 2015 the Cancer Research UK
London Research Institute formally became
part of The Francis Crick Institute. Although
the researchers won’t physically move to
the new building until 2016, the countdown
has now begun. Here we have a personal
reflection from Richard Treisman, Director
of the London Research Institute, on the
move and the opportunities ahead.
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In September 1977, an alarmingly long time
ago, I started my PhD at the Imperial Cancer
Research Fund (ICRF) labs in Lincoln’s Inn Fields. I’d
realised while I was an undergraduate that I wanted to
understand how genes worked, and the ICRF, as it was
universally known, was one of the few places in the UK
where it was possible to study this directly. Before cellular
genes were readily available through DNA cloning,
animal viruses provided the only simple way to study
gene expression at the molecular level, and the ICRF’s
research programme on DNA and RNA tumour viruses
was internationally renowned. I remain forever grateful
for my undergraduate supervisor Tim Hunt’s advice to “go
to the ICRF – there are good people there!”
The Lincoln’s Inn Fields labs had only been
completed four years previously, but had already
assumed the somewhat shabby, workaday aspect
of a long-established research institution. Science in
those days was done on a far larger scale than now,
and the corridors and labs, fitted out with old-fashioned wooden benches and cupboards, were crammed
with equipment and people, and scented by a dense
fug of cigarette smoke and overbrewed coffee. To a
newly-fledged PhD student, it was a simultaneously
intimidating and exciting place, populated with largerthan-life characters engaged in the passionate pursuit
of science (and in some cases, each other).
I didn’t know it at the time, but this first encounter
with the ICRF would be the start of an association
which has lasted (but for a seven year sojourn in the
two Cambridges, US and UK) for my entire career, and

which has almost spanned the lifetime of the building. I’ve
worked there through the 2002 marriage of the ICRF and
the Cancer Research Campaign (CRC) to form Cancer
Research UK, and now, finally, will be witness to the last
science to be done in Lincoln’s Inn Fields, as the CRUK
London Research Institute (LRI) is reborn as a founding
partner in the Francis Crick Institute.
My scientific home has been host to many major
discoveries, some of which have profoundly changed
how we think about cancer, and, indeed, about the basic
biology of life. The cast of researchers is too numerous
to mention, but their achievements include: establishing
fundamental concepts underlying the molecular biology
of cancer; revolutionizing our understanding of DNA
repair, replication and recombination; providing the first
evidence that the normal function of oncogenes is to
regulate cell growth and cell death; deciphering how
extracellular signals are transmitted into the nucleus and
how this regulates transcription; transforming our understanding of innate immunity, and, latterly, demonstrating
that tumour evolution is the principal way that cancers
acquire resistance to therapy.
I’ve missed one achievement from this impressive
list – Melanie Lee’s and Paul Nurse’s 1987 discovery that
the cell cycle machinery is conserved from yeast through
to humans: the experiment that won Paul his 2001 Nobel
Prize (in association with Lee Hartwell and Tim Hunt, by
then working at Clare Hall). Paul’s contribution to the
scientific trophy cupboard of the ICRF/LRI is unmatched;
his impact on the organisation of British biomedical
research has been perhaps just as important. As ICRF

Director General, he drove the ICRF/CRC merger that
created Cancer Research UK and the LRI. Paul has been
a prime mover in the establishment of the new Francis
Crick Institute, described as the “most exciting project for
UK biological science in a generation”, and into which the
LRI and our sister institute, the MRC National Institute for
Medical Research, were incorporated on 1st April.
Like all exciting adventures, the journey that has
taken the LRI into the Crick has been a rollercoaster mix
of planning and hard graft, optimism and frustration, and
not a little luck, coupled with a refusal to compromise in
the pursuit of a scientific happy ending. Jim Smith, my
counterpart at the NIMR, and I have had to tread a difficult
path as Directors of the two Crick founder institutes.
We’ve had to keep research momentum and recruitment
going, whilst maintaining staff morale through uncertain
times, all the while planning and working for the future
success of the Crick. There have been hard decisions, but
also the help and cooperation of colleagues across both
institutes who’ve collaborated magnificently in making
the design and operation of the Crick as conducive to
good science as possible.
And now, we’ve moved into the next stage of the
project, where the Crick moves from a building project
to a fully fledged research organisation. While we're
currently spread over laboratory sites at Clare Hall, Mill
Hill and Lincoln's Inn Fields, the coming year will see

our migration to our wonderful new laboratory at Brill
Place (appropriate name!) in St Pancras. As the time of the
move approaches, the mood amongst the staff is one of
optimism and excitement at a new beginning, although
I for one will miss Lincoln's Inn. Working together over
the next few years, we’ll do our best to create something
unique, something that will be good for us, for UK science,
and for research as a whole.
But what of the Crick’s impact on cancer? How will
the Crick justify the substantial investment made in it by
Cancer Research UK? The answer is clear: despite the
fact that over the 50-year lifetime of the LRI's laboratories
our understanding of cancer and how to treat it has
undergone a revolution, we still do not understand cells,
tissues and their cancerous development well enough.
Indeed, our understanding of how cancers interact
with host physiology in general, including the immune
system, remains in its infancy, despite recent therapeutic
advances. The Francis Crick Institute will provide an
unparalleled environment to take cancer research to a
new level, integrating interdisciplinary discovery research
with the clinical and translational opportunities available
through our university partners. But most important is
for us to assemble a group of outstanding scientists and
to nurture a culture of innovation and collaboration that
will ensure both scientific discovery and its timely
application for the betterment of human health.

The Francis Crick Institute getting
ready to house the LRI in 2016

LRI staff waving goodbye at Lincoln’s Inn Fields
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IN THE HEART
OF LONDON’S
KINGS CROSS,
THE FRANCIS
CRICK INSTITUTE
IS THE LARGEST
BIOMEDICAL
INITIATIVE
IN EUROPE.

A world-class centre for

interdisciplinary medical sciences,

research and innovation, dedicated

to improving our understanding

of human health and disease.
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RARING
TO GO
WITH RNAi
RESEARCH
Professor Greg Hannon has recently
moved to the Cancer Research UK
Cambridge Institute after 23 years
at Cold Spring Harbor Laboratories
in New York. A pioneer in the field
of RNA interference (RNAi), Greg’s
achievements include defining the key
components of the RNAi machinery,
designing synthetic RNAs that can
silence mammalian genes, and
generating comprehensive libraries of
these RNAs representing every gene in
the human, mouse and rat genomes.

It all started for me
back in 1997 when I
heard Craig Mello talk about this
phenomenon called RNAi that
he’d discovered in C. elegans – he
later (in 2006) won the Nobel Prize
for this discovery. I was intrigued,
but it wasn’t until I heard another
lecture about the use of RNAi to
shut down genes in Drosophila
embryos that I realised that RNAi,
if it was conserved, could be
an incredibly powerful tool for
studying mammalian cell biology.
I left the lecture, called my lab to
share my excitement, and that
was the beginning of my RNAi
research. We redirected essentially
all of our research, and within a few weeks we’d shown
we could use double-stranded RNA to knock down
expression of a LacZ reporter gene. From those early
days it has just kept growing and I’ve never looked back.
I loved Cold Spring Harbor, and the environment
and colleagues kept me there for more than two
decades. It was an outstanding and highly focused
environment to work in; however, my lab had grown
to over 50 people and I found I had little time actually
in the lab anymore. I kept a bench and worked in the
lab, periodically at least, until I had more than 30
people, but I came in one day and all my stuff was
dumped on a trolley – the lab was really overcrowded
and someone else needed the bench. And then they
needed the trolley more than they needed me working
and my stuff was just boxed up! I hadn’t done what my
lab called ‘real’ work for a good while when I started
thinking about the need for a change.

I really wanted to get back to being hands on at the
bench again, doing research on a day-to-day basis, with
time to read, talk to scientists in my group and mentor
PhD students. That’s what I’m trying to get back with
my move to Cambridge – I’ve really not had a chance
to do that over the past decade, and it feels great. If
you’re working at the bench you have a much better
handle on what’s going on in the lab. It also gives me the
opportunity to pilot new things and try new approaches
– my time is quite fragmented so it’s more suited to
short, discrete projects. Right now, we’ve just started
collaborating with Simon Tavaré’s lab, and I’m going to
be doing the wet lab stuff to begin with – that is until we
get someone more qualified.
I really hit it off with Simon Tavaré, the Director of
the Cambridge Institute (CI). For me, the personal aspect
of a research environment is so important. Science is a
very social endeavour, and the relationships you have
with your colleagues are what makes time at work so
enjoyable and rewarding. We’ve started a lot of new
experiments and collaborations in new areas in the
few months we’ve been here. They’re all things that are
fairly out there, so the environment is impacting us in
good ways. You should be introduced to new things
by your colleagues, and excited by them – why would
you want to work anywhere except at a place where
your environment and colleagues influence you in
unexpected ways?
The other thing that’s great about the CI is that
the support functions and core facilities we’ve used
so far have been excellent. Microscopy and genomics
are outstanding – James Hadfield in Genomics
has really helped refine pipelines for doing high
throughput sequencing for us. And Stefanie Reichelt
in Microscopy is fantastic – I’ve had a few crazy ideas
but I’m not a microscopist and Stefanie’s just leapt

on board to help. She can take the kernel of an idea
and really help to elaborate it, and set me up with
the people I should talk to.
Right now, I’m busy establishing collaborations that will combine our skills with those already
established at the Institute. For instance, I’m already
working closely with Shankar Balasubramanian
(chemical biology) and Simon Tavaré (computational biology). We have some pretty cool ideas and
the potential to generate some really far-reaching
technological advances.
Developing innovative technologies has always been a major
strand of my research, as
they invariably catalyse an
explosion of discoveries in a
field – consider the impact
of PCR or next generation
sequencing – and are vital
to keep research at the
leading edge. Conventional grant mechanisms
don’t tend to reward high-risk
strategies, so I’m very enthusiastic about being the Chair of the
CRUK Pioneer Award Committee,
which aims to support innovative
projects at an early stage. There have certainly
been points in my career when I’ve benefited from
grants awarded for projects that were thought of as
high-risk at the time, so anyone with ideas like that will
be assured of a hearing!
Being in Cambridge will certainly sharpen our
focus on cancer too. We’re pursuing our long-standing
interest in breast cancer (with Carlos Caldas) and in
pancreatic cancer (with Duncan Jodrell), but I’m also

interested in looking at metastasis. It’s an exceptionally
hard problem – how do we find dormant tumours?
Perhaps if we understand tumour dormancy we can
make cancer a chronic disease. We have to understand the difference between cells that progress and
those that don’t at the exact moment the tumour
process is reinitiated. I’ve got some ideas about this
– and the fantastic microscopy facility here is helping
– but to be honest, I’m not confident we’ve identified
of a good way to do it yet.
With regard to my research philosophy,
I’ve always enjoyed solving puzzles;
I think that’s what first appealed
to me about RNAi – we went
from
understanding
its
molecular basis, to building
tools that allowed investigators to exploit it to
study gene function in
mammals. People ask me
what themes my lab will
have, but I prefer projects
to grow organically. I’ve
previously described my lab
as organised chaos, but that’s
the way I like to do science, as
you’re more creative and opportunistic. It feels really good to be out on the
edge – there’s a certain amount of fear as things
may not work, but after a while you get a sense
for what’s likely to work and what isn’t. And along
with that comes a lot of excitement about what’s
possible – what can be done. At Cold Spring Harbor
I really felt that anything was possible, and I hope
to retain that attitude in my new scientific
home in Cambridge.

I’VE ALWAYS
ENJOYED SOLVING
PUZZLES — I THINK
THAT’S WHAT FIRST
APPEALED TO ME
ABOUT RNAi

Greg Hannon
Institute
CRUK Cambridge Institute
Research area
Small RNA biology, mammalian
genetics and genomics

WHO OR WHAT IS YOUR GREATEST
SCIENTIFIC INSPIRATION?

The people in the lab – I’ve had a phenomenal
group of students, postdocs and support staff. For
me the most inspiring thing is to come in and talk
to really smart people every day.
BEST MOMENT EVER IN THE LAB?

We had a long-standing collaboration with the
structural biologist Leemor Joshua-Tor trying to
work out how the RNAi effector complex worked.
One day, she said she thought she knew how
it worked, I had to come and see. We found a
terminal, she put up the structure of Argonaute
and it was immediately obvious. You couldn’t guess
from the primary sequence what Argonaute was,
but as soon as you saw the structure you realised it
was a ribonuclease, and the whole thing was clear.
That was one of my best moments, definitely.
WHAT ARE YOU MISSING ABOUT THE US?

The view from my office – I used to look out on Cold
Spring Harbor and the Long Island Sound beyond.
These days, it’s a multi storey car park! And I really
miss the Cold Spring Harbor bar. It was where the
whole institution would gather after work – many of
my best collaborations started in that bar!
WHAT ARE YOU ENJOYING MOST ABOUT THE UK?

Greg has consistently set himself challenging
goals in science. As a PhD student, he exploited
the parasitic worm Ascaris to unravel the
biochemistry behind trans-splicing of RNA
transcripts. More recently, he devised a technique
for capturing and sequencing large collections of
DNA which he then used, in collaboration with
paleogeneticist Svante Pääbo, to compare the
human and Neanderthal genomes. Greg’s current
interests include applying RNAi-based genetic
screens to cancer biology and stem cells.

The beer is better here! And I’m looking forward to
cycling round Cambridge and exploring – generally
becoming more integrated.

We caught up with Greg in his lab at the Cambridge
Institute, to find out what is currently exciting him
in science, why it’s OK to take risks in research, and
how his new home will benefit his work.

DO YOU HAVE A TIP FOR SUCCESS?
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DO YOU HAVE ANY HOBBIES?

You may know that I make my own bacon and I’m
planning to carry on with that here even though
English bacon is much better than American bacon
on the whole. I do something different from the
curing process you do here. However our house is
still a work in progress so it’s more laying floors at
present than smoking bacon!
When you’re starting your own group only hire
people you like because you want coming into the
lab every day to be something you look forward to.
Lab culture is determined by the people in your lab
not you. The first two or three people you hire will
set a culture that will likely be with you for ever, so
never hire someone you don’t like no matter how
smart you think they are!
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LOOKING

FORWARD

A year on from our strategy launch, Peter Johnson and Nic Jones
reflect on our progress, our future focus, and the challenges ahead.
PETER, NIC, BEFORE WE TALK ABOUT THE FUTURE, CAN
YOU TELL US YOUR IMPRESSIONS OF HOW THE STRATEGY
HAS PLAYED WITH OUR RESEARCHERS?

It’s been received really well. The strategy has
given context to all the research that we do,
from the most fundamental discovery research
through to clinical studies, and it’s clearly all about the
overarching theme of preventing people dying from
cancer. It reflects our level of ambition and our focus
on the things we think are important.

PJ

People really liked the fact that we’ve
developed funding schemes to help facilitate
our strategic aims. We’re being more adventurous in
the way we’re investing in research, and there’s a lot
of interest in our new awards.

NJ

standing to allow us to better identify which populations are most likely to benefit, so we can move from
a minority of excellent long-term responses to a much
higher proportion of patients responding.
I would add that the characterisation of new
antigens triggering an immune response is
really interesting from a biological point of view: can
that information allow us to predict which tumours do
or don’t respond, or can we trigger the response by
vaccination? And the prospect of combining immunotherapy with other modalities – targeted drug delivery,
radiotherapy – will likely be a focus over the next year.

NJ

Professor Peter Johnson
Cancer Research UK’s Chief Clinician

WHAT ARE YOU LOOKING FORWARD TO IN THE
COMING YEAR?

We have recently enhanced our clinical
advisory team with the appointment of three
new senior clinical advisers — Richard Roope, Arnie
Purushotham, and Pam Kearns. Richard works in the
area of early diagnosis, which is a key priority. Arnie
is an expert on surgical treatments and our interface
with the NHS, and Pam will advise us in children’s
cancer and clinical trials. All three bring outstanding
international expertise, which will be crucial in
helping to drive progress. Something else I find really
encouraging is the progress we’re making in
networking our Centres through our Centres Network
Accelerator Awards. The level of collaboration we’re
seeing is turning the UK into a much more effective
and collaborative place to work. It’s still a challenge,
and how we get people to do more is not trivial, but
we’re starting to see tangible benefits coming through.

PJ

A YEAR IN, WHAT ARE WE DOING WELL, AND WHAT
NEEDS TO BE IMPROVED?

We’ve seen a big increase in emphasis on some
of the cancers of unmet need, for example lung
cancer, and we’re making good progress in our thinking
about therapeutic innovation and precision medicine.
Initiatives in prevention and early diagnosis are starting
to come together, but we recognise that we’re starting
from quite a low baseline, so there’s still plenty to do.

PJ

Everybody agrees we need to do more in early
diagnosis, so we’re in the process of working
out how to make this work – it is complex. For example,
do we concentrate on early disease from a biological
point of view, or a multidisciplinary approach which
brings potential engineering solutions to the detection
of circulating markers? The big challenge moving
forward is to clarify the best way to make an impact.
And developing an institute dedicated to early
detection is high on the agenda.

NJ

WHAT’S THE MOST EXCITING AREA OF CANCER
SCIENCE ON THE HORIZON?

It has to be immunotherapy. We’re seeing lots
of dramatic data coming from clinical trials
looking at immuno-based treatments for cancer. It is
as promising as it looks! Getting to grips with the
complex underlying biology and translating it into
clinical benefit is going to be very exciting. The
challenge for the future is to derive mechanistic under-

PJ
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We are taking new and innovative approaches
to our research, including enhancing our
funding structures and launching new schemes. This
year we’re launching our Pioneer Awards, and next
year our Grand Challenge and I look forward to seeing
the impact that these novel funding approaches will
make. And of course, the Crick presents an incredible
opportunity to catalyse a more joined up approach to
cancer research, to begin with in London, and then
countrywide. We want to see our investment really
helping us achieve the goals we set out in the strategy.
Working with the leaders in the Crick to develop a plan
for cancer research is going to be a challenge but one
where the goal is incredibly important.

Professor Nic Jones
Cancer Research UK’s Chief Scientist

NJ

Over the coming months and years
we will need your feedback and
creativity to help us make progress.
We want to hear your ideas and
questions. Please contact:
researcher.comments@cancer.org.uk
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