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Foreword
Dr Peter Thompson, Chief Executive Officer, National Physical Laboratory
As the UK’s National
Metrology Institute,
NPL’s core purpose
is to provide the
measurement
infrastructure on
which the UK’s
prosperity and quality
of life depends. NPL sits at unique
juncture within the UK’s research
infrastructure with cross-disciplinary
capabilities to bring together and
underpin measurements in both the
engineering and physical sciences,
and the clinical and life sciences.
We develop standards to ensure the
measurements are fit-for-purpose, interoperable
and are consistent between users, laboratories
and different instrument models. We believe
that our metrology knowledge can have a
major impact on the UK’s economic growth
and productivity, on innovation and skills,
and on solutions to societal challenges such
as climate change, security and improved
healthcare. To deliver this, we are strengthening
our science portfolio in a number of key areas
such as metrology for data science, quantum
technologies, life sciences and medical physics.
This edition of Insights focuses on cancer
research. One in two people born in the UK after
1960 will be diagnosed with some form of cancer
during their lifetime. There are around 330,000
new cancer diagnoses every year, a number
which has been growing by around 2% per
annum. Whilst the UK has amongst the lowest
age-standardised cancer incidence rates of rich
countries, it has one of the highest mortality
rates; meaning that fewer people in the UK
survive a diagnosis of cancer than should.
The Cancer Strategy for England (2015-2020)
recognises that, although the UK has a deserved
reputation for creativity and excellence in the
design and development of new therapeutic
interventions and diagnostics, internationally
we are viewed as being slower to adopt new
innovations, across all treatment modalities. One
of the critical enablers for rapid and widespread

adoption of new interventions is ensuring
their performance and safety can be measured
and assured. For decades NPL has worked
with the radiotherapy community in the UK to
provide measurement capability and support
to assure radiotherapy treatments. Now future
personalised therapies will rely on not only a
genetic understanding of the patient but also a
better characterisation of how a specific tumour
behaves and how that tumour adapts to fight
against treatments.
In recent years we have been providing a
wider range of direct support; working with
academics, medical physicists, clinicians and
equipment manufacturers. This collaborative
approach and wider support has accelerated
the implementation and spread of best practice
in new radiotherapy treatment modalities. For
example, NPL has supported the NHS England’s
Commissioning through Evaluation programme
for both Stereotactic Ablative Body Radiotherapy
and Stereotactic Radiosurgery. This programme
shows significant promise for the future, while
new clinical and patient experience data are
collected within a formal evaluation programme.
Our world-leading measurement expertise,
combined with our well-established
relationships and proven collaborative approach
will maximise the potential and value for money
of new technology for cancer treatment and
diagnostics; in turn, helping to drive down
mortality rates. These span innovations in
techniques such as mass spectrometry imaging,
proton radiotherapy, imaging and motion
management, and radiotherapeutic drugs.
These established capabilities at NPL are being
used in the application of mass spectrometry
imaging to address Cancer Research UK’s Global
Grand Challenges and in the formation of a
Metrology for Medical Physics Centre here at NPL.
This will seek to broaden this proven approach,
partnering with leading hospitals (including
The Christie, the Royal Marsden and UCLH) and
universities. The centre will work with hospitals,
leading academics, equipment manufacturers
and professional bodies to enable the optimum
and rapid implementation of a host of new
diagnostic and therapeutic techniques close to
implementation, to improve early diagnosis and
treatment of cancer; ultimately saving lives.
Insights Beyond measurement
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The innovation sweet spot
for cancer research
Dr Iain Foulkes, Executive Director, Strategy and Research Funding, Cancer
Research UK
Real innovation is at
the interface between
disciplines; the
coming together of
fresh approaches that
create a truly novel
solution.
Cancer research has not made the most of
this in the past despite the wide range of skills
required in diagnosing and treating the disease;
biologists, clinicians, physicists, engineers,
mathematicians, all working separately, yet
towards the same end goal. In the last few
years, Cancer Research UK has been working to
bring down the barriers between these sectors.
By reviewing and breaking out of the ‘classic’
model of funding by discipline, Cancer Research
UK is leading several projects and research
programmes that are dramatically advancing
our ability to tackle cancer.
This multidisciplinary approach is being run
through three new funding models: the Pioneer
Award, the Multidisciplinary Project Award and
the Grand Challenge.
The Pioneer Award is open to any and all sectors.
At its core is the desire to find ideas that have
the potential to revolutionise how we treat
cancer, with no bias as to where that idea should
come from or at what stage of development
it is. It’s an award that levels the playing field
and brings fresh methods for diagnosis and
treatment to the table.
The Multidisciplinary Project Award exemplifies
our new approach, with its name a clear
statement of intent and its results showing the
appetite for fresh ideas in cancer research. It is
the most oversubscribed funding scheme we
offer, with more than 20 projects funded up to
a level of £500k and 16 funded in the 2015/16
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round. These range from the development
of computer-assisted 3D navigation systems
for ultrasound diagnosis – a physics,
engineering and technology intensive project
– to biotechnology-based nanoparticle drug
delivery.
Lastly, the Grand Challenge is our boldest
scheme yet, setting seven major challenges that
can be best solved by pooling expertise and
skill. With a prize of £20 million, it is encouraging
teams from different institutions and walks of
life to use each others’ talents to overcome some
of the biggest hurdles in cancer. It has had 56
applications, involving more than 400 people
from 20 countries; these numbers alone show it
is having the right effect.
But we measure this effect not just by the
amount of funding handed out or applications
received. Bringing together different skills is
improving our diagnosis, treatment and care of
those affected by cancer. Imaging lung cancers
is an ideal example of how biology, physics
and engineering can combine to develop
appropriate technology. Detection is most
common when a tumour is at Stage 3 or 4, when
survival rates are at 5%. If the diagnosis is made
when the cancer is at Stage 1 or 2, survival rates
jump to 70%. By improving how we search and
visualise lungs for cancer, many more people
can survive the disease.
The future of cancer research lies in making this
multidisciplinary approach the norm. Using
our funding schemes as a base, we aim to build
communities of like-minded researchers from
different backgrounds, all geared towards
improving cancer diagnosis and treatment.
These will create something greater than the
sum of their parts: an inclusive multidisciplinary
approach that will herald a new wave of
innovations and move us towards the goal of
beating cancer.

The innovation sweet spot for cancer research

Insights Beyond measurement

05

Improving ultrasound techniques for more effective cancer diagnosis and treatment

Improving ultrasound
techniques for more effective
cancer diagnosis and
treatment
As a technique for
diagnosing and
treating cancer
ultrasound has been
around for decades,
and for as long as it
has existed, it has
been necessary to
define how it should be used.What
protocols for its use ensure that
patients get the best, most accurate
diagnosis possible? Are there dose
levels that shouldn’t be exceeded?
And in what circumstances are these
appropriate? NPL has worked to
answer these questions for many
years to ensure the safety of the
technique, and is now supporting
new, better diagnosis and treatment
methods using ultrasound. Bajram
Zeqiri from NPL’s Acoustics Group,
showcases the latest innovations
being moved from lab to industry
with the help of NPL metrology.
Better diagnosis of breast cancer
It has long been known that tissue acoustic
properties such as sound speed and
attenuation are correlated with different
breast pathologies, such as cystic masses,
tumours or fibroadenomas. Ultrasound is
therefore better than X-ray mammography in
distinguishing between cancers, which result
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in tissue of increased density, and naturally
occurring dense breast tissue encountered
in younger women. Ultrasound Computed
Tomography (UCT) is being investigated
as a next-generation clinical technique for
detecting onset of breast disease, driven by
its potential low-cost, safety, comfort and
operator independence.
With Innovate UK funding, NPL is leading a
consortium comprising Precision Acoustics,
Designworks and a clinical partner, University
Hospitals Bristol, to design, develop and test a
next-generation UCT system for whole breast
imaging. The system is based on a novel sensor
pioneered at NPL which is a thermal detector.
The detector is phase-insensitive and, since
the 1980s, it has been known that UCT images
from such detectors are much less susceptible
to the errors (such as image artefacts) arising
when ultrasound imaging is carried out using
phase-sensitive detectors. These issues arise
because different tissues have different sound
speeds, and this modifies the direction of an
ultrasound wave travelling through tissue,
spreading out the arrival time of the acoustic
waves at the detectors and, in extreme cases,
leading to signal cancellation. Errors in the
reconstructed tissue maps are produced when
conventional, phase-sensitive, detectors are
used that are sensitive to arrival time of the
acoustic wave. The new, phase-insensitive
detectors respond to acoustic energy and are
therefore immune to this effect. Under a project
funded by the National Institute of Health,
NPL proved this by showing that UCT images
generated by the new detectors are much less
susceptible to such artefacts, albeit for images
generated on simple test objects.

Improving ultrasound techniques for more effective cancer diagnosis and treatment

The Innovate UK project will develop an
imaging system to image the whole breast
immersed in water, with the detector opposite
an array of 14 transducers generating sound
at 3.2 MHz. The detector-transducer array pair
will rotate around the breast, gathering the
data required to reconstruct an attenuation
image. The target is to complete a scan in a
specified plane in four minutes. The imaging
system has been built and is currently at NPL
for performance evaluation and optimisation.
The overall project objective is to demonstrate

the clinical potential of the technology for
identifying breast cancers and, early in 2017, the
system will be deployed at the clinical partner
(Bristol Breast Care Centre, Southmead Hospital)
for testing on a small number of volunteers and
be compared with conventional technologies.

Bringing ultrasound techniques from
the lab to the hospital
The last decade has seen many promising
new therapeutic uses for ultrasound emerge,
including the use of extremely high power
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levels. Ultrasound energy can be focused onto
a region as small as 1 square mm to thermally
ablate (destroy) cells with minimal damage
to the surrounding tissue. This is called High
Intensity Focused Ultrasound – HIFU. Tissue
damage can be accurately controlled and
ultrasound waves can be directed using
magnetic resonance or ultrasound imaging.

measured accurately above 20W. With power
above several hundred watts often needed
for clinical treatment, NPL developed better
targets and a totally new measurement method
based on thermal expansion to monitor the
power levels. These are now used by leading
manufacturers of HIFU sources for quality
control of their products.

More than 8,000 patients were treated
commercially or in clinical trials worldwide
with HIFU in 2014. To date, nearly 90,000
patients have undergone this treatment
for a range of serious medical conditions.
HIFU has been approved to treat 19 medical
conditions in regions around the world, such as
prostate and liver cancer. But, there is not yet
a metrological infrastructure for this treatment
in place, meaning that doses given to patients
cannot be traced back to an agreed standard
or treatment plan. This can result in over- or
under-treatment and harm to the patient, or
it may mean that valuable new treatments are
not taken up because they are too inconsistent.

International collaboration is essential to
developing such standards in medical areas.
Two EURAMET-funded projects, on External
Beam Cancer Therapy and Dosimetry for
Therapeutic Ultrasound, have resulted in
better laboratory measurement standards, the
definition of basic exposure and dose quantities
and enhanced computer modelling, as well as
the development of transfer standards for use
in the clinical environment.

NPL first started working on HIFU in 2003 and
we have worked closely with clinical colleagues
to put in place standards for its use. Working
with the Institute for Cancer Research (ICR),
NPL created a report which reviewed the
measurement needs for HIFU and identified
the International Standards that would be
necessary to ensure HIFU is used correctly.
This report was subsequently adopted by the
International Electrotechnical Commission
(IEC) and has led to three new industry
standards.
One of these standards is about measurement
of total power output – something of key
importance, but which could not previously be
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It is not just cancer treatment that
is benefiting from this development
of standards in diagnosis and
treatment. There are also exciting
developments in the treatment of
brain disorders such as Parkinson’s
disease and neuropathic pain.
This work will improve patient
quality of life, benefit the medical
manufacturing industry and give
healthcare providers optimised
treatment planning methods.
Ultrasound may have been around
for decades, but improvements to its
efficacy are being made every day.
Its future as a treatment is bright.

Applying mass spectrometry imaging techniques to gain new insights into cancer

Applying mass spectrometry
imaging techniques to gain
new insights into cancer
Simon Barry, Senior Principal Scientist at AstraZeneca
Over the last decade
we have made
huge progress in
understanding many
of the key mutations
that drive different
human cancers.
This has led to the
development of a new generation
of targeted therapies that deliver
significant clinical benefit when
given to the right patients.
To improve on this success and
develop the next generation of
therapies, we now need to look
beyond the genes driving cancers
to understand the complexity of
tumour biology in more detail.
Advances in DNA sequencing technology
have allowed us to gain important insights
into the mutational landscape of most
cancers. Mutations or changes in a number
of key genes are required to enable a tumour
to progress. Knowledge of the specific
mutations present in an individual patient’s
tumour allows us to begin personalising the
therapy people receive to treat their tumour.
For example, drugs such as Zelboraf® for
melanoma, XALKORI®, IRESSA®, TAGRISSO™
for lung cancer, and Olaparib for ovarian
cancer all target key mutations that drive
tumours. Therapy is tailored to people whose
tumours have these mutations, which has
transformed the treatment and outlook
for some patients and contributed to the
extension of survival in challenging diseases,
such as lung cancer and melanoma.

Learning from these successes has also
changed how we seek to develop potential
new drugs. Focusing on the right patient
improves the likely success for both the
individual in the clinical trial and development
of the drug. We now routinely seek to predefine groups of patients whose tumours
are driven by the specific mutations or
mechanisms targeted by a drug or a
combination of drugs. However, not all
therapies are defined by the ability to inhibit a
specific mutation driving a tumour, and not all
tumours respond to such approaches.
Therapeutics that don’t target mutations in the
tumour are also delivering significant clinical
benefit for some patients, but being able to
select the patients who will likely respond
requires novel insight into how the tumour
is behaving. For example, drugs that harness
the immune system to attack the tumour have
also shown transformational benefit for some
patients with many different tumour types,
including melanoma, lung cancer and bladder
cancer. Other classes of drug that directly or
indirectly exploit vulnerabilities in the tumour,
such as a dependency on certain metabolic
pathways or nutrients, or the requirement
to constantly repair its DNA, are also being
developed.
To use these new drugs effectively we need
to understand more about the tumour than
just the mutations in the DNA. We need to
probe deeper to learn about how the tumour
is functioning by analysing the presence
and distribution of different cell types,
the expression of different proteins, the
activation status of different pathways and the
consequence on the metabolic components in
the tumour. Collectively, this information gives
insight into how the tumour is behaving.
Insights Beyond measurement
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Our desire to understand this complexity and
heterogeneity in the tumour therefore requires
new approaches. Mass Spectrometry Imaging
is a platform that allows us to understand the
tumour from the basic building blocks and
construct a map of individual tumours. NPL,
together with groups at AstraZeneca, the
Cancer Research UK Beatson Institute, Imperial
College London, the Francis Crick Institute,
Barts Cancer Institute, the Cancer Research
UK Cambridge Institute and the Institute of
Cancer Research, through a collaborative
Cancer Research UK’s Grand Challenge, is
proposing to harness the unique power of
Mass Spectrometry Imaging to build complex
maps of human tumours, aligning these
with the pre-clinical models that are used to
develop and understand new drugs.
The Grand Challenge proposal has the
potential to deliver the next transformational
change in our understanding of tumour
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biology. With this knowledge we can
develop new strategies to select patients
and to understand in more detail potential
mechanisms of resistance to current drugs.
Perhaps, more importantly, generating
integrated maps of tumours will enable
investment in the most appropriate models
and enable us to prioritise the most promising
therapeutics. If the consortium is successful
in the near future, we may be able to take
samples of tumours from individuals and,
from those samples, build an integrated map
of the tumour with a genetic and functional
profile that will guide the initial treatment
and then, by taking subsequent biopsies,
build a dynamic understanding of how the
tumour is responding. Together, this would lay
the groundwork for therapies that impinge
directly or indirectly on how the cancer is
functioning or evading the immune system,
creating more effective treatments than are
currently possible.

Raman spectroscopy in neurosurgery: the dawn of precision medicine

Raman spectroscopy in
neurosurgery: the dawn of
precision medicine
Dr Kevin O’Neill, Head of Neurosurgery and Dr Babar Vaqas, Senior Clinical
Research Fellow in Neurosurgery, at Imperial College Healthcare NHS Trust
Neurosurgery is a
high risk environment
where routinely
complex procedures
are undertaken.
There are few areas in
human endeavour where
routine procedures are
performed in high risk
environments: parallels
are often drawn with the
aviation, space exploration
and nuclear industries.
Within surgery itself,
neurosurgery occupies a
unique position. Unlike
other locations in the body where there
is a little more room for error, removing
healthy tissue in the brain can have serious
repercussions – the healthy tissue removed
might impact the patient’s balance, speech,
ability to concentrate, or worse. But, of course,
failing to remove all the tumour tissue from a
cancer patient has an impact too. This dilemma
remains foremost in the minds of surgeons
when going through the demanding training
for neurosurgery, and one that is shared by
experienced consultants too.
Dr Kevin O’Neill, Head of Neurosurgery at
Imperial College Healthcare NHS Trust, and
Dr Babar Vaqas, Senior Clinical Research Fellow
in Neurosurgery, are acutely aware of the
complex decision-making required during
surgery and the lack of intraoperative data
available to guide the surgeon in some of the
most perilous territory in the human body.
Their main challenge is to safely remove as

much tumour as possible in the brain, with as
little damage to surrounding normal brain as
possible. This is quite a problem when brain
tumour tissue can look and even feel very
similar to brain tissue. A second problem is to
know what type of tissue is being operated on:
knowing if we are operating on an infection or
a tumour would be useful in determining how
aggressive the surgery should be. Currently,
there are no solutions for immediate tissue
analysis, with tissue frozen section taking at
least 30-40 minutes to return a basic answer
unnecessarily prolonging the operation time.
And yet these decisions are routinely made
during every brain tumour operation.
Together, they started a search for new
technology which could help reduce surgical
uncertainty and offered a solution to the
problems faced almost every day. Raman
spectroscopy provides an attractive such
solution. Being optical, there is no damage
to the tissue being analysed, with multiple
high resolution repeat measurements being
possible. With funding from the Brain Tumour
Research Campaign and Brain Tumour
Research (BTR), they designed and used a
Raman spectroscopy system during brain
tumour surgery at Charing Cross Hospital for
the first time in Europe in August 2015.
Although they have successfully used the
technology and provided the crucial proof
of principle, there are uncertainties in the
measurements that need to be addressed due
to lack of standards. This is the first stumbling
block to the technology being used by other
surgeons at other hospitals, and indeed a
much-needed multi-centre clinical trial. NPL is
working closely with surgeons from Charing
Insights Beyond measurement
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Cross Hospital to overcome these problems.
Successful use of the technology needs
immediate standard methods and reference
samples to make each instrument work with
same sensitivity and specificity in all clinical
set-ups. These will directly affect the decisions
made by the surgeons from the measurements
and translate its impact to the patients.
The currently-used spontaneous Raman
technology is the beginning of a journey to
bring immediate benefits to the patients. With
the advent of low-cost ultrafast lasers, new
opportunities are around the corner to use
stimulated Raman and coherent anti-Stokes
Raman spectroscopy to overcome some
of the limitations of the current technique,
namely the speed and sensitivity. The physics
of the measurements and engineering
implementations have already been reported
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from laboratory-based set-up, and the
required metrology to take it to the patients.

The dawn of precision medicine
Theranostics, or precision medicine, represents
a transition from conventional medicine,
where the same treatment protocol may be
applied to large patient populations with a
similar diagnosis. In personalised medicine,
each individual disease is understood in
enough detail to be able to accurately predict
the precise therapeutic responses for the
individual patient being treated during their
disease course. It has the potential to result in
the right treatment for the right patient at the
right time.
The implications for precision medicine for
cancer treatment are profound. Wouldn’t it be

Raman spectroscopy in neurosurgery: the dawn of precision medicine

amazing if, through a simple test, the doctor
could detect cancer at its earliest stages,
discover its likely behaviour in terms of local
growth and spread to other organs, determine
the exact chemotherapy and radiotherapy
regime that will be most effective, and
monitor treatment response during the
patient pathway?
For neurosurgery the implications are truly
transformational. Data acquired in situ during
surgery on the living cancer has the potential
to provide the most accurate, complete
dataset of the disease the patient is suffering
from. The information obtained could allow
immediate diagnosis and tissue recognition,
allowing the surgeon to accurately identify
diseased and normal tissue prior to a decision
to resect. Having feedback within seconds
would allow the surgeon to make decisions
whilst removing the tumour. But the rich
dataset obtained can go much, much further.
Within the molecular bond resonances of the
Raman spectra lies a holistic analysis of the
whole tissue: from DNA through to proteins
and lipids. From genome, to proteome,
to lipidome: Raman spectroscopy has the
potential to see it all. This transcends simple

genetic analysis and allows data capture of
the whole living system. Encoded within
this data is the molecular fingerprint of
each individual cancer, possibly many new
cancers which are currently indistinguishable
using conventional histology alone. Within
this molecular fingerprint lies data that
could predict the biological behaviour of
the cancer; how fast it will grow; in which
direction it will grow; how it will respond to
being surgically removed; how it will respond
to chemoradiotherapy; and how long the
individual patient being operated on will
live. This information, when provided to the
surgeon at the time of operation, may
change the face of brain tumour surgery as
we know it.
To achieve this, Raman spectroscopy has
to be carefully studied, standardised, and
deep learning algorithms deployed to mine
the data for clinically-relevant information.
The combination of Raman spectroscopy,
standards and ‘Big Data’ will not only help the
surgeons, it will bring benefits to the patients
now, and reveal many unknown facts about
cancer in the future.
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National Centre of Excellence
in Mass Spectrometry
Imaging (NiCE-MSI)
Josephine Bunch, Co-Director NiCE-MSI and Principal Research Scientist
Ian Gilmore, NPL Head of Science and Senior Fellow in Surface & Nanoanalysis
Mass spectrometry
(MS) is one of the
most powerful
techniques for
chemical analysis –
it produces charged
particles (ions) from
a substance and
uses a mass
spectrometer to
separate the ions
according to their
mass to charge
ratios.
This separation provides a means of
determining the mass of the ion. Measuring
the mass of an ion is an important step in
identifying the molecules present within a
sample. When combined with an imaging
capability, this allows molecular chemistry to
be visualised in 2D and 3D, from the nano- to
the macro-scale, in ambient conditions as well
as in real‐time. Mass spectrometry imaging
(MSI) has been used to study the distribution
of proteins, lipids and drugs in a diverse
range of tissues and cells. As such, MSI offers
unique opportunities in cancer treatment for
measuring disease markers, drug distribution
and, importantly, the molecular changes
occurring within tumours throughout
treatment. These attributes highlight the
excellent potential for MSI to inform treatment
decisions and monitor treatment responses
to help the development and delivery of
therapies that are effective for particular
groups of patients.
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There are three principal techniques: secondary
ion mass spectrometry (SIMS), ambient mass
spectrometries (AMS) and matrix-assisted laser
desorption/ionization mass spectrometry
(MALDI MS). The National Centre of Excellence
in Mass Spectrometry Imaging (NiCE-MSI) at
NPL is one of the world’s leading centres with a
focus on advancing measurement capabilities,
establishing metrology for reliability and
standardisation, supporting UK industry, and
training the next generation of scientists and
engineers. NPL NiCE-MSI is leading a multidisciplinary consortium in a Cancer Research
UK’s Grand Challenge project, that aims to bring
these techniques together in an ambitious
programme for multi-scale imaging of tumour
metabolism inside and outside the body, down
to sub-cellular measurements. This project will
use the revolutionary 3D nanoSIMS instrument
conceived by NPL to address a grand challenge
in the pharmaceutical industry: to reduce late
stage drug failure through early measurement
of exactly where drugs go within sub-cellular
compartments, known as organelles. This
innovative instrument, the only one worldwide,
is a powerful UK capability and was launched by
Sir Colin Dollery, Senior Consultant for Research
& Development, GSK, in November 2016. The
instrument has incredible potential for cancer
research owing to its ability to accurately
identify tissue constituents and, importantly,
the presence of chemicals, such as those
metabolised by a tumour, that are otherwise
obscured in other state-of-the-art instruments.
As the UK’s National Measurement Institute, we
are well poised to deliver reliable and validated
protocols which will provide meaningful results
and be widely adopted by other researchers.

National Centre of Excellence in Mass Spectrometry Imaging (NiCE-MSI)

Standardisation of these methods is essential
because:
•

Cancer biology is extensively
interdisciplinary, involving measurements
from many techniques. The correctness,
reproducibility and repeatability of the
data produced is of great consequence for
effective use, interpretation and decisionmaking, as well as for the longevity of
publicly-funded research.

•

Techniques, such as MSI, are highly complex
with a strong interdependence between
sample preparation, instrument-operating
conditions and data analytics. Standards
ensure the measurements are fit-forpurpose between different systems, users,
laboratories and instrument models.

•

Regulatory approvals for new medicines
and diagnostic tests require a portfolio of
evidence and validation.

Metrology is at the foundation of all effective
standards; without these firm foundations to
build on, traceability is poor and the utility of
techniques is of a meagre kind. A core mission
of NPL’s NiCE-MSI is to develop the foundation
metrology for SIMS, MALDI and the AMS family
of techniques, along with the computational
analytics that turn data into knowledge.
This includes, for example, understanding
detection efficiency, sensitivity, ‘matrix’ effects
due to interference, instrumental effects,
sample effects and validity of computational
algorithms. Globally, NPL has the strongest
track record and coverage of international
standardisation in mass spectrometry imaging.
Our mission is to deliver impact from our
science in partnership with collaborators in
academia and industry.
Below: Anatomical segmentation (using a
k-means algorithm) of a rodent lung section
which had been analysed by SIMS.
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Improving radiotherapy for
cancer patients
Dr Ranald Mackay, Director of Christie Medical Physics and Engineering (CMPE),
The Christie NHS Foundation Trust
In my career as a
radiotherapy physicist
I have always seen
my role as seeking to
improve radiotherapy
for patients.
It is not always possible
to directly relate improvements in dose
distribution that we deliver to individual
patients to improvements in outcome.
However, it is clear that the progress seen
over the last 20 years in targeting and shaping
dose has revolutionised radiotherapy practice
and contributed not only to improvements in
survival, but also in side effect reduction for
patients now living longer as a result of better
treatment.

At The Christie we are involved in exciting
new radiotherapy developments that seek to
continue the path of improvement. Proton
therapy can be a controversial topic in the
media. However, in comparison to high
energy X-rays that are conventionally used for
radiotherapy which irradiate all the tissue in
the beam path through the patient, proton
beams stop within the patient, delivering the
tumour-killing dose in a sharp peak. It has
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long been realised that this spares tissue from
irradiation and reduces the side effects from
radiotherapy. Currently, it has been recognised
that patients from the UK need access to
proton therapy, but with no facilities those
patients are referred abroad for treatment in
Switzerland and the USA. The Christie, along
with University College London Hospital
(UCLH), have been chosen to develop the
National Proton Beam Therapy Service for the
NHS with the aim of repatriating the patients
currently travelling abroad and expanding the
indications for patients from England and the
rest of the UK.
The two NHS centres have received £250 million
funding from the Department of Health to
develop proton therapy integrated with the
excellent radiotherapy and clinical services
required to underpin the complex treatments.
The centres have conducted the largest single
radiotherapy procurement in Europe for proton
treatment equipment - currently the two proton
centres are under construction with patient
treatment due to commence at The Christie in
2018, closely followed by UCLH. The centres
will, in particular, have specialist services
for the treatment of children, an important
patient group that benefits most from this
new technology. This will include the latest
in treatment imaging and scanning proton
therapy technology.
Through the central funding for proton therapy,
we will be able to focus on patients with the
greatest clinical need and, by integrating the
specialist service across two sites, we will be
able to follow patients carefully to examine the
benefit of proton therapy over conventional
radiotherapy.
In addition to proton therapy development,
The Christie is working to implement integrated
Magntic Resonance (MR) scanning with
a radiotherapy linear accelerator (Linac).

Text

Currently, in-room imaging provides cone beam
CT images of the patient prior to treatment,
but through the integration of a magnetic
resonance scanner with a radiotherapy Linac
on-treatment imaging with MR becomes
possible. MR imaging provides better soft
tissue detail and will be able to provide realtime feedback to the treatment system so that
conventional treatment plans can be adapted
to best suit the patient on the day of treatment.
The prototype MR-linac was delivered by Elekta
towards the end of 2016.

In preparation for these important clinical
developments, NPL is closely involved in
developing the dosimetry protocols to
ensure consistent and safe procedures for
the calibration of both proton therapy and
the MR-linac. Both of these developments are
underpinned by clinical research programmes
led by Professor Karen Kirkby and Professor
Marcel Van Herk integrated within the
Manchester Cancer Research Centre. This is an
exciting time to be working in radiotherapy and
at The Christie in particular.
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A new technology in image
guidance for improved
cancer care
Dr Giulia Thompson, Senior Manager - Physics, Global Engineering – Elekta, UK
With a global
ageing population,
cancer incidence
is increasing
approximately 3-4%
every year.
It is thought that at least 50%
of all cancer cases could benefit from radiation
therapy, which is one of the most cost-effective
treatments available to oncology patients. Elekta
has been leading a number of innovations in
cancer care through collaborations with its
research customers and has especially been
pioneering the technology of image guidance
systems for radiotherapy, so as to increase the
accuracy of radiotherapy treatments and extend
its use to new clinical applications and protocols.
Starting more than a decade ago, Elekta, as a
result of a collaboration with several centres of
excellence for cancer research in Europe and
North America, introduced the first medical linear
accelerator (Linac) combined with a Cone-Beam
Computed Tomography (CBCT) system (Elekta
Synergy®). CBCT is a volume imaging technique
making use of an X-ray cone beam source that
rotates around the patient. Elekta Synergy was
the first system in the world to provide ImageGuided Radiation Therapy (IGRT) with 3D
imaging capability of internal structures with the
patient in the treatment position, so as to more
accurately target the tumour with the radiation
beam and avoid surrounding healthy tissues.
CBCT-based IGRT has now been successfully
adopted in the modern clinical radiotherapy
workflow. Collaborative research has
continued to push the frontiers of IGRT with
a new concept introduced with University
Medical Center Utrecht (UMCU) in The
Netherlands: the development of the first
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linear accelerator integrated with a high-field
(1.5 T) Magnetic Resonance Imaging (MRI)
system, which has been built in a collaborative
effort between Elekta and Philips as the
MRI technology partner. MRI provides the
advantage of superior soft-tissue image
contrast without exposing the patient to
X-rays, offering the opportunity for real-time
visualisation and monitoring throughout
the radiation treatment. The development
of such a system started more than 10 years
ago before the first high-field MR-linac
experimental prototype was installed in 2009
at UMCU. This enabled the Utrecht team to
show the first proof-of-principle results and
conduct their pioneering research work.
The project has now grown into the Elekta
MR-linac Consortium, counting seven worldleading research and clinical institutions
in Europe, Canada and USA, including a
number of UK centres specialising in oncology
research and treatment: the Institute of
Cancer Research (ICR), together with the
Royal Marsden NHS Foundation Trust (RMH)
in Surrey and The Christie NHS Foundation
Trust in Manchester. The installation of the first
Elekta MR-linac system in the United Kingdom
took place at the ICR/RMH site, making it the
fourth global centre to install it; in addition to
UMCU, where a third installation was carried
out this year, The Netherlands Cancer Institute
in Amsterdam and the University of Texas MD
Anderson Cancer Center also have a system.
The integration of a radiotherapy linear
accelerator with an MRI system has presented
a number of technical challenges: treatment
delivery and planning systems have to be
modified to operate correctly in the presence of
a magnetic field; the magnetic resonance (MR)
module must minimise the effects of additional
material in the beam path. The initial images
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acquired on the systems installed at Consortium
sites have demonstrated how, by overcoming
these challenges, the high quality of the MR
images is unaffected by the presence of the
radiation treatment beam and the rotating
Linac gantry.
Another challenge posed by this new
technology is the measurement of radiation
dose in the presence of a strong magnetic
field, to ensure that the commissioning
and quality assurance of the system can be
accurately performed. This topic has been
investigated by several members of the Elekta
MR-linac Consortium, as well as by National
Measurement Institutes, including the National
Physical Laboratory (NPL), where an electromagnet has been installed in an irradiation
facility in order to study how various
radiation dosimetry devices are affected by
magnetic fields. The interest in the MR-linac
technology and involvement of leading
metrology institutes such as NPL is important
for the radiation oncology community
as it will result in the development of
updated dosimetry protocols, quality
assurance and audit programmes
that will support the clinical
implementation of MR-guided
radiotherapy.
The MR-linac is an exciting
technology that could potentially
create a new paradigm in cancer care.
Combined with sophisticated software
tools, it could provide real-time, high-quality
soft tissue visualisation that may allow the
reduction of treatment margins and escalate
treatment dose with reduced toxicity for healthy
tissues. High-quality imaging during the actual
treatment may also allow clinicians to perform a
rapid assessment and respond with an adaptive
treatment approach. In addition, the possibility
given by MR of performing functional imaging
could potentially influence treatment strategies
based on the tumour physiological response,
leading towards increasingly personalised care
for cancer patients.
The next stages of clinical research by the
Elekta MR-linac Consortium will investigate the
potential of the MR-linac technology to improve
patient outcome for existing radiotherapy uses,
as well as to extend radiotherapy treatments
to new clinical applications; for example,
to pancreatic or renal cancer, where the
application of radiotherapy is currently limited
because of the difficulty of visualising and

tracking tumours, which are surrounded by
healthy tissues with high sensitivity to radiation
damage.
By stretching the boundaries of science and
technology to deliver clinical advances in cancer
treatment, Elekta and its research partners are
improving, prolonging and saving lives.
Elekta’s MR-linac is a work in progress and not
available for sale or distribution.

With the MR-linac, high quality MR images will allow the tumour
and surrounding tissues to be seen clearly during treatment.

About Elekta
Elekta is a human care company pioneering
significant innovations and clinical solutions
for treating cancer and brain disorders. The
company develops sophisticated, state-ofthe-art tools and treatment planning systems
for radiation therapy, radiosurgery and
brachytherapy, as well as workflow-enhancing
software systems across the spectrum of cancer
care. Stretching the boundaries of science and
technology, providing intelligent and resourceefficient solutions that offer confidence to both
healthcare providers and patients, Elekta aims to
improve, prolong and even save patient lives.
Today, Elekta solutions in oncology and
neurosurgery are used in over 6,000 hospitals
worldwide. Elekta employs around 3,800
employees globally. The corporate headquarters
is located in Stockholm, Sweden, and the
company is listed on NASDAQ Stockholm.
Website: www.elekta.com Twitter: @Elekta

Insights Beyond measurement

19

National Physical Laboratory
NPL is a world-leading centre for the development and
exploitation of measurement science, technology, related
standards, and best practice in a diverse range of technical
areas and market sectors. As the UK’s National Measurement
Institute, our capabilities underpin the UK National
Measurement System (NMS), ensuring consistency and
traceability of measurements in support of UK and overseas
customer interests. We aim to provide world-class science
and engineering with economic, social and environmental
benefits to the UK.
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