
RADIOTHERAPY

How NHS investment in proton beam therapy is coming
to fruition
As the first national centres start to provide this developing radiotherapy technology in the UK,
Matthew Limb reports on the hopes and expectations of doctors, policy makers, and patients

Matthew Limb freelance journalist, London, UK

Advocates view this winter’s opening of the NHS’s first high
energy proton beam therapy unit, at the Christie NHS
Foundation Trust in Manchester, as a landmark for the National
Health Service. “It is a confirmation that radiation oncology is
absolutely a key part of modern cancer treatment,” says Adrian
Crellin, NHS England clinical lead for proton beam therapy.
Stuart Green, director of medical physics at University Hospitals
Birmingham NHS Foundation Trust, also sees a “milestone for
our NHS radiotherapy community” being reached. When the
NHS’s second planned proton beam unit opens at University
College Hospital (UCH), London, in 2020, he says, “Whatever
we can do with protons we’ll be doing as well as anyone can
possibly do in the UK.”

What is proton beam therapy?
Proton beam therapy is an advanced form of radiotherapy. It uses a high
energy beam of protons, rather than the high energy x rays in conventional
or standard radiotherapy.
A particle accelerator (cyclotron) is used to speed up the protons. Protons are
aimed at the tumour using a gantry that rotates through 360°. The beam of
protons stops once it “hits” the cancer cells, rather than carrying on through
the body so there is little or no dose to surrounding tissues.

Proton therapy for rare eye tumours has been available on the
NHS at the Clatterbridge Cancer Centre on the Wirral since
1989. But for other cancers, patients requiring high energy
proton beam therapy have had to go abroad for treatment. Since
2008, some 1400 patients have been referred to hospitals in the
US and Europe under an NHS overseas treatment programme
that funds treatment, transport, and accommodation.
When fully up and running, the two new £125m (€140m;
$160m) centres will each treat up to 750 patients a year. “Many
of the patients we’ll be treating will be children, young people,
and those with what could loosely be termed as rarer tumours,”
says Ed Smith, who heads the Christie unit.
“I suspect in the next three or four years all of those patients
who would have gone overseas will be treated in the UK.”

This will be “fantastic” for patients and their families, according
to Sophie Vohra, a 25 year old PhD student who had NHS
funded proton therapy in the US in 2015. “I think it’s a necessary
step forward,” she says.
Vohra developed inoperable Ewings sarcoma at the bottom of
her spine and was referred to Jacksonville, Florida, for two
months of intensive treatment combining chemotherapy and
proton beam therapy.
Her scans have been clear since, and she believes her risk of
internal damage was lower than if she had had conventional or
standard radiotherapy. Nonetheless, she would have preferred
treatment in the UK had it been available. “It means your life,
your medical treatment, and your family’s support networks
aren’t disrupted so much.”
Growing evidence
Research has advanced since the NHS announced investment
in the two national proton beam centres in 2012. Smith, a
consultant clinical oncologist, says protons now have “an
increasingly proved role in the indications we will treat” and
suggests the evidence is “beginning to firm up” for the reduction
of long term toxicities.
Conventional radiotherapy uses x rays from multiple directions;
a modern variant is high precision, intensity modulated
radiotherapy (IMRT), which aims to maximise the dose to the
tumour while minimising the dose to the surrounding tissue.
But the multiple beam approach used in IMRT still leads to
healthy tissue receiving substantial doses, and in selected cases
proton radiotherapy can provide important dose advantages
compared with best quality IMRT.
In children and young adults the indications for proton therapy
include some tumours in the brain, the head and neck area, and
near the base of the skull or spine, as well as some soft tissue
tumours and tumours in the pelvis.
In adults, accepted indications include some tumours that are
difficult to treat because they are close to sensitive organs—for
example, close to the base of the skull or the spinal cord.
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Research published in 2016 showed proton beam therapy
achieves similar survival to conventional radiotherapy in
children with medulloblastoma and may be less toxic.1 Another
2016 study analysed children with ependymomas treated through
the UK proton beam therapy overseas programme. It found this
had been “a successful and feasible treatment option,” with early
outcomes and toxicity acceptable compared with other published
data.2

Consultant clinical oncologist at the Royal Marsden Hospital,
Chris Nutting, says the fact the UK will be “repatriating” many
patients from the overseas programme, and also treating those
who might have been too unwell to be referred abroad, is a
“success story.” “I don’t think there are any real dissenters to
that,” he says.

Contested area
A more contested area is how far proton therapy should be rolled
out to other groups of patients.
In principle, any condition that can be treated with conventional
radiotherapy can be treated with proton radiation. But key
questions are whether that would be the better option for the
patient clinically, and whether it justifies the extra cost and
substantial challenges in delivering proton therapy.
Smith says the theoretical advantage of protons—the potential
to spare toxicity or enable the delivery of curative doses of
radiation therapy in certain situations—does not necessarily
translate into clinical benefits.3

Nutting, a past president of the British Oncological Association,
says in breast cancer, for example, protons may give a more
accurate treatment dose that will damage less of the lung tissue
underneath and might seem to be the best option. “But clinically
there are no consequences to the minor lung damage caused by
breast radiotherapy so protons wouldn’t be considered clinically
advantageous.”
Nutting treats head and neck cancer, which he says is very toxic
for patients both during radiotherapy and for the rest of their
lives. For patients with tumours in the mouth and throat,
complications from radiotherapy treatment include damage to
the saliva glands that affects eating, pain in the throat, and
difficulty with swallowing.
“It may be that with a better location of the radiation dose with
protons that some of those side effects will be less in the longer
term,” explains Nutting. “My view as an academic radiotherapist
is we should be doing clinical trials in this group of patients.”
He has proposed a trial, awaiting funding approval, to compare
the best radiotherapy currently on offer with proton therapy to
see what the benefits are for head and neck cancer patients in
the long term. “We need about 100 patients over two or three
years to come to a conclusion on what the advantages of protons
are over the best current radiotherapy,” Nutting says.

Growing the evidence base
The proposed trial is a collaboration with the Christie and
University College Hospitals, Importantly, both proton therapy
centres are sited within a major national cancer service and an
associated clinical and medical physics academic framework.
A key role of the two NHS centres will be to investigate the
benefit of proton therapy in new indications, including through
NHS evaluative commissioning studies when trials aren’t
possible. Smith says, “One of the main aims of the service,
through clinical trials and outcome data collection, is to identify
those patients who would most benefit.”

Currently, for most adult radiotherapy indications, evidence for
improved outcomes compared with photons is weak or
non-existent, says NHS England’s Crellin.4 It seems likely the
benefit will be in “niche subpopulations of existing radiotherapy
indications”: those in which the dose distribution of proton beam
therapy reduces critical high risks of toxicity or allows use of
higher doses compared with photons.
Nutting says, “We’re looking around the body for areas where
current radiotherapy is pretty good but there are side effects
which we think should be ameliorated and therefore we should
choose these particular areas to test protons in trials.”
Crellin adds that proton therapy’s “true role” is likely to be in
combination with other radiotherapy forms. He says, “A
mythology has grown up suggesting proton therapy is more
effective or without toxicity compared with conventional
radiotherapy. All radiotherapy is undergoing continuous
improvement, with innovations such as arc therapy, stereotactic
ablative radiotherapy, and magnetic resonance imaging guided
treatment as well as electron therapy, brachytherapy, and
molecular radiotherapy.”
In the UK, radiotherapy clinical trials and radiotherapy research
are coordinated by the Clinical and Radiotherapy Translational
Group (CTRad), funded by the National Cancer Research
Institute. A special strategy group of CTRad was formed in
2017 to develop proton beam clinical trials.5

The Christie centre will deliver a mixture of single arm and
randomised studies, starting to accept trial patients next year.
As well as the head and neck cancer trial, several other research
protocols are being developed, including for lung cancer, pelvic
tumours, gynaecological tumours, and lymphoma.
Smith says, “We know we have an obligation to the wider
clinical community to demonstrate the effectiveness of protons
for particular patient groups, and collecting outcomes data is
an integral part of that.”

Uncertainties, toxicities, and complexities
Given that the quality of standard radiotherapy has improved
substantially, the test for proton therapy to prove its comparative
advantages is arguably now tougher. Specialists accept there
are uncertainties and questions surrounding proton therapy that
cannot be ignored, and particular complexities in delivering it.
Uncertainties include concerns about radiological changes in
and around the brain. Smith says questions over certain toxicities
need “exploring further,” and the Christie will be collecting data
on all patients to see if these concerns are valid.
He adds, “There is still toxicity associated with proton therapy,
sometimes serious. Every patient seen by us will be counselled
about the potential benefits and toxicities of treatment.”
Birmingham’s Green tells The BMJ that brain stem toxicity
levels of around 10% could have serious and potentially fatal
consequences for patients. He suggests high toxicity might be
explained by a variety of factors coming together to affect
certain patients. These might include uncertainties in the delivery
of the proton beam; differences in patients’ tolerance to
radiation; the fact that patients can be on a very rapidly rising
portion of a dose-response curve (so a small change in dose can
have a large change in effect in certain circumstances); and the
possibility that the nature of the damage with proton therapy is
different from that produced by x rays (it may be slightly harder
for the healthy tissues to repair).
Green says these uncertainties show that proton therapy needs
to be “carefully considered and carefully evaluated, and to be
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rolled out in the kind of centres and in the kind of infrastructure
the Christie has.”
Treatment sessions for proton therapy are longer than for x ray
treatment but not significantly (20-45 minutes compared with
10-15 minutes). However, the process of planning and preparing
patients for proton therapy is complex. About 30-40% of patients
will need to have their treatment replanned at some point—for
example, because they have lost weight or their body shape has
changed—because it is so sensitive to the amount of tissue that’s
there.
“With protons… movement of a tumour in and out of the area
you’re irradiating can be a challenge,” Smith says. “However,
we know that, and we can accommodate it in our planning, so
it is surmountable.”
Smith says developments in technology since 2012 mean
treatment accuracy has continued to improve so there are now
better “motion management strategies” and enhanced image
guidance.

Value for money?
Proton therapy centres are huge and costly infrastructure
projects. Will the investment prove value for money?
NHS England says that, since 2008 when the overseas
programme began, over 1400 patients have been approved for
treatment overseas. Roughly two thirds of these were children.
In 2017-18, 216 patients were approved for referral at a cost of
about £24m.
It adds that as the number of patients travelling overseas for
treatment reduces, the amount available to fund the service in
the UK will correspondingly increase. By 2022, when the UK
service is at full capacity and treating up to 1500 patients a year,
the estimated cost for each patient will be between £41 000 and
£43 000, according to the Christie.
Smith says toxicity is “expensive” for the NHS to manage and
has a substantial effect on patients’ quality of life. “Those
patients who have tumours next to critical structures may benefit
from a radical treatment, a curative dose, that is not possible
with other methods.
“That can be the difference between survival and perhaps
reliance on multiple episodes of palliative chemotherapy or
other radiotherapies down the line for retreatment. It may be
the difference between a child being dependent on carers as
they grow up or not.”
He adds, “We’re very conscious this is a national service. A
huge amount of preparation and training has gone into this. But
when you start treating patients, that’s when the real education
starts.”

Patient perspective: “Despite ongoing side effects, we have no
regrets”
Caroline and Stuart Thomas, whose daughter Lucy had proton beam therapy
in the US in 2012 when she was 6 years old, have been coming to terms with
how, now she is 12, she is experiencing the late side effects of treatment.
Lucy was successfully treated for rhabdomyosarcoma, a rare type of muscle
cancer in the nasal passage and palate, and is now, says her mum, “well,
happy, and enjoying life.”
However, radiation near her pituitary gland has left Lucy needing growth
hormone treatment. She has also lost some upper teeth because the roots
had become shallow and has developed a cataract in one eye.
Caroline says the family was made aware of potential side effects and has
“no regrets” about the treatment. It was the “best option” given the site of the
cancer; there were fears standard x rays could have caused harm to the brain.
“It’s been quite an emotional rollercoaster for us all, but Lucy takes everything
in her stride,” she says. “The main thing is Lucy is still with us. Everything that
we’ve come up against so far is controllable and we can do something about
it.”
Lucy has regular check-ups at the Christie. Her family fully support proton
beam therapy being available in the UK and want her treatment experience
to add to research knowledge so that other patients will benefit.
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Private proton beam therapy: meeting demand or overselling?
The United States has seen a big expansion in private proton therapy centres
marketed heavily at men with prostate cancer in the hope of generating large
incomes.
But that bubble is now bursting, say analysts, and centres have closed as
insurers have pulled out, seeing no proved additional benefit in the therapy
compared with the alternatives.6

Stuart Green, director of medical physics at University Hospitals Birmingham
NHS Foundation Trust, says private sector organisations in many countries
are trying to promote the idea that there is some evidence of benefit from
proton therapy for a relatively large proportion of radiotherapy patients.
“The truth is that although proton therapy centres around the world are treating
patients with those indications, they’re not generating the kind of quality
evidence that would impress NICE [the National Institute for Health and Care
Excellence],” he says.
Could the UK private sector, belatedly, be going down the US route? Proton
Partners International is establishing five small (single treatment room) proton
therapy centres in the UK at a reputed £30m each. The Rutherford Centre
South Wales, in Newport, was the first to open, in April 2018, and its first
patient was treated for prostate cancer.
Since then two other Rutherford Centres, in Northumberland and in Reading,
have opened and will start to offer proton beam therapy this year. The company
said in November that 25 patients have been or are in the process of being
treated with high energy proton beam therapy through this network.
Karol Sikora, the chief medical officer of Proton Partners International, has
defended its approach, saying it will meet a growing demand that the NHS,
with its “slow” processes and “restrictive” capacity, cannot.
The NHS’s strategy is expected to deliver around 1-1.5% of all radical
radiotherapy by proton therapy.
Proton Partners International estimates that 10% of patients requiring radical
radiotherapy could be better treated with protons, which it says “aligns with
European accepted levels.”
Sikora says, “Just 10% conversion means 18 machines in the UK. British
cancer patients cannot simply wait for the NHS with its complex procurement.”
Sikora accepts that proton therapy for prostate cancer was “oversold” in the
US. But he believes that the UK private sector is not overselling proton beam
therapy. “On average we turn down around 50% of patients who approach us
for proton beam therapy after careful consideration, as we don’t view the
treatment as being beneficial to their particular case.”

Expanding boundaries
“What’s going to happen over the next five years is the boundaries of where
you use protons is going to increase; so, increasingly, artificial intelligence
and computerisation in radiotherapy are going to allow everybody to have
their radiotherapy plan monitored to see if it would be better with protons.”
Sikora adds, “With regards to prostate cancer, we do see a benefit to proton
therapy treatment in around 20% of patients because of their anatomy,
especially given that the more traditional treatment methods can tend to leave
a patient incontinent. I agree that not all warrant treatment.”
Proton Partners International has won a contract to provide proton beam
therapy to adults referred from the NHS in Wales. Sikora suggests a
“partnership” model with the NHS is likely to develop over the next decade.
However, NHS England has made it clear it will commission only from the
Christie and UCH centres “until there is sufficient evidence and policies
justifying extra capacity.” Only then will it look at how it wants to access that
capacity. Its strategy has excluded prostate cancer.
Crellin says, “For prostate cancer, there really isn’t any real evidence that
protons are superior to photon radiotherapy.”
Questions are being asked about the private sector’s business model and
whether enough patients will be persuaded—Proton Partners International
says most treatment options will cost £40 000 to £60 000 to make it a
commercial success.
Crellin says the principles behind the NHS’s strategy haven’t changed since
2012. He feels more robust than ever in defending them and what he sees
as an equitable model.
“I think we got it right,” Crellin says. “Addressing the gaps in the evidence
base through trials and a programme of research to examine the uncertainties
of proton beam therapy should be the priority.”
Green agrees: “I’m really pleased we’re taking such a cautious approach. The
ambition is to have the best quality evidence, not just use a technology because
you can.”
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