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Abstract

Proton Beam Therapy is one of the key elements in a major improvement in access to advanced radiotherapy in the UK. An overseas programme has treated
significant numbers of children and young adults and skull base tumours since 2008. A major government investment has resulted in building two proton
centres in England sited in academic major cancer centres. A weak evidence base for most adult indications means that the NHS will use clinical trials and
studies to explore the future role of Protons.
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We are part way through a journey towards the imple-
mentation of proton beam therapy (PBT) within the Na-
tional Health Service (NHS). As with any journey, it is
important to understand where we have come from, where
we are and where we are going.

Background

The National Cancer Action Team commissioned a report
from the National Radiotherapy Advisory Group (NRAG) to
address inadequate capacity, staffing and uptake of
advanced radiotherapy in England, which reported in May
2007. One strand examined the lack of access to high-
energy PBT. The report concluded that for commonly
accepted indications there should be a process to allow
access abroad for selected patients. In addition, a business
case should be prepared for the Department of Health for
building a UK-based PBT centre(s). The NRAG report con-
clusions were incorporated into the 2007 Department of
Health Cancer Reform Strategy [1] giving Prime Ministerial-
level support to a fundamental change in the investment
and priority given to radiotherapy in England.

In 2008, NHS Highly Specialised Commissioning started
the Proton Overseas Programme. Through NHS England
Commissioning Policies [2], this now covers a range of
paediatric and teenage and young adult (TYA) cancers, skull
base and paraspinal sarcomas and other selected tumours
near the skull base for curative radiotherapy treatment.
Centres abroad were chosen and inspected, including their
associated supportive infrastructure, essential to the de-
livery of concurrent chemotherapy and care for children. All
cases, including imaging, are reviewed by NHS England
expert reference panels (which includes neurosurgeons for
adult cases) through a virtual multidisciplinary team pro-
cess. A recommended commissioning decision is made for
patients from England, Scotland and Northern Ireland.
Wales makes its own final commissioning decisions. Im-
aging is sent abroad through a secure image exchange
portal. Initial paediatric numbers were low, but this has
accelerated significantly since 2012.

The process for Department of Health business cases,
approved by Treasury, culminated in an approved full
business case for £250 million in 2015. Two centres were
selected through competitive bidding. The procurement of
building partner and major equipment was hugely suc-
cessful in raising technical specifications and driving down
costs.
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Building work is now well underway with The Christie
Hospital, Manchester opening in August 2018 and UCLH,
London in 2020.

Where are We Now?

Proton Overseas Programme

The Proton Overseas Programme has been very suc-
cessful. It is arguably the largest national PBT access pro-
gramme, drawing equitably from a whole population, with
treatment, transport abroad and accommodation funded by
the NHS.

Since the programme opened in 2008 the numbers of
patients approved for PBT is high (1144). This includes cases
from England, Scotland and Northern Ireland, as well as
Wales. The breakdown of cases by age and diagnosis is
shown in Table 1.

Most cases have been treated at University of Florida
Proton Therapy Institute, Jacksonville, although significant
numbers have been treated at Procure Oklahoma and the
Paul Scherer Institute in Switzerland. A procurement exer-
cise has recently been concluded, adding Westdeutsches
Protonentherapiezentrum Essen (WPE), which will allow an
expanding number of paediatric and TYA patients to be
treated this side of the Atlantic with easier travel arrange-
ments, and entry into clinical trials, such as PNET5.

There is now sufficient length of follow-up and numbers
in these relatively rare cancers to audit early clinical out-
comes. Ependymoma cases have been presented at the
Paediatric Radiation Oncology Society and the paediatric
central nervous system cases treated at Jacksonville now
published [3]. Reassuringly, overall survival and local con-
trol were equivalent to conventional photon literature. It is,
however, too early to assess late toxicity.

An audit of adult skull base sarcoma applications showed
a large proportion were turned down as there was insuffi-
cient or no margin between postoperative residual tumour
and the brain stem to allow any dose escalation with PBT.
Guidelines on both surgical and radiotherapy standards
have been produced with support from the British Skull

Base Society and the British Society of Neurological Sur-
geons and are consistent with evidence-based literature [4].

NHS England Proton Beam Therapy Centres e The Christie
and UCLH

Both facilities are sited within a major national cancer
centre and an associated clinical and medical physics aca-
demic framework. A full range of specialist multidisci-
plinary teams is available to both assess and treat referred
patients. The wider supportive cancer centre infrastructure
of staff and beds has significant extra capacity built in to
ensure the safe management of concurrent chemotherapy
and complications. Experience from the NHS overseas
programme shows that in the paediatric and TYA groups,
emergencies are not uncommon. Nearly all are associated
with either chemotherapy (neutropenic sepsis) or neuro-
surgical (vascular events, stent blockage or tumour cyst
regrowth) emergencies. The associated specialist units
(Manchester Children’s Hospital, Salford, Great Ormond
Street, Queen’s Square and Royal National Orthopaedic
Stanmore) have international reputations.

The equipment is identical at both centres, sharing a
common procurement. There are three treatment cham-
bers, each with a full 360� gantry and cone beam computed
tomography imaging, running from a single cyclotron. The
system uses pencil beam scanning. There are dedicated
computed tomography and magnetic resonance imaging
scanners, as well as anaesthetic and recovery rooms within
the centre. Fast beam switching ensures beamwaiting times
are short. Each centre will be able to treat 650e750 patients
per annum once fully ramped up. The highly complex case
mix of core NHS indications, with a significant proportion of
children undergoing general anaesthesia, means this is
ambitious but realistic with extended working hours and
staff shift systems.

The need for more frequent re-planning compared with
photons means full-time medical staff availability and team
working are essential. All staff will have undergone a
demanding credentialing programme, including attach-
ments in academic centres abroad.

New accommodation capacity is being provided and
there are associations with major national children’s
charities.

Both centres are developing associated physics, biology
and fundamental underpinning research programmes. A
common dataset and programme for follow-up has been
defined.

NHS England has been clear it will only commission ac-
tivity from these two centres, until there is sufficient evi-
dence and policies justifying extra capacity.

Where are We Going?

PBT is a fast moving area and there are major un-
certainties compared with photon radiotherapy. Range
uncertainties due to changes in density on a day to day basis
require frequent imaging, which in itself is less developed

Table 1
Proton Overseas Programme e Diagnosis and age casemix

Diagnosis Adult Teenage and
young adult

Paediatric

Chordoma 147 18 15
Chondrosarcoma 86 12 5
Low grade glioma - 16 138
Ependymoma - 11 140
Craniopharyngioma - 11 87
Rhabdomyosarcoma - 8 176
Peripheral primitive
neuroectodermal
tumours

6 8 105

Soft tissue sarcoma 11 10 15
Other 17 40 62
Total 267 134 743
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