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ABSTRACT:
Aims: Modelling of demand has shown substantial underprovision of radiotherapy in the UK. We used national audit data
to study geographical differences in radiotherapy waiting times, access and dose fractionation across the four countries
of the UK and between English strategic health authorities.
Materials and methods: We used a web-based tool to collect data on diagnosis, dose fractionation and waiting times on
all National Health Service patients in the UK starting a course of radiotherapy in the week commencing 24 September
2007. Cancer incidence for the four countries of the UK and for England by primary care trust was used to model demand
for radiotherapy aggregated by country and by strategic health authority.
Results: Across the UK, excluding skin cancer, 2504 patients were prescribed 33 454 fractions in the audit week. Waits
for radical radiotherapy exceeded the recommended 4 week maximum for 31% of patients (range 0e62%). Fractions per
million per year ranged from 17 678 to 36 426 and radical fractions per incident cancer ranged from 3.0 to 6.7. Patients
who were treated received similar treatment in terms of fractions per radical course of radiotherapy (18.2e23.0).
Access rates ranged from 25.2 to 48.8%, nearing the modelled optimum of 50.7% in three regions. Fractions per million
prescribed as a first course of treatment varied from 43.9 to 90.3% of modelled demand. The percentage of patients
failing to meet the 4 week Joint Council for Clinical Oncology target for radical radiotherapy rose as activity rates
increased (r [ 0.834), indicating a mismatch of demand and capacity. In England, a comparison between strategic health
authorities showed that increasing deprivation was correlated with lower rates of access to radiotherapy (r [ L0.820).
Conclusions: There are substantial differences across the UK in the radiotherapy provided to patients and its timeliness.
Radiotherapy capacity does not reflect regional variations in cancer incidence across the UK (3618e5800 cases per
million per year). In addition, deprivation is a major unrecognised influence on radiotherapy access rates. In regions with
higher levels of deprivation, fewer patients with cancer receive radiotherapy and the proportion treated radically is
lower. This probably reflects late presentation with advanced disease, poor performance status and co-morbid illness. To
provide an equitable, evidence-based service, the needs of the local population should be assessed using demand
modelling based on local cancer incidence. Ideally this should include data on deprivation, performance status and stage
at presentation. The results should be compared with local radiotherapy activity data to understand waits, access and
dose fractionation in order to plan adequate provision for the future. The development of a mandatory radiotherapy
data set in England will facilitate this, but to assist change it is essential that the results are analysed and fed back to
clinicians and commissioners. Williams, M. V., Drinkwater, K. J. (2009). Clinical Oncology 21, 431—440
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Introduction

The series of audits of radiotherapy waiting times con-
ducted by the Royal College of Radiologists [1e4] have
shown that the percentage of patients waiting more than 28
days for radical radiotherapy in the UK has improved, with
a reduction from 70% in 2003 to 53% in 2005 and down to
31% in 2007 [4]. This target was set in 1993 by the Joint
Council for Clinical Oncology [5] and specifies that, for
radical radiotherapy involving complex treatment planning,
0936-6555/09/210431þ10 $36.00/0 ª 2009 The Royal Col
the interval from first oncology consultation to the start of
treatment should not exceed 4 weeks and that good
practice is 2 weeks [5]. In England, waits for radiotherapy
have now been included in the cancer targets set for
December 2010 in the Cancer Reform Strategy [6].

These delays to radiotherapy decrease cure rates [7e10]
and are evidence of a mismatch of capacity and demand.
Plans to address the shortfall have been published for
Scotland [11], Wales [12] and England [6]. Investment will
depend on making the case locally to those who commission
lege of Radiologists. Published by Elsevier Ltd. All rights reserved.
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radiotherapy services. We therefore undertook an analysis
of waiting times, access rates and dose fractionation by
country and, for England, by region.

Materials and Methods

The Royal College of Radiologists carried out a repeat audit
of waiting times in the week beginning 24 September 2007,
as previously described [4]. This was a web-based audit
using, unchanged, the data collection tool previously
published [13]. Further details are provided in a companion
paper [14].

This analysis breaks down the audit data by country and
subdivides the English data by analysing it at strategic
health authority level. We aggregated radiotherapy centres
together according to their geographical region and used
radiotherapy catchment populations as defined in HES
England 2001e2006 Radiotherapy Populations v3.0 Method
B [15].

Cancer incidence for the four countries of the UK was
obtained from Government web sites [16] for 2006 and is
shown in Table 1. For England, cancer incidence data and
projected population for 2006 by primary care trust were
obtained from data published online by the National Cancer
Services Analysis Team (Natcansat) [17] and were aggre-
gated by strategic health authority.

The populations of Scotland, Wales and Northern Ireland
were derived from the radiotherapy catchment areas
(which they match) [15].

Expected demand for radiotherapy was calculated using
the National Radiotherapy Advisory Group (NRAG) model
[18e20]. This was developed for England, but should apply
to radiotherapy practice across the UK and is closely similar
to the model developed for Scotland [11,21]. Appropriate
fractionation is represented by the base case figure of 15.2
Table 1 e Regional populations and catchment populations of contri
London and the South East Coast

Actual population
of region (2006)

Population served
by contributing

radiotherapy centres

Radiot
popul
region

South East Coast 4 236 530 3 004 094
South Central 3 996 024 3 573 117
East Midlands 4 330 514 3 938 912
South West 5 129 285 5 010 310
East of England 5 606 570 5 259 203
London 7 512 372 9 631 508
North West 6 886 854 6 894 637
North East 2 555 708 2 686 607
West Midlands 5 366 694 4 727 725
Yorkshire and Humber 5 142 394 5 362 511

England 50 762 945 50 088 625
Scotland 5 116 900 4 998 256
Wales 2 965 885 2 868 937
Northern Ireland 1 741 619 1 710 300

UK 60 587 349 59 666 118
fractions, which is a global average figure covering both
radical and palliative treatment for all indications derived
from treatment decision trees [19,20].

We used an appropriate rate of radiotherapy of 50.7%
[19]. This is equivalent to the access rate, which has been
defined as the proportion of cancer patients receiving
radiotherapy at least once during the treatment of their
malignancy [22,23]. We compared the incidence of cancer
in the population with the number of new patients
commencing radiotherapy in the same year, irrespective
of their year of diagnosis. Retreatment was excluded so
that the rates of first radiotherapy treatment could be
compared with cancer incidence [13,14].

This audit was a complete record of radiotherapy activity
occurring in a single week across the UK (see below). The
results therefore describe practice in that week and are not
a random sample of a larger population. Statistical in-
ference techniques cannot be applied to the results. We
used Spearman’s rank coefficient to calculate correlation
coefficients; this assumes a linear relationship.

Results

All 57 (100%) National Health Service radiotherapy centres
in the UK participated. Excluding skin cancer, we received
data on 2504 patients, who were prescribed 33 454
fractions in the week between Monday 24 September and
Sunday 30 September 2007 inclusive. Table 1 shows the
number of courses and fractions of radiotherapy recorded
by country.

Table 1 also shows the populations for the regions of the
UK in 2006 and the catchment populations for the
radiotherapy centres, which have been aggregated accord-
ing to their geographical region. Catchment areas and
regional boundaries are not coterminous, but nevertheless
buting radiotherapy centres. The largest discrepancy relates to

herapy centre
ation as % of
al population

Number of
radiotherapy

centres in region
Courses during

audit week
Fractions during

audit week

70.9 3 161 2052
89.4 4 191 2503
91.0 5 182 2474
97.7 8 264 3380
93.8 6 278 3501

128.2 8 283 4267
100.1 4 298 3669
105.1 2 98 1133
88.1 5 204 2618

104.3 3 155 1823

98.7 48 2114 27 420
97.7 5 195 2972
96.7 3 143 2134
98.2 1 52 928

98.5 57 2504 33 454
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there is close agreement between the two sets of figures,
except for London. This category includes centres at
Oldchurch, Bart’s and the London, Guy’s and Thomas’,
Hammersmith, North Middlesex and University College.
These centres draw in referrals from outside London for
a total population of 9.6 million, exceeding the population
of London strategic health authority (7.5 million) by 2.1
million (28%). A more detailed analysis by place of
residence would not be possible without patient identifi-
able data, which we do not hold.

Table 2 shows that across the UK there was marked
geographical variation in cancer incidence. In England, the
highest incidence was in the retirement area of the South
West (5688 cases per million per annum), but in London the
incidence was 3618 cases per million. The highest incidence
in the UK was seen in Wales at 5800 cases per million. Table
2 also shows the total fractions and courses of radiotherapy
per million population given in each region, both in total
and to new patients only. This latter figure reflects
a patient’s first radiotherapy treatment for their malig-
nancy and allows the access rate for radiotherapy to be
calculated. There was a wide range from 25.2% for
Yorkshire and Humber to 48.8% on the south coast. Overall,
the access rates between the four countries were similar,
but this obscures important regional differences in England.

Table 3 examines radiotherapy prescribed by region and
shows substantial differences in courses and fractions
prescribed. Rates per million varied by a factor of two
and this is reflected in the range of radical treatment
courses and fractions prescribed per incident cancer. The
proportion of courses and fractions prescribed with
palliative intent showed similar variation.

Table 4 shows that the substantial differences in access
rates ranging from 25.2 to 49.0% (Table 2) are reflected in
fractions delivered when expressed as a percentage of
Table 2 e Cancer incidence and courses of radiotherapy prescribed b

Cancer incidence
per million

Fractions per million pop
per year (activity)

South East Coast 4892 35 520
South Central 4675 36 426
East Midlands 4933 32 661
South West 5688 35 080
East of England 4759 34 616
London 3618 23 037
North West 5106 27 672
North East 5311 21 930
West Midlands 4819 28 795
Yorkshire and Humber 4927 17 678

England 4802 28 466
Scotland 5181 30 920
Wales 5800 38 679
Northern Ireland 4220 28 215

UK 4866 29 156

*Access rate indicates the percentage of cancer patients receiving rad
Only the initial treatment is therefore included in this analysis (see text
demand predicted using the NRAG model, ranging from 43.9
to 90.0% (column 6). Fractions prescribed per incident
cancer followed the same trend, ranging from 3.6 to 7.8
(column 8). By contrast, the mean number of fractions
prescribed per radical course showed a smaller variation,
ranging from 18.2 to 23.0 (column 7), implying that
fractionation is relatively uniform across the UK for those
who receive radical radiotherapy.

Table 4 also includes waiting time data. There was
considerable variation in the proportion of patients exceed-
ing the Joint Council for Clinical Oncology waiting time
targets [5], ranging from 0 to 62% for radical treatment and
from 6 to 33% for palliative treatment.

Figure 1 shows that there was poor correlation (r¼ 0.176)
between fractions per million population per year and
cancer incidence per million. Regions with a cancer in-
cidence of about 4900 cases per million per year ranged
in radiotherapy activity from 17 678 fractions per million
population per year in Yorkshire and Humber to
32 661e36 426 in East of England, East Midlands, South
Central and South East Coast (Table 4). This mismatch of
activity (fractions) and demand (cancer incidence) indicates
inequitable provision.

Figure 2 shows the poor correlation (r¼ 0.115) between
modelled fractions required (demand) and fractions pre-
scribed to new patients per million population (activity).
The line indicates the expected relationship and all regions
fell below it: the closest match was for the three regions in
the South East of England, followed by Northern Ireland and
London.

Figure 3 shows a strong correlation (r¼ 0.742) between
access rate (Table 2: NRAG model 50.7%) and fractions
given to new patients as a percentage of demand (Table 4:
NRAG model 100%). These are not independent measures,
because one would expect a correlation between the
oth overall and excluding retreatment

ulation Courses per million
per year

New courses
per million per year

Access
rate (%)*

2787 2389 48.8
2780 2270 48.6
2403 1914 38.8
2740 2221 39.0
2749 2333 49.0
1528 1280 35.4
2248 1810 35.5
1897 1471 27.7
2244 1991 41.3
1503 1241 25.2

2195 1818 37.9
2029 1633 31.5
2592 2121 36.6
1581 1490 35.3

2182 1808 37.1

iotherapy at least once during the treatment of their malignancy.
for details).



Table 3 e Radiotherapy prescribed with radical and palliative intent according to both the population served and the incidence of cancer

Radical
courses

per million

Radical
fractions

per million

Palliative
courses

per million

Palliative
fractions

per million
% palliative

courses
% palliative
fractions

Radical courses
per incident

cancer

Radical
fractions per

incident cancer

South East Coast 1558 30 811 1229 4708 44.1 13.3 0.32 6.3
South Central 1441 31 158 1339 5268 48.2 14.5 0.31 6.7
East Midlands 1241 28 542 1162 4119 48.4 12.6 0.25 5.8
South West 1411 29 932 1328 5148 48.5 14.7 0.25 5.3
East of England 1592 30 384 1157 4232 42.1 12.2 0.33 6.4
London 907 20 413 621 2624 40.6 11.4 0.25 5.6
North West 1252 23 117 996 4555 44.3 16.5 0.25 4.5
North East 948 18 155 948 3774 50.0 17.2 0.18 3.4
West Midlands 1386 25 188 858 3608 38.2 12.5 0.29 5.2
Yorkshire and Humber 727 14 914 776 2764 51.6 15.6 0.15 3.0

England 1208 24 555 986 3912 44.9 13.7 0.25 5.1
Scotland 1280 27 590 749 3329 36.9 10.8 0.25 5.3
Wales 1613 34 891 979 3788 37.8 9.8 0.28 6.0
Northern Ireland 1186 26 664 395 1551 25.0 5.5 0.28 6.3

UK 1233 25 366 949 3789 43.5 13.0 0.25 5.2
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proportion of patients treated and the number of fractions
prescribed, as indicated by the line. Nevertheless, this
presentation does give a visual indication of how closely
a radiotherapy service approximates to the NRAG model. It
can be seen that the three regions in the South East
of England were closest to the model. They delivered
34 616e36 426 fractions per million to new patients (Table
2) and thus still fell slightly short of the NRAG immediate
recommendation of 40 000 fractions per million [18]. By
contrast, Yorkshire and Humber and the North East had low
values for both access and fractions prescribed. Patients
who were treated in Northern Ireland, Wales, London,
Scotland and the East Midlands were prescribed more
fractions of radiotherapy than expected and fractions per
radical course were higher in these regions than elsewhere
(Table 4).

Deprivation is an important influence on cancer in-
cidence. For example, lung cancer rates show a two-fold
difference between the most affluent and deprived groups
in England [24] and deprivation is also linked to co-
morbidities and poor performance status, which signifi-
cantly change treatment options and outcomes [25]. The
revised English indices of deprivation [26] combine a num-
ber of indicators chosen to cover a range of economic,
social and housing issues into a single deprivation score for
each small area, termed super output areas, of which there
are 32 482 in England, each containing an average of 1500
people. Figure 4 shows that as deprivation, indicated by the
proportion of super output areas within the most deprived
20% in England increases, there is a fall in the proportion of
patients with cancer receiving radiotherapy (r¼�0.820).
South Central and South East Coast strategic health
authorities were combined as South East for this figure
and with the East of England were the least deprived and
had the highest access rates. The most deprived regions
were the North East and the North West. Yorkshire and
Humber and the North East had the lowest access rates.
They also had the lowest values for radical courses and
radical fractions per incident cancer (Table 3). In addition,
the percentage of prescriptions (51.6%) and fractions
(17.2%) for palliative rather than radical treatment was
the highest in the UK in Yorkshire and Humber and the North
East, respectively (Table 3).

Figure 5 shows the relationship between activity in
fractions per million per year and the proportion of patients
exceeding the Joint Council for Clinical Oncology 4 week
target to start radical radiotherapy. There was a large
correlation (r¼ 0.834) between these measures; regions
with the lowest radiotherapy activity having the lowest
proportion of patients exceeding the 4 week target and vice
versa.
Discussion

The accuracy of this data set hinges critically on data
ascertainment. Discrepancies are difficult to exclude and
under-reporting of activity would have a major effect on
our analysis. We have compared our data from England with
that collected by Natcansat. For 2006/2007 they hold data
for 46/48 English radiotherapy centres [14]. Our estimates
for activity over the year compared with the Natcansat
results are 99% for patients and 95% for fractions [14].

Table 1 shows that the difference between the popula-
tions included in regions and those served by radiotherapy
centres were small except in the London area. This does not
mean that they are necessarily coterminous. We have
calculated figures in terms of per million population to



Table 4 e Radiotherapy activity compared with demand modelled by the National Radiotherapy Advisory Group. Fractionation for radical treatment and per incident cancer
are also shown, together with compliance with Joint Council for Clinical Oncology waiting time targets

Cancer
incidence
per million

Fractions
per million
population

per year (activity)

Modelled fractions
per million
(demand)

New fractions
per million
population
per year

New fractions
per million (activity)

as % modelled
demand

Fractions
per radical

course

Fractions
per incident

cancer

Number (%)
exceeding

radical 4 week
target

Number (%)
exceeding
palliative 2
week target

South East Coast 4892 35 520 37 698 34 031 90.3 19.8 7.3 13/21 (62) 23/70 (33)
South Central 4675 36 426 36 025 35 146 97.6 21.6 7.8 11/23 (48) 20/72 (28)
East Midlands 4933 32 661 38 016 30 799 81.0 23.0 6.6 23/51 (45) 15/89 (17)
South West 5688 35 080 43 836 33 346 76.1 21.2 6.2 18/46 (39) 27/120 (23)
East of England 4759 34 616 36 676 33 350 90.9 19.1 7.3 24/64 (38) 20/116 (17)
London 3618 23 037 27 885 22 195 79.6 22.5 6.4 11/57 (19) 9/88 (10)
North West 5106 27 672 39 347 26 050 66.2 18.5 5.4 18/97 (19) 32/108 (30)
North East 5311 21 930 40 929 20 246 49.5 19.1 4.1 2/13 (15) 3/49 (6)
West Midlands 4819 28 795 37 140 27 838 75.0 18.2 6.0 4/41 (10) 11/74 (15)
Yorkshire and
Humber

4927 17 678 37 973 16 659 43.9 20.5 3.6 2/25 (8) 11/65 (17)

England 4802 28 466 37 004 27 158 73.4 20.3 5.9 126/438 (29) 171/851 (20)
Scotland 5181 30 920 39 924 29 234 73.2 21.6 6.0 17/40 (43) 27/66 (41)
Wales 5800 38 679 44 697 36 830 82.4 21.6 6.7 16/30 (53) 12/51 (24)
Northern Ireland 4220 28 215 32 518 27 850 85.6 22.5 6.7 0/4 (0) 1/13 (8)

UK 4866 29 156 37 498 27 817 74.2 20.6 6.0 159/512 (31) 211/981 (22)
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Fig. 1 e Fractions per million population per year as a function of cancer incidence per million.
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overcome the discrepancy in catchment areas. Obtaining
more reliable local data based on individually identified
patients is one of the aims of the English radiotherapy
dataset, which will be mandatory from April 2009.
Fig. 2 e Fractions per million population per year given to new patient
demand for radiotherapy.
Access to radiotherapy has been defined as the pro-
portion of cancer patients receiving appropriate radiother-
apy at least once during the treatment of their malignancy
[22,23]. It has been argued that this requires life-long
s (as their first radiotherapy treatment) as a function of modelled



Fig. 3 e Relationship between access rate (National Radiotherapy Advisory Group modelled target 50.7%) and fractions given to new patients
as a percentage of modelled demand (National Radiotherapy Advisory Group target 100%). The line indicates the expected relationship
between patients treated and fractions prescribed.
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follow-up [27]. However, such an approach does not permit
the timely assessment of radiotherapy services. In our
audit, patients receiving their first treatment with radio-
therapy would have been a mixture of those being treated
Fig. 4 e Relationship between access rate and deprivation indicated by th
20% in England. The regression line (r¼�0.820) is shown.
early on in their illness and those being treated, possibly
many years later, for recurrence or metastatic disease after
initial management that did not include radiotherapy. We
compared the incidence of cancer in the population with
e proportion of super output areas (SOAs) within the most deprived



Fig. 5 e Relationship between activity and the proportion of patients exceeding the Joint Council for Clinical Oncology 4 week target to start
radical radiotherapy (r ¼ 0.834).
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new patients commencing their first radiotherapy treat-
ment in the same year. This is a simple, but effective, way
of obtaining a snapshot of management and access to
treatment. It is subject to the influence of previous
radiotherapy treatment policies, which might have treated
either more or fewer patients and thus either decrease or
increase the number of patients included in the analysis.
Such policy changes can be observed over the decades [27],
but will have had only a slight effect on our estimate of
access rates.

The correlation between increasing radiotherapy activity
and an increase in the percentage of patients exceeding
waiting time targets (Fig. 5, Tables 2 and 4) implies that waits
are a consequence of an excess of demand over capacity. It is
not simple to measure capacity, but Fig. 1 shows the poor
correlation between cancer incidence (demand) and radio-
therapy activity (a surrogate for capacity).

We used the 2004 revised English indices of deprivation
[26] as these are available in an accessible summary
document. More recent data were published in 2007, but
there are no substantial changes as far as the distribution of
the most deprived areas is concerned. Deprivation has
a major effect on access rates (Fig. 4) and we hypothesise
that this is a result of higher stage at presentation, with
poor performance status and co-morbidities influencing the
treatment options available to patients. A prospective
study of lung cancer in Teesside (UK) and Varese (Italy)
showed that in Teesside, patients were older with higher
co-morbidity and poorer performance status. The resection
rate was 7% (compared with 24%) and 3 year survival was
lower (7% vs 14%) with no anticancer treatment offered to
half the patients [25]. Further research is required to
investigate the complex links between deprivation, access
to treatment and poor cancer outcomes [6,28].

The patient pathways modelled for Canada [29], Scotland
[11,21] and elsewhere [22,23] probably do not accurately
represent patients presenting for treatment across the UK.
We have shown in a companion paper [14] that the stage at
presentation of lung cancer in the LUCADA audit [24] differs
from the NRAG model, with fewer cases in stage I/II and more
in stage IV [14]. Our data for patients irradiated for lung
cancer in this audit show that the proportion of stage I/II
cases is half that in the NRAG model and for stage IV it is
double [14]. This aspect of the NRAG model should be
reviewed to underpin long-term planning. This does not
weaken the conclusion that there is a substantial current
shortfall to be addressed immediately to improve timely
access to treatment and thus the outcomes of therapy [14].
Addressing low access rates will involve improving patient
education [6], examining referral patterns, stage at pre-
sentation, co-morbidities, performance status, indications
for treatment, patient choice and patients’ reasons for
declining radiotherapy. This work will be particularly
pertinent in deprived areas with low access rates [28].

Table 3 shows that there were substantial variations in
the proportion of patients offered a course of radical
radiotherapy, with radical courses per incident cancer
ranging from 0.15 to 0.33 and radical fractions per incident
cancer ranging from 3.0 to 6.7. Table 4 shows that there
was much less variation in fractions per radical course,
which ranged from 18.2 to 23.0. It thus seems that patients
who were treated received broadly similar treatment and
that the major difference was whether or not they received
radiotherapy at all. This is reflected in the companion
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paper, which showed that compared with the NRAG model,
67% of the difference between theory and practice relates
to a lack of access and 33% to reduced fractionation [14].
The overall contribution of each cancer site to the service
gap was also analysed [14].

By aggregating radiotherapy centres within each region
and country, disparities are overlooked, for example the
extremes of cancer incidence by English primary care trust
ranged from 2930 cases per million per year in Haringey to
6800 in Torbay [17]. In addition, there are differences in
the age at which patients present and the cancers from
which they suffer [17]. Deprivation also shows substantial
variation at a local level [26]. The strength of this analysis is
that it breaks down differences across the UK and thus
provides information to act as a driver to improve services
and to secure further data at a local level. To understand
local demand, local cancer incidence data need to be
analysed; to assess the service provided by individual
centres, local activity data must be examined: there are
two major problems. First, to determine access rates,
patients who are receiving retreatment for relapse must be
excluded from the analysis in order not to overestimate the
number of patients receiving their first radiotherapy
treatment [13,14]. Second, the centre catchment popula-
tion must be determined; estimates have been prepared by
Natcansat [15], but these vary depending on the method-
ology and, in addition, may well not be the same for each
cancer site as referral patterns will differ. These problems
can be overcome by using patient identifiable data from
cancer registries and then linking it to radiotherapy data
sets. This has been done in the North of England and low
access rates have been shown (B. Cottier, personal
communication) As the radiotherapy data set becomes
mandatory in England, it should be possible to publish
reports for each region and treatment centre by cancer
site. Such local data analysis will help to understand the
shortfall and should focus initially on the common malig-
nancies affecting large numbers of patients [14].

This audit raises questions about the availability of
equipment, staff and funding. In addition, the skills mix and
the use and productivity of different staff groups would be
legitimate questions. We have not undertaken such
analyses, but they would be fruitful areas for local
investigation. Benchmarking data for England are available
as part of the RES project [15].

It is also important to remember that this audit has not
addressed other more complex issues of radiotherapy
quality. The UK lags behind other countries in Europe and
North America in the implementation of intensity-modu-
lated and image-guided technology. For England, the NRAG
technology report [30] recommended that four-dimensional
adaptive radiotherapy, which takes into account tumour
volume in three dimensions and changes with time (fourth
dimension), should be the future standard of care. It is
intended that this should be achieved for all departments in
England within 5e10 years in parallel with the increase in
radiotherapy capacity recommended by NRAG [18].

Our analysis showed substantial differences across the UK
in the radiotherapy provided to patients and its timeliness.
Radiotherapy capacity does not reflect the regional varia-
tions in cancer incidence across the UK (3618e5800 cases per
million per year; Table 2). Those who are treated receive
similar treatment in terms of fractions per radical course of
radiotherapy (18.2e23.0; Table 4). However, there is two-
fold variation in access to treatment, as measured by rates of
access (25.2e48.8%; Table 2) and differences in the number
of courses (0.15e0.32) and fractions (3.0e6.7) prescribed for
radical treatment per incident cancer (Table 3).

To assist the commissioning process in England, a web-
based tool has now been published that provides cancer
incidence and radiotherapy requirements by primary care
trust for individual cancers [17]. To provide an equitable,
evidence-based service, demand modelling based on local
cancer incidence is required. Ideally this should include
data on deprivation and stage at presentation. The results
should be compared with local radiotherapy activity data to
understand waits, access and dose fractionation in order to
plan adequate provision for the future. The development of
a mandatory radiotherapy data set in England will facilitate
this, but to assist change it is essential that the results are
analysed and fed back to providers and commissioners.
Conclusion

There is substantial variation in radiotherapy services
across the UK as measured by waiting times, access rates
and dose fractionation. In addition, deprivation is a major
unrecognised influence on radiotherapy access rates. To
address this inequity, local data on both demand and
activity should be collected and analysed with clinicians to
support commissioning and the implementation of national
strategies to improve radiotherapy services [6,11,12,18].
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