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ABSTRACT:
Aims: Modelling of demand has indicated substantial underprovision of radiotherapy in England. We have used national
audit data to understand the differences between theory and practice.
Materials and methods: We used a web-based tool to collect data on all National Health Service patients in England
starting a course of radiotherapy in the week commencing 24 September 2007. We also collected information on cancer
site, so that patients could be triaged into the 22 categories used by the National Radiotherapy Advisory Group (NRAG).
Results: In England, excluding skin cancer other than melanoma, 2114 patients were prescribed 27 420 fractions during
that week. Comparison of the audit data with the NRAG model showed that the shortfall in provision was a mixture of
a lack of access (67%) and reduced fractionation (33%). The largest contributions to the overall gap were seen in the
treatment of cancers of the breast (6%) (modelled at 15 fractions), head and neck (10%), lung (28%) and prostate (14%),
together accounting for 58% of the difference. Others (including sarcoma and unknown primary) accounted for 19% of
the difference. Limited access to radiotherapy for patients with stomach and pancreatic cancer contributed 10% and
reduced fractionation for oesophageal cancer accounted for 6% of the overall gap. Fewer patients than expected were
treated for rectal cancer, but they received 25 fraction regimens rather than short-course preoperative treatment.
Patients with leukaemia and cancers of the brain, colon, corpus uteri and ovary received radiotherapy more often than
expected, but because they are relatively rare none of these had an overall impact exceeding 1.2% of the gap in
provision.
Conclusions: This audit confirms the underprovision of radiotherapy in England and shows that it is largely accounted for
by low access rates of 37% rather than the 50% accepted in the literature. In consequence we estimate that 33 881
patients (13.9%) of the 243 748 patients diagnosed with cancer in England during 2006/2007 did not receive the
radiotherapy we would have expected. Some of this gap in provision may be accounted for by differences in stage and
performance status, which limit treatment options, for example in lung cancer. The NRAG model should be updated to
take account of new data from this and other national audits, to ensure that it describes the stage and performance
status of English patients and is sensitive to the range of professional opinion about treatment options. This will be
essential for long-term planning as cancer incidence increases over the next decade, but it 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. As more resource becomes available, it should be possible to consider
changing dose fractionation to comply with evidence-based practice and national guidelines from the National Institute
for Health and Clinical Excellence and other bodies without disadvantaging patients by increasing waiting times.
Williams, M. V., Drinkwater, K. J. (2009). Clinical Oncology 21, 575—590
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Introduction

Radiotherapy demand for the countries of the UK has been
the subject of frequent modelling exercises over the last
decade (see review [1]). Recent analyses have used
modelling based on cancer incidence data and evidence-
based best practice [1e7]. These have provided demand
estimates ranging from 39 000 to 69 000 fractions per million
(see review [1]). An analysis, based on audit data collected
0936-6555/09/210575þ16 $36.00/0 ª 2009 The Royal Col
by The Royal College of Radiologists (RCR), used activity
data corrected for retreatment and for restricted access to
model demand and recommended an increase of 82% for the
UK (92% for England) to cope with current demand [1]. The
ESTRO-QUARTS model based on a survey in 2003 recom-
mended an increase of 89% [7]. These analyses indicated
the shortfall in provision in 2003e2005 and did not take
account of the increase in cancer in an aging population
estimated to be 16% over the period 2003e2015 [8e10].
lege of Radiologists. Published by Elsevier Ltd. All rights reserved.
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In England, the National Radiotherapy Advisory Group
(NRAG) report identified a shortfall in 2006 requiring an
increase in treatment fractions of 63% and recommended
an interim target figure of 40 000 fractions per million
population for 2010 [9,10]. To allow for increasing cancer
incidence [8], around 54 000 fractions per million popula-
tion were recommended by 2016. As service provision in
England in 2005 when the report was drafted was 28 000
fractions per million [1], very substantial investment was
required.

The assumptions involved in constructing a model of
radiotherapy demand are:

� Appropriate rate of radiotherapy for each cancer site,
including consideration of disease stage, performance
status and patient choice;
� Optimal radiotherapy fractionation for each indication;
� Retreatment rate for local or distant relapse expressed

in terms of both patients and fractions.

In developing the NRAG model, the first two pieces of
information were derived from previous work in Canada [2],
Australia [3,4] and Scotland [5,6] after expert review of its
appropriateness to England [9]. Retreatment rates were
estimated from published reports [3,4,11] and a value of
13.1% of fractions was used to calculate total demand,
including treatment for relapse [10].

Retreatment rates are critical both to estimate total
demand in bottom up models [9,10] and in activity-based
models [1], to avoid counting patients being irradiated for
relapse as new patients. Modelling seeks to identify those
receiving radiotherapy at least once during the manage-
ment of their cancer [4]. If retreated patients are un-
critically included in analyses, radiotherapy access rates
will be overestimated [1]. We therefore set out to collect
data on retreatment in our audit. Identifying new patients
also permits the determination of cancer site-specific
access rates.

Our aim was to use English radiotherapy data to examine
the gap between demand predicted by the NRAG model and
activity actually delivered. We used the 22 NRAG categories
to identify the differences between modelled demand and
current practice by cancer site, both in terms of patients
not undergoing any radiotherapy and in terms of restricted
fractionation for those who were treated. This allows an
analysis of the limitations placed on patients’ treatment
and consideration of the appropriateness of the model.

Materials and Methods

The RCR carried out a repeat audit of waiting times in the
week beginning 24 September 2007 [1,12]. This was a web-
based audit using, unchanged, the data collection tool
previously published [1,13]. In order to be able to allocate
patients to the categories used in the construction of the
NRAG model [10,14] a second on-line questionnaire was
used to collect data on cancer site, stage, surgical
treatment and performance status. We sought to identify
patients who were being retreated by posing an additional
question: ‘Has this patient previously received radiother-
apy for any indication?’ To extrapolate from a single week’s
data to an estimate of activity over 1 year we used
a multiplication factor of 52, as discussed previously [1].

This audit was a complete record of radiotherapy activity
occurring in a single week across England (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.
Results

Data were received from all 57 National Health Service
radiotherapy centres in the UK. This paper presents the
results for England only. Over the 4 years 2003e2007, waits
for radical radiotherapy fell [12], but the number of
fractions prescribed in England in the audit week was
almost unchanged, increasing from 27 217 in 2003 to 27 420
in 2007.
Triage by Cancer Site
To compare activity data from England with the NRAG
cancer model it was necessary to triage patients using
information on cancer site. Overall, these additional data
were provided for 71.7% of patients (72.3% of fractions);
compliance varied widely between centres. We therefore
conducted an analysis to determine if this sample provided
an accurate representation of the whole group of patients
or if there was bias, possibly because the detailed
information requested was not easily available for some
subgroups of patients, or at some centres. We compared
the numbers and proportions of patients and fractions
classified by diagnosis and by treatment intent. Only minor
differences were identified between the subset and the
whole audit sample and in undertaking further analysis the
results were taken to be representative of patients across
England.
Retreatment
In this survey, 422 patients (20%) receiving 2123 fractions
(8%) were identified as having previously been treated with
radiotherapy. This is the measure that has been used in
previous publications where values of 18% [11] and 25%
[3,4] have been quoted for the percentage of patients
being retreated. Detailed analysis of our results showed
that 363 (86%) of these patients were receiving palliative
treatment, but that 59 (14%) were receiving radical
treatment. We had asked: ‘Has this patient previously
received radiotherapy for any indication?’ This would
include patients previously treated for another malignancy
and receiving radical radiotherapy for a second tumour. If
this subset of radically treated patients is excluded from
the analysis of activity, access to radiotherapy will be
underestimated. These patients were therefore included as
new cases and are excluded from Table 1, which shows
retreatment data by cancer site. Using this definition,



Table 1 e Radiotherapy administered as retreatment by cancer site expressed as the percentage of patients and the percentage of
fractions (after the exclusion of radical retreatment d see text)

Cancer site
Percentage of patients

being retreated
Percentage of fractions

prescribed as retreatment

1 Bladder cancer 12.8 2.2
2 Brain, meninges and central nervous system 2.9 1.1
3 Breast cancer 20.6 4.9
4 Cervical cancer 11.1 1.2
5 Colon cancer 31.6 18.2
6 Corpus uteri 10.2 3.7
7 Head and neck 11.9 2.1
8 Hodgkin lymphoma 0.0 0.0
9 Kidney 25.0 9.1

10 Leukaemia 0.0 0.0
11 Lung cancer 19.5 10.0
12 Melanoma 23.1 18.8
13 Myeloma 45.5 46.3
14 Non-Hodgkin lymphoma 11.9 3.3
15 Oesophageal cancer 9.6 4.3
16 Ovarian cancer 16.7 11.1
17 Pancreatic cancer 25.0 2.9
18 Prostate cancer 23.2 3.7
19 Rectal cancer 10.8 4.6
20 Stomach cancer 14.3 10.4
21 Testicular cancer 33.3 33.3
22 Unknown primary (except head and neck), other and unclassified 15.7 7.4

Total 18.3 4.9
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retreatment accounts for 18.3% of patients and 4.9% of
fractions (see Table 1).
National Radiotherapy Advisory Group
Cancer Incidence-based Modelling
We triaged patients into the 22 categories used in the NRAG
model for initial radiotherapy. As the analysis models
a patient’s first treatment for their malignancy, only audit
data on patients identified as having their first treatment
for a cancer were included (see above). Table 2 summarises
the NRAG model, which used projected cancer incidence
for 2006 [9,10]. All the figures are expressed per million
population per year and exclude retreatment. Positive
values indicate underprovision and negative numbers over-
provision compared with the model. The number of
patients expected to be treated (2436) and the number of
fractions to be delivered (42 107) are shown. These figures
were compared with results derived from this audit for
2007, showing the number of new patients treated (1767)
and fractions delivered (26 683). It was then possible to
calculate the overall shortfall in fractions per million
(15 424) and apportion it as being due to a lack of access
(patient not treated with radiotherapy at all: 10 362) or to
reduced fractionation (5062). A lack of access accounted
for 67.2% of the gap and reduced fractionation 32.8%.

Table 3 provides summary statistics and expresses pro-
vision in terms of percentages so that the effect for each
cancer site can be identified more easily. The access rate is
shown for each cancer site and was 36.8% overall, rather
than the modelled 50.7%. Access rates are also shown as
a percentage of the appropriate radiotherapy rate pre-
dicted by the NRAG model (column 4). The optimal
fractionation used in the NRAG report combines treatment
for both radical and palliative indications [14]. The mean
fractionation actually delivered is compared with the
modelled demand and shown as a percentage (column 7).
The treatment fractions missing are shown for each cancer
site as a percentage of the optimum fractionation pre-
dicted by the model for that cancer site with columns for
the effect of reduced access, reduced fractionation and
overall impact. Positive numbers indicate underprovision
and negative numbers overprovision compared with the
model. Low values indicate results close to those of
the model. Figure 1 summarises the overall findings from
the final column and shows underprovision for most cancer
sites compared with the model. Cancers of the colon, ovary
and rectum received more fractions than expected (shown
as negative values).

Table 4 summarises site-specific modelling (from Tables
2 and 3), showing the absolute and relative incidence of
different cancers and the overall contribution to radio-
therapy underprovision. Low values indicate results close
to the modelled activity. Positive values indicate less
provision than expected and negative values more pro-
vision than expected. The contributions of reduced access



Table 2 e Radiotherapy treatment in England in 2007 compared with modelling based on cancer incidence, showing underprovision in terms of lack of access and reduced
fractionation by cancer site. Missing fractions are shown as positive numbers: negative values indicate more fractions than expected

Cancer site

Incidence per
million

population
(2006)

Number of patients
per million expected

to receive
radiotherapy

Number of fractions
per million expected

to be delivered

Patients treated per
million population

per year (2007)

Fractions delivered
per million
excluding

retreatment (2007)

Missing fractions
per million

because
not treated

Missing fractions
per million

(due to reduced
fractionation)

Total
missing

fractions
per million

1 Bladder cancer 189 59 991 59 701 1 289 290
2 Brain, meninges and

central nervous system
76 47 1137 49 1190 �44 �10 �53

3 Breast cancer 868 623 10 023 544 9046 1259 �283 976
4 Cervical cancer 43 24 586 23 472 30 84 114
5 Colon cancer 358 3 9 19 191 �58 �124 �182
6 Corpus uteri 108 50 1160 63 1172 �298 287 �11
7 Head and neck 129 101 3544 84 1975 594 975 1569
8 Hodgkin lymphoma 26 18 273 10 149 123 1 125
9 Kidney 104 25 88 9 71 58 �41 17

10 Leukaemia 116 5 46 6 27 �11 30 20
11 Lung cancer 580 382 6501 289 2229 1595 2677 4272
12 Melanoma 147 23 565 14 74 216 275 491
13 Myeloma 70 23 116 17 41 30 45 75
14 Non-Hodgkin lymphoma 180 98 1380 53 613 635 132 767
15 Oesophageal cancer 131 70 1753 67 785 81 887 968
16 Ovarian cancer 117 5 23 7 57 �12 �21 �33
17 Pancreatic cancer 121 60 1179 4 48 1095 35 1131
18 Prostate cancer 528 324 6931 246 4855 1673 403 2076
19 Rectal cancer 234 208 1370 94 1764 748 �1142 �394
20 Stomach cancer 134 18 450 9 61 235 153 389
21 Testicular cancer 36 16 0 3 28 0 �28 �28
22 Unknown primary

(except head and neck),
other and unclassified

505 254 3981 100 1133 2411 437 2848

Total 4802 2436 42 107 1767 26 683 10 362 5062 15 424
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Table 3 e Radiotherapy treatment in England in 2007 compared with modelling based on cancer incidence, showing details of access rates and treatment fractions. The deficit
is shown as a percentage of the optimum for each cancer site and is attributed to a lack of access or reduced fractionation. Negative values indicate more fractions than
expected

Cancer site

Appropriate rate
of radiotherapy

(ARR) Access rate

Access rate as
percentage

of ARR

Base case
optimal

fractionation
Mean fractions

per patient

New fractions
per million

as percentage
of modelled

demand

Missing fractions
as percentage

of optimal
(reduced access)

Missing fractions
as percentage

of optimal
(reduced fractionation)

Missing fractions
as percentage

of optimal
(overall) by site

1 Bladder cancer 31.0 31.0 99.9 16.9 12.0 70.7 0.1 29.1 29.3
2 Brain, meninges and

central nervous system
61.3 63.7 103.8 24.3 24.5 104.7 �3.8 �0.9 �4.4

3 Breast cancer 71.7 62.7 87.4 16.1 16.6 90.3 12.6 �2.8 9.7
4 Cervical cancer 56.4 53.5 94.9 24.3 20.6 80.6 5.1 14.3 19.4
5 Colon cancer 0.7 5.2 742.0 3.6 10.3 2122.7 �642.0 �1380.7 �2022.7
6 Corpus uteri 46.2 58.1 125.7 23.2 18.6 101.0 �25.7 24.7 �1.0
7 Head and neck 78.6 65.4 83.2 35.0 23.4 55.7 16.8 27.5 44.3
8 Hodgkin lymphoma 70.6 38.7 54.8 15.0 14.9 54.4 45.2 0.5 45.6
9 Kidney 24.1 8.2 34.2 3.5 8.3 80.8 65.8 �46.6 19.2

10 Leukaemia 4.0 4.9 122.9 10.0 4.7 57.9 �22.9 65.0 42.1
11 Lung cancer 65.9 49.7 75.5 17.0 7.7 34.3 24.5 41.2 65.7
12 Melanoma 15.7 9.7 61.7 24.4 5.2 13.0 38.3 48.7 87.0
13 Myeloma 33.1 24.4 73.8 5.0 2.4 35.4 26.2 38.4 64.6
14 Non-Hodgkin lymphoma 54.3 29.3 54.0 14.1 11.6 44.4 46.0 9.6 55.6
15 Oesophageal cancer 53.7 51.2 95.4 24.9 11.7 44.8 4.6 50.6 55.6
16 Ovarian cancer 4.0 6.1 152.5 5.0 7.9 241.9 �52.5 �89.5 �141.9
17 Pancreatic cancer 49.8 3.5 7.1 19.5 11.2 4.1 92.9 3.0 95.9
18 Prostate cancer 61.4 46.6 75.9 21.4 19.8 70.1 24.1 5.8 29.9
19 Rectal cancer 88.7 40.3 45.4 6.6 18.7 128.7 54.6 �83.3 �28.7
20 Stomach cancer 13.4 6.4 47.7 25.0 7.1 13.5 52.3 34.1 86.5
21 Testicular cancer 46.0 8.0 17.3 0.0 9.9 X X X X
22 Unknown primary

(except head and neck),
other and unclassified

50.2 19.8 39.4 15.7 11.3 28.5 60.6 11.0 71.5

Total 50.7 36.8 72.6 15.2 15.1 63.4 24.6 12.0 36.6
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4. Cervical Cancer

5. Colon Cancer

6. Corpus Uteri

7. Head and Neck
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9. Kidney

10. Leukaemia

11. Lung cancer

12. Melanoma

13. Myeloma

14. Non-Hodgkin Lymphoma
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18. Prostate Cancer

19. Rectal cancer

20. Stomach Cancer

21. Testicular Cancer

22. Unknown primary (except H&N), other and unclassified

Shortfall as percentage of optimum treatment by cancer site

Fig. 1 e Modelling of evidence-based fractionation: the deficit is shown as a percentage of the optimum for each cancer site. Negative values
indicate more fractions than expected (see Table 3).
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(67.2% of the gap) and restricted fractionation (32.8%) are
indicated.

Figure 2 summarises the contribution of each cancer site
to the overall gap between modelled demand and actual
provision. The more common cancers accounted for most of
the gap (Table 4). Fifty-eight per cent of the shortfall in
provision related to the treatment of cancers of the breast
(6.3%), head and neck (10.2%), lung (27.7%) and prostate
(13.5%). Rarer cancers, including others and unknown
primary, accounted for 18.5% of the gap.

Figure 3 shows new fractions per million (activity) as the
percentage of the fractions predicted for new patients by
the NRAG model (demand) (see Table 3 column 7). If the
model accurately describes current practice then values
should be close to 100%. Higher values indicating that more
fractions were prescribed than expected are shown for
cancers of the colon, ovary and rectum. Lower values
indicate that fewer fractions were prescribed than
expected and were seen across a range of malignancies,
notably cancers of the head and neck, lung, pancreas and
prostate, as discussed above.

Figure 4 shows access rates as a percentage of the
appropriate rate of radiotherapy used in the NRAG model
(see Table 3 column 4). If the model accurately describes
current practice then values should be close to 100% and
cancers of the bladder, brain, cervix and oesophagus were
within 10% of the modelled appropriate radiotherapy rate.
High values indicate that more patients have been treated
than expected and are shown for cancer of the colon,
corpus uteri and ovary and for leukaemia. Low values
indicating reduced access to treatment were seen across
a range of tumours.

The values shown in Figs. 3 and 4 are a measure of how
well the treatment provided matched the model. Figure 5
shows the relationship between access rate and fractions
given to new patients as a percentage of modelled demand.
If theory and practice were closely matched then values
near 100% would be expected for both values and the
nearest approximations were for tumours of the breast,
cervix and brain. The line indicates the expected relation-
ship between patients treated and fractions prescribed. If
the fractionation prescribed matched the model then, for
those treated, concordance between the two values would
be expected and this applied to lymphoma and to tumours
of the prostate and of unknown primary. Fractionation was
lower than modelled for cancer of the lung, head and neck,
bladder, oesophagus and stomach and for melanoma,
myeloma and leukaemia. More fractions per patient than
expected were prescribed for kidney, colonic, rectal and
ovarian cancer. The lowest provision was for pancreatic
cancer.

To calculate the total demand on the service, patients
being retreated must be added back into the final figures. If
this is done using retreatment rates for each cancer site



Table 4 e Cancer incidence and radiotherapy provision by cancer site. The contribution of each site is shown as a percentage of the overall gap in terms of lack of access,
reduced fractionation and combined as an overall figure

Cancer site Cancer incidence
Percentage of all

cancer by site

Contribution of
lack of access

(percentage of total
missing fractions)

Contribution of
reduced fractionation
(percentage of total

missing fractions)

Overall contribution to
reduced fractions

(percentage of total
missing fractions) Comment

1 Bladder cancer 9605 3.9% 0.0. 1.9 1.9
2 Brain, meninges and

central nervous system
3874 1.6% �0.3 �0.1 �0.3

3 Breast cancer 44 074 18.1% 8.2 �1.8 6.3 Access low, 53% of patients
received 15 fractions
to whole breast

4 Cervical cancer 2169 0.9% 0.2 0.5 0.7
5 Colon cancer 18 151 7.4% �0.4 �0.8 �1.2 Practice substantially

exceeds model
6 Corpus uteri 5496 2.3% �1.9 1.9 �0.1 Higher access than expected
7 Head and neck 6540 2.7% 3.9 6.3 10.2 Restricted fractionation

and limited access
8 Hodgkin lymphoma 1311 0.5% 0.8 0.0 0.8
9 Kidney 5277 2.2% 0.4 �0.3 0.1

10 Leukaemia 5900 2.4% �0.1 0.2 0.1
11 Lung cancer 29 456 12.1% 10.3 17.4 27.7 Substantially reduced

fractionation and limited access
12 Melanoma 7484 3.1% 1.4 1.8 3.2
13 Myeloma 3561 1.5% 0.2 0.3 0.5 Multiple palliative treatments
14 Non-Hodgkin lymphoma 9152 3.8% 4.1 0.9 5.0 Changing indications

and fractionation
15 Oesophageal cancer 6655 2.7% 0.5 5.8 6.3 Reduced fractionation
16 Ovarian cancer 5964 2.4% �0.1 �0.1 �0.2
17 Pancreatic cancer 6162 2.5% 7.1 0.2 7.3 Very low access rate compared

with model
18 Prostate cancer 26 778 11.0% 10.8 2.6 13.5 Low access and restricted

fractionation
19 Rectal cancer 11 881 4.9% 4.8 �7.4 �2.6 Low access, but increased

use of 25 fraction regimens
20 Stomach cancer 6814 2.8% 1.5 1.0 2.5 Low access rate compared

with model
21 Testicular cancer 1819 0.7% 0.0 �0.2 �0.2 Radiotherapy now used

for only 17% of cases
22 Unknown primary

(except head and neck),
other and unclassified

25 643 10.5% 15.6 2.8 18.5 Limited evidence on which
to base model

Total 243 748 100.0% 67.2 32.8 100.0
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Change required as a percentage of the total shortfall

Fig. 2 e Modelling of evidence-based fractionation: change in resource required by each cancer site expressed as a percentage of the total
increase required by the model. Each contribution is a function of the incidence of the disease and the current deficit in provision
(see Table 4).
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(Table 1) this gives a total of 44 397 fractions per million per
year for England for 2006. The NRAG model gives an
estimate of 47 623; the difference arises because a retreat-
ment rate of 13.1% was used rather than our estimate of
individualised values amounting to only 4.9% for fractions
(see discussion below). This should be compared with
fractions actually delivered, which amounted to 26 683
fractions per million to new patients (Table 2) and 28 070
per million in total (including retreatment). According to
the NRAG model, an increase in provision of 70% is required
to cope with current demand, including unmet need.

Discussion

The series of audits conducted by the RCR [1,12,13] is the
only source of national data across the UK and has shown
that radiotherapy waiting times have fallen progressively
since 2003, but remain unacceptable with 31% of radically
treated patients waiting longer than 4 weeks to commence
treatment [12]. As there has been hardly any increase in
audited activity, this represents improved process effi-
ciency. In England, waits for radiotherapy have been
included in the cancer targets set for December 2010 in
the Cancer Reform Strategy [15]. An interim fractionation
target of 40 000 fractions per million population has been
set, as recommended by NRAG [9]. This audit shows that in
2007 overall provision (including retreatment) was 28 070
fractions per million population. Substantial investment
will be required in equipment, but also more importantly in
staff and training, to achieve the increase of 42% to meet
this target. This was recognised in the Cancer Reform
Strategy, which identified £200 million to improve radio-
therapy services in England [15]. Scotland and Wales had
previously published reviews of radiotherapy and an-
nounced investment plans [5,16].
Data Ascertainment
In England, radiotherapy data are collected by the National
Cancer Services Analysis Team (Natcansat) as a precursor to
the radiotherapy dataset, which will be mandatory from
April 2009. For 2006/2007 they hold data for 46/48 English
radiotherapy centres [17]. From their data we estimate
that 117 904 patients received 1 557 258 fractions across
England over the year. This includes patients treated for
non-melanoma skin cancer and if these patients are added
back into our audit our estimate is that 117 261 patients
received 1 473 940 fractions over the year. Our overall
estimates are therefore 99 and 95% of the Natcansat
results, respectively.

It seems, therefore, that our audit captured a high
proportion of the eligible cases (99%), but it is possible that
not all their treatment was recorded (95%). For example,
500 patients received radiotherapy to the whole breast, but
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Fig. 3 e Fractions per million population prescribed for new patients (excluding retreatment) expressed as a percentage of that predicted by
the National Radiotherapy Advisory Group model.
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only 16 (3%) were recorded as receiving boost treatment to
the breast (data not shown). The NRAG model predicts that
a boost should be received by 18% of patients who receive
radiotherapy and it seems probable that this was under-
recorded as boost patients were (correctly) considered to
be already on treatment; however, the boost fractionation
was not recorded with the breast fractionation in new
patients commencing radiotherapy, presumably as it had
not been prescribed at that stage and might have been
given on a different machine. If this did occur, the
maximum under-recording can be modelled as 90 patients
receiving eight fractions for a total of 720 fractions (2.6% of
total fractions for all indications). Similar problems might
have occurred with multiphase treatments at other sites,
for example in head and neck cancer, but these are more
likely to have been fully prescribed at the outset and
inspection of the individual datasets suggests that this was
not a prevalent problem.
Retreatment Rates
Previous models have used a retreatment factor of 25%
[3,4,7]. The NRAG Scenario subgroup report quoted un-
published data showing a retreatment rate of 18.9% for
patients and 9.9% for fractions on a database extending
back over 3 years [10]. To account for this, a retreatment
rate of 25% of patients was used, but fractions were
downscaled based on the UK data to derive a retreatment
factor of 13.1% of fractions [10]. Our results for retreat-
ment include data in terms of patients and fractions for
each cancer site, with an overall result of 18.3% of patients
and 4.9% of fractions being for retreatment (Table 1). If
patients being retreated with radical intent are included,
the figures rise to 20% of patients and 8% for fractions. Our
data could not be quality controlled, but on the other hand
whether or not a patient has been previously irradiated is
an essential data item that is routinely collected by
radiotherapy services. Further research is required into
the proportion of patients retreated with radiotherapy for
a second cancer that would already be accounted for in
cancer incidence figures and hence modelling. The 13.1%
retreatment figure for fractions used by NRAG may be an
overestimate, although our lower figure was obtained from
an audit of a rationed service.
Modelling of Radiotherapy Demand
The report of the Scottish Executive was the first to model
the demand for treatment at the level of radiotherapy
fractions [5,6]. NRAG used a similar method, building
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a model of radiotherapy demand based on cancer incidence
data [9,10,14]. Using this approach, it is possible to identify
discrepancies in provision and to question whether the
model is appropriate to evidence-based practice in terms of
both access and dose fractionation.

Figure 1 shows the overall discrepancy between the
model and current practice for each individual cancer site
as a percentage of the optimum provision recommended by
the NRAG model. Some large discrepancies can be seen
with substantial increases in treatment for cancers of the
colon, ovary and rectum. For colon cancer, the access rate
is seven times higher than that predicted by the model,
which only allowed for radiotherapy for highly selected
local recurrence (Table 3). Table 2 shows that for colon
cancer, 19 patients per million population received 191
fractions rather than three patients receiving nine
fractions, as predicted. There are similar, but smaller,
discrepancies with more patients with leukaemia and
malignancies of the brain, corpus uteri, and ovary being
treated than expected (negative values in Tables 2 and 3).
Patients with testicular cancer were modelled in the NRAG
report as not receiving any radiotherapy, reflecting the
development of adjuvant chemotherapy to replace radio-
therapy for stage I seminoma [18] (which comprises about
half of all testicular tumours). In fact, 17% of patients with
a testicular tumour received a mean of 9.9 fractions
(Table 3), indicating that this change in practice is not yet
complete. Because these malignancies are relatively rare,
none has an overall impact exceeding 1.2% of the gap in
provision (Table 4, Fig. 2). Rectal cancer is discussed
below.

Figure 2 shows the change in radiotherapy provision
required to comply with evidence-based practice by cancer
site. The impact depends on the incidence of the disease
and also on the discrepancy in provision in terms of access
rate and prescribed fractionation. The more common
cancers account for most of the shortfall in provision
(Table 4). Fifty-eight percent of the shortfall in fraction-
ation relates to the treatment of cancers of the breast
(6.3%), head and neck (10.2%), lung (27.7%) and prostate
(13.5%). For these malignancies there is an extensive
international evidence base for patient triage [2e5] and
dose fractionation [19].

Breast cancer

Breast cancer patients had an access rate of 87.4% of that
expected and the mean number of fractions administered
was 16.6 rather than the 16.1 fractions used in the model
(Table 3). As discussed above, breast boost radiotherapy
may have been under-recorded by up to 720 fractions (11%
of the breast fractions given as initial treatment). The
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model was based on 15 fraction treatment to the whole
breast, which was received by 53% of patients (45% of
fractions). This audit antedated the publication of the
results of the START trials [20,21], but practice in England
had already changed. Breast cancer constitutes 18.1% of all
cancer and is responsible for 6.5% of the overall gap in
provision. It is possible that in future radiotherapy could be
delivered in even fewer fractions or using intra-operative
treatment, but this will need to be established by clinical
trials [22].

Head and neck cancer

The national DAHNO audit [23] has shown that staging at
presentation of oral cavity and laryngeal cancer is similar to
that modelled in the NRAG report [10,14]. In our audit,
Table 5 e Non-small cell lung cancer: stage at presentation and stage

Stage

Stage at presentation

NRAG model LUCADA audit

IeII 38% 22%
IIIA 13% 11%
IIIB 16% 21%
IV 33% 46%

Total 100% 100%

NRAG, National Radiotherapy Advisory Group. *Using data on the 52% of ca
cases that were staged, of which 212 were non-small cell lung cancer.
access was lower than expected for head and neck cancer
and Fig. 5 shows that dose fractionation was restricted
compared with the model, which recommended 35 frac-
tions for head and neck cancer on the basis of the RCR
literature review [19]. Twenty fraction treatments have
been described for stage I and II larynx cancer on the basis
of level 2 evidence [24], but not for more advanced
malignancies [19]. In our dataset, stage I and II laryngeal
cancer comprised only 9% of radically treated patients, but
34% of radically treated patients received 20 or fewer
fractions (data not shown).

Lung cancer

In Table 4, lung cancer makes the largest contribution to
missing fractions (27.7%). This arose because of decreased
of those irradiated

Irradiated patients

* NRAG model 2007 audity

27% 8%
15% 11%
20% 10%
38% 71%

100% 100%

ses that were staged. yUsing data on the 251/373 (67%) lung cancer
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access (10.3% of the gap) and because of reduced
fractionation (17.4% of the gap). For radical treatment,
only CHART is supported by grade A evidence [19], but this
regimen has not been widely offered in the UK, despite
being recommended by the National Institute for Health
and Clinical Excellence (NICE) [25], whose guidance notes
that shorter fractionation regimens are used in England
than elsewhere [25]. This may be disadvantageous for
patients and larger fractions may limit the ability to deliver
chemoradiotherapy, which is now standard elsewhere [26].
The most widely used regimen in the UK is 55 Gy in 20
fractions; there have been a number of cohort studies, but
their reliability is limited by developments in staging, such
as the routine use of positron emission tomographyecom-
puted tomography, computed tomography brain and medi-
astinal node biopsy, which will result in case selection and
stage migration. These studies can only be rated 2þ at best
and the grade of recommendation for this regimen remains
at grade C [19]. In addition, there may be a preference for
shorter fractionation regimens using 13 fractions [27] for
patients who do not have evidence of disseminated disease,
but nonetheless have a poor prognosis. The role of
chemotherapy has increased for palliation [28], but there
has also been an increase in the role of chemoradiotherapy
postoperatively and for inoperable disease [28], thus
broadening the indications for radical radiotherapy with
extended fractionation.

Since the NRAG model was constructed, further data on
stage at presentation of lung cancer in England and Wales
have become available from the LUCADA database [29].
Table 5 shows that stage at presentation differs from the
NRAG model, with fewer cases in stage I/II and more in
stage IV than in the model. Our data are for irradiated
patients only and the proportion of stage I/II cases is one-
third that in the NRAG model and for stage IV it is double.
Lung cancer rates show a two-fold difference between the
most affluent and deprived groups in England [29] and
deprivation is also linked to co-morbidities and poor
performance status, which significantly change treatment
options and outcomes. 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 [30]. 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 [30]. This analysis suggests that the lung cancer
treatment trees should be reviewed in the light of new
national data [29]. However, it will be important to
construct a realistic model of best practice rather than
merely describing the current service. Improvement will
depend on encouraging earlier presentation and improving
patient pathways [15].

Prostate cancer

For prostate cancer, the main issue is reduced access,
possibly because of patient choice of alternative treat-
ment, but fractionation is also lower than modelled for
radical treatment. The CHHiP trial compares 20 and 37
fractions [31] and trial entry may account for some of this
difference. Twenty fraction treatments are supported only
by a grade D recommendation and the correct dose remains
uncertain [19,31], whereas for more fractionated regimens
a grade A recommendation can be made [19]. This view has
recently been endorsed by NICE in its improving outcomes
guidance [32]. Further reduction to only five fractions of
image-guided therapy has been reported, but remains
experimental [33,34].

Pancreatic cancer

Patients with pancreatic cancer have very low access rates,
but those who were treated received fractionation similar to
the model. The correct modelling for pancreas was debated
in the Scottish report [5]. In England, very few patients
receive radiotherapy (Table 3) [35], whereas chemoradio-
therapy is standard practice in North America [36].

The optimal management of pancreatic cancer is
unclear. Radiotherapy has a potential role in the manage-
ment of operable and also of localised inoperable cancer,
which accounts for 30e40% of advanced disease. Manage-
ment is controversial, because much of the randomised
clinical trial data are statistically underpowered and
provide conflicting results [35,37]. A recent systematic
review identified only 794 patients in 11 trials and
concluded that, although there was no demonstrated
survival advantage from chemoradiation followed by
chemotherapy, important differences could not be ruled
out due to the wide confidence intervals [37]. In the USA,
chemoradiotherapy with 5-fluorouracil is the treatment of
choice [36] based on two trials from over 20 years ago
[38,39]. Since those trials were completed, gemcitabine
has become established as the optimum monotherapy for
pancreatic cancer [40] and its use now dominates clinical
practice in the UK. The ESPAC I trial showed decreased
survival for postoperative chemoradiotherapy [41], but has
been criticised because there were no specific radiation
therapy guidelines, no quality assurance and a wide range
of radiotherapy dose [42]. The combined modality therapy
results were worse than those seen in other trials, with 63%
of patients developing local recurrence. This study has
influenced practice in Europe, but not in North America.
The RTOG 9704 study included fluorouracil-based com-
bined modality therapy in both arms of a trial for operable
patients. The addition of gemcitabine was associated with
a non-significant survival benefit [43]. The FFCD/SFRO
study showed that an intensive induction schedule of
chemoradiotherapy was more toxic and less effective than
gemcitabine alone, although accrual was slow and the
study closed early with only 119 patients [44]. The SCALOP
trial seeks to recruit inoperable patients for initial
treatment with gemcitabine followed by combined modal-
ity treatment [45]. It is a feasibility study to see if
high-quality chemoradiotherapy can be delivered across
multiple centres in the UK and if the toxicity is tolerable
using modern techniques. At present the role of chemo-
radiotherapy in locally advanced pancreatic cancer
remains contentious [35,37]. In modelling future demand
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a range of options should be considered to take account of
the range of expert opinion.

Colorectal cancer

For colorectal cancer, NRAG considered two models of
treatment, namely preoperative short-course and pre- and
postoperative long-course treatment [10,14]. Short-course
preoperative treatment was favoured in the model and has
been supported by clinical trial results [46e48]. The
apparent overprovision of fractions for this cancer site
represents use of long-course rather than short-course
treatment and is offset by lower access. Practice may now
be expected to change to favour short-course preoperative
treatment for many operable patients, and case selection is
now being explored to reduce the risk of severe long-term
effects [48e50].

Other and unknown primary

The ‘other’ category includes unknown primary and un-
classified and accounted for 17% of the shortfall, largely
due to decreased access. As the evidence base is limited,
the NRAG report modelled treatment using the mean for all
other patients; this was a pragmatic decision and may or
may not be appropriate. In the future, it may be possible to
separate out subgroups such as sarcoma for which the
evidence base is clearer [19].
Access to Radiotherapy
Access to radiotherapy is defined as the percentage of
patients receiving radiotherapy at any time during the
management of their cancer [4]. Figure 4 shows that access
rates are low for a range of tumours. An alternative
measurement approach has been developed in Canada
using the concept of criterion-based referencing [51],
where access to a centre with short waits and travel times
is used as a benchmark service: no such service has been
identified in England.

For many patients, particularly the elderly, travelling for
radiotherapy is a major issue. There is clear evidence that
increasing distance decreases uptake [52e54]; it probably
also encourages the prescription of shorter fractionation
regimens. The development of satellite units [55] will help
to address this problem and will help England move towards
equitable provision of radiotherapy services.
Local Variation in Demand and Capacity
Cancer incidence is a major influence on the demand for
radiotherapy between countries [1e7] and there are sub-
stantial differences in the incidence of cancer in different
parts of England [56]. Thus, hidden within the overall
figures for England we have presented, there will be
substantial differences in local requirements for radiother-
apy: these can now be explored using an on-line toolkit
[56]. A companion paper examines the RCR 2007 dataset for
the UK by country and by strategic health authority [57].
Discrepancy between Activity and Demand
The substantial gap in provision of radiotherapy in England
in 2007 shown in this report could arise in three ways:

� The data might underestimate radiotherapy activity;
� The model might overestimate radiotherapy demand in

terms of access, fractionation or both;
� Radiotherapy provision in England might be inadequate.

We have examined data ascertainment as discussed
above. It may be that our methodology did not capture
all fractions, particularly for multiple phases of treatment,
but comparison with data from Natcansat show overall
agreement within 99% for patients and 95% for fractions:
this small discrepancy cannot explain the gap between
theory and practice. In England, the radiotherapy dataset
will be mandatory in 2009 and this will give the opportunity
to capture national data directly from linear accelerators
without data re-entry as used in this audit.

The NRAG modelling assumptions for dose fractionation
are evidence based [19] and highlight the discrepancy
between UK practice and that elsewhere in Europe and
North America. New indications for radiotherapy are
developing as advanced techniques using intensity modu-
lation, image guidance and proton therapy become more
widely available and improve patient tolerance of radical
treatment. There are also substantial developments in the
field of chemoradiotherapy, which will probably increase
the demand for radiotherapy given in small daily fractions.

The treatment trees [14] set out to describe patients’
stage, performance status and treatment options. Full
analysis of the underlying assumptions across all cancer
sites is given in the CCORE report [3,4]. As the original work
was published in 2003, some indications have probably
changed, for example because of the development of
robotic surgery and ablative techniques using interven-
tional radiology. In addition, our analysis of 251 cases of
lung cancer (Table 5) shows that the proportions of patients
in the different staging categories are not well described in
the NRAG model. This may apply to other malignancies, for
example pancreatic and prostatic cancer and it may now be
time to consider updating the NRAG model as new sources
of data have become available to improve its description of
UK patients and their treatment options.

We conclude that radiotherapy provision was inadequate in
England in 2007 as outlined in the NRAG report [9,10]. The
description of the current deficit in services is well founded
and, unless there is short-term investment, waits for
treatment will continue and the situation will worsen as
cancer incidence increases [8]. However, longer-term change
to 2016 will involve convincing clinicians and commissioners
that the case is robust and that there is truly unmet need. This
will involve updating the NRAG model to take account of new
data from this and other national audits [23,29] to ensure that
the model describes the stage and performance status of UK
patients. It should also be more sensitive to the range of
professional opinion where the evidence base is weak. The
modelling of other and unknown primary tumours may need
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reconsideration as may retreatment rates. Analysis of local
data to understand local needs will be required, together with
patient education and review of local cancer pathways to
ensure that patients present as early as possible.

Routine data should soon be available from the national
radiotherapy dataset and it will be essential that analytical
resource is devoted to extracting information to assist in
planning services, rather than merely collecting data. In
the short term, patients will probably be best served if
centres examine waits for treatment, as they will have to
do to meet the 2010 targets in England [15]. Estimates of
access will give useful information to commissioners and
managers, but to avoid misleading results care must be
taken to exclude from analysis patients being retreated for
relapse [1,57]. In the long term, addressing low access rates
will involve examining patient education, referral patterns,
local cancer pathways, indications for treatment and
patient choice [15]. Patients’ reasons for declining radio-
therapy should be investigated as there is good evidence
that this relates to poor geographical access, particularly
for the elderly [52e54]. In addition, the effect of
deprivation on presentation with symptoms, stage at
presentation and co-morbidities should be studied locally
as it has a major effect on uptake of radiotherapy services
[57]. The additional resource identified in the Cancer
Reform Strategy [15] and in Scottish and Welsh policy
documents [5,16] should expand capacity and thus allow
clinicians to review their prescribing practice and dose
fractionation without increasing waiting times.

Clinicians will need persuasion that there is the resource
to institute change and that they should critically review
local practice. Investment in workforce, training and
equipment will be required. In addition to increasing the
amount of radiotherapy, attention needs to be paid to
safety [58] and to the quality of treatment to support the
introduction of intensity-modulated and intensity-guided
radiotherapy [9]. These developments will only be possible
if staff are used effectively by implementing skills mix
[59,60] and by using clerical staff for routine tasks.

Conclusion

The three key measures of radiotherapy provision are waits
for treatment, access to treatment and the dose fraction-
ation prescribed. The series of audits by the RCR has shown
that services in the UK fall short in all three respects
[1,12,13]. Waits for treatment are improving, but remain
unacceptable, with 31% of patients waiting longer than 4
weeks for radical treatment [12]. This paper has focussed on
the gap between radiotherapy activity in 2007 and demand as
modelled in the NRAG report based on projected cancer
incidence for 2006 [9,10]. Those who were treated received
fewer fractions than evidence-based best practice indicates
[19]. Access remains low at 37% rather than the 50% accepted
in the literature [4] and in consequence we estimate that
33 881 patients (13.9%) of the 243 748 patients diagnosed
with cancer in England in 2006/2007 did not receive the
radiotherapy we would have expected. Some of this gap in
provision may be accounted for by differences in stage and
performance status, for example in lung cancer. The NRAG
model should be reviewed to underpin long-term planning,
but this does not weaken the conclusion that there is
a substantial current shortfall to be addressed immediately
to meet waiting time targets and to improve timely access to
treatment and thus the outcomes of therapy.
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