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Abstract

Aims: The Malthus Programme has delivered a tool for modelling radiotherapy demand in England. The model is capable of simulating demand at the local level.
This article investigates the local and regional level variation in predicted demand with respect to Breast and Prostate cancer, the two tumour types responsible
for the majority of radiotherapy treatment workload in England.
Materials and methods: Simulations were performed using the Malthus model, using base population incidence data for the period from 2007e2009. Simu-
lations were carried out at the level of Primary Care Trusts, Cancer Networks, and nationwide, with annual projections for 2012, 2016 and 2020. Benchmarking
was undertaken against previously published models from the UK, Canada and Australia.
Results: For breast cancer, the fraction burden for 2012 varied from 5537 fractions per million in Tower Hamlets PCT to 18 896 fractions per million in Devon PCT
(national mean - 13 592 fractions per million). For prostate cancer, the fraction burden for 2012 varied from 4874 fractions per million in Tower Hamlets PCT to
23 181 fractions per million in Lincolnshire PCT (national mean - 15 087 fractions per million). Predictions of population growth by age cohort for 2016 and 2020
result in the regional differences in radiotherapy demand becoming greater over time. Similar effects were also observed at the level of the cancer network.
Conclusions: Our model shows the importance of local population demographics and cancer incidence rates when commissioning radiotherapy services.
� 2013 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

The Malthus Programme was commissioned by the
National Cancer Action Team to provide tools for modelling
radiotherapy demand at both local and national levels in
England [1]. The tools are targeted at healthcare commis-
sioners, radiotherapy service leads and all staff involved in the
provision of radiotherapy. No previous knowledge of model-
ling is required to run the application. We know that signifi-
cant local variation exists in cancer incidence and subsequent
radiotherapy demand is driven by differences in stage, age,
geography, performance status, comorbidities and the uti-
lisation of other treatment modalities in the cancer pathway.
Such differences mean that a national best fit model is

unlikely to fit the requirements of every individual treatment
centre.

Previous models of radiotherapy demand have been
published from Canada, Australia, Scotland and England
[2e5]. A difficulty encountered in any radiotherapy de-
mand model is the curating of appropriate cancer inci-
dence data and, where population data from their
countries were unavailable, authors have used other
retrospective sources of data, such as the American Na-
tional Cancer Institute Surveillance, Epidemiology and End
Results (SEER) database. The Malthus model uses high-
quality incidence data from the National Cancer Intelli-
gence Network, which tracks cancer registrations to the
level of the Primary Care Trust (PCT) (population range
from 91 500 to 1 282 384) and regional Cancer Network
(population range from 710 174 to 4 024 508) in England.
For details of stage and the use of surgery, we obtained
data from the Eastern Cancer Registry and Information
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Centre (ECRIC). These data enabled us to use the Malthus
model to test the hypothesis that a single radiotherapy
demandmodel at the national level is not representative of
radiotherapy demand at more granular levels.

This article reviews the local- and regional-level models
for breast and prostate cancer. These two sites were
selected because they make up about 55% of the national
radiotherapy workload and, thus, have important conse-
quences for radiotherapy commissioning.

Materials and Methods

Model Configuration

The Malthus Workbench discrete event simulation tool
was used for this analysis [1].We used themodel to produce
both radiotherapy treatment fraction and access rate data
for patients with breast and prostate cancer. Access rate is
defined as is the proportion of all cancer patients who
require radiotherapy at least once during the course of their
illness [3].

The model was run using evidence-based decision trees
and set to consider primary treatment episodes with either
radical or palliative intent (to facilitate comparison with
other studies). We used base population and cancer inci-
dence data for the period from 2007 to 2009. Simulations
were carried out at the PCT level and the Cancer Network
level, as well as at the national level. Simulations were run
for years 2012, 2016 and 2020.

Evidence Base and Decision Trees

Data for the discrete event simulation were encoded in a
clinical decision tree. The highest level of evidence available
for the role of radiotherapy and evidence for fractionation
were established for breast and prostate cancer. This was
based on the ranking of levels of evidence and incorporated
into the decision tree branches [6]. These were ratified by a
representative group of clinical oncologists. In addition to
encoding information about treatment options, the decision
trees also include information about the stage distribution of
patients with a given tumour type (e.g. the proportion of
breast cancer patientswith stage II disease). This information
was derived from national audits and the ECRIC. The trees
also encode information regarding the proportions of pa-
tients considered for different treatment options on the basis
of both tumour factors and patient factors (e.g. proportion of
stage II breast cancer patients undergoingwide local excision
versus mastectomy). These estimates were derived from
ECRIC data and from peer review. The decision trees and
underlying evidence are available for download at the proj-
ect web site [7]. Key factors in the design of the decision trees
for breast and prostate cancer, specifically where they differ
from previous models, are outlined below:

Breast cancer decision tree
� Radiotherapy for ductal carcinoma in situ (DCIS) after
breast-conserving surgery was included in the decision

tree, on the basis of the Cochrane review and the
Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) [8,9]. Conventional 2 Gy fractionation has
been modelled as there is no current high-level evi-
dence to support the use of hypofractionation in DCIS.

� Fractionation for radiotherapy in early stage invasive
breast cancer is based on the Cochrane review and the
EBCTCG [10e12].

� Stage data were acquired from ECRIC, whose estimates
for breast cancer staging are 93% complete.

� Mastectomy rates were obtained from ECRIC.

Prostate cancer decision tree
� Clinical risk group stratification [13] was obtained from
ECRIC, whose estimates for clinical risk grouping are
87% complete.

� Prostatectomy rates were obtained from ECRIC, and
validated at a national meeting of 70 oncologists held in
June 2011.

It should be noted that there is no evidence for low-risk
prostate cancer that any of the options of active surveil-
lance, surgery or radiotherapy (external beam or implant) is
better than any other. It has been argued in a consensus
statement that this stage of disease has been overtreated
and that it should be reclassified as a premalignant condi-
tion [14]. This means that our decision tree is descriptive as
there is no evidence on which to base management de-
cisions and patient choice, influenced by clinician advice is
dominant. Similar arguments regarding treatment choice
apply to some degree for patients with higher risk prostate
cancer.

Benchmarking

Our model of radiotherapy demand is calculated in
treatment fractions rather than an access rate. The access
rate does not directly reflect the radiotherapy workload in
terms of radical and palliative treatment fractionation. Ac-
cess rates were calculated to act as comparators against the
previous studies. Here we have used the conventional term
fraction, which for this purpose is equivalent to an atten-
dance as recorded in the English radiotherapy data set [15].

Results

Breast Cancer

The overall access rate for breast cancer was simulated at
75.2%. Our simulations demonstrate marked variation in
fraction burden at both the local and the regional level (see
Table 1). The highest incidence of breast cancer in England
was 0.36% annually (averaged over 3 years) in Devon PCT
because of a higher proportion of older people. This results
in a predicted demand of 18 896 fractions per million in
2012, rising to 19 744 fractions per million for 2016 and
20 827 fractions per million for 2020. The predicted de-
mand for Devon PCT in 2012 was 139% of the national mean
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