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Abstract

Aims: Evidence-based estimates of appropriate rates of radiotherapy utilisation are usually stated as the proportion of cancer patients who should receive
radiotherapy at least once in their lifetime. However, the prolonged follow-up required to measure the lifetime radiotherapy rate limits its value in monitoring
access to radiotherapy in routine practice. The objectives of this study were to evaluate shorter-term methods for measuring radiotherapy utilisation and to
determine how well they predict the lifetime radiotherapy rate.
Materials and methods: The Ontario Cancer Registry provided records of all cases of cancer diagnosed in Ontario between 1984 and 2015. Records of all
radiotherapy delivered by Ontario cancer centres were linked to individual cases in the Ontario Cancer Registry. Patients were followed forward for 20 years to
determine the relationship between short-term and long-term rates of use of radiotherapy. Radiotherapy utilisation was also estimated by comparing total
radiotherapy workload with cancer incidence; these measures were compared with observed long-term radiotherapy rates.
Results: The rate of use of radiotherapy within 1 year of diagnosis (RT1y) was strongly predictive of the rate of use of radiotherapy after 20 years (RT20y); for each
annual cohort of cases between 1984 and 1995, RT20y was approximately equal to 1.3 � RT1y. The number of cases treated for the first time with radiotherapy in
a specified period, divided by the number of new cases diagnosed in the same period, was about equal to the proportion of cases treated with radiotherapy
within 20 years of diagnosis (RT20y).
Conclusions: The lifetime rate of use of radiotherapy may be predicted quite accurately from the rate observed within 1 year of diagnosis, or from the ratio of
new cases treated to cancer incidence in a specified period. Either of these measures may therefore be used to audit radiotherapy utilisation against the existing
evidence-based targets.
� 2019 Published by Elsevier Ltd on behalf of The Royal College of Radiologists.

Key words: Cancer; health care accessibility; performance indicator; radiotherapy; utilisation rate
Introduction

Achieving optimal outcomes in oncology requires that
effective treatments should be accessible to all those who
need them [1]. Radiotherapy is known to be effective in
many different clinical situations and optimal access to
radiotherapy is therefore a prerequisite for optimal out-
comes [1,2]. Quality assurance in radiation oncology should
therefore extend beyond assuring the technical quality of
radiotherapy, to assuring that radiotherapy is accessible to
all those who need it [2]. The first step towards optimising
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access is to identify performance indicators that can be used
to set targets for optimal access to radiotherapy and to
monitor actual access against those targets [2e5]. It is
important to distinguish between indicators of potential
access, which measure the level of resources required to
provide a service, from indicators of realised access, which
measure the actual use of the service [6]. Potential access to
radiotherapy can be measured by the number of treatment
machines, or by numbers of key radiotherapy personnel,
per million people in the population. These simple in-
dicators of the structure of radiotherapy systems have been
very useful in describing international variations in treat-
ment capacity, and in identifying nations where inadequate
availability of resources limits access to radiotherapy [7,8].
However, optimal structures are necessary, but not
sufficient, for optimal processes [9]; the availability of the
equipment and personnel required to provide radiotherapy
adiologists.
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does not guarantee that radiotherapy will be delivered to all
those who need it, because these indicators of potential
access are insensitive to other factors that may affect
access to radiotherapy, including its spatial accessibility, its
affordability and the awareness of its potential benefits in
the medical community [2,10]. It is therefore also essential
to monitor realised access to radiotherapy, i.e. the propor-
tion of patients who actually receive radiotherapy [2].

Performance indicators should be precise but practical,
they should be measured consistently and they should
conform to international standards, if these exist [3].
Evidence-based methods have been developed to set stan-
dards for optimal radiotherapy utilisation. The quantity that
has been most frequently used in setting those standards is
the lifetime rate of use of radiotherapy, i.e. the proportion of
patients who will require radiotherapy at least once in their
lifetime [11,12]. Two different approaches have been used to
describe the proportion of patients treated with radio-
therapy, but neither can be used to measure this indicator
directly. The longitudinal approach, initially developed in
the Netherlands [13] and since used extensively in Canada
[14], directly measures the proportion of cases who receive
radiotherapy, by following the cohort of interest forward
over time to determine whether or not each patient ever
receives radiotherapy. This approach is straightforward
where it is possible to link comprehensive electronic
radiotherapy records to individual cases in a population-
based cancer registry. To be useful, however, indicators of
performance must be reportable within a relatively short
time frame, and it takes many years of follow-up tomeasure
the lifetime rate of use of radiotherapy directly. The first
objective of this study, therefore, was to determine whether
the lifetime rate of use of radiotherapy can be predicted
based on the results of more practical, shorter-term longi-
tudinal measures of radiotherapy utilisation. The cross-
sectional approach estimates the proportion of patients
who will ever be treated with radiotherapy in their lifetime.
This is carried out by comparing the total number of new
patients treated with radiotherapy with the total number of
new cases diagnosed, in the same population, during the
same period. This method, which was developed in the UK
[15], can used more widely because it requires only aggre-
gate records of radiotherapy workload and cancer inci-
dence, without the need to link radiotherapy records to
individual patients [15,16]. However, this method, as far as
we are aware, has never been validated. The second objec-
tive of this study was to test the assumptions underlying
this approach and to compare cross-sectional estimates of
radiotherapy utilisation with direct measurements of the
lifetime rate of use of radiotherapy, after at least 20 years of
follow-up.
Materials and methods

Context: the Canadian Province of Ontario

All radiotherapy in Ontario is provided by a network of
radiation oncology centres, co-ordinated by Cancer Care
Ontario. In accordance with the Canada Health Act [17], the
entire cost of radiotherapy for residents of Ontario is
covered by the provincial government.

The Ontario Radiotherapy Database

The Ontario Cancer Registry (OCR) [18] provided records
of all invasive cancers diagnosed in the province between
1984 and 2015. Non-melanoma skin cancers were excluded.
Records of all radiotherapy delivered by Ontario cancer
centres were linked to individual cases in the OCR. Records
of radiotherapy delivered to Ontarians in the US between
1999 and 2001, under a contract with the Ontario Govern-
ment, were also linked to the OCR.

Definitions

A case is defined as a specific patient, with a specific
primary cancer. A new radiotherapy case is a patient who
receives radiotherapy for the first time for a specified
primary cancer. A retreated radiotherapy case is a patient
who receives radiotherapy for a specified cancer, after
having received previous radiotherapy for the same cancer.
A radiotherapy case is defined as an individual who receives
radiotherapy for a specific cancer within a defined period,
and includes both new radiotherapy cases and retreated
cases. A course of radiotherapy is defined as including all
fractions delivered sequentially to one anatomic region, or
to contiguous anatomic regions, without an interruption of
more than 7 days.

Establishing the Relationship Between Short-Term and Long-
Term Longitudinal Measures of Radiotherapy

Cohorts of incident cases were followed for at least 20
years in the radiotherapy database to determine the pro-
portion who received radiotherapy [14]. We calculated the
relationship between the rates of use of radiotherapy
observed 1 year after diagnosis (RT1y) and the rate observed
after 20 years (RT20y). Bootstrapping was used to establish
95% confidence limits on the ratio RT20y/RT1y.

Validating the Cross-Sectional Approach

In equating the ratio of new radiotherapy cases/inci-
dence with the lifetime rate of use of radiotherapy, it is
implicitly assumed that the number of patients who were
diagnosed in previous years, but treated for the first time in
the year of interest, is equal to the number of cases diag-
nosed in the year of interest, who will receive radiotherapy
for the first time in future years [15]. We tested this
assumption for each calendar year for which we were able
to follow patients both forwards and backwards for at least
a decade. The cross-sectional method was then used to
estimate lifetime rates of radiotherapy utilisation as
described by Williams and Drinkwater [15], and those
estimates were compared with RT20y measured by the
longitudinal method.
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Analysis

All analyses were carried out in SAS.
Fig 2. Cumulative probability of receiving curative or palliative
radiotherapy at least once as a function of time from diagnosis. Note
that the proportion of patients who receive radiotherapy with any
intent is less than the sum of the proportion who receive curative
radiotherapy and the proportion who receive palliative radiotherapy,
because some patients initially treated with curative radiotherapy are
treated later with palliative radiotherapy.
Results

Longitudinal Measures of Radiotherapy Utilisation

As illustrated in Figure 1, the proportion of cases treated
with radiotherapy increases with time after diagnosis. In a
historical cohort of 475 129 cases diagnosed between 1984
and 1995, for which 20-year follow-up was available, the
proportion of incident cases who ever received radio-
therapy increased from 15.9% at 3 months (RT3m) to 21.0% at
6 months (RT6m), 24.3% at 1 year (RT1y) to 29.0% at 5 years
(RT5y), 30.5% at 10 years (RT10y) and 31.6% at 20 years
(RT20y). In the remainder of this study, RT20y is used as a
proxy for the proportion of cases that will receive radio-
therapy at any time, because the curve almost reaches a
plateau by 20 years.

Supplementary Figure S1 shows that the impact of follow-
up time on the observed radiotherapy rates is disease-
specific; the proportion of cases treated with radiotherapy
for lung cancer and head and neck cancer almost reached a
plateau by 2 years, whereas the radiotherapy rates for breast
and prostate cancer continued to increase slowly for many
years.

Figure 2 shows that the proportion of incident cases who
received radiotherapy with curative intent (CRT) increased
rapidly to 16.2% at 1 year and then increased more slowly to
17.8% at 5 years, 18.4% at 10 years and 18.9% at 20 years,
Thus, within 1 year of diagnosis, about 86% of the cases in
which radiotherapy will ever be used with curative intent
have already been treated. Figure 2 also shows that the
proportion of cases who received palliative radiotherapy
(PRT) increased more gradually, from 5.4% at 3 months to
6.6% at 6 months, 7.9% at 1 year, 10.9% at 5 years, 11.9% at 10
years and 12.4% at 20 years. Thus, only 64% of the cases
whowill ever receive radiotherapywith palliative intent are
Fig 1. Cumulative probability of receiving radiotherapy at least once
as a function of time from diagnosis.
treated for the first time within 1 year of diagnosis.
Supplementary Figure S2a shows that the time to first CRT
is disease-specific. The CRT rates for head and neck and lung
cancer reach an early plateau at about 6 months. The CRT
rate for breast cancer does not plateau until about 1 year
and the CRT rate for prostate cancer continues to increase
over many years. Supplementary Figure S2b shows that the
relationship between follow-up time and the observed rate
of use of PRT is also disease-specific. The PRT rates for lung
cancer and head and neck cancer reach an early plateau,
whereas the rates for breast and prostate cancer increase
slowly over many years.

Predicting the Lifetime Rate of Use of Radiotherapy Based on
the Rate of Use of Radiotherapy at 1 Year

We compared the rate of use of radiotherapy measured at
1 year (RT1y) with the rate of use of radiotherapy measured
after 20 years (RT20y) to determine how well the more
practical, short-term measure predicts the use of radio-
therapy at any time in the course of the illness. Table 1 shows
that, for all cases combined, the ratio RT20y/RT1y remained
quite consistent over the study period, with RT20y about
equal to 1.3� RT1y. Table 1 also shows, however, that the ratio
of RT20y/RT1y varies with primary cancer site, ranging from
1.84 for prostate cancer to 1.05 for head and neck cancer.

Testing the Assumptions Underlying the Cross-Sectional
Approach

The cross-sectional approach assumes that the number of
patients who were diagnosed in previous years, but treated
for the first time in the year of interest, is about equal to the
number of cases diagnosed in the year of interest, but
treated for the first time in future years. Table 2 shows the



Table 1
Rate of use of radiotherapy observed 1 year after diagnosis (RT1y) compared with the rate observed after 20 years (RT20y)

Year All cancer sites Head and neck cancer Lung cancer Prostate cancer

RT1y RT20y RT20y/1y (95% CI)* RT1y RT20y RT20y/1y (95% CI)* RT1y RT20y RT20y/1y (95% CI)* RT1y RT20y RT20y/1y (95% CI)*

1984 23.4% 30.8% 1.31 (1.28, 1.35) 60.8% 64.1% 1.05 (1.00, 1.12) 43.2% 47.9% 1.11 (1.06, 1.16) 16.7% 28.4% 1.70 (1.54, 1.89)
1985 23.8% 31.0% 1.30 (1.27, 1.34) 57.4% 62.4% 1.09 (1.03, 1.15) 42.5% 47.4% 1.12 (1.07, 1.17) 14.7% 27.0% 1.84 (1.66, 2.05)
1986 23.8% 31.1% 1.31 (1.27, 1.34) 58.4% 62.2% 1.06 (1.00, 1.13) 42.1% 47.2% 1.12 (1.08, 1.17) 14.7% 27.0% 1.83 (1.65, 2.04)
1987 22.8% 30.2% 1.32 (1.29, 1.36) 56.6% 61.1% 1.08 (1.02, 1.15) 40.4% 45.7% 1.13 (1.09, 1.18) 16.8% 29.9% 1.78 (1.62, 1.95)
1988 22.8% 30.1% 1.32 (1.29, 1.35) 55.7% 60.4% 1.08 (1.02, 1.15) 39.0% 44.2% 1.13 (1.09, 1.18) 18.0% 30.9% 1.72 (1.58, 1.88)
1989 22.4% 29.7% 1.33 (1.30, 1.36) 53.9% 58.6% 1.09 (1.02, 1.16) 35.8% 41.4% 1.15 (1.10, 1.21) 19.4% 31.8% 1.64 (1.51, 1.79)
1990 22.7% 30.2% 1.33 (1.30, 1.36) 51.8% 58.1% 1.12 (1.05, 1.20) 35.6% 41.7% 1.17 (1.12, 1.23) 18.7% 31.5% 1.68 (1.55, 1.82)
1991 24.3% 31.4% 1.29 (1.27, 1.32) 54.7% 59.3% 1.08 (1.02, 1.15) 36.3% 42.6% 1.17 (1.12, 1.22) 21.9% 33.8% 1.54 (1.45, 1.65)
1992 25.7% 33.1% 1.29 (1.26, 1.32) 55.3% 60.6% 1.09 (1.03, 1.16) 37.4% 43.4% 1.16 (1.11, 1.21) 23.1% 35.9% 1.55 (1.47, 1.65)
1993 25.9% 33.2% 1.28 (1.26, 1.31) 56.8% 62.2% 1.10 (1.03, 1.16) 37.6% 43.2% 1.15 (1.10, 1.20) 24.5% 38.4% 1.57 (1.49, 1.65)
1994 25.9% 33.1% 1.28 (1.25, 1.30) 57.4% 62.4% 1.09 (1.03, 1.15) 37.3% 43.2% 1.16 (1.11, 1.21) 24.0% 38.6% 1.61 (1.53, 1.70)
1995 26.5% 33.7% 1.27 (1.25, 1.30) 57.4% 62.2% 1.08 (1.02, 1.15) 38.6% 44.3% 1.15 (1.10, 1.19) 22.2% 36.6% 1.65 (1.56, 1.76)

CI, confidence interval.
* RT20y/1y is the radiotherapy rate observed at 20 years (RT20y) divided by the rate observed at 1 year (RT1y).
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year in which radiotherapy was first administered in the
56 402 new cases diagnosed in 2003; this was determined
by following the incident cases forward for 10 years to
determine when and if they received radiotherapy. Table 3
shows the year of diagnosis of 19 177 cases treated for the
first time in 2003; this was determined by following the
treated cases backwards in time to determine when they
were diagnosed. A comparison of Tables 2 and 3 reveals that
the number of cases diagnosed in 2002 and treated for the
first time with radiotherapy in 2003 (n ¼ 6132) is approxi-
mately equal to the number of cases diagnosed in 2003 but
not treated until 2004 (n ¼ 5956), Similarly, the number of
cases diagnosed in 2001,whowere treated in 2003 (n¼ 806)
is approximately equal to the number of cases diagnosed in
2003 but not treated until 2005 (n ¼ 849). Tables 2 and 3
show that this pattern continued as patients diagnosed in
2003 were followed forwards for 10 years and patients first
treated in 2003 were followed backwards for 10 years. As a
result, the total number of cases who received radiotherapy
for the first time in 2003 and were diagnosed at any time in
the preceding 10 years (n¼ 19177) is approximately equal to
the total number of cases that were diagnosed in 2003 and
Table 2
The relationship between calendar year of diagnosis and the calendar y
treatment for 56 402 cases diagnosed in 2003

Treatment
year

No. cases first
treated

Cumulative no.
cases first treate

2003 9980 9980
2004 5956 15 936
2005 849 16 785
2006 560 17 345
2007 405 17 750
2008 318 18 068
2009 234 18 302
2010 210 18 512
2011 169 18 681
2012 118 18 799
who received radiotherapy for the first time at any point in
the next 10 years (n ¼ 18 799). Supplementary Table S1
shows very similar findings for every year for which we
had 10 years of follow-up and 10 years of follow-back. Thus,
the total number of cases who receive radiotherapy for the
first time in a given calendar year, regardless of their year of
diagnosis, is a reasonable proxy for the total number of
cases diagnosed in that calendar year who will receive
radiotherapy at some point in the future.

Comparison of Cross-Sectional Estimates of the Lifetime Rate
of Radiotherapy Utilisation with the Observed Rate after 20
Years of Follow-up

Table 4 shows the incidence of cancer in Ontario by
calendar year between 1984 and 1995, together with three
measures of radiotherapy workload: the total number of
courses of radiotherapy delivered in the calendar year; the
total number of cases treated at least once with radio-
therapy in that calendar year (including those who had
already received radiotherapy in previous years); and the
number of cases treated for the first time with radiotherapy
ear in which the patient first received radiotherapy: the year of first

d
% incident cases
first treated

Cumulative % cases
first treated

17.7% 17.7%
10.6% 28.3%
1.5% 29.8%
1.0% 30.8%
0.7% 31.5%
0.6% 32.0%
0.4% 32.4%
0.4% 32.8%
0.3% 33.1%
0.2% 33.3%



Table 3
The relationship between calendar year of diagnosis and the calendar year in which the patient first received radiotherapy: the year of
diagnosis of 19 177 cases treated for the first time in 2003

Year of diagnosis No. cases first treated in 2003 Cumulative no. % first treated cases Cumulative %

2003 9980 9980 17.7% 17.7%
2002 6132 16 112 10.9% 28.6%
2001 806 16 918 1.4% 30.0%
2000 471 17 389 0.8% 30.8%
1999 337 17 726 0.6% 31.4%
1998 272 17 998 0.5% 31.9%
1997 174 18 172 0.3% 32.2%
1996 146 18 318 0.3% 32.5%
1995 113 18 431 0.2% 32.7%
1994 110 18 541 0.2% 32.9%
Any Year e 19 177 e 34.0%
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in that calendar year (new radiotherapy cases). Table 4 also
shows each of these three aggregate measures of radio-
therapy workload in relation to cancer incidence: courses of
radiotherapy/incident case; radiotherapy cases per incident
case; and new radiotherapy cases per incident case. The
actual rate of use of radiotherapy, measured after 20 years of
follow-up (RT20y) is shown in the final column of Table 4.
The number of new radiotherapy cases per incident case
closely approximated the proportion of incident cases that
went on to receive radiotherapy within 20 years of diag-
nosis (RT20y). Note, however, the total number of all radio-
therapy cases per incident case (including retreated cases)
consistently overestimates RT20y, to the extent that RT20y is
approximately equal to 0.84 � (all radiotherapy cases)/
incident case. The number of courses of radiotherapy per
incident case more greatly overestimates RT20y, to the
extent that RT20y is approximately equal to 0.68 � (courses
of radiotherapy)/incident case.
Table 4
Comparison of cross-sectional and longitudinal measures of the use of

Year No. incident
cases

All courses of
radiotherapy

All

No. No./incidence No.

1984 33 005 14 835 0.45 11 5
1985 34 236 15 892 0.46 12 4
1986 34 597 16 177 0.47 12 5
1987 36 437 16 442 0.45 12 7
1988 38 044 16 683 0.44 13 2
1989 38 300 16 296 0.43 13 0
1990 40 213 16 577 0.41 13 3
1991 42 378 18 601 0.44 15 1
1992 43 394 19 723 0.45 16 3
1993 44 406 20 443 0.46 16 9
1994 45 124 20 793 0.46 17 3
1995 44 995 20 967 0.47 17 5
1984e1995 475 129 213 429 0.45 172

RT20y, radiotherapy rate observed at 20 years.
* includes cases who received radiotherapy for the first time in the sp

calendar year after previous radiotherapy in an earlier year.
Discussion

Performance indicators are required to set standards for
optimal utilisation of health services and to monitor uti-
lisation of those services in relation to standards. Standards
for the appropriate rate of use of radiotherapy are usually
stated as the proportion of cases who should receive
radiotherapy at least once in their lifetime [11,12]. However,
the long-term follow-up required to audit compliance with
these standards directly cannot provide the timely infor-
mation about radiotherapy utilisation that is needed to
manage a radiotherapy programme. The main finding of
this study is that the lifetime rate of utilisation of radio-
therapy can be predicted quite accurately, either from
shorter-term longitudinal measures of radiotherapy uti-
lisation or from the relationship between cross-sectional
measures of radiotherapy workload and cancer incidence.
This makes it possible to compare short-term measures of
radiotherapy

radiotherapy cases* New radiotherapy cases RT20y

No./incidence No. No./incidence

05 0.35 9984 0.30 0.31
54 0.36 10 666 0.31 0.31
29 0.36 10 564 0.31 0.31
94 0.35 10 780 0.30 0.30
31 0.35 11 040 0.29 0.30
53 0.34 10 962 0.29 0.30
90 0.33 11 287 0.28 0.30
48 0.36 12 732 0.30 0.31
02 0.38 13 788 0.32 0.33
19 0.38 14 309 0.32 0.33
69 0.38 14 621 0.32 0.33
29 0.39 14 747 0.33 0.34
223 0.36 145 480 0.31 0.32

ecified calendar year and cases who received radiotherapy in that
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actual radiotherapy utilisation with standards that have
been set for optimal lifetime rates [11,12].

The rate of use of radiotherapy within a year of diagnosis
(RT1y) was strongly predictive of the lifetime rate of use of
radiotherapy. For all cases combined, our best estimate of
the lifetime rate of use of radiotherapy, RT20y, was about
equal to 1.3 � RT1y. This relationship can be used as a rule of
thumb for predicting the lifetime rate of radiotherapy
from the rate observed 1 year after diagnosis. Thus, where
records of radiotherapy can be linked to individual cases in a
population-based registry, radiotherapy utilisation can
be measured in terms of RT1y, converted to RT20y, and
compared with published standards, within a timeframe
that is still relevant to the management of the radiotherapy
programme. It may be tempting to try to further shorten the
period of observation, by reporting the rate of use of
radiotherapywithin 6months of diagnosis, or even less, but,
as shown in Figure 1, these earlier timepoints lie in the steep
part of the up-going, time-to-first-radiotherapy curves for
some major diseases and the observed rates may therefore
be sensitive to waiting times for treatment and/or to the
timing of radiotherapy in relation to other treatments. We
acknowledge that the relationship between RT1y and RT20y
was disease-specific and that the relationship between RT1y
and RT20y may be somewhat different in populations with a
different mix of primary cancers.

The alternative, cross-sectional approach for estimating
the lifetime radiotherapy rate by comparing aggregate
measures of radiotherapy workload and cancer incidence
also proved to be surprisingly accurate. This method is
based on the implicit assumption that the number of pa-
tients diagnosed in previous years, but treated for the first
time in the year of interest, is about equal to the number of
cases diagnosed, but not treated in the year of interest, who
will go on to receive radiotherapy for the first time in future
years. We have shown here that this assumption is indeed
correct. Furthermore, we have shown that the quotient of
new radiotherapy cases/incident cases in a given calendar
year closely approximates the rate of use of radiotherapy
observed after 20 years of follow-up. This is important,
because the cross-sectional approach can be used without
linking radiotherapy records to individual cases, which may
be impossible in some jurisdictions, either for technical
reasons or because of concerns about privacy.

We have previously described and validated an alterna-
tive approach for projecting the lifetime rate of utilisation of
radiotherapy in a cohort of incident cases based on past and
current practice [19], but this requires historical records of
radiotherapy linked to a cancer registry and is therefore less
widely applicable than the cross-sectional approach evalu-
ated here.

Furthermore, as shown by Williams and Drinkwater [15],
the simple cross-sectional method can be applied using a
sample of radiotherapy workload collected over a short
period of time, without the need for continuous data
collection. We confirmed, however, that it is critical to use
the right measure of radiotherapy workload. All cases
treated for the first time with radiotherapy in the period of
interest should be included, regardless of their date of
diagnosis, but cases who have received previous radio-
therapy must be excluded [15]. The inclusion of retreated
cases together with new cases in the numerator or the use of
courses instead of cases leads to significant overestimation
of the lifetime radiotherapy utilisation rate. Although this
approach avoids the need to link radiotherapy records
to individual cases, it is important that the radiotherapy
workload data and the cancer incidence data should relate
to exactly the same population. This requirement may be
relatively easy to meet at the national level, but may be
impossible at a regional level, unless the referral boundaries
of radiotherapy centres are strictly defined and non-
overlapping. This approach does not, therefore, lend itself
to describing small area variations in radiotherapy uti-
lisation or to identifying socioeconomic and health system-
related factors associated with inadequate access to radio-
therapy. By contrast, the longitudinal approach, which
requires radiotherapy records linked to individual cases,
permits the use of regression analysis to explore factors
associated with the probability of receiving radiotherapy, at
the level of the individual patient [20e22]. This is, therefore,
the method of choice for identifying the causes of inade-
quate and/or inequitable access to radiotherapy [2].
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