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Abstract
Purpose The objective of this study is to describe a method
for estimating the number of cancer survivors requiring dif-
ferent types of cancer care in the future.
Methods Colon cancer data (1972–2007) from the New South
Wales (NSW) Central Cancer Registry were used to estimate
prevalence in 2008–2017, which was then divided into five
phases of care (initial, post-treatment monitoring, treatment
for recurrence and second colon cancer, long-term survivors
and last year of life). Patterns of care study data were used to
calculate the type and number of treatments required by
patients in initial care.
Results There were 17,375 patients living in NSW who had a
past diagnosis of first primary colon cancer in 2007. Our
statistical model suggests that by 2017, this number will have
increased to 22,671. At least 2,430 patients are expected to
require initial surgery for colon cancer in 2017, and of these,
753 will also require adjuvant chemotherapy. Furthermore, an

additional 538 cases will require therapy due to cancer recur-
rence (307) or a second primary colon cancer (231).
Conclusion Our proposed method provides more complete
estimates of future cancer care needs. With some modifica-
tions, this method can be used to estimate the future preva-
lence of many major cancer types in many other jurisdictions.
Implications for Cancer Survivors Our proposed method can
be a useful tool for planning future cancer care with the goal of
improving the cancer survivorship experience for survivors,
their caregivers and their families.

Keywords Cancer prevalence . Phase of care . Statistical
projection . Survivorship . Epidemiology . Health service
planning

Introduction

Cancer is an increasing burden for all populations worldwide,
accounting for over 2.75 million deaths in developed countries
in 2008 [1]. The burden of cancer is generallymeasured in terms
of incidence (newly diagnosed cases) and death (mortality)
rates. These cancer statistics can be used to plan health service
needs for the care required immediately following a cancer
diagnosis or for end of life and palliative care services, but do
not provide information for the period following primary treat-
ment, until cancer recurrence or before the end of life. Cancer
prevalence (the number of people living in a community on a
certain date who have had a diagnosis of cancer) is a more
complete measure of the burden of a particular cancer in the
population, so it is more useful for planning healthcare resource
allocation.

Total prevalence is a crucial but crude measure of health
service needs for cancer patients, as it covers all stages and
levels of cancer care. This means that measures of total cancer
prevalence will include people with a huge range of health
service requirements, from recently diagnosed patients requiring
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initial treatment to people who require extensive care and have
severe disabilities or long-term survivors who need only mini-
mal care. Therefore, in terms of providing a meaningful and
useful measure to inform health care planning, there would
seem to be a great benefit in providing estimates of cancer
prevalence for groups of patients based on the level of care they
require. Population-based studies identifying these different
groups and planning for their health care needs, however, are
relatively rare. In 2006,Mariotto et al. [2] described a method to
obtain such estimates, dividing the total prevalence into the
following three different phases: initial care, monitoring and
last year of life. However, as the authors acknowledged them-
selves, cases in themonitoring phase are a highly heterogeneous
group in terms of health care needs [2] because they include
patients who recently completed their initial therapy and require
close follow-up, patients requiring treatment for cancer recur-
rence or second primary cancers, and those who have survived
for a long period of time since their initial treatment and can be
considered to be cured. It is particularly important to include
recurrent cases and people with second primary tumours when
estimating health care needs for cancer patients [3, 4], as a
significant number of cancer patients will develop a second
primary cancer [5] or tumour recurrence [6–8] andwill therefore
require much more intensive medical care than the monitoring
required for long-term cancer survivors. Thus, Mariotto’s ap-
proach may be extended by dividing the continued monitoring
phase further, so that patients in each phase of care will be more
homogeneous in terms of predicting health care needs [3], an
important area for additional research [9].

The aim of this study was to describe a new method for
estimating cancer prevalence by phase of care and predicting
health care needs for these prevalent cancer patients. Data on
primary colon cancer from an Australian population-based
cancer registry was used to illustrate the method. To estimate
health service demands for those prevalent patients, we ap-
plied the proportions of patients requiring different types of
treatment derived from a population-based pattern of care
study in the same population to the projected prevalence.

Methods

Overview

There were three principal activities involved in this study as
follows: estimation and projection of the prevalence of colon
cancer (2008–2017), phase of care analysis and estimation of
the type and number of services required in 2017. Briefly, we
first estimated the prevalence of colon cancer in 1972–2007
and projected the future prevalence for 2008–2017. These
prevalence estimates were calculated using the prevalence
and incidence analysis model (PIAMOD) software, with the
primary data input being colon cancer (ICD-O3 C18) [10]

incidence for cases diagnosed in 1972–2007 in New South
Wales (NSW). Second, we divided the estimate of the total
prevalence in 2007, which was obtained in the first step, into
five phases of care using data on time since diagnosis, disease
stage at diagnosis and cause of death, as well as data for
recurrence and second colon cancer. We then applied the
resulting proportions in each phase in 2007 to the projected
prevalence estimates for 2017 (also from the first step of the
analysis) to obtain future phases of care prevalence. Third, we
estimated the type and number of services that will be required
for the initial treatment of colon cancer in 2017. Data from a
population-based pattern of care study for colorectal cancer in
2000–2001 [11] in NSWwere used to obtain the proportion of
patients undergoing different initial cancer treatments, and
then these proportions were applied to the projected estimates
of initial care in 2017.

This study was approved by the NSW Population and
Health Service Research ethics committee (reference number:
2009/03/139).

Estimation and projection of the prevalence of colon cancer

Incidence data for first primary colon cancer diagnosed in
1972–2007 were extracted from the NSW Central Cancer
Registry database. The registry covers a population of 7.2
million, approximately one-third of the national population
of Australia, and maintains a record of all cases of cancer
diagnosed in NSW residents since 1972. We included cases
aged 18–84 years at diagnosis, and excluded cases who were
reported to the Registry through death certificate only or who
were first identified post-mortem. For survival analysis, vital
status was obtained to the end of 2007 by matching the cancer
registry records with death certificate records from the NSW
Register of Births, Deaths and Marriages. Data for all causes
of mortality for NSW by single year of age (up to 84 years
old), sex and year (1972–2007), and corresponding NSW
mid-year residential population data by single year of age,
sex and calendar year were obtained from the Australian
Bureau of Statistics.

PIAMOD software

The PIAMOD software [12] was used to estimate the ob-
served prevalence (1972–2007) and project future prevalence
(2008–2017). The method forecasts prevalence with a deter-
ministic relationship among cancer mortality, incidence and
survival at one time. The PIAMOD method was described in
detail by Verdecchia et al. [12]. Basically, it estimates and
projects cancer prevalence as a function ofmodelled incidence
and survival estimates. The steps required for the application
of PIAMOD are illustrated in Fig. 1.

To apply PIAMOD, we first prepared the following input
files required: population data, all-causes mortality, cancer
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incidence and model-based survival estimates. Except for the
survival estimates, data must be provided for single year of
age (up to 84) and calendar year for males and females
separately.

Incidence modelling

We fitted age-cohort models to the incidence data (1972–
2007) in PIAMOD to project the incidence for 2008–2017.
In these models, parameters were estimated from a regression
equation using the observed incidence data, where the cohort
linear term was left to drift, and the logit link function was
used to restrain the model from assuming exponential growth.
We then selected the best model in a stepwise procedure using
the likelihood ratio test and a graphical comparison of the
observed versus predicted incidence. Once the model was
selected, we projected future incidence by fitting it to the
observed incidence data (1972–2007), with the assumption
that the age and cohort effects will be constant beyond the
observed data (2008–2017) [12].

Survival modelling

Model-based survival estimates for input into PIAMOD were
obtained from a SAS programme. Relative survival, the ratio
of the observed proportion surviving in a group of cancer
patients to the expected proportion that would have survived
in an age- and sex-comparable group of people from the
general population, was used in this analysis because we used
all cause mortality from a population-based cancer registry. To
obtain the model-based survival estimates, we first calculated

relative survival using a standard method [13]. These relative
survival estimates were grouped by five age groups (18–44,
45–54, 55–64, 65–74 and 75–84 years) and six periods of
diagnosis (1972–1977, 1978–1983, 1984–1989, 1990–1995,
1996–2001 and 2002–2007). We then fitted mixture cure
models [14] to these tabulated relative survival data and
extrapolated survival for 2008–2017 based on the assump-
tion that cancer survival trends will continue as previously
observed. The models assume that the patients are a
mixture of two groups with different prognostic prospects,
specifically cured and fatal cases. For patients who are
cured, the models assume that this group of patients will
experience the same mortality risk as the general popula-
tion. For fatal cases, the models assume that this group
will die of cancer eventually, and that their survival time
follows a Weibull distribution [14]. Finally, we selected
the best model based on both goodness-of-fit and graph-
ical assessment and fitted it to the tabulated survival data
to obtain model-based estimates of survival for input into
PIAMOD.

Prevalence modelling

Using the PIAMOD software and the prepared input
data from the modelled incidence and survival esti-
mates, as well as all-causes mortality and population
data (which were assumed to be stable over time, but
allowing for a growing and ageing population [12]), we
were then able to calculate the prevalence of first pri-
mary colon cancer for 1972–2007 and to project future
prevalence (2008–2017).

To evaluate the resulting PIAMOD estimates, we
compared the PIAMOD prevalence estimates for 2007
(using data for 1972–2006) with 2007 prevalence esti-
mates calculated using the direct counting method [15],
which is considered to provide the most reliable esti-
mates for populations covered by a cancer registry for a
sufficient length of time [16].

Phase of care analyses

The total predicted prevalence for 2017 estimated by the
PIAMOD model was divided into five phases of care name-
ly, initial care, long-term survivors, post-treatment monitor-
ing, treatment for recurrence and second colon cancer and
last year of life. We divided the total prevalence for 2007
(for which we have data on time since diagnosis, disease
stage at diagnosis and cause of death, as well as data for
recurrence and second colon cancer) into these five phases
of care, and then applied the resulting proportions in each
phase to the projected estimates of total prevalence for 2017
to obtain future prevalence by phases of care. We assumed
that for the next decade, the composition of prevalent cases

Fig. 1 Flow chart of application of PIAMOD
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by phases of care would remain similar to that in 2007 (the
last year for which data were available to us).

The initial care phase was defined as the care provided in
the first 12 months after diagnosis (excluding cases who died
within the first year of diagnosis), and the last year of life
phase was defined as the last 12 months of life for those
who died of colon cancer. Cases with short survival (less
than 12 months) were considered to be in the last year of life
phase. We used information on cause of death to identify
those patients who had died from colon cancer, and who we
would therefore categorise as being in the ‘last year of life’
phase of care. The post-treatment monitoring phase was
defined as the period between initial care and being consid-
ered a long-term survivor. Among those in the post-
treatment monitoring phase, some are likely to require more
treatment at some point during follow-up due to recurrence
or development of a second colon cancer; thus, an additional
phase of care was included to account for such cases.

Prevalence of long-term survivors

We defined the long-term survivors as patients with minimal
excess risk of death (less than 1 %) compared to the general
population. We obtained the time to reach this criterion strat-
ified by disease stage from empirical life table estimates of
relative survival. Using this definition, we estimated the pro-
portion of long-term survivors amongst the prevalent colon
cancer cases in 2007. Then, this proportion was applied to the
projected prevalence estimates in 2017 to estimate the number
of long-term survivors in the future.

Prevalence of patients requiring care for recurrence or second
colon cancer

Colon cancer recurrences and second colon cancer that had
occurred in the period of 2000–2007 were incorporated into
the phase of care prevalence estimates, so that the future
(2017) prevalence of such events and additional treatment
required could be estimated.

The NSW Central Cancer Registry collects data on second
and subsequent colon cancers (both multiple and primary
tumours) and episode data (consisting of notifications sent
after initial diagnosis). In the analysis, we combined multiple
tumours (diagnosed within an interval greater than 2 months
of each other) and multiple primary cancers (of the same site
only) as one group (second colon cancer). Recurrence (or
subsequent metastasis) was identified using episode data.
Extent of the disease at initial diagnosis was based on evi-
dence from statutory notification forms and pathology reports
received by the registry within 120 days of first diagnosis,
while cases with recurrent disease were based on episode data
from 121 days onwards after first diagnosis. As many of the
tumours being counted as multiple primaries may actually be

recurrences, we combined the counts of second colon cancer
and recurrent tumours. This is also logical in terms of health
service planning; as in all these cases, further therapy is likely
to be required.

Cases (1972–2007) with first primary colon cancer were
followed up for recurrence or second colon cancer to the end
of 2007. To increase the stability of the estimates for these
events, the average annual number of cases for the period of
2000–2007 was used to estimate health care needs for this
group of patients in 2007.We chose to use more recent (2000–
2007) recurrence and second cancer data because the ad-
vances in the treatment of colon cancer that were developed
during the 1990s have dramatically reduced the recurrence
rates for colon cancer, and these new developments have been
standard care in Australia since 2000, and thus these more
recent data are more likely to accurately predict future
patterns. To obtain the number of these events in the future,
we first calculated the proportion of these events (average
annual number in 2000–2007) over the number of cases in
the post-treatment monitoring phase in 2007. We then ap-
plied this proportion to the number of projected cases in the
post-treatment monitoring phase for 2017. Those patients
who survived at least 1 year since the diagnosis of a recur-
rence or new primary colon cancer were recategorised into
the treatment for recurrence/second cancer phase (requiring
either curative or palliative management). Those who died
sooner after diagnosis after recurrence or new primary colon
cancer were considered to be in the last year of life care
phase.

Although over time, each patient can contribute to more
than one phase of care; at any one specific point in time, a
patient can only be in one phase of care.

Estimation of type and number of services required

Data on patterns of treatment, including surgery alone and
surgery plus chemotherapy, from the NSW Colorectal Cancer
Care Survey [11] were used to estimate the future cancer care
needs for colon cancer patients. The survey is population-wide
and covered all first primary incident colorectal cancer cases
reported to the NSW Central Cancer Registry between Feb-
ruary 1, 2000 and January 31, 2001 in NSW. The type and
number of services that will be required in the future was
estimated by applying the proportions of patients receiving
each type of treatment observed in this survey [11] to the
estimated numbers of patients in the initial care phase. In
addition to these treatment estimates, it is possible that patients
in the last year of life may also require surgery and/or chemo-
therapy, and patients with recurrence or second primary colon
cancer will also need some treatment. Unfortunately, however,
we cannot identify the patients who need such treatment from
the patterns of care survey data as they were beyond the scope
of the survey.
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Results

Incidence trends

A total of 66,821 cases of first primary colon cancer were
included in this analysis, with similar numbers of males
(33,488) and females (33,333). Over the period of 1972–
2007, the numbers of incident cases with first primary colon
cancer increased for both males and females in NSW, and
PIAMOD predicted that this trend would continue over the
next 10 years up to 2017 (Fig. 2). Figure 2 also suggests that our
incidence model, particularly for females, fitted the observed
data well, which is important because the prevalence predic-
tions are based on modelled incidence and survival trends. The
PIAMOD software provides a measure of uncertainty (95 %
confidence interval) for the predicted incidence for the period
for which observed data are available but does not provide this
measure for the period beyond the observed data. This increase
in the number of incident cases was primarily due to the growth
and ageing of the population, indicated by the generally stable
age-standardised incidence rates for colon cancer in NSWover
the last 15 years (http://www.statistics.cancerinstitute.org.au/
prodout/trends/trends_incid_C18_extall_NSW.htm).

Survival trends

The survival trendswere very similar formales and females, with
5-year relative survival increasing from 1972–1977 to 2002–
2007, from 40 to 67 % for males and 41 to 67 % for females.
These increasing trends were estimated to continue into the

foreseeable future. Figure 3 shows the survival trends for those
aged 55–64 years (observed versus predicted), and it suggests
that the mixture cure models fitted the observed data very well.

Comparison of the modelled survival with life table estimates
for the period 1984–1995 also indicated that the models were a
very good fit for the two younger age groups, but yielded a slight
(but not significant) underestimate for the oldest age group
(Fig. 4).

Projected prevalence

Based on our estimates, there were 17,375 patients aged 18–
84 years who had a past diagnosis of first primary colon cancer in
NSWin 2007.As expected from the observed trends in incidence
and survival over time, this number is estimated to have in-
creased to 22,671 (an increase of 30.5 %) by 2017. The increase
in the number of prevalent cases was the greatest for those aged
65–74 years with an almost 50 % increase from 2007 to 2017,
followed by the oldest age group and then the youngest age
group (Table 1). The effect of population ageing was also
reflected in Table 1. The youngest age group made up about
29 % of the total prevalent cases in 2007, but this proportion had
decreased to 25 % by 2017, while the proportion of prevalent
cases aged 65–74 years increased from 33 to 38% for males and
from 30 to 35 % for females over the same period.

Type and number of services required

The expected numbers of patients requiring different levels of
health care in 2017 are shown in Table 2. About 83 % of these

Fig. 2 Comparison of observed
(1972–2007) and predicted for
1972–2017 (using an age-cohort
model) colon cancer incidence by
sex in NSW, Australia
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prevalent cases with colon cancer will be either in the post-
treatment monitoring phase (36.3 %) or will be in the long-
term survivors (46.5 %). Of these prevalent cases, over 10 %
will require initial care.

Based on the proportions of colon cancer patients receiving
surgery and chemotherapy in the NSW Colorectal Cancer
Care survey, we estimated that in 2017, there will be at least
1,303 men and 1,127 women in NSW requiring initial surgery
for colon cancer, as shown in Table 3. Of these, 404 men and
349 women will also require adjuvant chemotherapy.

Care for recurrence or second colon cancer

Among 66,821 patients diagnosed with first primary colon
cancer between 1972 and 2007, 8,554 cases (12.8 %) had
recurrence or developed metastatic disease (to end of 2007),
43 % (3726) of which occurred during 2000–2007. The
average annual number of recurrences in 2000–2007 was
466. Among these recently diagnosed recurrences, 50 % died
within 12 months of diagnosis, while the remainder (233)
would have required therapy for recurrence. The average

Fig. 3 Comparison of observed
(1972–2007) and predicted
(1972–2017) colon cancer
survival trends for those aged 55–
64 years by sex in NSW, Australia

Fig. 4 Comparison of observed
and predicted colon cancer
survival in NSW, Australia,
1984–1995
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annual number represented 7.0 % of those in the post-
treatment monitoring phase in 2007.

In addition, 3,555 cases (5.3 %) had either a second tumour
or a second primary colon cancer, with 45 % (1,601) of these
occurring during 2000–2007. Thus, the average annual num-
ber of patients being diagnosed with second colon cancers in
2000–2007 was 200. In patients with second colon cancers,
12% died within 12months of diagnosis of their second colon
cancer, whereas the remainder (176) would have required
active treatment. The average annual number represented
3.0 % of those in the post-treatment monitoring phase in 2007.

Applying these two proportions (7.0 and 3.0 %) to the
predicted number (8,767) of cases in the post-treatment mon-
itoring phase in 2017 results in a predicted 614 recurrences
and 263 cases with second colon cancers. Because 50 % of
recurrent cases and 88 % of patients diagnosed with a second
colon cancer are predicted to survive at least 1 year after
diagnosis of these events, the estimated numbers of cases
requiring treatment for recurrence or second colon cancer for
2017 will be 307 and 231, respectively (Table 2).

Validation of the prevalence model

As shown in Fig. 5, there was good agreement between the
model and the counting method for estimates of prevalence
(for males) in 2007 at 0–5 years and 20–35 years of follow-up,
but between 5 and 20 years, the estimates from PIAMOD
were lower than those from the counting method. From our

previous experience, we know that death matching with the
registry records is usually higher in the first 5 years after
diagnosis, which probably explains the good level of agree-
ment between the modelled and counting methods in the first
5 years of follow-up. The reasons for the good agreement after
20 years follow-up may be because older prevalent cases were
excluded from follow-up once they reached 85 years of age,
and because some of the prevalent cases were censored at the
end of the study (2007). Thus, we believe that the underesti-
mate of prevalence in the period 5 to 20 years after diagnosis
may be due to incomplete death matching for prevalent cancer
cases in this interval. The patterns for females were similar
(results not shown).

Discussion

We have described a method for estimating future numbers of
people at different stages of their cancer journey, with a view
towards general application in providing evidence-based
guidance for health service planning. Over the coming de-
cades, both the numbers of new cancer cases and patients’
years of life living with cancer will increase significantly in
most developed countries [1, 3, 17–20], and as a consequence,
demand for cancer health services will rise substantially. The
method described here could be a useful tool in planning for
this, as it divides the patient population into relatively homo-
geneous groups in terms of the required level of cancer care,

Table 1 Age- and year-specific
estimates of prevalence of colon
cancer in NSWAustralia

Age (years) 2007 2011 2013 2015 2017

Male <65 2,622 (29 %) 2,860 2,885 2,914 2,939 (25 %)

65–74 2,988 (33 %) 3,495 3,831 4,167 4,487 (38 %)

75–84 3,371 (38 %) 3,805 4,011 4,230 4,499 (38 %)

Total 8,981 10,159 10,727 11,310 11,925

Female <65 2,439 (29 %) 2,684 2,735 2,789 2,833 (26 %)

65–74 2,522 (30 %) 2,919 3,188 3,468 3,755 (35 %)

75–84 3,433 (41 %) 3,659 3,799 3,947 4,158 (39 %)

Total 8,394 9,262 9,723 10,205 10,746

Table 2 Estimated numbers of colon cancer patients in 2017 by phase of
care in NSWAustralia

Phase of care Male Female

Initial care 1,303 (10.9 %) 1,127 (10.5 %)

Post-treatment monitoring 4,420 (37.1 %) 3,809 (35.4 %)

Treatment for recurrence or second
cancer

289 (2.4 %) 249 (2.3 %)

Long-term survivors 5,347 (44.8 %) 5,088 (47.4 %)

Last year of life care 567 (4.8 %) 472 (4.4 %)

Table 3 Expected numbers of patients requiring initial treatment for
colon cancer in 2017 in NSWAustralia

Treatment types % of patients
requiring treatment*

Expected number of
patients in 2017

Surgery alone 69 % 1,677

Surgery+chemotherapy 31 % 753

Total surgery 100 % 2,430

* From the NSW Colorectal Cancer Care Survey [11]. This assumes that
the distribution of spread of disease at diagnosis would be broadly similar
in 2017 as in the early 2000s
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and thus provides a more accurate and complete estimate of
future health service needs for cancer patients than methods
which predict only the overall cancer prevalence. Our method
is a direct extension of those used in previous studies [2, 4],
but addresses some of their limitations [2, 4], and was vali-
dated using historical data to compare the estimated with the
observed prevalence. Therefore, the information it produces is
an important supplement to existing incidence and mortality
data, and will be essential for ensuring that future cancer
patients have adequate access to the different types of care
that may be required.

Dividing the prevalent population into clinically relevant
phases of care is a step forward in the use of existing
population-based data to provide useful information about the
future health service needs for patients at different stages of their
cancer journey [2, 4, 17, 18, 21–23]. Studies from Europe [4,
17] and the USA [2, 18] have also looked into ways to system-
atically calculate or project care prevalence by dividing the total
cancer prevalence into clinically relevant phases of care. Using
data from the European cancer registries, Gatta et al. [4] appor-
tioned the total prevalence of colon cancer into the following
phases of care: initial care, intensive follow-up, non-intensive
follow-up and the terminal phase. With a similar method and
using SEER data with information on time after diagnosis,
Mariotto et al. [2] divided the total prevalent colorectal cancer
patients into three phases of care as follows: initial care, end-of-
life care and monitoring care. As the monitoring phase included
patients with a range of cancer care needs, this broad categori-
zations may over- or underestimate the proportion of patients

who require active medical treatment. To distinguish the differ-
ent health care needs for patients in the monitoring phase of
care, data on recurrence and second cancers are needed, as well
as an estimate of the number of patients who were cured of their
cancer. Gatta et al. [4] addressed these two concerns in their
study by applying ‘cure’ models to their data and collecting
recurrence data. However, their estimate of the prevalence of
recurrent cases in Europe was based on data collected in a single
year (1990) from a local Italian cancer registry, which was then
extrapolated to data from the European cancer registries, and
may therefore not be entirely reliable.

In an attempt to provide a more complete and meaningful
assessment of the impact on cancer resources [20, 24–26], we
extended Mariotto’s approach in three ways. First, we split the
continued monitoring phase into those who are long-term sur-
vivors and those requiring post-treatment monitoring. By intro-
ducing the phase for long-term survivors, we effectively sepa-
rated patients who need close monitoring after initial treatment
from those who require only minimal cancer care. We found
that about 46 % of patients living with colon cancer were
effectively cured of their cancer, so their need for colon cancer
care should be minimal [18], although care for late or lasting
effects of cancer treatment may still be needed, and their
psychosocial needs may be higher than the general population.

Second, we used data on recurrence and occurrence of
multiple primary colon cancers to refine the proportion of
patients who require additional active treatment after initial
treatment. It is important to include these groups of patients
when estimating future health service needs for colon cancer

Fig. 5 Comparison of the direct
counting method and PIAMOD
estimates of the number of
prevalent cases of colon cancer in
males in NSW, Australia 2007
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because they will have a large impact on the required cancer
care. It is known that about 10 to 50 % of patients with
surgically treated colon cancer will have a recurrence [7,
27–30], and a considerable proportion (4.5–10 %) will devel-
op a second primary at some stage after their initial diagnosis
and treatment [5, 28]. Our results were in line with these
previously reported findings, with about 13 % of patients
previously diagnosed with primary colon cancer having a
recurrence or developing metastatic disease, and 5 % being
diagnosed with a second tumour or a second primary colon
cancer. Regarding the care needs for these patients, it was
estimated that 409 cases (with either recurrence or second
colon cancer) would have had therapy for these events in
2007, and this number is expected to increase to 538 in
2017. The real number of recurrences is probably even greater
if you consider the issue of incomplete episode data that we
have identified in another study [31]. Thus, ignoring these two
groups of patients in the estimation of care needs will signif-
icantly underestimate the need for active treatment. Similar to
a previous study [7], we found that most recurrences (over
90 %) happened in the first 5 years after diagnosis, which
suggests that after 5 years from initial diagnosis, focus should
be shifted to long-term adverse effects of adjuvant therapy or
second cancers. Therefore, we believe that estimates that
combine all this information will be more complete and accu-
rate in predicting cancer care requirements.

Third, we included patterns of care data from the same
population, allowing us to specify the type and amount of
treatment required for colon cancer patients in NSW. This study
was population-based and covered the same population as the
other data used, including incidence and recurrence data. The
strengths of the survey included a very high participation rate—
data were received for more than 90 % of eligible patients, and
the high quality of the self-reported data from the treating
practitioners [32], which made the results from this survey
representative of the whole population. While it would be
desirable to have more recent data on the patterns of care for
colon cancer, we believe that the use of data from the early
2000s does not make our study less useful, as the primary focus
has been to illustrate the methods proposed.

Cancer prevalence is a complex product of many factors. It
is challenging to completely separate the contribution of each
of these factors in projecting cancer prevalence, as it is not
simply an additive relationship. Nevertheless, we conducted a
sensitivity analysis to begin to investigate the sensitivity of the
projected prevalence to different factors. In this sensitivity
analysis, we tried to separate the effect of population growth
and ageing from that of changes in incidence and survival on
the increase in the number of prevalent cases of colon cancer
in 2017. We applied the age-specific prevalence rates in 2007
to the projected age-specific population in 2017 (Table 4),
yielding a total of 21,135 survivors of colon cancer for 2017.
This suggests that, of the projected increase in prevalence

(5,296 cases) from 2007 to 2017, about 71 % (3,760 cases)
will be due to population growth and ageing, while the
remaining 29 % may be attributable to changes in incidence
and survival between 2007 and 2017. However, we would
emphasise here that it is extremely difficult to accurately
isolate the effect of individual factors, and the results of this
sensitivity analysis only provide a rough indication of the
contribution of each of these variables.

In linewith the results fromEurope and theUS, our estimates
indicate that there will be a great increase in demand for health
care for colon cancer in NSW over the next few years, as the
number of patients living with colon cancer is predicted to
increase by over 30 % in the 10 years from 2007 to 2017.
Moreover, these estimates are likely to be underestimated (as
shown in Fig. 5), especially for patients requiring post-treatment
monitoring and long-term survivors. Actually, this may be an
even larger problem than we predicted for two reasons. First,
cancer care needs are likely to be doubled in the near future due
to the introduction of new anticancer therapies [20], while in our
modelling, we assumed that the care needs for cancer patients in
the future will be the same as they were in the early 2000s.
Second, our estimates did not include the number of patients
with second or later primary colon cancers of different cancer
types, and this number is likely to be larger than the number
with multiple colon cancers where the site is the same [33]. In
addition to those who had initial care and treatment for recur-
rence, some patients with short survival after diagnosis, who we
have included in the last year of life care phase, would receive
surgery and/or chemotherapy. Unfortunately, however, we have
no way of identifying the number of patients in the last year of
life phase from the survey data available to us. This means that
our results will underestimate the numbers and types of services
required to treat colon cancer patients in 2017. It is also likely
that we have underestimated the number of patients in the last
year of life phase because some deaths from unknown causes
may in fact be due to colon cancer, which then means there may
be an even larger number of cases in the last year of life that will
require treatment for colon cancer.

With an increasing number of people being diagnosed,
treated and living as a cancer survivor, planning of sufficient
services to meet their healthcare needs is vital in providing
optimal care. Recent studies [24, 25] suggest that if this prob-
lem is not dealt with now, there will be an acute shortage of
medical oncologists to care for cancer patients in the US in the
near future, and a similar shortage of cancer care professionals
is evident in Australia [26]. Indeed, the consequences of not
providing appropriate cancer care for individuals diagnosed
with cancer are already being felt [34], and the shortfall in the
oncology workforce could threaten the quality of patient care
and safety [35]. Therefore, it is necessary for the health systems
to be ready to supply sufficient numbers of relevant medical
specialists and services to ensure that those patients living with
cancer have adequate access to the different types of care
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required throughout the phases of their disease. The method
described here should be a useful tool for health service plan-
ners facing this problem. This method can be applied to the data
from other jurisdictions, so that they may develop their own
estimates, plan for their local needs, develop health service
goals and have a means of tracking progress towards them.

We chose to illustrate these methods using colon cancer
data because all the required registry data were available,
much is known about survival patterns for the disease, and
we had access to detailed information regarding treatment
patterns. These methods can, however, be applied to other
cancer types, although each will need to be treated as a
separate model, and not all these data are required for all
major cancers. For instance, it is rare to have a second primary
or multiple tumours for prostate cancer, thus only data on
recurrent disease would be neededwhen estimating care needs
for those who are in the post-treatment monitoring phase.

It is likely that in many instances, some of the data required
to estimate the future care requirements using these methods
will not be available, but there are several ways in which this
difficulty may be overcome. For example, where cancer regis-
tries do not routinely collect data on cancer recurrence, litera-
ture on recurrence rates for the cancer type under study may be
used as a proxy to estimate the proportion of patients in the
post-treatment monitoring phase who will at some stage need
further active treatment. Also, for populations where patterns of
treatment are unknown, literature on major treatment types and
the proportions of patients who would be suitable for each type
could be used. The PIAMOD software and the SAS code for
fitting mixture cure models can be obtained by requesting one
copy from the developer at no charge. (http://www.eurocare.it/
MiamodPiamod/tabid/60/Default.aspx#courses). This website
also provides some related supporting documents and
references.

While this study and the methods proposed have many
strengths, including the high quality of the registry data, and

the unique aspects of the use of recurrence and treatment data to
more accurately predict cancer care requirements, there are some
limitations which must be considered, if the method is to be
applied to data from other jurisdictions. First, the PIAMOD
software has substantial data demands (requiring detailed,
specially-formatted input data that includes externally modelled
survival estimates). Second, the process involves many decisions
to be made, such as selecting a high-dimensional polynomial
incidence model and mixture cure model for relative survival
based on different assumptions for future trends. All of these
decisions must be informed by a high level of cancer epidemio-
logical and statistical knowledge, and the resulting prevalence
estimates are highly dependent on these modelling decisions and
assumptions. Third, as a consequence, there are some uncer-
tainties in the projected prevalence, but the PIAMOD software
does not provide measures of uncertainty for projections of
relative survival, population size and mortality. This could be
due to issues with uncertainty in further assumptions for the
projections. The use of bootstrapping with PIAMOD warrants
further investigation andmay be an area for further development.
Fourth, a mixture of cure models may not be appropriate for
some cancer types (for example, female breast cancer) or for
some subgroups of the patient population [36]. Finally, the
continuum from initial diagnosis and treatment, from post-
treatment monitoring to end of life care, is oversimplified. Al-
though the phases of care categorization used here is useful, the
processes are not so discrete, and some of them are cross-cutting,
so that there are many different possible paths cancer patients
may experience from diagnosis to survival or end of life.

Conclusion

Cancer incidence and survival will increase over the coming
decades, resulting in a substantial increase in the number of
patients living with cancer in most developed countries. Thus,

Table 4 Effect of ageing on prevalence of colon cancer, NSWAustralia

Age (years) 2007 2017

Number of survivors Population Prevalence per 100,000 Projected population* Number of survivors† PIAMOD estimates

Male <65 2,262 2,997,906 87.5 3,226,026 2,821 2,939

65–74 2,988 237,624 1,257.6 342,130 4,303 4,487

75–84 3,371 146,326 2,303.8 175,755 4,049 4,499

Total 8,981 3,381,856 3,743,911 11,173 11,925

Female <65 2,439 2,965,091 82.2 3,206,639 2,637 2,833

65–74 2,522 251,349 1,003.4 355,441 3,566 3,755

75–84 3,433 188,377 1,822.6 206,232 3,759 4,158

Total 8,394 3,404,817 3,768,312 9,962 10,746

* Data source: Australian Bureau of Statistics

† Based on the prevalence rates in 2007
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the successful planning and development of a healthcare
system able to respond to this increased demand will be
required, if people who will live with cancer for the remainder
of their lives are to have positive health outcomes. Our pro-
posed methods can provide evidence-based guidance for
health service planners and policy makers faced with this
challenge.
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