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Background: In most developed countries, the number of cancer survivors is

expected to increase in the coming decades because of rising incidence and

survival rates and an aging population. These patients are heterogeneous in

terms of health service demands: from recently diagnosed patients requiring

first-course therapy to patients with extensive care needs and severe disabilities

to long-term survivors who only need minimal care. Therefore, in terms of

providing healthcare planners and policymakers with useful indicators for

addressing policies according to health service demands, it is worth supplying

updated measures of prevalence for groups of patients based on the level of care

they require. The aim of this paper is to illustrate a new method for estimating

short-term projections of cancer prevalence by phase of care that applies to

areas covered by cancer registration.

Methods: The proposed method combines linear regression models to project

limited duration prevalence derived from cancer registry data and a session of

the freely available software COMPREV to estimate the projected complete

prevalence into three distinct clinically relevant phases of care: initial, continuing,

and final. The method is illustrated and validated using data from the Veneto

region in Italy for breast, colorectal, and lung cancers.

Results: Prevalence is expected to increase in 2015-2026 for all considered

cancer sites and sexes, with average annual variations spanning from 2.6% for

women with lung cancer to 0.5% for men with colorectal cancer. The only

exception is lung cancer prevalence in men, which shows an average annual

decrease of 1.9%. The majority of patients are in the continuing phase of care,

followed by the initial and final phases, except for lung cancer, where the final

phase of care prevails over the initial one.

Discussion: The paper proposes a method for estimating (short-term) future

cancer healthcare needs that is based on user-friendly and freely available

software and linear regression models. Validation results confirm the

applicability of our method to the most frequent cancer types, provided that

cancer registry data with at least 15 years of registration are available. Evidence
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from this method is addressed to policymakers for planning future cancer care,

thus improving the cancer survivorship experience for patients and caregivers.
KEYWORDS

cancer prevalence, phase of care, cancer registry, projections, survivorship, health
service planning
1 Introduction

In most European countries, prevalent cases make up an

important share of the whole population; according to recent

estimates, prevalent cases of cancer in Italy accounted for 5.7% of

the national population in 2020 (1), corresponding to 3.6 million

inhabitants. These absolute numbers are forecast based on an

increasing trend of 3.2% per year in the first decade of the 2000s,

which is consistent with estimates reported for the USA (2.8% per

year) (2), Switzerland (3), and the UK (4). Cancer prevalence is a

function of incidence and survival. It increases when new cases are

diagnosed and decreases when cancer patients die. Moreover,

population growth and changes in the age structure of the

population have a relevant impact on prevalence since the risk of

cancer increases with age (5).

Cancer survivors represent a growing population because of

increases in cancer survival, due to advances in treatment and early

diagnosis, and the aging of the population, and the impact of these

trends is exceeding the declining incidence observed for some

neoplasms (6, 7). Cancer survivors have complex health problems

and are heterogeneous in their needs for medical care, psychosocial

support, and practical assistance (1, 3). They are generally classified

according to the length of survival time and disease outcome, and

the vast majority of cancer survivors diagnosed with the most

common cancer types survive more than 5 years after diagnosis

(8). Most of them receive cancer-related medical care at diagnosis,

and some will receive cancer care throughout the rest of their lives.

Therefore, medical care expenditures associated with cancer are

substantial and are projected to increase dramatically in the near

future (9).

Cancer prevalence represents a fundamental measure of cancer

burden and cancer survivorship (10). It includes all survivors,

irrespective of their patterns of care, and is therefore not suitable

to inform healthcare planning, resource allocation, or cost

estimation. To overcome this limitation and to better understand

the burden of cancer on the healthcare system, several studies have

proposed and implemented a breakdown of prevalence into phases

of care, i.e., clinically relevant periods related to diagnosis and death

(11–13). Different stakeholders are interested in estimating and

forecasting cancer prevalence by phase of care: policymakers, to

plan sustainable healthcare policies and resource allocation

according to the needs of cancer survivors; epidemiologists, to

describe the impact of cancer in the population, taking into

account the combined effect of incidence, survival, and

demographic changes; clinicians, to develop guidelines to improve
02
standardized medium- and long-term follow-up of cancer

survivors; and patients, to find support for a complete social

recovery and to better meet their rehabilitation needs (1, 13).

Estimates of prevalence are commonly based on limited

duration prevalence (LDP) derived from population-based cancer

registry data. However, LDP only includes cancer survivors who

were diagnosed during the period of activity of the cancer registry,

and the shorter this period, the lower the LDP measure (14).

Moreover, data collection is retrospective, and the delay between

the present time and the time of registration is at least three years

(15). To overcome these drawbacks, there are well-consolidated

statistical models to estimate complete prevalence, which includes

all persons diagnosed with cancer in a given population who are

alive at a given prevalence date, regardless of how long ago they

were diagnosed (16, 17). However, it is necessary to have more

updated prevalence figures than those derived from cancer registry

data and to be able to break down complete prevalence by phase of

care to account for the heterogeneity of cancer survivors with

respect to their healthcare needs.

These needs are addressed in this study, which aims at

presenting a methodological approach to project the complete

prevalent population by phase of care in the near future. This

approach combines methods specifically developed for deriving

LDP from population-based cancer registries, using the counting

method implemented in the SEER*Stat software (18); implementing

short-term projections of LDP; estimating projected complete

prevalence in three distinct clinically relevant phases of care - the

initial phase following diagnosis, the last year of life, and the

continuing phase in between - using the completeness index

method - as implemented in the COMPREV software (19).

The method is illustrated and validated using cancer registry

data from the Veneto region (Italy), which have been collected in

the framework of the Epicost-2 study (20). The method was applied

to forecast prevalence by phase of care in 2025 for the following

cancer sites: breast (female subjects), colon and rectum (male and

female subjects), and lung (male and female subjects).
2 Materials and methods

2.1 Definitions

Limited-duration prevalence (LDP) is the number of people

who are alive on a certain date X and have had a cancer diagnosis in
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a limited period. The maximum duration of this period depends on

the number of years the registry has been collecting incidence cases.

LDP is calculated from cancer registry data using the SEER*Stat

software (18). When running the limited-duration session in

SEER*Stat, the option “All Tumors Matching Selection Criteria/

One Tumor Per Statistic” was used. According to that option, LDP

refers to person prevalence: that is, a person will not contribute to a

single prevalence estimate with more than one tumor diagnosis.

Complete prevalence (CP) is the number of people who are alive

on a given date X with a prior diagnosis of cancer, regardless of

when the diagnosis occurred. CP is estimated using LDP and the

completeness index method to estimate survivors diagnosed before

cancer registration (16).

P is the proportion of LDP per 100,000, i.e., the ratio of the

number of cases in a specific population to the population itself.
2.2 Data sources

We used data from the Veneto Cancer Registry (VCR), a

population-based cancer registry that covers approximately 2.1

million inhabitants (43% of the whole region) in northeastern

Italy. Patients diagnosed with colon and rectum, lung, and breast

(female subjects only) cancer between 1990 and 2018 were selected

and followed up for vital status until 31/12/2019.
2.3 Input data

LDP and P matrices were stratified by single year of age at

prevalence date (t= 0,…, 84, 85+) and by single-year duration d,

intended as the distance in years from diagnosis to prevalence date.

LDP and P matrices are derived for the more recent five years of

incidence: from 01/01/2015 to 01/01/2019. These matrices are the

input data for projections; each LDP corresponds to a different

maximum duration, and the maximum common duration is

25 years.

Completeness indices were obtained from parameter estimation

of survival and incidence models from eight historical Italian cancer

registries in the period 1985-2009 (1).
2.4 Projecting limited duration prevalence

We assumed that the prevalence proportion P follows a linear

trend in time based on the trend of the last five calendar years. The

assumption of a linear trend in P is reasonable for short- or

medium-term (e.g., 10-year) projections (1). The steps below were

applied to the five LDP matrices from 01/01/2015 to 01/01/2019 to

derive the CP by phase of care projected to 01/01/2025 in the

population covered by the VCR.

The projection algorithm is made up of the following steps:

i. Compute the LDP proportion (P) (summed for all ages and

durations) in the last 5 years of observation (from 01/01/2015 to

01/01/2019 in our example):
Frontiers in Oncology 03
P(x) = o
T
t=1oD

d=1LDP(t, d, x)

oT
t=1Pop(t, x)

� 100, 000 (1)

where LDP (t,d,x) is the number of prevalent cases of age t and

duration d alive on prevalence date x (=2015,…, 2019), Pop(t,x) is

the population of the area covered by the VCR on prevalence date x,

stratified by age t, maximum age is T=85+ years, and the maximum

common duration is D=25 (incidence data from 1990 to 2018).

ii. Fit a linear regression to the LDP proportion for all ages and

durations combined

P(x) = a + bx (2)

where the dependent variable is the prevalence proportion P and

the covariate is the prevalence date x (=01/01/2015,…, 01/01/2019)

and obtain the estimates of the two parameters: â and b̂ .
iii. Project the linear regression in year X (in our example,

01/01/2025) to obtain the projected prevalence proportion

P̂ (X) = â + b̂ � X (3)

The 95% prediction intervals of the projected prevalence

proportion were calculated using the “predict” function in R

software (21).

iv. Compute the distribution of prevalent cases in the last

available year (01/01/2019 in our example). For each age t and

duration d we have:

w(t, d, 2019) =
LDP(t, d, 2019)

oT
t=1oD

d=1LDP(t, d, 2019)
(4)

Where LDP (t, d, 01/01/2019) is the number of cases of age t

and duration d alive on 01/01/2019

v. For each annual age t and annual duration d, compute the

projected prevalent cases in year X:

dLDP (t, d,X) = P̂ (X)� Pop(X)� w(t, d, 2019) (5)

where Pop(X) is the projected population of the region

(computed by the Italian National Institute of Statistics ISTAT

(22)) in year X, and w(t,d,2019) are the weights computed in (4)

reflecting the distribution of prevalent cases by age and duration in

the latest prevalence date of available observations (01/01/2019).

vi. Repeat steps iii and v for year X+1 (in our example, 01/01/

2026); notice that the same weights computed in iv are used for the

calculation of projected LDP in year X+1.

The projected LDP matrices ^LDP (t, d, X) and ^LDP (t, d, X+1)

will be used to decompose the projected Complete Prevalence in

year X by phase of care.
2.5 Decomposing the projected complete
prevalence by phase of care

The COMPREV software (23) allows estimating the complete

prevalence by phase of care, i.e., to break down the complete

prevalence into three mutually exclusive phases: the initial phase

(Ini, the first 12 months after diagnosis), the end-of-life phase (EOL,
frontiersin.o
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or final, i.e., 12 months before death), and the continuing phase

(Cont), defined as the time in between initial and EOL. At the

prevalence date, each patient belongs to one of these phases,

according to the date of diagnosis and life status: a patient

diagnosed within 12 months before the prevalence date and alive

12 months after the prevalence date belongs to the initial phase

(Ini); a patient diagnosed more than 12 months before the

prevalence date and alive 12 months after the prevalence date

belongs to the continuing phase (Cont); and a patient who died

within 12 months after the prevalence date, regardless of when they

were diagnosed, belongs to the EOL phase (EOL). The EOL phase

can be further subdivided into EOL cancer (prevalent cases whose

death is due to cancer) and EOL other cause (prevalent cases whose

death is due to causes other than cancer), according to the cause of

death. This breakdown of the final phase is feasible when

information on the cause of death is available.

COMPREV requires the input of two LDP data files: the first

one refers to year X, and the second one must refer to the

successive year X+1; these files must be identical in their

settings except for the year of prevalence to which they refer

and must be stratified by single ages at prevalence and single year

durations (19). COMPREV also requires completeness indices,

specific to cancer type and sex, obtained by statistical regression

models of incidence and survival data from cancer registries. A

survival matrix containing a crude probability of death is also

required to break down the EOL phase into EOL cancer and EOL

other causes.

We applied COMPREV to the LDP projected matrices (5),

which were computed at prevalence dates X and X+1, to obtain an

estimate of the projected complete prevalence by phase of care in

year X, stratified by age at prevalence:

CP(t,X,Ini), CP(t,X,Cont),CP(t,X,EOL), where CP(t,X,Ini)+ CP

(t,X,Cont)+CP(t,x,EOL)= CP(t,X).
2.6 Validation of the projected complete
prevalence by phase of care

In order to validate the method, we applied the above-illustrated

algorithm to a subset of the VCR data, comprising patients

diagnosed with colon and rectum, lung, and breast (female

subjects only) cancer in 1990-2011 and followed for vital status

until 01/01/2012:
Fron
i. derive LDP in five consecutive years, 2008-2012, with a

maximum common duration of 18 years;

ii. project LDP proportions in the years 2018 and 2019, as

described in Section 2.4;

iii. compute the projected complete prevalence by phase of

care on 01/01/2018 via COMPREV, as described in Section

2.5;

iv. directly estimate the complete prevalence by phase of care

by applying completeness indices to the LDP in years 2018

and 2019 derived from the complete set of VCR data (i.e.,

patients diagnosed over the entire period of data

availability 1990-2018 and followed up to 01/01/2019);
tiers in Oncology 04
v. compare the projected and estimated complete prevalence

by cancer site and phase of care.
The results of this validation are illustrated in Supplementary

Table 1 and Supplementary Figure 1.

We also investigated the minimum length of cancer registry

data required for the projections by comparing the projected

complete prevalence by phase of care in 2025 using 25-year LDP

data (incidence data period 1990-2018, follow-up 01/01/2019) with

that obtained using 15-year LDP data (incidence data period 2000-

2018, follow-up 01/01/2019.

The resu l t s o f th i s va l idat ion are i l lus t ra ted in

Supplementary Figure 2.
3 Results

Figure 1 shows time trends of 25-year LDP proportions P by

cancer site and sex in the Veneto region. From 2015 to 2019, the

proportions are based on VCR data; from 2020 to 2026, the

proportions are projected via linear regression; the lower and

upper bounds of the projections are also included in the figure.

P increases in the seven-year projection period 2020-2026 for all

combinations of cancer site and sex, except for lung cancer in the

male population (-10.6%, corresponding to a -1.9% average annual

variation). The largest increases are in women with lung cancer

(16.5%, corresponding to a 2.6% average annual variation), breast

cancer (14.7%, corresponding to a 2.3% average annual variation),

and colorectal cancer (5.9%, corresponding to a 1% average annual

variation). In men, there is a 3% increase in P for colorectal cancer

(corresponding to a 0.5% average annual variation).

The increasing trends in LDP proportions derive from

increasing incidence (as is the case for lung cancer in women) or

stable incidence (as is the case for breast cancer) combined with

population aging. For colorectal cancer, the reduction in the risk of

developing the disease, which led to a decrease in incidence in 2007-

2008 for both men and women (24), does not yet compensate for

the combined effect of aging and increasing survival, thus resulting

in a slight but positive trend until 2026.

The decreasing trend of LDP proportions in men diagnosed

with lung cancer is due to a decrease in incidence: in the Veneto

region, the APC (Annual Percent Change) incidence spans from

-1.3% in the 1990s to -3.7% at the beginning of the 2000s (25).

Despite the aging of the population and the increase in survival, this

decrease in incidence determines the reduction of prevalence: from

201 prevalent cases per 100,000 in 2015 (corresponding to 4,809

patients overall in the Veneto region) to 166 prevalent cases per

100,000 in 2026 (corresponding to 3,927 patients overall in the

Veneto region).

The projection of prevalent cases decomposed by phase of care

is the main application of the methodology, and the results are

illustrated in Table 1. The total number of prevalent cases (complete

prevalence) estimated in 2018 and projected in 2025 in the Veneto

region are reported by phase of care and age group at prevalence

(<50, 50-69, 70+). During the 7 years, the complete prevalence

shows an increase in the percent variation between 6% for colorectal
frontiersin.org
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cancer in men, where the number of survivors increases from

19,342 to 20,436, and 25% for lung cancer in women, where the

number of survivors increases from 3,010 to 3,750. The only

exception is lung cancer in men, showing a 12% decrease in the

percent variation with the number of survivors decreasing from

4,848 to 4,263.

For women with breast cancer and men with lung cancer,

variations are evenly distributed by phase of care, with an

increasing trend by age. For men with colorectal cancer, the

complete prevalence increases between 6% and 7% in the initial

and continuing phases of care, respectively, and decreases by about

6% in the final phase of care. For women, most of the variation is
Frontiers in Oncology 05
due to the increase in survivors in the continuing phase of care (10%

percent variation, from 15327 to 16843 patients). For women with

lung cancer, most of the variation is due to the increasing number of

survivors in the final phase of care (from 406 to 635 women), thus

representing an increasing share of the prevalence cohort (from

14% in 2018 to 17% in 2025).

Major variations concern the elderly population, aged 70 years

and over. Time trends and patterns by age at prevalence are due to

the aging of the population and the consequent increased risk of

developing cancer.

In the initial phase of care, the increase in prevalence for

colorectal cancer is less pronounced among patients aged 50 to
FIGURE 1

Time trends of 25-year LDP proportions per 100,000 (P), with lower and upper bounds of 95% confidence intervals, by cancer site and sex in the
Veneto region.
frontiersin.org
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69, possibly as a consequence of screening programs that allow the

detection of pre-cancerous lesions, thus reducing the number of

newly diagnosed patients; in all phases of care, the increase in the
Frontiers in Oncology 06
number of lung cancer survivors among the female population is

higher for women aged 15 to 49, consistent with the increasing

prevalence of smoking among young women (26).

The bar plot in Figure 2 presents the breakdown of complete

prevalence by phase of care in 2025 by cancer site and sex.

The dynamics of prevalence during the projection period from

2018 to 2025 slightly affect the distribution of cancer survivors in

the three phases of care: most patients are in the continuing phase of

care, followed by the initial and final phases, except for lung cancer,

where the percentage of patients in the final phase is higher than in

the initial one. There are two patterns according to survival: among

cancer patients with a better prognosis, as is the case for women

with breast cancer, and all patients with colorectal cancer, 87%-91%

are in the continuing phase, 6%-7% are in the initial phase, and 3%-

6% are end-of-life patients. Among cancer patients with poorer

prognoses, as is the case for all patients with lung cancer, 66%-69%

are in the continuing phase, 12%-14% are in the initial phase, and

17-23% are end-of-life patients.
FIGURE 2

Distribution by phase of care (% values) of complete prevalence in
2025, by cancer site and sex in the Veneto region.
TABLE 1 Complete prevalence (counts) estimated in 2018 (CP 2018) and projected in 2025 (CP 2025) in the Veneto region by cancer site, age group
at prevalence, and phase of care.

CP 2018 Phase of Care CP 2025 Phase of Care

Cancer
Site - Sex

Age
Group

Initial Continuing Final Total Cancer
Site - Sex

Age
Group

Initial Continuing Final Total

Colon Rectum-
M

<50 53 341 7 400 Colon Rectum-
M

<50 53 347 6 407

50-69 553 4753 251 5557 50-69 578 4972 222 5773

70 + 752 11566 1067 13385 70 + 810 12435 1011 14257

all ages 1358 16660 1324 19342 all ages 1441 17755 1239 20436

Colon Rectum-
F

<50 69 366 19 453 Colon Rectum-
F

<50 71 384 17 472

50-69 390 4079 161 4630 50-69 415 4386 133 4935

70 + 706 10882 690 12278 70 + 754 12073 753 13580

all ages 1164 15327 869 17361 all ages 1241 16843 903 18987

Breast-F <50 811 4647 104 5562 Breast-F <50 928 5302 110 6341

50-69 2182 27706 467 30355 50-69 2548 32592 493 35632

70 + 1658 36312 1637 39606 70 + 2049 44078 2013 48139

all ages 4651 68665 2208 75523 all ages 5525 81971 2616 90112

Lung-M <50 17 58 18 93 Lung-M <50 16 54 14 84

50-69 206 806 257 1269 50-69 180 731 218 1129

70 + 342 2306 839 3487 70 + 305 2011 733 3049

all ages 565 3170 1114 4848 all ages 501 2796 965 4263

Lung-F <50 21 76 15 112 Lung-F <50 24 103 21 148

50-69 184 720 168 1072 50-69 214 867 238 1319

70 + 223 1378 224 1825 70 + 274 1633 377 2284

all ages 429 2174 406 3010 all ages 513 2602 635 3750
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4 Discussion

Estimating and projecting cancer prevalence according to

different phases of care is a prerequisite for estimating the

economic impact of cancer.

The estimation of cancer prevalence by phase of care was

mentioned in 2001 by Brown et al. in their seminal paper on the

economic burden of cancer (27). Since then, many researchers have

contributed to the field (11, 13, 28, 29). Estimation of cancer

prevalence by phase of care is feasible when longitudinal data,

identified at the level of individual-incidence cancer cases, are

available. Cancer registries typically collect these data.

Prevalence is a complex indicator that depends on incidence,

survival, and population dynamics. These determinants are to be

taken into account in the projection of prevalence. A step forward in

this direction was the projection of cancer prevalence based on a

deterministic relationship between cancer mortality, incidence, and

survival: the PIAMOD approach (5), which estimates and projects

cancer prevalence as a function of incidence and survival models,

with minor ad hoc hypotheses on the population evolution patterns.

In PIAMOD, a linear period trend is assumed for incidence

projections. For survival projections, two hypotheses are

proposed: a conservative one, which assumes that cancer patient

survival will remain stable for the projected years, and an optimistic

one, which assumes that cancer patient survival will continue to

improve at the same rate as observed in recent years (5).

PIAMOD was used as a basis for projecting prevalence by phase

of care by Mariotto et al. (30) and later by Yu et al. (31). It is used for

purposes similar to our method, but it requires more data

(incidence and survival) and modeling than our approach. On the

other hand, PIAMOD is more flexible as it allows one to distinguish

the contribution of incidence from that determined by survival in

the prevalence projections.

According to Yu, this approach has some drawbacks: “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

epidemiological and statistical knowledge, and the resulting

prevalence estimates are highly dependent on these modelling

decisions and assumptions.”

In this paper, we propose an alternative semi-parametric

approach that combines the projection of LDP data from CR (1)

and the decomposition of the projected prevalence into phases of

care (19).

This approach is quite straightforward and does not require

complex modeling, as completeness indices are externally estimated

from other studies. It provides good results for the most frequent

cancer types, which are the most interesting cases from the

perspective of estimating the economic burden. To decompose

the projected prevalence by phase of care, we used the software

COMPREV, which is freely available and easy-to-use; the software

contains a set of default parameter estimates obtained from SEER

(Surveillance, Epidemiology, and End Results) data. Further,

population forecasts can easily be embedded; for Italy, these were

provided by the Italian Institute of Statistics (ISTAT). Finally, the
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method works equally well on shorter incidence data series (15

years); thus, it can also be applied to more recently established CRs

and allows one to incorporate more recent trends in the projections,

as has been shown in the case of colorectal cancer.

There are some limitations:

The method does not allow one to project prevalence according

to different scenarios of incidence and survival dynamics. However,

according to a sensitivity analysis presented in previous studies (31),

approximately 71% of the prevalence dynamics reflect the impact of

population growth and aging, while the remaining 29% are

attributable to incidence and survival changes.

The phase of care decomposition does not function well when

the number of cases is too small, especially when the scarce

numbers are concentrated in only one of the phases of care, such

as for thyroid cancer, where there are virtually no cases in the end-

of-life phase. We must bear in mind, however, that less frequent

cancers have a smaller economic impact. Therefore, the

applicability of the proposed methodology is limited to the most

frequent cancers that have a substantial economic impact on the

healthcare system, and to a short- to medium-term forecast

horizon, which is typically considered for planning healthcare

intervention policies. Within this context, the proposed complete

prevalence projections by phase of care have been validated and

produce reliable results. The continuing phase includes patients

who may be highly heterogeneous in terms of healthcare: some of

them have recently completed their initial therapy and require

follow-up, some others require treatment for cancer recurrence or

second primary cancers and, finally, some have survived for a long

period since their initial treatment and can be considered cured.

Further developments of this method can be considered:

Data on specific treatments and procedures collected in the

framework of the Epicost study (32) could be used to disentangle

patterns of patients with homogeneous care needs and to

decompose the continuing phase accordingly.

As also highlighted by Mariotto (6), since cancer incidence is

highest in the elderly, the impact of population changes on cancer

prevalence may exceed the impact of declining cancer incidence

rates for some cancers. We are considering the possibility of

incorporating the dynamics of the age structure in addition to the

population changes.

For the purposes of our method, it would be worthwhile to

project the initial phase prevalence stratified by stage at diagnosis.

To implement this methodological enhancement, we need to

retrieve information on the stage at diagnosis for initial phase

patients in the last five years used as the basis for the projections.
5 Conclusions

Complete cancer prevalence is a fundamental but crude

indicator of health service needs, as it covers all steps of the

clinical pathway and includes patients with a wide range of health

service requirements. Here, we presented a method, applicable

where cancer registry data are available, to monitor the size of the

cancer burden in a given population to define care requirements

concerning the prevalence breakdown across the three phases of
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care, to establish priorities, and to project, in combination with

average individual cost profiles, expenditures directly related to

cancer care (20). For these purposes, 7 to 10 years is the time span

usually considered by policymakers, and the focus is on the most

frequent cancer sites that have a major economic impact on the

healthcare system. Evidence from this methodology will be useful in

facing the challenge of planning and developing a healthcare system

that is able to respond in the short- to medium term to the

increasing needs of people living with cancer.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Author contributions

SF, AG, and SG designed the study, drafted the study protocol,

collected the data, and prepared the cleaned data for the study

database. FT and SG performed the statistical analyses. SF, FT,

LDM, AG, and SG contributed to the validation of the statistical

models and revised the statistical analyses. SF, LDM, AG, and SG

discussed modeling assumptions and applicability. All authors

contributed to the interpretation of the study results and reviewed

and approved the final version.
Funding

This study was funded by the Italian Ministry of Health

(RICERCA FINALIZZATA 2018, grant number RF-2018-

12365530) and by the European Commission (Work Programme
Frontiers in Oncology 08
2017, grant number 801520 HP-JA-2017 “Innovative Partnership

for Action Against Cancer”) and by the Italian Association for

Cancer Research (AIRC, grant no. 21879).
Acknowledgments

The authors thank Francesca Vicari for the preparation of

the figures.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher's note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1201464/

full#supplementary-material
References
1. Guzzinati S, Virdone S, De Angelis R, Panato C, Buzzoni C, Capocaccia R, et al.
Characteristics of people living in Italy after a cancer diagnosis in 2010 and projections
to 2020. BMC Cancer (2018) 18:169. doi: 10.1186/s12885-018-4053-y
2. De Moor JS, Mariotto AB, Parry C, Alfano CM, Padgett L, Kent EE, et al. Cancer

survivors in the United States: prevalence across the survivorship trajectory and
implications for care. Cancer Epidemiol Biomarkers Prev (2013) 22(4):561–70. doi:
10.1158/1055-9965.EPI-12-1356
3. Herrmann C, Cerny T, Savidan A, Vounatsou P, Konzelmann I, Bouchardy C,

et al. Cancer survivors in Switzerland: a rapidly growing population to care for. BMC
Cancer (2013) 13:287. doi: 10.1186/1471-2407-13-287
4. Maddams J, Utley M, Møller H. Projections of cancer prevalence in the United

Kingdom, 2010–2040. Br J Cancer (2012) 107:1195–202. doi: 10.1038/bjc.2012.366
5. Verdecchia A, De Angelis G, Capocaccia R. Estimation and projections of cancer

prevalence from cancer registry data. Statist. Med (2002) 21:3511–26. doi: 10.1002/
sim.1304
6. Mariotto AB, Yabroff KR, Shao Y, Feuer EJ, Brown ML. Projections of the cost of

cancer care in the United States: 2010–2020. J Natl Cancer Inst (2011) 103:117–28. doi:
10.1093/jnci/djq495
7. Allemani C, Weir HK, Carreira H, Harewood R, Spika D, Wang X-S, et al. Global

surveillance of cancer survival 1995–2009: analysis of individual data for 25 676 887
patients from 279 population-based registries in 67 countries (CONCORD-2). Lancet
(2015) 385:977–1010. doi: 10.1016/S0140-6736(14)62038-9
8. Dal Maso L, Santoro A, Iannelli E, De Paoli P, Minoia C, Pinto M, et al. Cancer

cure and consequences on survivorship care: position paper from the italian alliance
against cancer (ACC) survivorship care working group. Cancer Manage Res (2022)
14:3105–18. doi: 10.2147/CMAR.S380390
9. Mariotto AB, Enewold L, Zhao J, Zeruto CA, Yabroff KR. Medical care costs
associated with cancer survivorship in the United States. Cancer Epidemiol Biomarkers
Prev (2020) 29:1304–12. doi: 10.1158/1055-9965.EPI-19-1534
10. Toffolutti F, Guzzinati S, De Paoli A, Francisci S, De Angelis R, Crocetti E, et al.

Complete prevalence and indicators of cancer cure in Italy: Enhanced 1 methods and
validation. Front Oncol (2023) 733. submitted. doi: 10.3389/fonc.2023.1168325
11. Laudicella M, Walsh B, Burns E. Cost of care for cancer patients in England:

evidence from population-based patient-level data. Br J Cancer (2016) 114:1286–92.
doi: 10.1038/bjc.2016.77

12. Francisci S, Guzzinati S, Capodaglio G, Pierannunzio D, Mallone S, Tavilla A,
et al. Patterns of care and cost profiles of women with breast cancer in Italy: EPICOST
study based on real world data. Eur J Health Econ (2020) 21(7):1003–13. doi: 10.1007/
s10198-020-01190-z

13. Yabroff KR, Lund J, Kepka D, Mariotto A. Economic burden of cancer in the
United States: estimates, projections, and future research. Cancer Epidemiol Biomarkers
Prev (2011) 20(10):2006–14. doi: 10.1158/1055-9965.EPI-11-0650

14. Corazziari I, Mariotto A, Capocaccia R. Correcting the completeness bias of
observed prevalence. Tumori J (1999) 85:370–81. doi: 10.1177/030089169908500503

15. AIRTUM Working Group. Italian cancer figures, report 2014: Prevalence and
cure of cancer in Italy. Epidemiol Prev (2014) 38(6 Suppl 1):1–122. doi: 10.19191/
EP14.6.S1.113

16. Capocaccia R, De Angelis R. Estimating the completeness of prevalence based on
cancer registry data. Stat Med (1997) 16(4):425–40. doi: 10.1002/(SICI)1097-0258
(19970228)16:4<425::AID-SIM414>3.0.CO;2-Z
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1201464/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1201464/full#supplementary-material
https://doi.org/10.1186/s12885-018-4053-y
https://doi.org/10.1158/1055-9965.EPI-12-1356
https://doi.org/10.1186/1471-2407-13-287
https://doi.org/10.1038/bjc.2012.366
https://doi.org/10.1002/sim.1304
https://doi.org/10.1002/sim.1304
https://doi.org/10.1093/jnci/djq495
https://doi.org/10.1016/S0140-6736(14)62038-9
https://doi.org/10.2147/CMAR.S380390
https://doi.org/10.1158/1055-9965.EPI-19-1534
https://doi.org/10.3389/fonc.2023.1168325
https://doi.org/10.1038/bjc.2016.77
https://doi.org/10.1007/s10198-020-01190-z
https://doi.org/10.1007/s10198-020-01190-z
https://doi.org/10.1158/1055-9965.EPI-11-0650
https://doi.org/10.1177/030089169908500503
https://doi.org/10.19191/EP14.6.S1.113
https://doi.org/10.19191/EP14.6.S1.113
https://doi.org/10.1002/(SICI)1097-0258(19970228)16:4%3C425::AID-SIM414%3E3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1097-0258(19970228)16:4%3C425::AID-SIM414%3E3.0.CO;2-Z
https://doi.org/10.3389/fonc.2023.1201464
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Francisci et al. 10.3389/fonc.2023.1201464
17. Merrill RM, Capocaccia R, Feuer EJ, Mariotto A. Cancer prevalence estimates
based on tumour registry data in the Surveillance, Epidemiology, and End Results
(SEER) Program. Int J Epidemiol (2000) 29(2):197–207. doi: 10.1093/ije/29.2.197

18. National Cancer Institute. SEER*Stat Software, version 8.4.0.1. Available at:
https://seer.cancer.gov/seerstat/ (Accessed March 21, 2023).

19. Gigli A, Francisci S, Guzzinati S, Hall A, Hachey M, Scoppa S, et al. Cancer
prevalence by phase of care: an indicator for assessing health service needs. Tumori J
(2020). doi: 10.1177/0300891620961839

20. Francisci S, Capodaglio G, Gigli A, Mollica C, Guzzinati S. Cancer cost profiles:
The Epicost estimation approach. Front Public Health (2022) 10:974505. doi: 10.3389/
fpubh.2022.974505

21. Chambers JM, Hastie TJ. Statistical models in S. Department of Statistics and
Actuarial Science, University of Waterloo Waterloo, Ontario, Canada :Wadsworth &
Brooks/Cole (1992).

22. Demography in figures. Available at: https://demo.istat.it/?l=en (Accessed March
21, 2023).

23. COMPREV, complete prevalence program, version 3.0.31 (Beta). Available at:
https://surveillance.cancer.gov/comprev/ (Accessed March 21, 2023). released August
2022.

24. Bucchi L, Mancini S, Baldacchini F, Ravaioli A, Giuliani O, Vattiato R. How a
faecal immunochemical test screening programme changes annual colorectal cancer
incidence rates: an Italian intention-to-screen study. Br J Cancer (2022) 127:541–548.
doi: 10.1038/s41416-022-01813-7
Frontiers in Oncology 09
25. The tumours in Veneto. Available at: https://gecoopendata.registrotumoriveneto.
it/incidenza.php?sede=polmone&codSede=C33-C34.9&lang=EN (Accessed March 21,
2023).
26. Trama A, Boffi R, Contiero P, Buzzoni C, Pacifici R, Mangone L, et al. Trends in

lung cancer and smoking behaviour in Italy: an alarm bell for women. Tumori J (2017)
103(6):543–50. doi: 10.5301/tj.5000684
27. BrownML, Lipscomb J, Snyder C. The burden of illness of cancer: economic cost

and quality of life. Annu Rev Public Health (2001) 22:91–113. doi: 10.1146/
annurev.publhealth.22.1.91
28. Mariotto A, Warren JL, Knopf KB, Feuer EJ. The prevalence of patients with

colorectal carcinoma under care in the US. Cancer: Interdiscip Int J Am Cancer Soc
(2003) 98(6):1253–61. doi: 10.1002/cncr.11631

29. de Oliveira C, Weir S, Rangrej J, Krahn MD, Mittmann N, Hoch JS, et al. The
economic burden of cancer care in Canada: A population-based cost study. CMAJ Open
(2018) 6:E1–E10. doi: 10.9778/cmajo.20170144

30. Mariotto AB, Yabroff KR, Feuer EJ, De Angelis R, Brown M. Projecting the
number of patients with colorectal carcinoma by phases of care in the US: 2000–2020.
Cancer Causes Control (2006) 17:1215–26. doi: 10.1007/s10552-006-0072-0

31. Yu XQ, Clements M, O’Connell D. Projections of cancer prevalence by phase of
care: a potential tool for planning future health service needs. J Cancer Surviv (2013)
7:641–51. doi: 10.1007/s11764-013-0303-9

32. Corti MC, Avossa F, Schievano E, Gallina P, Ferroni E, Alba N. A case-mix
classification system for explaining healthcare costs using administrative data in Italy.
Eur J Int Med (2018) 54:13–6. doi: 10.1016/j.ejim.2018.02.035
frontiersin.org

https://doi.org/10.1093/ije/29.2.197
https://seer.cancer.gov/seerstat/
https://doi.org/10.1177/0300891620961839
https://doi.org/10.3389/fpubh.2022.974505
https://doi.org/10.3389/fpubh.2022.974505
https://demo.istat.it/?l=en
https://surveillance.cancer.gov/comprev/
https://doi.org/10.1038/s41416-022-01813-7
https://gecoopendata.registrotumoriveneto.it/incidenza.php?sede=polmone&codSede=C33-C34.9&amp;lang=EN
https://gecoopendata.registrotumoriveneto.it/incidenza.php?sede=polmone&codSede=C33-C34.9&amp;lang=EN
https://doi.org/10.5301/tj.5000684
https://doi.org/10.1146/annurev.publhealth.22.1.91
https://doi.org/10.1146/annurev.publhealth.22.1.91
https://doi.org/10.1002/cncr.11631
https://doi.org/10.9778/cmajo.20170144
https://doi.org/10.1007/s10552-006-0072-0
https://doi.org/10.1007/s11764-013-0303-9
https://doi.org/10.1016/j.ejim.2018.02.035
https://doi.org/10.3389/fonc.2023.1201464
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Projecting cancer prevalence by phase of care: a methodological approach for health service planning
	1 Introduction
	2 Materials and methods
	2.1 Definitions
	2.2 Data sources
	2.3 Input data
	2.4 Projecting limited duration prevalence
	2.5 Decomposing the projected complete prevalence by phase of care
	2.6 Validation of the projected complete prevalence by phase of care

	3 Results
	4 Discussion
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


