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Simple Summary: The burden of prostate cancer is particularly high in Italy, where the disease ranks
4th among incident cancers overall and is 1st in men. In order to adequately plan health services and
targeted interventions for the management of this neoplasm in Italy, it is of utmost importance to
have a clear picture of the current number of patients surviving prostate cancer and of their needs
in terms of cancer care. In our research, we aim therefore to quantify alive prostate cancer patients
in Italy, and to provide relevant information on the number of survivors at different clinical stages
of disease.

Abstract: Understanding the distribution of prostate cancer (PC) at various clinical stages of disease
is of utmost importance to quantify the cancer care needs of patients and to adequately plan health
services. The aim of this analysis is thus to provide a model-based estimation of the number of
prevalent PC patients at different clinical stages in the Italian setting. A simulation model of patient
transitions was constructed on a yearly basis using data obtained through a literature review on
the incidence, prevalence, progression and mortality of PC, with specific focus on disease stage. A
total of 462,570 prevalent PC patients were estimated at 1 January 2019. According to the model,
94.8% of them had non-metastatic PC and 5.2% had metastatic disease. Among the non-metastatic
patients, most had T1/T2 PC (85.6%), followed by T3/T4 (10.9%) and T0/Tx PC (3.6%). About 20%
of the T3/T4 patients had biochemically recurrent PC. Among the metastatic PC patients, 66.1%
had castration-resistant PC and 33.9% had hormone-sensitive PC. This study provided original
information on the distribution of PC according to different clinical stages that may be useful to
define strategies, understand the PC disease pathway, estimate treatment-related needs and, possibly,
plan targeted interventions for public health management of prostate cancer in Italy.

Keywords: disease progression; epidemiology; Italy; prevalence; prostatic neoplasms

1. Introduction

Over 1,250,000 new cases of prostate cancer (PC) are diagnosed every year worldwide,
making this disease the 4th most frequent neoplasm in both sexes and the 2nd overall
in men, after lung cancer [1]. Similar rankings are reported in the USA, where almost
192,000 incident PC cases are expected for the year 2020 (3rd incident cancer overall and
1st in men) [2], and in Italy, where the new diagnoses in 2020 should exceed 36,000 PC
cases (4th incident cancer overall and 1st in men) [3]. PC is mainly a disease of elderly
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men and its diagnosis increases almost exponentially after the age of 50 years [4]. Since
Italy is one of the world countries with the highest life expectancy at birth—82.8 years in
both sexes and 80.8 years in men [5]—the number of PC patients is particularly high in
Italy, being estimated around 450,000 patients in year 2018 (i.e., about 1.5% of the Italian
male population).

Survival from PC improved over time, increasing from 65% (5-year survival) in
the early 1990s to 91% during 2005–2009 in Italy [6]. This is explained by the higher
detection of low-grade, low-risk PC after the introduction of PSA testing and by advances in
disease characterization and treatment [7,8]. Noteworthy, an increased penetration of PSA
screening can produce a dramatic increase in the prevalence of these low-grade PCs, due to
their long preclinical detectable phase, and to their long survival after detection [9]. Further,
steroid receptors play a pivotal role in PC, and many hormonal therapies targeting the
androgen receptor signaling axis have been developed, increasing patient survival [7–10].
PC management differs widely according to stage of disease, with low-grade localized
neoplasms often being indolent and harmless—thus needing active surveillance only—and
more aggressive, advanced or metastatic disease requiring a range of interventions and
treatments [10,11]. Understanding the distribution of PC at various clinical stages of disease
is, therefore, of utmost importance to quantify the cancer care needs of patients and to
adequately plan health services.

A number of modelling analyses were conducted in various world areas to examine
the burden of PC at different stages [12,13], but to our knowledge no such investigation
is available in Italy—a country with a high burden of disease. The aim of this analysis is
thus to provide a model-based estimation of the number of PC patients at different clinical
stages in the Italian setting.

2. Materials and Methods

In September 2019, we reviewed the international literature published from 2000
onwards through Medline, Embase, Web Of Science and Google Scholar, searching for
data on the incidence, prevalence, progression and mortality of PC, with specific focus on
disease stage. The bibliographic search started from the main pivotal trials of PC treatment
that, through a “snowball method” approach, led to identify various robust studies with
transferable data to inform the model. When more than one eligible investigation was
found, the most recent one was used.

A simulation model of patient transitions, keeping into consideration the different
stages of disease, duration of stay in each clinical stage and death, was constructed on a
yearly basis using such data. Starting from yearly incident PC cases at different stages, we
simulated disease progression and projected the cohorts, through literature-based estimates
of mortality and transition between clinical stages, to the end of year 2018. In fact, an
open-group model approach was used, considering 14 consecutive cohorts of incident PCs
and implementing transitions on a yearly-basis. After reviewing the mortality data, it was
observed that cohorts of patients diagnosed before 2004 gave a negligible contribution to
the current burden of PC cases. Those cohorts were thus not considered in the models.

Data on the number of incident PCs in Italy during the period from 2004 to 2018
were computed using incidence rates taken from the joint annual report of the Italian
Association of Medical Oncology (AIOM) and Italian Association of Cancer Registries
(AIRTUM) [6], combined with the annual Italian male population taken from the National
Institute of Statistics (ISTAT) [14]. Since no population data on PC stage at diagnosis in Italy
are available, data from neighbouring France—derived from the Institut de Veille Sanitaire
(InVS), computed within the national program of Surveillance épidémiologique des cancers en
France—were used to estimate the number of incident cases at each PC clinical stage [15].
According to the latter source, around 3% of incident cases are T0/Tx stage PCs, 27% are
T1 stage, 58% are T2 stage PCs, 3% are locally advanced PCs and 10% are metastatic PCs.
Thus, the following PC stages were defined: (i) initial PC (stages T0/Tx); (ii) localized PC
(stages T1/T2); (iii) locally advanced PC (stages T3/T4); and (iv) metastatic PC. Additional
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stages considered in the model estimations were non-metastatic, biochemically recurrent
(BCR) PC; metastatic, hormone-sensitive PC (mHSPC); metastatic, castration-resistant
PC (mCRPC); and death. The prevalent cases were all subjects alive after a diagnosis of
PC, with no time restrictions (i.e., including long-term survivors). The full structure of
the model used to estimate the prevalence of PC at different clinical stages is reported
in Figure 1.
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Figure 1. Diagram of the transition model.

Various studies provided information on the probability of transition from a clinical
stage to another one, or to death [16–23]. These are reported, together with the correspond-
ing probabilities, in Table 1. Overall mortality of the Italian population aged 65 years
(assumed as mean age at PC diagnosis) in 2017—the most recent information available at
the time of modeling—was used as background mortality [24]. Since scanty information
is available, BCR-PC patients could not be further split into non-metastatic, hormone-
sensitive PC and non-metastatic, castration-resistant PC.

Table 1. Cumulative probabilities of death or transition between the prostate cancer clinical stages used in the model.

Years Since
Diagno-

sis/Clinical
Stage Entry

Overall
Mortality

at 65
Years [24]

T1/T2
Mortality

[23]

T3/T4
Mortality

[16]

MET
Mortality

[20]

Transition
from

T1/T2 to
T3/T4 [18]

Transition
from T3/T4

to MET
[16]

Transition
from T3/T4

to BCR
[19]

Transition
from BCR

to MET
[22]

Transition
to mCRPC,

MET
Patients at
Diagnosis

[17]

Transition to
mCRPC,
Patients

Progressed to
MET [21]

1 0.83% 1.34% 0.83% 16.98% 6.36% 4.93% 10.95% 0.00% 49.67% 28.19%
2 1.75% 2.67% 1.75% 33.57% 8.43% 9.96% 15.87% 3.61% 59.97% 42.30%
3 2.77% 4.09% 3.68% 46.12% 10.22% 15.00% 20.79% 7.34% 70.27% 53.73%
4 3.92% 5.65% 6.66% 55.26% 11.70% 20.04% 25.71% 11.07% 80.57% 62.74%
5 5.16% 7.29% 9.74% 61.61% 12.90% 25.07% 30.64% 14.79% 90.87% 69.61%
6 6.53% 9.07% 12.95% 65.80% 13.80% 30.11% 35.56% 18.52% 100.00% 74.62%
7 8.07% 11.01% 16.32% 68.44% 14.40% 35.14% 40.48% 22.25% 100.00% 78.05%
8 9.82% 13.17% 19.91% 70.17% 14.72% 40.18% 45.40% 25.98% 100.00% 80.16%
9 11.81% 15.55% 23.73% 71.61% 14.73% 45.22% 50.32% 29.71% 100.00% 81.24%

10 14.13% 18.28% 27.88% 73.38% 14.80% 50.25% 55.25% 33.43% 100.00% 81.56%
11 16.77% 21.32% 32.36% 76.11% 14.80% 55.29% 60.17% 37.16% 100.00% 81.41%
12 19.76% 24.72% 37.19% 80.42% 14.80% 60.32% 65.09% 40.89% 100.00% 81.04%
13 23.14% 28.50% 42.40% 86.93% 14.80% 65.36% 70.01% 44.62% 100.00% 80.75%
14 26.92% 32.69% 48.01% 96.27% 16.11% 71.17% 49.61% 40.63% 20.00% 19.46%
15 31.27% 37.44% 54.20% 100.00% 16.18% 76.27% 53.16% 43.34% 20.00% 19.46%

BCR: biochemical recurrence; mCRPC: castration-resistant metastatic prostate cancer; MET: metastatic prostate cancer.

In the above-reported sources, punctual information on mortality or progression of
disease was extracted from the Kaplan–Meier curves using DIGITIZEiT v.2.3.3 software
(DigitizeIt, Braunschweig, Germany); when needed, the data were then interpolated using
SPSS v.23.0 (IBM, Armonk, NY, USA) statistical software.
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Internal validation of the model was performed by comparing our estimated total
prevalence of the PC cases in Italy in 2018 to the AIOM-AIRTUM data [6].

3. Results

Incident PC cases, computed on the basis of the AIOM-AIRTUM and ISTAT data,
increased from 42,580 new cases in 2004 to a peak of 42,992 new cases in 2007, and then de-
clined gradually to the lowest of 35,300 incident PC cases in the year 2018 (data not shown).

The estimated number of prevalent cases of PC in Italy at 1 January 2019 is shown
in Figure 2, overall as well as according to the different clinical stages of PC. A total of
462,570 patients with a previous diagnosis of PC were estimated alive at the beginning of
2019. According to the model, 438,347 (94.8%) of them had non-metastatic PC and 24,223
(5.2%) had metastatic disease.

PC prevalent patients
462,570

Metastatic
24,223 (5.2%)

Non metastatic
438,347 (94.8%)

T0/TX
15,571
(3.6%)

T1/T2
375,047
(85.6%)

T3/T4
47,728
(10.9%)

mHSPC
8214 (33.9%) 

ex de novo 
6172 (75.1%)

Progressive
2042 (24.9%)

mCRPC 
16,009 (66.1%)

ex de novo 
12,848 (80.3%)

Progressive
3160 (19.7%)of which 

BCR
9830 (20.6%)

of which 
uncertain how 

many 
nmCRPC

Prevalence by clinical status

Composition by subtypes (BCR, mHSPC, 
mCRPC)

Figure 2. Estimation of the prevalent prostate cancer (PC) cases (according to their clinical stage) in
Italy at 1 January 2019.

Out of 438,347 non-metastatic patients, the vast majority had T1/T2 PC (375,047;
85.6%), followed by T3/T4 PC (47,728; 10.9%) and T0/Tx PC (15,571; 3.6%). The model
further estimated that 9830 of 47,728 (20.6%) T3/T4 patients had BCR-PC (including both
non-metastatic recurrent CRPC and HSPC).

With reference to metastatic PC, mCRPC accounted for 66.1% of cases (n = 16,009,
of which 12,848 (80.3%) were de novo metastatic PCs and 3160 (19.7%) were progres-
sive metastatic PCs) and mHSPC contributed the remaining 33.9% of cases (n = 8214,
of which 6172 (75.1%) were de novo metastatic PCs and 2042 (24.9%) were progressive
metastatic PCs).

When compared to the AIOM-AIRTUM data, the model showed optimal performances
as the total estimated number of prevalent cases was 462,570 vs. 458,000 (+1%), as reported
by AIOM-AIRTUM [6].

4. Discussion

This analysis provided for the first time a model-based prevalence of PC cases at
different clinical stages in Italy, estimating that about 85% of patients have early stage PC,
10% have advanced disease and 5% have metastatic disease. The final estimate of a total of
about 460,000 alive patients surviving PC in 2018 is highly consistent with data provided
by the AIOM-AIRTUM report—a national source relying on over 50 cancer registries
throughout Italy—for the same year. This is supportive of the modeling process used in
this study and thus on the general reliability of the results.

Two earlier analyses conducted in the USA and Australia modeled patient flow in PC.
The first study [12] considered the national US incidence rates together with progression



Biology 2021, 10, 210 5 of 7

and mortality rates derived from original studies and meta-analyses to estimate, through a
dynamic transition model, the existing and future burden of PC at 8 different clinical states.
This investigation reported a proportion of metastatic PC cases of 4.4% in the year 2009
and 3.8% (projected) in 2020. The second analysis [13] was conducted in New South Wales,
Australia, using cancer registry information (through an illness–death model) and hospital
data on the treatment to estimate PC prevalence overall and according to subgroups of
patients at different phases of care. The study estimated the progression to metastatic
disease in 2.6% of patients in 2017, in addition to 2.1% of patients expected to die from PC
during the same year. Thus, our data on metastatic PC (5.2%) are broadly consistent with
those of the US and Australian studies.

A number of considerations related to our findings are required if these are to be used
for planning cancer care services. In fact, the healthcare needs of cancer patients drastically
change during the course of the disease, with maximum needs at diagnosis and at disease
relapse or progression, and limited needs for long-term remitting survivors, which are
often unrelated or partially related to the original cancer diagnosis. Most patients in our
analysis had localized PC and, in consideration of the low incidence of disease progression
in these subjects after surgery and/or radiation therapy [25], the majority of them are
likely to be in disease remission. Long-term survivors also were included in the models,
and most of them are likely definitively cured of the disease. Our model, however, did
not allow to quantify the proportion of long-term PC remitting survivors. On the other
hand, we provided an estimate of the number of prevalent T3/T4 PC cases, i.e., patients
at high risk and with high probability of disease progression. This is particularly useful
to adequately inform the understanding of the PC disease pathway, also in relation to the
recent availability of new treatments, and potentially the design of future clinical trials in
PC. We extracted data for the transition model from a set of identified references based
on the standard of care. Still, since the frequency of prevalent PC depends—among other
factors—from the efficacy of available treatments, the introduction in use of new therapies
may lead to variations in the real number of prevalent patients. Further, for selected clinical
stages—specifically for BCR PC—the heterogeneity in the natural history of disease, in
its duration and treatment, is particularly high, thus making data modeling difficult. In
fact, we could not divide and provide separate estimates for non-metastatic HSPC and
non-metastatic CRPC, also in consideration of the small number of publications with useful
data for the model.

A limitation of this study is related to the use of many international rather than national
data to inform the model, due to the lack of specific studies from Italy. However, whenever
possible we adopted estimates from countries close to Italy or with a similar setting, e.g.,
France. Several probabilities of transition, further, were extracted from international clinical
trials conducted with a standardized methodology, and no major differences would be
expected in studies from Italy alone. Another limit is that the prevalence estimates for low-
vs. high-volume mHSPC were not available. For the latter, trial data suggest that about 55%
are high-volume mHSPC [26]. Furthermore, androgen deprivation therapy is associated to
increased risk of cardiovascular adverse effects [27], and patient comorbidities (particularly
cardiovascular ones) may be a relevant issue for overall survival. However, data on the
proportion of patients with comorbidities at different clinical stages of PC could not be
considered in the model. The strengths of this investigation are its originality, as the study
fills a gap of information in Italy—a country with a high incidence and prevalence of PC
(1st neoplasm in men)—and the consistency of the estimated prevalence in PC between
our and the AIOM-AIRTUM data, providing reassurance on the reliability of the model.
Further, our model is based on a large set of published references, and the results may be
relevant not only to Italy but also to other selected Western countries with a similar health
system and distribution of PC cases.
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5. Conclusions

Our study provide original information on the distribution of PC according to different
clinical stages, which may be useful to define strategies, understand the PC disease pathway,
estimate treatment-related needs and, possibly, plan targeted interventions for public health
management of PC in Italy. An adequate knowledge of the number of PC patients at each
clinical stage may support the action plans of policymakers by allowing a clearer picture
of the therapeutic needs in our population and of the related healthcare resources to be
implemented.
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