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ABSTRACT

Aims and background. The Tuscan cancer registry has been operating since 1985,
providing cancer incidence and survival data in Tuscany; it covers about 33% of the
regional population. The purpose of this paper is to provide incidence, prevalence
and mortality estimates for the major cancers in the whole Tuscany region for the pe-
riod 1970-2015.

Methods. The estimated figures were obtained by applying the MIAMOD method.
Starting from mortality and survival data, incidence and prevalence were derived us-
ing a statistical back-calculation approach. Survival was modeled on the basis of pub-
lished data from the Italian cancer registries.

Results. According to the estimates, the most frequent cancer sites were colon-rec-
tum in both genders, prostate in men and breast in women, with 4,188, 3,082 and
3,092 new diagnoses, respectively, in 2012. The incidence rates were steadily increas-
ing for lung cancer in women and melanoma in both sexes, while they were decreas-
ing for uterine cervix cancer in women, lung cancer in men and stomach cancer in
both sexes. For colorectal cancer a small reduction in incidence was estimated for
both sexes in recent years. The incidence rates for prostate cancer, after a steep in-
crease and subsequent stabilization, were estimated to increase slightly in the last
years. The breast cancer incidence was estimated to stabilize in the last 10 years. The
mortality trends were decreasing for all considered cancers except female lung can-
cer. Prevalence increased for most of the studied cancers except stomach cancer in
both sexes, lung cancer in men and cervix cancer in women. The highest prevalence
was estimated for breast cancer, with over 42,000 cases in 2012.

Conclusion. This paper provides an updated description of the cancer burden in Tus-
cany until 2015. These trends will have a significant impact on the regional health
services and it is therefore important to enhance both primary prevention, for reduc-
ing the cancer incidence, and oncological surveillance, for evaluating the care and as-
sistance of cancer patients.

Introduction

The Tuscany region is located in the center of Italy. In 2010 it had a population of
over 3,700,000, accounting for about 6% of the national population!. The regional
health care system is served by 12 local health districts and 4 university hospitals.
More than 50,000 professionals including medical doctors, nurses and technical sup-
porters are operating in 40 hospitals and other regional health structures. The treat-
ment of cancer is provided by the health care services participating in the Tuscany
Cancer Institute (ITT), a network-based institute conducting also cancer research,
which started its activity in 2005. The ITT is constituted by the Florence Cancer Re-
search and Prevention Institute (ISPO) and 16 oncology departments within the local
health units, with a total of 216 day-hospital beds and 109 inpatient beds?.
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The Tuscan Cancer Registry (TCR) has been active
from 1985 and covers the provinces of Florence and Pra-
to. The main objective of TCR is to provide cancer inci-
dence, survival and mortality data in partnership with
the Regional Mortality Registry. The current coverage of
TCR is about 33%?2, but there are plans to extend cover-
age to the entire region; a feasibility study has been con-
ducted and approved.

In 2006 the main cause of death in Tuscany was car-
diovascular disease, with about 38% and 44% of deaths
in men and women, respectively. Cancer was responsi-
ble for about 6,800 (35%) and 5,100 (25%) deaths in men
and women, respectively*. The Tuscany age-standard-
ized mortality rate for all cancer types was slightly low-
er than the rate for Italy as a whole (138 per 100,000 ver-
sus 143 per 100,000)°.

The purpose of this paper is to provide the basic epi-
demiological indicators, i.e. incidence, prevalence and
mortality, in the Tuscany region for the major cancers
(lung, breast, prostate, colon-rectum, stomach, cervix
uteri and skin melanoma) up to 2015.

Material and methods

Mortality data for all cancers, general mortality and
population data by age, calendar year and geographical
region for the period 1970-2002 were obtained from the
Italian National Institute of Statistics (ISTAT)S. Only spe-
cific mortality data for the subsequent years, i.e. 2003,
2006 and 2007 (data for 2004-2005 were not yet pub-
lished by ISTAT), were used to validate the expected
mortality projections®. Relative survival data for the
considered cancers for the period of diagnosis 1985-
2002 were obtained from the EUROCARE-4 study’.
These data refer to the populations covered by 21 cancer
registries in Italy jointly representing about 25% of the
national population. Table 1 reports the figures of can-
cer registration in Tuscany, with the respective area and
size of the population covered, the corresponding cov-
erage of the regional population, the percentage of peo-
ple older than 65 years, and the data collection period.

The MIAMOD method?'° was used for the estimation
of incidence and prevalence. This statistical method is
based on a back-calculation approach to estimate and
project the morbidity of chronic irreversible diseases
from mortality and patient survival. The method relies
on the mathematical relationships between mortality,
prevalence, incidence and survival. The model’s estima-
tion is based on mortality data from ISTAT for the peri-
od 1970-2002, with cause of death coded according to
the ninth revision of the International Classification of
Diseases (ICD-9)!!. Relative survival of cancer patients
was estimated from observed cancer registry data by
means of parametric cure models of the Weibull type at
the level of macro area. The geographical area and the
age of patients were considered as categorical covari-
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ates in the survival model. The way of considering the
year of diagnosis (continuous or categorical) and the
choice of having a unique parameter or a set of area-
specific parameters representing the effect of the period
of diagnosis depended on the tumors and the sex'?. The
survival estimates for the Central Italian macro area
were assigned to Tuscany for all cancer sites with the ex-
ception of melanoma in women, for which the region-
specific survival was considered. The survival time
trend after 2002 was assumed to have the same tenden-
cy as that estimated over the observation period 1985-
2002 for all cancers except prostate cancer, where sur-
vival was assumed to be constant from 2005 onwards.

All incidence, mortality and prevalence estimates
were carried out for the period 1970-2015 and up to age
99. For cervical cancer, prostate cancer and melanoma,
additional procedures were applied to account for spe-
cific problems related to these sites. For cervical cancer
a specific methodology'>'3 was used to correct for mis-
classification with uterus not otherwise specified (NOS)
in mortality data provided by the official statistics. This
methodology could be applied from 1980 onwards be-
cause previously the ICD-8 classification, which did not
distinguish uterus NOS, had been adopted in the ISTAT
statistics. The corrected mortality data were used as in-
put data for incidence and prevalence estimates by the
MIAMOD method. Estimates for cervical cancer were
carried out up to age 94 years because the distinction of
uterus NOS cancer deaths into cervix and corpus uteri
cancer deaths in women over 94 years old is not very re-
liable. Furthermore, for cervical cancer only limited-du-
ration prevalence at 15 years was reported. Indeed,
complete prevalence is highly sensitive to the past
trends. Incidence estimates before 1980 are scarcely re-
liable due to the subsequent spread of non-organized
early diagnosis and to the fact that neither mortality nor
cancer registry data exist to support reliable modeling
assumptions. Simple backward linear extrapolation of
the decreasing trend estimated during the 1980s and
1990s may inflate the past incidence level and conse-
quently (due to the high survival) the estimated preva-
lence of women with a diagnosis of cervical cancer.

For prostate cancer, because of the rapid changes in
the recent time trends, more up-to-date mortality data
were used in order to capture recent variations that
could not be modeled with data up to 2002. Since mor-
tality data for 2004-2005 were missing, estimates with
projections up to 2010 were preliminarily performed by
means of the PIAMOD method'*. The modeled mortali-
ty was then used as input for the MIAMOD method.

For melanoma different procedures for men and
women were adopted to obtain the best incidence esti-
mates in agreement with the observed data by cancer
registry. For men the projections of age-specific inci-
dence and mortality rates for melanoma were obtained
by linearly projecting the age-specific annual percent
change of incidence and mortality rates estimated in
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the period 2001-2002. The total rates were obtained by
age-specific rates. For women, estimates were obtained
using different input data for the MIAMOD method; in
particular, mortality data for the period 1987-2008 de-
riving from the regional mortality registry were used.
The age-standardized rates were based on the standard
European population.

Results

The number of cases and both the crude and age-stan-
dardized incidence and mortality rates and prevalence
proportions estimated in Tuscany for the year 2012 are
presented in Tables 2A and 2B, respectively, for men and
women. In the male population prostate cancer was the
most frequent cancer with about 3,080 estimated new di-
agnoses. The incidence of the other cancers was lower,
ranging between 2,292 (colon-rectum) and 504 (melano-
ma) estimated new cases. In women 3,092 new cases of
breast cancer were estimated to be diagnosed in 2012. For
the other cancers, the numbers of estimated new cases
were considerably lower and ranged between 1,896
(colon-rectum) and 98 (cervix uteri). Due to the different
survival the ratio between prevalent and incident cases
was higher for cancer sites with a better prognosis, like
breast cancer for women (14) and prostate cancer for men
(8), differently from lung and stomach cancer where the
prevalence/incidence ratios were lower for both sexes (3
and 5, respectively, in men and 3 and 6 in women).

The highest crude mortality rates were estimated for
lung cancer in men (88 per 100,000) and colorectal can-
cer in women (38 per 100,000), while the lowest rates
were estimated for melanoma in both sexes and cancer
of the uterine cervix in women. For colorectal, lung and
stomach cancer, the crude mortality rates were higher
in men than in women, while for melanoma they were
similar, 3.7 and 3.5 per 100,000 for men and women, re-
spectively. With regard to the standardized mortality
rates, the male/female ratio was 3.6 for lung cancer, 1.8
for colorectal cancer, and 1.9 for stomach cancer.

The time trends of the age-standardized incidence and
mortality rates and crude prevalence over the period
1970-2015 are shown in Figures 1 to 6 for both sexes. The
results will be described below, grouped by cancer site.

Stomach

The incidence and mortality trends for stomach can-
cer were estimated to decrease markedly during the
whole period. In men, incidence and mortality de-
creased from 77 and 66, respectively, per 100,000 in 1970
to 18 and 11 in 2015. The trends in women were similar
and the rates were lower than in men.

Colon and rectum

For colorectal cancer the male standardized incidence
rates were estimated to rise until the end of the 1990s
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(from 43 per 100,000 in 1970 to 72 per 100,000 in 1999),
stabilizing at around 74 per 100,000 and then decreas-
ing slightly in the final years of the considered period
(72.7 per 100,000 in 2015). Trends in women were simi-
lar, preceding the male trends by some years. The inci-
dence rates in women were always lower than in men,
decreasing from 44 to 42 per 100,000/year during the
period 2005-2015. The mortality trends reflected the in-
cidence trends but preceding them by a decade and
with a more pronounced rate of decrease. The projected
mortality rates in 2015 are about half the values ob-
served during the mid 1980s for both genders.

Lung

The lung cancer incidence rates in men reached their
peak during the late 1980s (with a maximum rate equal to
93 per 100,000 in 1986-87) and decreased thereafter down
to 47 per 100,000 in 2015. In women they increased from
7 per 100,000 in 1970 to 18 per 100,000 in 2015. Due to the
very poor prognosis of this cancer, the mortality trends
closely mimic the estimated incidence trends. In women,
lung cancer was estimated to have reached the breast
cancer mortality rate by 2015 (around 13 per 100,000).

Skin melanoma

The melanoma incidence rates were estimated to in-
crease uniformly in both genders. A more than 10-fold
increase in men, from 2 to 25 per 100,000/year during
the period 1970-2015, and a 3-fold rise in women, from
7 to 22 per 100,000/year between 1987 and 2015, were
estimated. The mortality rates were low for both gen-
ders as a result of the high survival of melanoma pa-
tients. In men they reached a peak in the late 1990s and
tended to decrease slightly thereafter. In women the
trend was stable at around 1.6 per 100,000/year during
the entire period of estimation.

Breast

The breast cancer incidence in women was estimated
to increase rapidly from 44 per 100,000 in 1970 to about
104 in the early 2000s. In the subsequent years the
growth slowed down and the incidence rate was esti-
mated to stabilize at around 107 per 100,000. The mor-
tality rates, after a slight initial increase from 23 per
100,000 in 1970 to 27 per 100,000 in 1985, were declining
steadily to a foreseen level of 13 per 100,000 in 2015.

Cervix uteri

During the study period the incidence and mortality
rates of cervical cancer markedly declined, reaching the
lowest figures among the cancers considered: 3.9 and
1.3 per 100,000, respectively, in 2015.

Prostate

The incidence of prostate cancer was estimated to in-
crease from 28 to 103 per 100,000/year during the whole
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study period. Mortality was estimated to remain stable
from 1970 to 2003 at around 18 per 100,000 and to de-
crease to 14 per 100,000 by 2015.

Prevalence

Prevalence increased for all the considered cancers
except stomach cancer in both sexes, lung cancer in
men, and cervix cancer in women. In men, the preva-
lence of both stomach and lung cancer was estimated to
decline in the final years of the estimation period, from
2008 and 2010 onwards, respectively. In women, the
prevalence of stomach cancer was estimated to de-
crease from 1983 onwards while for cervix cancer the
15-year limited-duration prevalence was estimated to
decrease during the entire study period.

Discussion

The incidence estimates for the major cancers in the
Tuscany region computed by means of the MIAMOD
method on the basis of the relative survival and observed
mortality in the period 1970-2002, projected up to 2015,
seem in good agreement with the observed incidence
provided by the feasibility study for the regional cancer
registry in Tuscany for the year 2004 for those cancer sites
where the observed data were available (breast, colon-
rectum, lung)'®. The observed trends in the area of Flo-
rence and Prato for the period 1985-2006 are in good
agreement with the trends presented in this paper?®.

The trends of the incidence rates showed a constant
increase for lung cancer in women and melanoma in
both sexes. The incidence trend for prostate cancer, af-
ter an increase between 1990-2000, reached a plateau in
2010 and then showed a new slight increase in the final
years of projection. At the opposite end, the incidence
trends were decreasing for lung cancer in men, cervix
cancer in women, and stomach cancer in both sexes.
The trend for colon-rectum cancer showed a constant
increase up to the late 1990s for men and the late 1980s
for women, while in the following years a stabilization
and a small reduction was estimated in both sexes.

These incidence trends could be partially related to
changes in individual lifestyles. The different lung can-
cer trends in men and women can be interpreted in
terms of the corresponding well-known trends in tobac-
co smoking, which increased among women and de-
creased among men during the last 10 years'é. In Tus-
cany the proportion of smoking women was higher than
the national rate in 2009 (20% vs 17%). By contrast, the
proportion of Tuscan male smokers was slightly lower
than the Italian rate (29% vs 30%)"".

Diet has been indicated as a risk factor for stomach,
colorectal, breast and prostate cancer. The consump-
tion of vegetables and fruits is known to be protective
against some cancers, whereas obesity for breast can-
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cer, alcohol for breast and colorectal cancer, and salted
or smoked preserved foods for stomach cancer are fac-
tors that raise the incidence!®. Except for alcohol con-
sumption the nutritional habits in Tuscany are slightly
better than the average behavior in the other Italian re-
gions. The percentage of obese people (BMI >30) is sig-
nificantly lower than the national level (8% vs 10%), with
a slightly higher value among men than women'”. The
proportion of people that consume 2-4 servings of veg-
etables or fruit per day is about 70% against a national
value of 64%. By contrast, the proportion of Tuscan peo-
ple that consume at least one alcoholic drink a day is
slightly higher than the national value (73% vs 69%)"".
Organized screening for cervix, breast and colorectal
cancer has been implemented in each of the 12 local
health units, with an invitation percentage of 94% for
cervical cancer screening, 90% for breast cancer screen-
ing and 78% for colorectal cancer screening, and com-
pliance rates of 55%, 71% and 53%, respectively, in
2009, Screening can have a complex impact on inci-
dence trends, whereas it is expected that mortality de-
creases after the implementation of efficacious screen-
ing programs. The effect on incidence depends on the
kind of lesion detected (precancerous versus invasive or
in situ) and the possible occurrence of overdiagnosis. In
Tuscany organized screening for breast cancer by mam-
mography every 2 years has been offered to all resident
women aged 50-69 years since 2000. For colorectal
screening all resident men and women aged 50-69 have
been invited for fecal occult blood testing every 2 years
since 2005. For cervical cancer Pap tests have been of-
fered to all resident women aged 25-64 years every 3
years since 2004. In some areas of the region the screen-
ing program was introduced a few years earlier. Some
recently published papers have shown the effect of
screening on cancer incidence and mortality. Costanti-
ni et al.?’ showed the effect of colorectal cancer screen-
ing by fecal occult blood test in reducing the colorectal
cancer mortality by 2.7% per year in 2 districts of the
Tuscany region which began the screening programs in
the 1990s, without any evidence of an effect on its inci-
dence. The slight decrease in the regional incidence
trend reported in this paper for both sexes in the last
years can hardly be attributable to the effect of screen-
ing because the implementation of the programs in the
entire region was too recent. Puliti et al.?!, performing a
case-control study, showed that the introduction of
breast cancer screening programs in some regions of
Italy, including Tuscany, was associated with a 45% re-
duction of the probability of dying of breast cancer
among screened women. It has been shown also that
overdiagnosis for breast cancer was limited (1-13%)%.
This conclusion is in agreement with the trends of esti-
mated incidence and mortality for breast cancer; in-
deed, the incidence was increasing before the introduc-
tion of the screening program and then stabilized, while
the mortality showed a marked decline after the imple-
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mentation of screening. Zappa et al.” in a case-control
study in Florence demonstrated the effect of the Pap
test in reducing the incidence and mortality of cervical
cancer. The decreasing trend reported in this paper re-
flects the impact of screening.

The incidence of skin melanoma has been increasing
in Italy over the last years, in Tuscany as well as the oth-
er regions®*?. Crocetti et al.?6 showed an increase both
in invasive melanoma (annual percent change: +5.1)
and melanoma in situ (annual percent change: +11.1) in
the area of the TCR. The main reasons suggested in the
scientific literature to explain this phenomenon are in-
creased ultraviolet exposure and early diagnosis thanks
to heightened public awareness of the warning signs of
melanoma and screening by clinicians. This justifies the
rising trend modeled by MIAMOD, even if the projected
estimates up to 2015 are to be confirmed.

The huge increase in the prostate cancer incidence was
largely due to the spread of PSA testing and to oppor-
tunistic screening. Since this increase was not accompa-
nied by a corresponding increase in mortality, overdiag-
nosis has been suggested as the main reason for the in-
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creasing trend. In Tuscany the incidence started to de-
cline in 2003%. Long-term projections indicating a new
increase after 2012 are to be considered with caution.
Prevalence is the best epidemiological indicator to eval-
uate the cancer burden and is therefore important for the
organization of health services. In 2012 the highest preva-
lence in Tuscany was estimated for prostate cancer (over
24,000 prevalent cases) and female breast cancer (about
43,000 prevalent cases). Taking together all cancer sites
analyzed in this paper, individuals with a diagnosis of can-
cer (new or old) amounted to about 52,000 men and
68,000 women. The estimates appear to be consistent
with the Italian cancer figures, reported in 2010 by the
AIRTUM working group, for the cancer sites analyzed?.
Healthier habits, screening programs and therapeutic
improvements are modifying the burden of cancer in the
Tuscany region. The mortality rates are declining for all
cancers except female lung cancer. The number of preva-
lent cases for all cancer sites is progressively increasing due
to the increased cancer incidence and/or longer survival.
The only way to reduce the incident cases, and conse-
quently the prevalent cases, remains primary prevention.

Table 1 - Tuscany population, proportion of the elderly population in 2009 and cancer registry with its coverage and beginning

of activity
Population Population >65 Coverage % First year
years of age % of incidence
Region Tuscany 3,730,130 23.2
Registry Firenze-Prato 1,240,036 229 33.2 1985

Table 2A - Estimated incidence, mortality and prevalence by cancer site for the year 2012 in Tuscany. Number of cases and
deaths, crude and European age-standardized (age-std) rates per 100,000 person-years and crude prevalence proportion per

100,000 persons. Age 0-99 years, men

Incidence Mortality Prevalence
Cancer site Number of Crude Age-std Number of Crude Age-std Number of Crude
cases rate rate deaths rate rate cases proportion
Prostate 3,082 171.9 99.0 549 30.6 14.5 24,108 1,344.2
Stomach 637 39.4 20.1 426 26.3 12.9 3,408 210.4
Colon-rectum 2,292 141.5 73.8 775 47.9 23.8 15,541 959.6
Lung 1,636 100.9 53.9 1,431 88.2 46.0 4,151 256.0
Melanoma 504 31.1 23.0 60 3.7 2.3 4,621 285.5

Table 2B - Estimated incidence, mortality and prevalence by cancer site for the year 2012 in Tuscany. Number of cases and de-
aths, crude and European age-standardized (age-std) rates per 100,000 person-years and crude prevalence proportion per

100,000 persons. Age 0-99 years, women

Incidence Mortality Prevalence

Cancer site Number of Crude Age-std Number of Crude Age-std Number of Crude

cases rate rate deaths rate rate cases proportion
Breast 3,092 177.9 107.9 569 32.8 14.8 42,729 2,457.9
Stomach 486 28.0 11.0 321 18.4 6.8 2,693 154.9
Colon-rectum 1,896 109.1 42.9 653 37.6 13.5 14,022 806.6
Lung 626 36.0 17.9 475 27.3 12.8 1,761 101.4
Melanoma 528 27.7 17.9 67 35 1.6 5,701 299.5
Cervix* 98 5.7 4.2 44 2.6 1.4 1,036* 59.9*

*Limited-duration prevalence at 15 years.
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Figure 1 - Incidence estimates by cancer site in Tuscany in the period 1970-2015. Age-standardized rates (European population) per 100,000
person-years. Age 0-99 years, men.
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Figure 2 - Incidence estimates by cancer site in Tuscany in the period 1970-2015. Age-standardized rates (European population) per 100,000
person-years. Age 0-99 years, women.
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Figure 3 - Mortality estimates by cancer site in Tuscany in the period 1970-2015. Age-standardized rates (European population) per 100,000
person-years. Age 0-99 years, men.
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Figure 4 - Mortality estimates by cancer site in Tuscany in the period 1970-2015. Age-standardized rates (European population) per 100,000
person-years. Age 0-99 years, women.
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Figure 5 - Prevalence estimates by cancer site in Tuscany in the period 1970-2015. Crude proportion per 100,000 persons. Age 0-99 years, men.
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Figure 6 - Prevalence estimates by cancer site in Tuscany in the period 1970-2015. Crude proportion per 100,000 persons. Age 0-99 years, wo-
men.
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