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Abstract
Objective: To evaluate the trends of colorectal cancer (CRC) incidence and mortality rates from 2003 to 2014 in Italy
by age groups and regions.
Methods: We used the data of 48 cancer registries from |7 Italian regions to estimate standardized incidence and
mortality rates overall and by sex, age groups (<50, 50-69, 70+ years), and geographic area (northwest, northeast,
center, south, and islands). Time trends were expressed as annual percent change in rates (APC) with 95% confidence
intervals (95% CI).
Results: Incidence rates decreased from 104.3 (2003) to 89.9 X 100,000 (2014) in men and from 64.3 to 58.4
X 100,000 in women. Among men, incidence decreased during 2007-2010 (APC —-4.0, 95% Cl —6.0 to —1.9) and
2010-2014 (APC -0.7, 95% CI —1.4 to 0.0), while in women it linearly decreased during the whole period (APC —1I.1I,
95% CI —1.4 to —0.8). Mortality rates showed a linear reduction both in men (APC —-0.7, 95% Cl —1.0 to —0.3) and
women (APC -0.9, 95% CI —1.2 to —0.6) and decreased respectively from 41.] to 39.2 X 100,000 and from 24.6 to
23.1 X 100,000.

In the 50- to 69-year-old range (screening target age), incidence showed a prescreening increase, followed by a peak
after screening started, and a decline thereafter. Incidence and mortality rates significantly decreased in all areas but in
the south and islands, where incidence increased and mortality remained stable.
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Conclusions: A renewed commitment by all regional health systems to invest in primary (i.e., lifestyle) and secondary
(i.e., screening programs) prevention is of utmost importance.
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Introduction

Colorectal cancer (CRC) is the third most common cancer
and the second leading cause of death among cancers
worldwide.! In Italy, 51,300 new CRC cases were esti-
mated in 20182 and 18,935 deaths due to CRC were
recorded in 2015.% Italian incidence rates are among the
highest in the world and similar to those reported in high-
income countries.!

Behavioral risk factors, such as physical inactivity,
alcohol consumption, and smoking, are responsive to
modification. The International Agency for Research on
Cancer (IARC) classified “sufficient evidence” linking the
consumption of alcohol beverages,® physical inactivity,
and overweight to CRC. The TARC also confirmed the
conclusions previously made by the World Cancer
Research Fund* asserting that red meat is a probable car-
cinogen (class 2A) and processed meat is a carcinogen
(class 1).5 Red and processed meats particularly increase
the risk of CRC. The fraction of CRCs attributable to these
modifiable lifestyle factors in Italy is approximately 50%.6

In Italy, CRC incidence rates increased from 1986 to
2005, while mortality rates decreased.”!! However, differ-
ent factors are modifying CRC incidence and mortality
rates. The prevalence of various risk factors is chang-
ing.!>13 In the early 2000s, population-based screening
programs started in different regions and progressively
spread over the whole country. The proportion of the resi-
dent population invited to a screening increased from 4.8%
in 2004 to 53.1% in 2012.14.15

The aim of this study was to provide reliable estimates
of CRC incidence and mortality rate trends from 2003 to
2014 in Italy by age group and region. We further dis-
cussed the results taking into account geographic varia-
tions and changes over time of major known risk factors
and screening programs.

Methods
Data

The study was based on the dataset collected by the Italian
Association of Cancer Registries (AIRTUM). Incident
cases are recorded by all cancer registries (CRs) according
to a common protocol.'® Routine indicators of data com-
pleteness and quality for Italian CRs are satisfactory.!”18 In
the present study, we used data from 48 CRs located in 17

out of the 20 Italian regions, including patients of all ages.
Further details are described in the twin article published
in the current issue.!® Deaths were collected from local
mortality registries (ReNCaM). The study period went
from 2003 to 2014 for both AIRTUM and ReNCaM data.
All ages were selected in the study.

As incidence and mortality data were not available
for the whole study period for all CRs, the data matrix
was completed by estimating the numbers of incident
cases and deaths for calendar years with missing infor-
mation. Lacking data were estimated by means of join-
point log-linear model fitted on the last segment of the
specific CR temporal trend. The method for estimates
and projections to 2014 had been successfully used in
the evaluation of the 1986-1997 and 1998-2005 inci-
dence trends in Italy.?0-%!

Table 1 describes the number of new cases and deaths
used in the analysis and the main features of population
covered by cancer registration, according to region and
macro-area.

Overall, in 2012, the study registries covered a resident
population of almost 36 million subjects (35,799,991 as of
December 31, 2012), corresponding to 60% of the whole
Italian population (Table 1). Coverage of cancer registra-
tion was higher in the northeast (72%) and northwest
(71%) and lowest in the center (25%). Between 2003 and
2014, overall 333,740 CRC incident cases and 134,160
deaths were analyzed.

Table 1 also reports data on CRC screening programs
and main risk factors for each region included in the study:
first year of screening activity with a widespread popula-
tion coverage (>30% target population screened in the
year) and screening coverage in 2010'522; percentage of
overweight and obese (body mass index =25) in 2011—
201412; and percentage of individuals with low physical
activity (subjects reporting neither heavy occupational nor
recreational physical activity).2

In most regions, CRC screening programs consist of a
biennial invitation to all 50- to 69-year-old residents to
undergo a single fecal immunochemical test (FIT), fol-
lowed by colonoscopy when positive at fecal test. The
Piedmont region, however, offers as screening program a
once-in-life flexible sigmoidoscopy to 58-year-old resi-
dents or a biennial FIT to those who refuse flexible sigmoi-
doscopy. During the study period, CRC screening programs
reached a widespread coverage of the target population in
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all the northern regions, in 2 out of 3 regions in the Center,
and only in one region (Basilicata) in the south and islands.

Statistics

Incidence and mortality rates were stratified by sex, age
group (<50, 50-69, 70+ years), anatomic site (colon:
ICD-10 code C18, rectum: ICD-10 codes C19—C20), and
geographic area (northwest, northeast, center, and south
and islands). Age-adjusted rates were calculated using the
European 2013 standard population.

Time trends were assessed by log-linear models and
expressed as annual percent change in rates (APC) with
95% confidence intervals (95% CI); significant changes in
time trends were investigated by the permutation test car-
ried out using the Joinpoint Regression Program 4.6
version.?*

Results

At the beginning of the study period, incidence rates in the
pool of all Italian registries included in the study were
104.3 X100,000 in men and 64.3 X 100,000 in women.

Among men, CRC incidence rates remained stable from
2003 through 2007, with an approximately 4% yearly
decrease since then, from 20072010 (95% CI—6.0 to —1.9),
and 0.7% from 2010-2014 (95% CI —1.4 to 0.0) (Figure 1).
Such a 3-phase trend of overall incidence rates was deter-
mined by the trends in colon cancer (APC 2003—2006:
+1.1, 95% CI —0.2 to 2.4; 2006—2010: —3.3, 95% CI —4.6
to —2.0; 2010-2014: —1.0, 95% CI —1.8 to —0.2) (see online
Appendix 1), while incidence rates for rectum cancer
decreased by 1.6% (95% CI —2.2 to —1.1) per year over the
whole study period (see online Appendix 2).

In women, the incidence of CRC decreased during
the whole period by an annual 1.1% (95% CI —1.4 to
—0.8). Therefore, in 2014, incidence rates were 89.9
X100,000 men and 58.4 X100,000 women. The
decrease for rectum cancers was larger (APC —1.2, 95%
CI —1.5 to —1.0) than that for colon cancers (1.1, 95%
CI-1.4t0—0.7).

CRC mortality rates showed a statistically signifi-
cant linear annual decrease of 0.7% in men (95% CI
—1.0 to —0.3) and went from 41.1 X100,000 in 2003 to
39.2 X100,000 in 2014. The mortality reduction for rec-
tum cancers was greater (APC —1.2, 95% CI —1.7 to
—0.7) than that for colon cancers (APC —0.5, 95% CI
-0.9 to —0.1). CRC mortality rates significantly
decreased by an annual 0.9% also in women (95% CI
—1.2 to —0.6) and went from 24.6 X 100,000 in 2003 to
23.1 X100,000 in 2014. Also in women, the decrease
for rectum cancers was higher (APC —1.5, 95% CI —2.3
to —0.7) than that for colon cancers (2003-2006: APC
+0.8, 95% CI —0.9 to 2.6; 2006-2014: APC —1.1, 95%
CI-1.5t0—0.7).
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Figure |I. Colorectal cancer incidence and mortality trends
with annual percent change (APC) and 95% confidence intervals
(95% Cl), according to sex. Italy, 2003—2014. All ages. Age-
standardized (European population 2013).

Trend by age

During the study period, in individuals younger than 50
years, CRC incidence rates significantly decreased by an
annual 1.6% in men and by 1.1% in women, while mortal-
ity rates significantly decreased annually by 1.5% and
1.6%, respectively (Figure 2). Focusing on 40- to 49-year-
old patients, the APC were as follows: 40- to 44-year-old
men —1.2 (95% CI —2.2 to —0.2), women —0.9 (95% CI
—1.6 to —0.2); 45- to 49-year-old men —1.6 (95% CI —2.3
to —0.9), women —1.5 (95% CI —2.2 to —0.8) (data not
shown).

Incidence rates in the intermediate 50- to 69-year age
range, i.c., the target age of screening programs, showed a
3-phase pattern for both sexes. The first period was charac-
terized by a significant 2.1% annual increase until 2007 in
men and by a nonsignificant 1.8% annual increase until
2006 in women. The second phase showed a significant
6.5% annual decrease in men and 3.1% in women until
2010, statistically significant for both sexes, while the
rates stabilized during 2010-2014. Mortality decreased
over the whole period, with a significant variation of 1.9%
between 2005 and 2010. In women, mortality decreased by
1.0% per year during the whole study period.

In the older age class (70+ years), CRC incidence rates
homogencously decreased by 1.6% per year in men and by
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Figure 2. Colorectal cancer incidence (a) and mortality (b) trends with annual percent change (APC) and 95% confidence intervals
(95% Cl), according to age class and sex. Italy, 2003—2014. Age-standardized (European population 201 3).

1.0% per year in women, while mortality rates decreased
by 0.9% and 1.0%, respectively, in men and women.

Trend by macro-area

At the beginning of the study period, relevant differences
in incidence rates were observed between geographic
macro-areas for both sexes, rates being highest in the
northwest (125.9 X100,000 in men; 76.8 X100,000 in
women), intermediate in the northeast and center, and low-
est in the south and islands (81.4 X 100,000 in men; 53.0
X100,000 in women) (Figure 3). During 2003-2014, inci-
dence rates significantly decreased in the northwest, north-
east, and center both in men and women, although with
different patterns among areas and at different times. For
example, in the northeast, an incidence peak took place in
2005, followed by a sharp reduction, this pattern being
more evident in male patients. However, in the south and
islands, a significantly increasing trend was recorded in
both sexes. Thus, by the end of the study period the differ-
ences in incidence rates among macro-areas had almost
disappeared in both sexes.

The findings were more striking in the target population
of screening (Figure 4). In the south and islands, incidence
rates significantly increased yearly by +0.5% both in male
(95% CI 0.0 to 1.0) and female patients (95% CI 0.1 to
0.9), while in the rest of Italy they significantly increased
during the first study years, when screening programs
began (APC male patients 2003-2007: +2.2, 95% CI 0.4

to 4.9; female patients 2003—-2006: +1.9, 95% CI 0.1 to
3.7) (data not shown). They subsequently dropped by 8.4%
(95% CI —16.1 to —0.0) per year in male patients (2007—
2010) and by 3.7% (95% CI —4.5 to —2.9) in female
patients (2006-2012), and finally stabilized in both sexes
(APC male patients —0.7, 95% CI —3.6 to 2.2; female
patients +0.5, 95% CI —3.2 to 4.4). Consequently, the
excess in incidence rates observed at the beginning of the
study in the northern and central regions as compared with
the south and islands almost disappeared by the end of the
study both in male patients (2003: 171.2 vs 116.1
x100,000; 2014: 137.7 vs 126.4 X100,000) and in female
patients (2003: 107.7 vs 83.6 4 X100,000; 2014: 90.7 vs
88.3 X100,000) (data of the rest of Italy not shown).

In 2003, mortality rates were lower in the south and
islands (34.1 X100,000 in men; 22.3 X 100,000 in women)
as compared with the rest of Italy, the highest figures being
in the northeast in men (47.8 X100,000) and in the north-
west in women (26.0 X100,000). During the study period,
mortality rates linearly decreased both in male and female
patients in all areas but the south and islands, where they
were stable. By the end of the study, the values showed
limited differences in men, ranging from 39.0 X100,000 in
the northeast to 36.0 X100,000 in the south and islands,
and in women (range 23.4 X100,000 in the northwest;
22.9 X100,000 in the south and islands).

Concerning the screening target population in the south
and islands, mortality rates were stable during the study
period in both men (APC 0.3, 95% CI —0.3 to 1.0) and
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Figure 3. Colorectal cancer incidence (men: a; women: b) and mortality (men: ¢c; women: d) trends with annual percent change
(APC) and 95% confidence intervals (95% Cl), according to geographic macro-area. Italy, 2003—2014. All ages. Age-standardized

(European population 201 3).

women (APC —0.2, 95% CI —0.9 to 0.5), while in the
northern regions, they linearly decreased in both sexes. In
the center, they were stable in women, while they dropped
in men by 4.0% yearly from 2003 to 2008 to stabilize
thereafter. When comparing the rest of Italy with the south
and islands, the differences in mortality rates, at the end of
the study, were markedly reduced in male patients (2003:
44.8 vs 35.1 X100,000; 2014: 41.1 vs 36.6 X 100,000) and
even more in female patients (2003:26.8 vs 23.6 X 100,000;
2014: 24.4 vs 24.2 X100,000) (data not shown).

Discussion

In Italy, from 2003 to 2014, CRC incidence and mortal-
ity rates showed a significant decrease in both sexes. The

analysis by geographic macro-area highlighted a wide
variability in incidence and mortality levels at the begin-
ning of the observed period (2003). However, geographic
variability in incidence and mortality decreased during
the study period due to differences in time trends across
areas.

The Italian figures observed in this study were much
different from the increasing CRC incidence rates reported
in the United States? and in various European countries
(e.g., England, the Netherlands, Norway, Slovakia,
Slovenia, and Spain).?¢ However, in Europe, different pat-
terns of incidence trends have been described according to
country and to anatomic site. For example, incidence rates
for colon cancer are increasing in Croatia and Denmark,
stable in Bulgaria, Ireland, Scotland, and Switzerland, and
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Figure 4. Colorectal cancer incidence (men: a; women: b) and mortality (men: ¢; women: d) trends with annual percent change
(APC) and 95% confidence intervals (95% Cl), according to geographic macro-area. Italy, 2003—2014. Age 50—-69 years. Age-

standardized (European population 2013).

decreasing in France and Germany, while rectum cancer is
stable in all those countries.2¢

Notably, we did not observe the same increase in CRC
incidence rates among subjects younger than 50 years that
was recently described in Australia?’ and in the United
States,?8 which induced the American Cancer Society to
update its recommendations for CRC screening by lower-
ing the age for starting screening from 50 to 45.2°

The observed pattern of incidence trends across geo-
graphic regions mirrors the impact of screening programs,
which reached a very different coverage of the target popu-
lation among regions. In fact, only the arcas with well-
established screening programs showed a significant
decrease in both incidence and mortality rates, while in the

south and islands, where screening activity was still very
limited by the end of the study period, incidence rates
increased and mortality rates were stable.

The analysis according to age confirmed the impact of
screening on epidemiologic indicators already reported in
the literature.?® In the screening age group, incidence
showed the expected pattern: an early peak associated with
the diagnostic anticipation of cancers when a screening
program starts, followed by a reduction due to the removal
of CRC precursors (advanced adenomas) during colonos-
copy. Some factors may have diluted the expected 2-phase
impact of screening on incidence rates, which was evident
only in some subgroup analyses (e.g., males in the pool,
males in the northeast, colonic location). Indeed, screening
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programs started at different times among Italian regions;
furthermore, the coverage of the programs’ target popula-
tions was highly variable, and rarely exceeded 50%,!32
while the study analyzed the entire resident population.

Changes in lifestyle and dietary factors in previous
decades contributed to the trends that we observed. In
particular, the nutritional characteristics of the reference
Italian—Mediterranean diet have been progressively
abandoned over the last 4 decades.?! This is particularly
worrisome for the typical Mediterranean areas of Italy
(i.e., southern regions) where an increased consumption
of meat and refined sugars has been reported in recent
decades.?? Southern regions also showed a consistently
higher prevalence of overweight and obesity and higher
proportion of physically inactive population (Table 1).
More alarming for future trends of CRC is the higher
prevalence of overweight in children and adolescents of
southern Italian regions in comparison with northern and
central Italy.3

Compared with the proportion of obese people reported
in the United States,? the Italian picture appears much
better, even if a negative trend has taken place in the last
few years (obesity: from 10.3% in 2008 to 10.9% in 2017,
overweight: from 41.7% in 2008 to 42.8% in 2017). Both
these trends are statistically significant.!> Recently, suffi-
cient evidence of the carcinogenicity of tobacco smoking
also for CRC in humans has been reported.?® In Italy, the
prevalence of smokers is decreasing (from 29.7% in 2008
to 25.3% in 2017), as well as the median number of ciga-
rettes smoked,3¢ following a decreasing trend that started
in the 1970s.37 These trends in smoking habits may, at
least partially, contribute to CRC incidence and mortality
decrease.

As this study was based on data from all the Italian
CRs, covering about 60% of the whole Italian population,
the results of this analysis are likely highly representative
of the actual national situation. Another strength of this
study was the homogeneously high quality of data; in all
CRs, we had more than 82% microscopic verification, less
than 2% death certificate only, and less than 52% of mor-
tality—incidence ratio.!”

Mortality rates estimated here only partially describe
the real impact of screening as some of the patients, who
died of CRC within the study period, were diagnosed
before the beginning of the screening program. In order to
evaluate the effect of screening on mortality, we should
have calculated the incidence-based mortality, including
only deaths that occurred from cancers diagnosed after the
first invitation to screening.’8

The assumption of linearity of the method for estimates
and projections to 2014 may not always be justified.
However, each trend may be considered linear in a suffi-
ciently short period of time and fitting the model on the
last segment resulting by joinpoint analysis should allow
valid estimates even for those cancer sites with significant

variations in trends. On the other hand, projecting on a
large number of years, a trend observed in a short period
may not be safe.

The comparison of incidence and mortality trends in
areas where widespread screening programs are available
with those where they are not suggests a large potential
impact of screening. Furthermore, screening programs are
expected to specifically deplete their target populations of
advanced stage CRCs,3*%0 whose treatment is becoming
increasingly expensive due to new high-cost drugs.
Therefore, the expected advantage in terms of cost-effi-
cacy of screening programs should be much higher than
reported in the literature.*!-43

From this point of view, the case of the incidence and
mortality trends in the south and islands (respectively
increasing and stable rates over the study period versus a
statistically significant decrease in the rest of Italy) illus-
trates how the regions of this area are missing an opportu-
nity to reduce CRC morbidity and mortality in their
population, and to keep the costs of treatment down.

Conclusions

In Italy overall, both CRC incidence and mortality rates
are decreasing in all age groups in both sexes. However,
relevant differences emerged among areas, reflecting dif-
ferent levels of screening programs activation and the
underlying risk factors for CRC in the south and islands.
These results suggest a renewed commitment of the
regional health systems to invest more in primary and sec-
ondary prevention.
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