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Background: Pancreatic cancer is the seventh leading cause of cancer deaths in industrialized countries 
globally and the fourth in Europe. It is a lethal malignancy with a 5-year survival rate of only 2–9%. 
Increasing incidence and mortality trends have been observed in both sexes in most countries. The 
International Agency for Research on Cancer (IARC) includes cigarette smoking, alcohol intake and red 
meat consumption among the risk factors causally associated with pancreatic cancer, although its aetiology 
still remains partially unknown. This is the first comprehensive study carried out on all Italian municipalities 
with a view to identifying high-risk areas, in terms of both mortality levels and temporal trends.
Methods: We assessed the geographic distribution and the temporal trends of pancreatic cancer mortality 
in Italy between 1981 and 2015, in order to provide a comprehensive picture of this tumour’s distribution 
occurrence from national to municipal level; evaluate the contribution of some main aetiological factors; 
and, finally, identify municipalities at higher risk due to elevated mortality levels and/or increasing temporal 
trends.
Results: Deaths from pancreatic cancer in people above age 35 were 137,579 for males, and 137,208 for 
females [standardized mortality rates (SMRates): 26.43 and 23.78 per 100,000 respectively]; increasing 
trends were observed in both sexes, although steeper progression was noted for females, mainly in younger 
age-classes (up to 64 years). A geographic mortality gradient from northern to southern municipalities was 
observed, although considerable differences were found when considering municipalities showing increasing 
trends, mostly located in southern and central Italy, in the case of males, and spread all over the peninsula, 
for females.
Conclusions: The municipalities showing higher risk and the territories where these are more 
concentrated should be considered as priority areas for carrying out epidemiological studies aimed at 
evaluating the contribution of the risk factors involved, and possibly identifying other causes that still remain 
unknown.
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Introduction

Pancreatic cancer is the seventh leading cause of cancer 
deaths in industrialized countries globally and the fourth 
in Europe. It is a highly lethal malignancy with a 5-year 
survival rate of only 2–9%, mainly due to its rather 
symptomless progression until it reaches an advanced stage. 
Indeed, it is the most detected tumour during autopsy 
investigations. There are two main types of pancreatic 
cancer: the exocrine adenocarcinoma, which is the most 
common and lethal (85% of all cases), and the endocrine 
tumour (less than 5% of all cases) (1,2).

At global level, it is more frequent in men (5.5 per 
100,000) than in women (4.0 per 100,000) (world standard 
population), with a higher incidence in white than in black 
people. Its occurrence increases with age: it is quite rare 
before age 40, but it starts to increase after 55 years, reaching 
its peak at about 70 years of age. The highest incidence and 
mortality rates have been detected in high-income countries 
in Europe and North America (7.7 and 7.6 per 100,000, 
respectively), while the lowest rates were found in Africa  
(2.2 per 100,000) (1-4). Within Europe, the highest mortality 
rates in males are reported from Eastern Europe and around 
the Baltic Sea, while the lowest are observed in Ireland, 
the United Kingdom, the Mediterranean countries (Italy 
included) and the Benelux. The highest rates for females are 
reported from Hungary, Malta and the Nordic countries, 
while the lowest rates are again found in the Mediterranean 
countries, excluding Italy (5-9).

Some recent studies carried out in Spain, Egypt, Brazil, 
and China analysed the geographic distribution of pancreatic 
cancer at subnational level; an uneven distribution of 
mortality rates within the national borders at regional, 
provincial, county or area levels was consistently detected 
(10-13). Pancreatic cancer aetiology is rather complex 
and still partially unknown. The International Agency for 
Research on Cancer (IARC) includes cigarette smoking, 
alcohol intake and red meat consumption among the risk 
factors causally associated with pancreatic cancer (2,6,14-16).  
Smoking, including passive exposure, represents the main 
risk factor. High alcohol consumption, i.e., more than 
three spirit drinks per day (excluding wine or beer), is also 
associated with increasing risk, probably due to alcohol-
induced chronic pancreatitis. The synergistic effect of alcohol 
and smoke increases the risk of about four folds. Dietary 
factors associated with pancreatic cancer include, besides red 
meat, processed meat, poultry and fried food consumptions, 
whereas a protective role is attributed to vegetables, fruits 

and nuts. Obesity and inactivity, which may be considered 
mutually linked and connected to dietary habits, are also 
associated with an increased risk. As far as occupational 
exposure is concerned, pesticides, nickel and cadmium 
showed an association with pancreatic cancer. Unchangeable 
risk factors related to increased risk include diabetes mellitus 
(9.7% of all cases), Helicobacter pylori infection, chronic 
pancreatitis (10-fold higher than in general population), 
previous gastrectomy, genetic predisposition (10% of 
pancreatic cancer cases), family history (9-fold increased risk 
in individuals with a family history of pancreatic cancer), 
non-0 blood group (1,4,15,17-20).

A case-control study carried out in northern Italy 
between 1991 and 2008 (18) evidenced that 14% of 
occurrences were associated with tobacco smoking, 13% 
with heavy alcohol drinking, 12% with low adherence to 
the Mediterranean diet, 10% with diabetes and 1% with a 
family history of pancreatic cancer.

In most countries, pancreatic cancer incidence and 
mortality for both sexes have shown increasing trends for 
the last decades, particularly in less developed countries  
(1-5,9,11,21-23).

From 1990 to 2013, increasing temporal mortality trends 
were reported for both sexes in Spain. However, when 
focusing on the youngest age groups, increased mortality 
rates were detected exclusively in the female group, whereas 
a decrease was observed for males (10). In France, diverging 
incidence and mortality trends were detected between 
1982 and 2012: incidence increased in both sexes, whereas 
mortality soared only in women (24). In Italy pancreatic 
cancer mortality rates for women also rose between 2003 
and 2014 whereas its incidence substantially increased for 
men only (20,25).

A comprehensive investigation recently carried out in 
the European Union, revealed a steady rise in mortality for 
pancreatic cancer in both sexes between 1970 and 2015 in 
most member states, differently from all the other cancer 
types investigated. However, a projection to 2020 forecasted 
a levelling of this trend—at least in men—for Europe 
globally, even though with remarkable differences on a 
country-by-country basis (9). Other studies, however, have 
estimated an increase in the number of pancreatic cancers 
of more than 30% by 2040, just considering the ageing of 
populations (4,8).

On the basis of such a widespread rise of incidence 
and mortality rates from pancreatic cancer, its uneven 
geographic distribution within several countries, the poor 
prognosis and the still rather unclear aetiology, we decided 
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to focus on its spatial and temporal mortality patterns 
in Italy between 1981 and 2015, at both national and 
municipal levels.

Due to the low survival time, mortality for pancreatic 
cancer is also considered a suitable incidence indicator. 
This study represents the first comprehensive investigation 
including all of the Italian municipalities, aimed at 
evidencing high risk areas in terms of both mortality levels 
and/or increasing temporal trends, possibly associating 
some risk indicators.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/ace-20-23).

Methods

Data sources

The present study has been carried out by the Italian 
National Agency for New Technologies, Energy and 
Sustainable Economic Development (ENEA) mortality 
database (data source: National Institute of Statistics—
ISTAT), which includes all cause specific mortality 
records for Italian municipalities from 1980 to 2015. No 
ethical approval was required since the study is based 
on anonymous mortality data, not associable to specific 
individuals. Such data are officially provided to ENEA, 
already in the anonymous form, by ISTAT, that is the 
responsible agency for collection and codification of death 
certificates in Italy.

Specific pancreatic cancer mortality rates for males and 
females were calculated for the 35 years period 1981–2015, 
with reference to the 9th (1980–2002) and 10th (2003–2015) 
International Classifications of Diseases (ICD), whose codes 
for pancreatic cancer are 157 and C25, respectively.

Smoking habits and deprivation index (DI) were also 
taken into account as explanatory variables, possibly 
associated with pancreatic cancer mortality levels in each 
municipality. Alcohol consumption estimates for Italy are 
not available at municipal level; however, some descriptive 
comparisons based on regional data sourced from the 
“EpiCentro” website, maintained by the Istituto Superiore 
di Sanità (www.epicentro.iss.it/passi/) (26) were carried out.

Smoking habit indicators were estimated on the basis 
of a Multiscope survey on daily life aspects, conducted by 
ISTAT in 2015 on a sample of randomly selected families 
living in macro-areas (27). Smoker percentage (% smoker) 
was calculated as the ratio between the sum of smokers and 

ex-smokers, and the total of the interviewed participants for 
each macro-area (including up to five municipalities) and 
then assigned to the relative municipality.

The DI, based on 5 deprivation indicators—namely, 
the percentage of population with a lower education level, 
unemployment rates, the share of rented houses, mono-
parental families and residential density—was chosen as 
continuous variable; the higher the value, the more deprived 
the municipality (28).

Statistical analysis

Age-specific mortality rates (ASpMRates) for pancreatic 
tumour for the overall 1981–2015 period in Italy were 
calculated separately for males and females, distributed into 
quinquennial age groups, up to the age of 74 years, and to a 
single, cumulative age-group for ages of 75 and above.

Pancreatic cancer standardized mortality rates per 
100,000 (SMRates) (standard population source: 2011 
Italian census), both for male and female residents in Italy 
above 35 years of age, and the relative 95% confidence 
intervals (95% CIs), were computed for the same period, 
both at national level and for all of the 8,116 Italian 
municipalities observed. Relative risks (RRs) compared to 
the mean SMRate for Italy were also calculated for each 
municipality.

The Italian ASpMRate and SMRate annual trends, and 
the septennial SMRate trends for each Italian municipality 
with at least 35 deaths due to pancreatic cancer during the 
period under consideration (673 and 625 municipalities 
for males and females, respectively) were calculated for 
the resident populations above age 35. The minimum 
deaths threshold was selected with a view to limiting 
casual fluctuations in SMRates and retaining a sufficient 
number of cases for temporal trend analysis. All trends 
were evaluated using the Joinpoint software (Joinpoint, 
RRID:SCR_018129) version 4.7.0.0, after logarithmic 
transformation of the ASpMRates or SMRates values. The 
values of the average annual percentage change (AAPC) 
or the average septennial percentage change (ASPC) 
were computed as an estimate of the trend magnitude. 
Graphs were realized using KyPlot software (5.0 version) 
and the maps were elaborated by QGIS software (QGIS, 
RRID:SCR_018507) version 3.6.

In order to identify significant associations between 
SMRates, % smokers and DI, we tested the feasibility of 
a multiple linear regression analysis using the statistical 
package SPSS (SPSS, RRID:SCR_002865) version 23, 
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considering SMRate as the dependent variable in the model, 
and % smokers and DI as the explanatory variables.

Results

Pancreatic cancer ASpMRates in Italy for the period 
1981–2015 are shown in Figure 1 by age-classes and gender. 
Pancreatic cancer appears as a typical disease of the elderly: 
it is extremely uncommon before age 30, whereas it starts to 
increase consistently after 40–45 years of age, reaching its 
peak in people older than 75 years.

Between 1981and 2015, deaths from pancreatic cancer in 
Italy were 137,972 for males and 137,432 for females, with 
SMRates of 16.15 (95% CI: 16.06–16.23) per 100,000 and 

15.67 (95% CI: 15.58–15.75) per 100,000 respectively. In 
people older than 35 years, reported deaths amounted to 
137,579 and 137,208 cases, with SMRates of 26.43 (95% 
CI: 26.29–26.57) per 100,000 and 23.78 (95% CI: 23.66–
23.91) × per 100,000 for males and females, respectively.

Figure 2 shows SMRate annual trends for males and 
females older than 35 years. A statistically significant 
increase (P<0.05) is evident in both sexes, even though it is 
steeper in female (AAPC: 1.41; 95% CI: 1.3–1.5) than in 
males (AAPC: 1.2; 95% CI: 1.0–1.4).

In Figure 3, annual trends of Italian ASpMRates in male 
and female populations older than 35 years are shown, and 
the relative parameters are reported in Table 1.

Indeed, negative trends are detected in males (excluding 
the 55–59 age class with P<0.05) and positive trends in 
females (excluding the 35–39 and 45–49 age classes with 
P<0.05).

Out of the 8,116 municipalities investigated in the 1981–
2015 period, no pancreatic cancer death was observed in 
495 municipalities for males and in 557 for females.

As far as the SMRate values are concerned, municipalities 
with more than 34 cases showed a non-homogeneous 
geographic distribution for both sexes (Figure 4). SMRates 
ranged from 13.62 (95% CI: 9.95–18.17) per 100,000 to 
54.37 (95% CI: 38.55–74.78) per 100,000 in males, the 
highest occurring at Marmirolo (Mantua) in Lombardy 
region, in the north of Italy, and the lowest one in Ercolano 
(Naples) in Campania region, in the south of Italy. SMRates 
for females ranged from 10.55 (95% CI: 7.44–14.52) per 
100,000 to 48.96 (95% CI: 35.37–66.03) per 100,000, 
the highest occurring in Castenedolo (Brescia), again in 
Lombardy region, and the lowest in Barcellona Pozza 
di Gotto (Messina) in the Sicily region, in the south of 
Italy. A decreasing gradient of SMRates from the north 
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Figure 1 Italian pancreatic tumour age-specific mortality rates per 100,000 (ASpMRates) in 1981–2015 period in males and females.

Figure 2 Italian annual trends (P<0.05) of standard mortality rates 
per 100,000 (SMRates) (standard population: 2011 Italian census) 
for pancreatic tumours in 1981–2015 period for males (AAPC: 
1.2; 95% CI: 1.0–1.4) and females (AAPC: 1.41; 95% CI: 1.3–1.5) 
older than 34 years. AAPC, average annual percentage change; CI, 
confidence interval.
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to the south of Italy is evident, with many municipalities 
with high mortality values in both sexes in Lombardy, 
Veneto, Friuli-Venezia Giulia, Trentino, Emilia-Romagna 
and Sardinia regions, followed by Piedmont, Liguria, 
Tuscany and Marche, and also Umbria only for males and 
Latium for females. In both sexes the lowest values refer 
to municipalities in Campania, Abruzzo, Molise, Apulia, 
Calabria, Basilicata and Sicily.

Considering the RRs referred to the Italian SMRates 
(Figure 5), a similar distribution pattern of municipalities 
among the Italian regions can be observed, but with an 
additional strong evidence of municipalities with higher 
female mortality in Piedmont, Liguria and Latium.

Temporal mortality trends for municipalities with at least 
35 cases of death in the overall period (672 municipalities 
for males and 626 for females) were investigated. Statistically 
significant positive trends (P<0.05) were detected for  
34 municipalities in males and for 84 municipalities 
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Figure 3 Annual trends of Italian age-specific mortality rates per 100,000 (ASpMRates) for pancreatic tumours in 1981–2015 period in male 
and female populations older than 34 years.

Table 1 Age-specific AAPCs of mortality and 95% CI for males 
and females in 1981–2015 period

Age-classes
Males Females

AAPC 95% CI AAPC 95% CI

35–39 –2.1* –3.1; –1.1 NS NS

40–44 –1.1* –1.6; –0.5 1.1* 0.4; 1.9

45–49 –1.1* –1.5; –0.8 NS NS

50–54 –0. 5* –0.7; –0.3 0.8* 0.4; 1.1

55–59 NS NS 1.1* 0.8; 1.3

60–64 –0.4* –0.6; –0.2 0.5* 0.2; 0.7

65–69 1.0* 0.7; 1.3 1.5* 1.2; 1.7

70–74 0.4* 0.1; 0.6 0.7* 0.4; 1.0

≥75 1.3* 1.1; 1.5 1.8* 1.6; 1.9

*, P<0.05. AAPC, average annual percentage change; CI,  
confidence interval; NS, not statistically significant.
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Pancreatic cancer 1981–2015
Males

Pancreatic cancer 1981–2015
Females

SMRates
13.62–23.28
23.29–27.58
27.59–33.58
33.59–54.37

SMRates
10.55–21.09
21.10–25.16
25.17–28.81
28.83–48.96

Figure 4 Geographic maps of pancreatic cancer standardized mortality rates (SMRates) per 100,000 (standard population: 2011 Italian 
census) of municipalities with more than 34 deaths occurred between 1981–2015, for males and females populations older than 34.

Pancreatic cancer 1981–2015-Males
Relative risks compared to the Italian mean

Pancreatic cancer 1981–2015-Females
Relative risks compared to the Italian mean

RR >1
RR <1

RR >1
RR <1

Figure 5 Geographic maps of municipalities with more than 34 deaths occurred between 1981–2015 with statistically significant (P<0.05) 
higher (red) or lower (green) pancreatic cancer relative risk (RR) compared to the Italian mean standardized mortality rate (SMRate), for 
male and female populations older than 34 years.
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in females whereas significant negative ones where 
observed for 11 and 5 municipalities, in males and females 
respectively (Figure 6). Most municipalities with increasing 
mortality trends are located in the south and central part 
of Italy for males, whereas they are more spread all over 
the peninsula for females. The negative trends are always 
located in the north of Italy. In Tables 2,3, a list of the 
municipalities with significant positive trends is reported. 
Some parameters such as the number of deaths, SMRates, 
ASPC and the 95% CI of the regression lines are also 
reported.

As far as the multiple linear regression analyses of 
SMRates, % smokers and DI values are concerned, the 
three indicators showed normal distributions. However, 
according to Pearson and Sign tests, very low correlation 
values were detected, indicating a poor correlation of the 
variables. Moreover, according to the Mahalanobis distance 
measure, multivariate normality conditions were not 
fulfilled and therefore the conditions of linearity among the 
dependent and independent variables were not satisfied.

Considering regional alcohol consumption habits, it 
is interesting to note an almost complete overlapping of 
the regions’ pattern with high alcohol consumption (in 

terms of several independent indicators related to alcohol 
consumption such as: yes or not, between meals, usually 
high, binge), with the regions we evidenced for the presence 
of municipalities with high or low SMRate or RR values 
(data not shown).

Discussion

The present study showed that Italy is aligned to most 
of the pancreatic cancer patterns reported from other 
European and non-European developed countries, such as 
the higher mortality in males and in the elderly, showing 
a consistent increase after the age of 40–45 and reaching a 
peak after the age of 74, and the general rise of mortality in 
both sexes (1-5,7).

The reasons for the higher mortality and incidence of 
pancreatic cancer in men than in women are still unknown 
but some hypotheses focus on different environmental or 
professional exposures by sex, lifestyle habits or genetic 
factors making women less susceptible than men (4).

The general increase of incidence and mortality 
observed in both sexes in the last few decades in developed 
countries whereas it still remains a relatively rare disease 

Figure 6 Geographic maps of municipalities with statistically significant septennial trends of standard mortality rates per 100,000 (SMRates) 
and more than 34 cases of death occurred in the 1981–2015 period, for male and female populations older than 34 years. Positive trends 
where detected for 34 municipalities in males and 84 in females. Negative trends were detected for 11 municipalities in males and 5 in 
females.

Pancreatic cancer 1981–2015
Municipal trens in males

Pancreatic cancer 1981–2015
Municipal trens in females

Increased SMRates
Decreased SMRates

Increased SMRates
Decreased SMRates
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Table 2 Municipalities with significant positive trends for males

List number Municipality Province Region Deaths SMRate SE ASPC 95% CI

1 Lucera Foggia Apulia 58 21.24 2.80 4.5 0.7–8.4

2 Genova Genova Liguria 1,969 27.58 0.62 6.4 2.1–10.9

3 Roma Rome Latium 6,234 26.72 0.34 6.6 3.4–9.8

4 Pescara Pescara Abbruzzo 264 23.18 1.43 7.6 0.3–15.5

5 Impruneta Florence Tuscany 41 25.00 3.91 9.2 6.7–11.8

6 Caltanissetta Caltanissetta Sicily 105 21.11 2.08 9.5 0.5–19.3

7 Molfetta Bari Apulia 131 23.61 2.07 10.3 0.3–21.2

8 Sesto Fiorentino Florence Tuscany 133 27.39 2.38 11.2 1.8–21.6

9 Catania Catania Sicily 698 27.05 1.03 11.8 2.8–21.5

10 Martina franca Taranto Apulia 68 17.47 2.13 12.4 0.5–25.8

11 Salerno Salerno Campania 249 20.03 1.28 12.5 3.9–21.7

12 Civitavecchia Roma Latium 131 30.72 2.71 12.9 0.7–26.7

13 Pagani Salerno Campania 49 23.57 3.48 13.3 1.8–26.1

14 Napoli Napoli Campania 1,644 21.82 0.55 15.0 6.8–23.8

15 Paterno’ Catania Sicily 76 22.54 2.61 15.0 2.7–28.6

16 Abbiategrasso Milan Lombardy 91 36.98 3.93 15.4 4.0–28.1

17 Pomezia Rome Latium 94 33.44 3.63 15.8 4.8–28.0

18 Trapani Trapani Sicily 124 21.68 1.96 16.7 6.0–28.5

19 Agrigento Agrigento Sicily 102 23.31 2.33 16.9 6.3–28.6

20 Carbonia Cagliari Sardinia 74 28.87 3.40 21.0 15.2–27.1

21 Comacchio Ferrara Emilia-Romagna 62 30.45 3.93 22.3 2.1–46.4

22 Avellino Avellino Campania 88 19.45 2.09 22.5 14.4–31.2

23 Pescia Pistoia Tuscany 53 25.81 3.55 23.0 1.7–48.8

24 Nerviano Milan Lombardy 39 28.13 4.60 25.0 2.6–52.4

25 Licata Agrigento Sicily 74 23.41 2.73 26.2 1.6–56.8

26 Castelvetrano Trapani Sicily 59 21.32 2.78 26.8 6.8–50.5

27 Torre Annunziata Napoli Campania 53 14.97 2.09 27.7 7.6–51.7

28 Forlimpopoli Forlì-Cesena Emilia-Romagna 46 37.01 5.46 28.6 3.7–59.5

29 Casoria Napoli Campania 81 17.95 2.14 30.5 12.8–50.8

30 Lonigo Vicenza Veneto 44 38.28 5.84 30.6 7.7–58.2

31 Alcamo Trapani Sicily 64 15.49 1.94 32.9 11.5–58.5

32 Nocera Inferiore Salerno Campania 55 16.80 2.33 35.3 4.0–76.1

33 Alatri Frosinone Latium 55 25.71 3.50 37.0 4.5–79.8

34 Giugliano in Campania Napoli Campania 71 16.48 2.11 40.7 9.5–80.9

Some information, such as the province and region related to each municipality, the observed number of deaths (Deaths), the standard mortality 
rate per 100,000 (SMRate), the standard error (SE), the average septennial percentage change (ASPC) and the 95% confidence intervals (95% 
CIs) of the regression analysis are also reported. Municipalities are listed on the basis of the ASPC values from the lowest to the highest.
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Table 3 Municipalities with significant positive trends for females

List number Municipality Province Region Deaths SMRate SE ASPC 95% CI

1 Torino Torino Piedmont 2,589 23.97 0.47 6.6 2.6–10.8

2 Lastra a Signa Firenze Tuscany 35 18.17 3.08 7.1 5.1–9.0

3 Melzo Milano Lombardy 55 30.03 4.09 7.4 0.7–14.5

4 Firenze Firenze Tuscany 1,332 24.94 0.68 8.4 3.9.13.1

5 Vercelli Vercelli Piedmont 137 22.15 1.90 9.3 8.4–10.2

6 Viareggio Lucca Tuscany 196 26.70 1.91 9.4 0.5–19.1

7 Bitonto Bari Apulia 62 16.85 2.18 9.6 2.2–17.5

8 Milano Milan Lombardy 4,584 27.95 0.41 9.6 4.1–15.3

9 Bologna Bologna Emilia-Romagna 1,539 27.40 0.70 10.0 1.9–18.6

10 Ravenna Ravenna Emilia-Romagna 413 25.45 1.26 10.3 3.8–17.1

11 Prato Prato Tuscany 390 22.24 1.13 12.3 3.4–21.9

12 Foggia Foggia Apulia 253 21.02 1.35 12.5 7.7–17.4

13 Parma Parma Emilia-Romagna 621 29.13 1.17 12.7 7.4–18.3

14 Reggio nell’Emilia Reggio Emilia Emilia-Romagna 447 27.01 1.28 12.8 5.5–20.6

15 Catanzaro Catanzaro Calabria 106 13.84 1.37 12.9 1.9–25.1

16 Lissone Milan Lombardy 69 22.15 2.70 13.9 1.7–27.5

17 Novi Ligure Alessandria Piedmont 113 29.24 2.75 13.9 1.1–28.3

18 Livorno Livorno Tuscany 532 26.88 1.17 14.0 7.7–20.7

19 Forli’ Forlì-Cesena Emilia-Romagna 322 23.79 1.33 14.1 4.1–25.2

20 Piombino Livorno Tuscany 131 27.23 2.39 14.5 0.6–30.4

21 Gallipoli Lecce Apulia 41 25.57 4.05 14.6 0.4–30.8

22 L’Aquila L’Aquila Abbruzzo 146 21.99 1.83 14.6 0.8–30.3

23 Roma Rome Latium 6,752 25.05 0.31 14.8 9.6–20.3

24 Adria Rovigo Veneto 80 31.95 3.58 14.9 0.2–31.6

25 Mirandola Modena Emilia-Romagna 56 20.78 2.78 15.5 2.8–29.7

26 Pordenone Pordenone Friuli-Venezia Giulia 190 33.67 2.45 15.7 3.1–29.8

27 Andria Bari Apulia 101 15.32 1.55 16.1 3.9–29.7

28 Barga Lucca Tuscany 44 31.97 4.84 16.7 2.9–32.4

29 Segrate Milan Lombardy 64 25.48 3.32 16.7 3.4–31.8

30 Campobasso Campobasso Molise 75 16.33 1.91 16.9 2.6–33.1

31 Perugia Perugia Umbria 387 23.21 1.18 16.9 5.9–29.1

32 Bordighera Imperia Liguria 37 21.85 3.61 17.0 1.7–34.6

33 Mogliano Veneto Treviso Veneto 73 29.68 3.50 17.0 2.6–33.4

34 Pontassieve Firenze Tuscany 48 20.29 2.93 17.0 2.8–33.2

35 Siracusa Siracusa Sicily 232 23.74 1.59 17.6 1.5–36.4

Table 3 (continued)
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Table 3 (continued)

List number Municipality Province Region Deaths SMRate SE ASPC 95% CI

36 Benevento Benevento Campania 86 15.37 1.67 17.7 8.9–27.2

37 Lerici La Spezia Liguria 57 30.77 4.09 18.7 1.5–38.8

38 Messina Messina Sicily 478 19.65 0.90 18.9 6.0–33.5

39 Ancona Ancona Marche 287 23.33 1.38 19.0 1.3–39.7

40 Barletta Barletta-Andria-Trani Apulia 106 16.87 1.68 19.6 5.8–35.1

41 Montecatini-Terme Pistoia Tuscany 79 28.21 3.18 19.8 3.2–39.2

42 Sarzana La Spezia Liguria 62 23.89 3.04 19.8 5.3–36.3

43 Napoli Napoli Campania 1,729 19.49 0.48 20.0 9.0–32.0

44 Pioltello Milan Lombardy 76 34.23 4.04 20.0 4.8–37.3

45 Asti Asti Piedmont 202 23.42 1.65 20.3 2.7–40.9

46 Cervia Rvenna Emilia-Romagna 74 24.75 2.89 20.3 3.5–39.8

47 Orvieto Terni Umbria 57 20.84 2.77 21.5 10.2–34.0

48 Reggio di Calabria Reggio Calabria Calabria 309 18.99 1.09 21.8 5.2–41.1

49 Trapani Trapani Sicily 111 17.00 1.62 21.8 8.2–37.2

50 Arezzo Arezzo Tuscany 279 26.28 1.58 22.2 4.9–42.3

51 Catania Catania Sicily 663 21.89 0.86 22.6 12.9–33.2

52 Medesano Parma Emilia-Romagna 39 39.31 6.31 22.6 9.5–37.2

53 Pozzuoli Napoli Campania 90 18.41 2.03 23.2 14.2–32.9

54 Saronno Varese Lombardy 99 24.49 2.47 23.4 5.5–44.4

55 Fabriano Ancona Marche 80 21.40 2.40 25.7 7.3–47.3

56 Grado Gorizia Friuli-Venezia Giulia 36 31.31 5.23 25.8 13.1–39.9

57 Salsomaggiore Terme Parma Emilia-Romagna 81 32.50 3.61 26.5 6.1–50.8

58 Gela Caltanissetta Sicily 82 19.85 2.30 29.0 5.0–58.4

59 Albenga Savona Liguria 56 21.25 2.85 29.2 18.6–40.8

60 Castelnovo ne’ Monti Reggio Emilia Emilia-Romagna 45 36.98 5.53 29.2 9.6–52.3

61 Chiavari Genova Liguria 110 25.06 2.40 29.2 17.2–42.5

62 Termoli Campobasso Molise 39 17.19 2.82 29.2 6.9–56.3

63 Luino Varese Lombardy 44 25.64 3.87 29.7 1.0–66.5

64 Alcamo Trapani Sicily 69 16.50 1.99 30.8 15.4–48.2

65 Torre del Greco Napoli Campania 100 15.54 1.60 31.2 5.4–63.2

66 Conversano Bari Apulia 40 19.77 3.15 31.5 11.3–55.4

67 Portici Napoli Campania 114 19.89 1.90 31.7 7.8–60.9

68 Limbiate Milan Lombardy 82 32.75 3.71 31.9 21.5–43.2

69 Putignano Bari Apulia 43 18.73 2.88 32.5 1.4–73.3

Table 3 (continued)
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Table 3 (continued)

List number Municipality Province Region Deaths SMRate SE ASPC 95% CI

70 Ponte San Pietro Bergamo Lombardy 36 34.79 5.85 33.1 8.4–63.3

71 Frascati Rome Latium 58 30.40 4.03 33.5 0.6–77.1

72 Quartu Sant’Elena Cagliari Sardinia 101 26.46 2.75 33.9 13.6–57.8

73 Vedelago Treviso Veneto 39 33.19 5.33 34.1 15.1–56.3

74 Eboli Salerno Campania 47 18.26 2.72 34.2 5.8–70.3

75 Grottaglie Taranto Apulia 40 17.38 2.81 35.3 12.2–63.0

76 Casalmaggiore Cremona Lombardy 52 30.45 4.23 35.7 21.3–51.8

77 Orbetello Grosseto Tuscany 47 27.41 4.01 37.0 5.8–77.5

78 Avellino Avellino Campania 86 17.17 1.87 38.5 16.5–64.7

79 Taggia Imperia Liguria 38 23.56 3.84 38.5 13.9–68.3

80 Matera Matera Basilicata 71 16.51 2.01 38.7 28.9–49.3

81 Latisana Udine Friuli-Venezia Giulia 41 32.21 5.05 40.8 15.8–71.2

82 Afragola Napoli Campania 64 18.63 2.47 41.5 1.4–97.4

83 Sarno Salerno Campania 44 19.22 2.95 50.9 0.7–126.4

84 Manerbio Brescia Lombardy 44 34.69 5.24 70.3 20.9–139.9

Some information, such as the province and region related to each municipality, the observed number of deaths (Deaths), the standard 
mortality rates per 100,000 (SMRate), the standard error (SE), the average septennial percentage change (ASPC) and the 95% confidence 
interval (95% CI) of the regression analysis are also reported. Municipalities are listed on the basis of the ASPC values from the lowest to 
the highest.

in less developed ones, could be partially explained by an 
improvement in the diagnostic procedures, the diffusion 
of unhealthy lifestyles (such as smoking and heavy alcohol 
consumption), coupled with the increasing age of populations 
and the consequent more frequent detection of a rather silent 
tumour at an early stage of development. However, recent 
data and future scenarios seem to indicate a sort of flattening 
of pancreatic cancer trends in some developed countries 
whereas a fast rising is forecasted in less developed countries 
(9,23,29). Although a specific reason for these differences can 
be hardly identified, it was hypothesised they could reflect 
changes in lifestyle habits such as smoking, which decreased 
in countries where health campaigning against tobacco 
smoking started earlier (1,2,4,9,21). However, pancreatic 
cancer is the only tumour, among many other tobacco-
related malignancy, that has not shown consistent temporal 
declines in developed countries; moreover, the different 
pattern of tobacco smoking in subsequent generations cannot 
completely explain this phenomenon (9).

As far as temporal trends are concerned, we observed a 
steeper increase of mortality in females. This increment was 

also supported by the age-specific analysis which, besides 
a rise in mortality in both sexes for the higher age classes, 
showed an increase only among females in the lower age 
groups (up to age 64). Dramatically, this indicates that 
younger women account for the steeper mortality increase 
observed in females across Italy.

Similarly, evidence of a specific mortality increase in females 
has also been reported in France and in Spain and was then 
confirmed in Italy (10,24,25). In accordance with our results, 
the increase in female population mortality in Spain was 
particularly evident across the youngest age groups, whereas in 
males decreasing trends were observed (10).

During the observed period, no pancreatic cancer deaths 
were registered in 7% of the 8,116 Italian municipalities. 
Municipalities with at least 35 deaths from pancreatic 
cancer in the overall period, showed a general geographic 
gradient of mortality from northern to southern Italy, in 
terms of both SMRates and significant RRs, in agreement 
with incidence and mortality data reported by the Italian 
Association of Tumour Registries (20).

Sardinia strongly emerged as a region with high mortality 
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levels for both sexes in some municipalities. This outcome 
should be carefully evaluated because the mortality levels 
and their geographic distribution are considerably different 
from that of the other southern and insular Italian regions.

Temporal trends at the municipal level showed statistically 
significant increases of mortality in 34 municipalities for 
males and 84 municipalities for females and significant 
decreases in 11 and 5 municipalities, respectively. 
Municipalities with negative trends were consistently found 
for both sexes in northern Italy; conversely, municipalities 
with positive trends were observed mainly in the southern 
and central regions of Italy for men, while they were spread 
all over the peninsula for females. On the basis of this 
outcome, it seems that a sort of levelling process is ongoing, 
with some municipalities exhibiting increasing trends in areas 
where mortality is still rather low, and some others showing 
decreasing trends where mortality is already high.

These observed patterns presumably reflect some 
changes in the distribution of certain risk factors: in some 
areas, for example, specific relevant exposures might have 
already reached their maximum levels. Moreover, a sort of 
balancing process between sexes seems also to be in place, 
due to the prevalence of municipalities with positive trends 
in females. This could be at least partially explained by the 
occurring changes in lifestyle habits between sexes, such as 
smoke and alcohol consumption. 

In order to evaluate the impact of some important 
risk factors on the development of pancreatic cancer, we 
aimed to perform a multiple linear regression analysis 
using two indicators available for all municipalities (i.e., 
smoking habits and socioeconomic level of the population). 
However, the preliminary multivariate normality test did 
not allow to carry out such an analysis and the univariate 
correlation between pancreatic cancer SMRates and the 
two independent variables was very low. This outcome 
is probably due to the limited size of the population in 
several municipalities and, consequently, the wide CI of 
the SMRates they originate, resulting in a low accuracy of 
the estimates; moreover, the selected indicators might not 
be suitable enough to represent the underlying aetiological 
factors playing a role.

In order to override the lack of specific indicators for 
alcohol consumption at municipal level, we carried out a 
comparison of our data with those available at regional level, 
which showed an almost complete spatial correspondence 
of regions with high alcohol intake and the presence of 
municipalities with high SMRate or RR values. The same 
phenomenon was evident for regions with low alcohol 

consumption and the presence of municipalities with low 
mortality values. This observation, even though based on 
a rough comparison of data and maps, seems to support 
the importance of alcohol as an aetiological factor, and 
some further efforts in finding out a proper indicator at the 
municipal level should be undertaken.

Besides tobacco smoking, the importance of heavy 
alcohol intake as a risk factor for pancreatic cancer 
(attributable risk 13% and 14%, respectively), was also 
evidenced by the case-control study carried out in the 
provinces of Milan and Pordenone, in northern Italy (18).

In conclusion, the present study gives a picture of 
pancreatic cancer mortality in Italy from 1981 to 2015 in 
terms of geographic distribution, temporal trends, gender 
and age-specific differences from national to municipal 
levels. A steeper mortality increase was detected at national 
level for females and, differently from males, mainly 
attributable to younger women. A decreasing gradient of 
municipal mortality levels from the north to the south 
of Italy was detected, although a completely different 
picture appeared when considering increasing temporal 
trends, mostly located in the southern and central Italy, for 
males, and spread all over the peninsula, for females. The 
municipalities emerging from the present investigation in 
terms of high mortality and/or increasing mortality trends 
due to pancreatic cancer, as well as the territories where 
these municipalities are more concentrated, should be 
considered as priority areas for specific epidemiological 
investigations, and adequate resources should be devoted to 
further investigate the etiological factors involved.

As suggested by other authors (3), pancreatic cancer 
epidemiology may be key to better understand its aetiology 
and thus the starting point for developing future cancer 
control strategies.
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