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Abstract
Objectives To compare a local cohort of 2488 men occupationally exposed to asbestos and enrolled in a public health sur-
veillance program with the 1995–2009 cancer incidence of the general population of Friuli Venezia Giulia (FVG) region, 
Northeast Italy, we conducted a historical cohort study.
Methods Standardized incidence ratios (SIRs), with 95% confidence interval (95% CI), for specific cancer sites were esti-
mated in the cohort and in subgroups of workers employed in shipbuilding between 1974 and 1994. For internal comparisons, 
we calculated incidence rate ratios (IRRs) for all cancers, lung cancer and mesothelioma, by level of exposure to asbestos 
and sector of employment adjusted for smoking habits and age at start of follow-up.
Results Among cohort members the SIR was 8.82 (95% CI 5.95–12.61) for mesothelioma and 1.61 (95% CI 1.26–2.04) for 
lung cancer. In subgroup analyses, the SIR for lung cancer in subjects hired in shipbuilding between 1974 and 1984 was 2.09 
(95% CI 1.32–3.13). In the overall cohort, a borderline increased incidence was also found for stomach cancer (SIR = 1.53 
95% CI 0.96–2.31). Internal comparisons within the cohort show that among men with high asbestos exposure level the 
relative risk was almost threefold for lung cancer (IRR = 2.94 95% CI 1.01–8.57).
Conclusions This cohort experienced an excess in the incidence of both mesothelioma and lung cancer, showing increasing 
incidence rates at higher level of asbestos exposure. For lung cancer, the relative incidence was highest among workers hired 
in shipbuilding between 1974 and 1984.
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Introduction

Italy has been an important producer and user of asbes-
tos until 1992, with an overall estimated consumption 
of 3,748,550 tons of raw asbestos, peaking in the period 
between 1976 and 1980 (Magnani et al. 2015). Several 
industrial sectors were involved in asbestos exposure in 
Italy, such as asbestos–cement industry, construction 
and maintenance of railroad vehicles and ships, chemical 
industry, steel industry, metal works, building and oth-
ers (Magnani et al. 2015). In 2011, 1428 new cases of 
mesothelioma (1035 men and 393 women) were recorded, 
corresponding to an incidence rate of 3.64 and 1.32 per 
100,000 person-years in men and women, respectively 
(Magnani et al. 2015). The Adriatic coast of Friuli Ven-
ezia Giulia (FVG) region (Northeast Italy) near Trieste, its 
largest coastal city, has been home to shipbuilding industry 
since the early 1700s and by the end of the nineteenth cen-
tury the local shipyards had become the most important 
of the Mediterranean Sea. Worldwide use and presence 
of asbestos in shipbuilding is well known (Beckett 2007). 
Accordingly, in the Trieste area, from the early 1900s until 
the early 1980s the shipbuilding industry has been by far 
the largest utilizer of asbestos in the area, although also 
other local industrial activities (e.g., metalworking, ship-
ping, cotton mills, construction) utilized large amounts 
of asbestos.

The epidemiology of lung cancer in the area has been 
studied extensively (Barbone et al. 1995a, b, 1997; Big-
geri et al. 1996; Bovenzi et al. 1993). In particular, in 
a case–control study conducted in the general popula-
tion of Trieste the relative risk (RR) of lung cancer for 
occupational exposure to asbestos, adjusted for smoking 
and air pollution, was 1.98 [95% confidence interval (CI) 
1.42–2.75], with a corresponding attributable risk (AR) 
estimate of 20% (95% CI 11.5–28.5) (Bovenzi et al. 1993).

To reduce the risk of asbestos-related disease among 
asbestos workers, Italian and European regulations were 
promulgated in the early 1990s (D. Lgs n 277 1991; Ital-
ian Law n 257 1992) and occupational health surveillance 
programs for formerly exposed workers were established 
in most regions. However, very limited evidence exists on 
the efficacy of such programs in reducing disease occur-
rence and mortality (Karjalainen 1997; Pinto et al. 2013).

Timely occupational, public health care services were 
offered to residents also in FVG region. These health care 
services have provided technical and health care activities 
carried out at a dedicated outpatient clinic, as part of an 
overall “Asbestos Project”. Aims of the project included: 
(a) control of human contact with asbestos-containing 
structures, landfills and instruments, and (b) actions lim-
iting the health effects of past exposure, both on workers 

and on the general population. In particular, a public 
health surveillance program (PHP) for persons with pre-
vious occupational exposure to asbestos was established.

To measure the relative occurrence of cancer in male sub-
jects enrolled in this PHP on asbestos exposure, an historical 
cohort study was conducted using as an external comparison 
the general population of FVG region. In addition, internal 
comparisons within the cohort were conducted to assess rel-
ative cancer incidence by asbestos exposure level, industrial 
sector of employment and personal risk factors (smoking).

Materials and methods

Setting

FVG region (population: 1.2 million) (ISTAT 2011) offers 
comparable public health services through its five Public 
Health Departments (PHD). Since 1991 the largest occupa-
tional clinic responsible for the public health surveillance 
of asbestos-exposed workers has been located in the city of 
Monfalcone, in the Trieste coastal area, where most of the 
Italian shipbuilding activities have been concentrated over 
the past several decades. Monfalcone shipyard is one of the 
largest in Europe and worldwide, mainly dedicated to the 
design and production of various types of civil and mili-
tary ships. This cohort study is based on subjects identified 
at this clinic between years 1991–2008. During this time-
frame former workers from any industrial sectors claiming 
an occupational exposure to asbestos and their spouses had 
voluntary and free access to this clinic. The clinic provided 
both certification of exposure for the purpose of reimburse-
ment and diagnostic and therapeutic prescribing. Since 
enrollment in the program is voluntary, the actual number 
of all the exposed workers in the study area or even in the 
whole region is unknown. As an example of the extent of 
the regional participation in public health surveillance of 
asbestos-exposed workers, it has been reported that between 
2001 and 2014 over 9100 individuals were enrolled in its 
five PHDs (Barbiero et al. 2018).

During the initial visit, occupational health person-
nel collected the work history and any available objective 
documentation of the subject’s exposure to asbestos. Docu-
mentation comprised employment cards, proofs of exposure 
certified by the National Institute for Insurance against Acci-
dents at Work (INAIL) and/or declarations from colleagues. 
For each worker, intensity of exposure was classified accord-
ing to job–exposure matrices available from the literature 
(Goldberg et al. 1993; Goldberg 2002; Orlowski et al. 1993). 
Intensity of exposure was considered (a) high when there 
was evidence that the subject had direct or indirect contact 
with friable material containing asbestos in confined spaces; 
(b) moderate, when the subject had occasional contact with 
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friable materials, worked with compact material containing 
asbestos or used continuously substrates containing asbes-
tos; and (c) low, when the subject had occasional exposure 
to environmental materials containing asbestos.

Considering that there is not yet an established strategy 
for the surveillance of asbestos-exposed subjects, that is still 
empirical rather than evidence-based, types and periodicity 
of health examinations varied individually according to the 
physician-expert opinion. Exams may have included physi-
cal examination, basal spirometry, alveolar diffusion of CO 
(DLCO), chest X-ray film and chest computerized tomogra-
phy (CT) (Acton 2014).

Surveillance registry

For each person enlisted in the surveillance program, the 
following information was recorded electronically: demo-
graphics (name, surname, date of birth, residence and phone 
number); company name and industrial sector; total years 
of exposure to asbestos; cigarette smoking habits (never, ex 
or current smoker); type, date and findings of examination. 
Since only 96 women enlisted in the surveillance program, 
their evaluation will not be presented in this report.

A flow-chart describing the process of study cohort iden-
tification is shown in Fig. 1. The final cohort included 2488 
men with prior occupational exposure to asbestos enrolled 
in this PHP.

Follow‑up

For each member of the cohort, the residential status in FVG 
and the vital status, including cause of death, between 1 
January 1995 and 31 December 2009 were assessed through 
record linkage with the Regional Health Database. Incident 
cases of cancer were identified through record linkage with 
the cancer registry (CR) of the Region Friuli Venezia Giulia, 
available for the period 1995–2009. The CR of FVG is part 
of the European Cancer Observatory (ECO), a project devel-
oped at the International Agency for Research on Cancer 
(IARC) in partnership with the European Network of Cancer 
Registries (ENCR) in the framework of the EUROCOURSE 
project supported by the European Commission.

CR follows cancer registration rules according to World 
Health Organization (WHO), IARC and International Asso-
ciation of Cancer Registries (Jensen and Storm 1991). In 
brief, CR registers all the new, incident cases of malignant 
neoplasm among residents in the region. CR adopts an ‘auto-
matic’ registration method that starts from a regional epide-
miologic data warehouse including the following computer-
ized data sources: Hospital Admissions, Pathology Reports, 
Death Records and Residential Status Records. After exclu-
sion of prevalent cases and non-residents in the study period, 
an automatic algorithm, developed using the available data 

sources in accordance with IARC registration compatibil-
ity principles, assigns a new cancer case diagnosis. When 
automatic assignment is not reached a direct, individual 
examination is conducted using the sources listed above. 
Furthermore, the validity of automatic and manual assign-
ments is confirmed by a second manual step on a sample of 
the available records.

Each member of the cohort was followed from the date of 
the first surveillance examination or 01/01/1995, whichever 
last, up to the incidence date, death date, end of residence in 
FVG or 31/12/2009, whichever first.

Incident cases identified in the CR, were coded accord-
ing to the WHO International Classification of Diseases, 
10th edition (ICD-10). The number of observed cases and 
incidence rates by calendar year were calculated for all can-
cers (C00–D48), mesothelioma (C45), lung cancer including 
trachea and bronchus (C33–C34) and other specific cancers. 
Prevalent cases of cancer, identified at start of follow-up, 
were excluded.

Statistical analysis using an external comparison

Age-standardized relative incidence was estimated by com-
parison with the general population of FVG, from 1995 to 
2009. The number of observed cases and calendar year- and 
age-specific incidence rates from 1995 to 2009 (Supplemen-
tal Tables 1–3), were calculated for all cancers, mesothe-
lioma and lung cancer.

Standardized incidence ratios (SIRs), and 95% CI were 
calculated by the indirect standardization method (Bres-
low and Day 1987) as the ratio of observed cases by those 
expected on the basis of calendar year-, age-, and sex-spe-
cific rates in the general population of FVG region provided 
by the Italian Association of Cancer Registries (AIRTUM). 
Specific rates for the whole Italian population were not used 
as external standards because of limited historical and geo-
graphical availability. However, a sensitivity analysis based 
on rates from different Italian regions or areas has been 
conducted and presented elsewhere (Barbiero et al. 2016). 
Rates of year 2007 were used also for years 2008 and 2009, 
because the latter were unavailable.

Subgroup analyses restricted to subjects ever employed 
in the shipbuilding industry were also conducted. Trends 
in supply and consumption of asbestos in Italy have seen a 
rapid decrease since 1985 (Virta 2006). On the other hand, 
we have obtained reliable data about the first year of hire 
provided by INAIL only since 1974. To account for pos-
sible differences in the intensity of exposure over the years, 
the subgroup of former workers ever employed in the ship-
building industry was categorized further according to hiring 
period in the following three groups: (a) subject hired for the 
first time in the period 1974–1994, (b) those hired for the 
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first time between 1974 and 1984 and (c) those who were 
hired for the first time between 1985 and 1994.

Statistical analysis using an internal comparison

Within the study cohort the incidence rates, incidence rate 
ratios (IRRs) and 95% CIs for all cancers, lung cancer and 
mesothelioma were estimated by study characteristics. 
Poisson regression modeling was applied, considering as 

dependent variable the incidence rate, calculated as the ratio 
between the occurrence of events and a constant represented 
by the person-time at risk. For each outcome, univariate, 
bivariate and multivariate analyses were conducted. In our 
final models, terms were included for the following risk fac-
tors: total years of exposure to asbestos, smoking habits, 
level of exposure to asbestos, industrial sector, age at start 
of follow-up. Categories were created for these variables, 
except total years of exposure to asbestos and age.

Fig. 1  Cohort process identifi-
cation

3,136 subjects

Deleting records of subjects for whom it was not possible to link with the 
Regional Health Database

2,745 subjects

2,723 subjects

Deleting records of nonresidents in FVG during the follow-up 
period (1995-2009)

96 women2,488 men

3,293 total records entered by 
the Local Health Authority

Deleting prevalent cases of cancer at enrolment, after record linkage with 
Regional Cancer Registry - period 1995-2009

Deleting records of subjects without visits, without information, or 
duplicates
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All analyses were performed using SAS© software, ver-
sion 9.3 (SAS Institute Inc., Cary, N.C., USA) and Micro-
soft® Excel 2013 spreadsheet.

Results

External comparison

Since early 1990s to 2008, 7011 physical examinations, 3059 
TC, 3081 CXR, 6889 basal spirometry and 4743 DLCO have 
been provided, with a mean of 9.5 medical tests per person 
(SD = 6.4, median = 8). 65.9% (N = 1639) of the subjects 
presenting to the clinic performed two or more visits during 
the study period, with a mean of 4.1 repeated accesses per 
person (SD = 1.9; median = 4).

Table 1 shows the characteristics of the study cohort. 
Seventy percent of cohort members were shipyard work-
ers. Measures of frequency and SIRs for all cancers, and for 
specific cancer sites are presented in Table 2. The number of 
observed cases (O) for all cancers exceeded those expected 
(E) (O = 337; E = 297.33), with a statistically significant 
increase (SIR = 1.13 95% CI 1.02–1.26), based on regional 
FVG standard rates, but largely explained by respiratory can-
cers. The SIR for lung cancer in former workers exposed to 
asbestos was 1.61 (95% CI 1.26–2.04) based on 66 cases 
observed. There were 30 cases observed of mesothelioma 
compared with 3.40 expected and a corresponding SIR of 
8.82 (95% CI 5.95–12.61). Considering other cancer sites, 
we did not find an association with cancer of the larynx, 
whereas an increased, albeit borderline significant incidence 
was found for stomach cancer. Bladder cancer incidence was 
significantly lower than expected.

Table 3 shows the results stratified by industrial sector, 
level of exposure to asbestos and period of hire. Higher level 
of exposure to asbestos was associated with higher SIRs 
for all cancers, lung cancer and mesothelioma. Stratification 
by year of hire shows that the SIRs were particularly high 
among subjects employed in shipbuilding and hired between 
1974 and 1984 for all cancers and lung cancer. For meso-
thelioma, the observed number of cases among exposed was 
extremely high in all groups, as compared with the expected, 
with SIRs varying between 7.72 and 9.56.

Internal comparison

All cancers

We observed a positive association of all cancers risk with 
high and moderate exposure level to asbestos (Table 4). 
Current smokers also were at increased risk of all cancers 
(IRR = 1.38 95% CI 1.09–1.75). There was also an associa-
tion, albeit not statistically significant, between workers in 

shipbuilding and incidence of all cancers, compared with 
workers in other industrial sectors.

Lung cancer

Within the cohort, a high level of exposure to asbestos 
was associated with an almost threefold risk of lung can-
cer (IRR = 2.94 95% CI 1.01–8.57), as compared with low 
exposure. A moderate, albeit imprecise, excess risk of lung 
cancer, was also shown among men exposed to intermedi-
ate level of asbestos. Smoking was strongly associated with 
risk of lung cancer. The IRR was 4.74 for current smokers 
and 2.36 for ex-smokers, both compared with never smok-
ers. Among men employed in shipbuilding the IRR of lung 

Table 1  Characteristics of the study cohort (N = 2488)

SD standard deviation

N (total = 2488) %

Age at start of surveillance enrollment (years)
Mean (SD) 56.76 (11.99) –
 0–54 970 39.0
 55–59 491 19.7
 60–64 430 17.3
 65–69 284 11.4
 70–74 170 6.8
 75–79 96 3.9
 ≥80 47 1.9

Asbestos exposure level
 Low 477 19.2
 Moderate 1691 68.0
 High 320 12.9

Years of asbestos exposure
 Mean (SD) 18.28 (9.97) –
 <10 481 19.3
 10–19 837 33.6
 20–29 796 32.0
 ≥30 374 15.0

Industrial sector
 Metalworking 294 11.9
 Shipbuilding 1740 70.4
 Electrical utilities 96 3.9
 Insulation 89 3.6
 Other 253 10.2

Year of hire in the period 1974–1994 
(N = 2324)

 1974–1984 862 37.1
 1985–1994 1462 62.9

Smoking habits
 Never 941 37.8
 Former 264 10.6
 Current 1283 51.6
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cancer was 1.66, compared with workers employed in other 
industrial sectors (Table 5).

Mesothelioma

After full adjustment for other factors there was no increased 
risk of mesothelioma among men hired in shipbuilding in 
comparison with those hired in other industrial sectors (Sup-
plemental Table 4). There was no statistically significant 
association between smoking and risk of mesothelioma.

Discussion

In the cohort of former workers exposed to asbestos under-
going health surveillance (2488 men), between 1995 and 
2009, there was a very strong, specific and statistically sig-
nificant increase of incidence of mesothelioma, compared 
with the general population of FVG. In addition, the inci-
dence of lung cancer was 61% higher in comparison with 
the reference population. Although for all cancers there was 
also a significant increase (13%), the latter finding is fully 
explained by the increase in mesothelioma and lung cancer.

Compared with the regional incidence rates of mesothe-
lioma, a large excess was present in all industrial sectors 
and regardless of date of hire. When external comparison 
has been performed by level of exposure to asbestos, results 
showed an incremental trend of incidence of all cancers, 
lung cancer, and mesothelioma, compared with standard 
population, at the increase in the level of exposure. There-
fore, the result showing that even subjects hired between 

1985 and 1994 were at very high risk is puzzling because 
of the short latency. Given the strength (SIR = 9.56) and the 
precision (95% CI 5.22–16.05) of this association, it is very 
unlikely that results are due to chance. As an alternative, it 
cannot be excluded that a systematic error occurred attrib-
uting to a later date the first hire at a job that determined 
asbestos exposure. Perhaps personnel from the occupational 
clinic registered first employment in the local area during 
1985–1994 decade, but in fact, asbestos exposure was expe-
rienced at an earlier time maybe outside of FVG. This would 
determine a misclassification of categories. Moreover, some 
evidence suggests that risk of mesothelioma related to asbes-
tos exposure varies by age at exposure and time since last 
exposure: the effect of duration seems to be weaker for sub-
jects who had their last exposure a long time ago or their first 
exposure later in life (Lacourt et al. 2012). Therefore maybe 
those hired in 1985–1994 were younger at first exposure 
(and thereby at higher risk) than those hired in 1974–1984. 
This could partially explain the results obtained in the sub-
group with the hire date between 1974 and 1984, a longer 
latency and a greater hypothesized exposure intensity. Nev-
ertheless, although asbestos supply and consumption trend 
in Italy decreased since 1985 (Virta 2006), it is possible that 
indeed asbestos in certain local workplaces was used exten-
sively even after 1985, determining such an effect.

Differently, for lung cancer the results pertaining to 
the group with hypothesized highest level of exposure 
to asbestos (first hire before 1985) and longer latency 
show a particularly high incidence (Table 3). We found 
a borderline increase in the incidence of stomach cancer 
(SIR = 1.53; 95% CI 0.96–2.31). Consistently with some 

Table 2  Observed (O) and 
expected (E) incident cases, 
standardized incidence ratios 
(SIR) for cause of incidence and 
95% confidence interval (95% 
CI) among 2488 men enrolled 
in an asbestos surveillance 
program

Follow up period 1995–2009
a Standard rates: age-specific incidence rates of FVG

Cause of incidence ICD10 Person-years O FVG standard  ratesa

E SIR 95% CI

All cancers C00–D48 19,514 337 297.33 1.13 1.02–1.26
Mouth C03–C06 20,409 4 2.93 1.37 0.37–3.50
Esophagus C15 20,408 5 5.42 0.92 0.30–2.15
Stomach C16 20,369 22 14.38 1.53 0.96–2.31
Colorectal C18–C21 20,269 46 41.48 1.11 0.81–1.49
Liver C22 20,406 15 14.44 1.04 0.58–1.71
Pancreas C25 20,418 10 8.76 1.14 0.55–2.10
Larynx C32 20,389 6 7.80 0.77 0.25–1.68
Trachea, bronchus, lung C33–C34 20,313 66 41.07 1.61 1.26–2.04
Mesothelioma C45 20,388 30 3.40 8.82 5.95–12.61
Prostate C61 20,142 88 79.71 1.10 0.89–1.37
Bladder C67 20,393 8 25.43 0.31 0.14–0.62
Kidney C64 20,380 11 13.36 0.82 0.41–1.47
Brain C71 20,420 5 3.91 1.28 0.41–2.98
Leukemia C91–C95 20,420 2 4.90 0.41 0.05–1.47
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epidemiological evidence, our results support the hypoth-
esis of an association between exposure to asbestos and the 
stomach cancer occurrence (Fortunato and Rushton 2015). 
However, they should be interpreted with caution consid-
ering the likelihood of confounding by other occupational 
exposures typical of the multifactorial etiology of gastric 
cancer and of the mixture of agents potentially present 
in the industrial environment of this study. In fact, in our 
investigation, we were unable to assess exposure to agents 
other than asbestos and we are aware that in shipbuilding 
(prevalent industrial sector), but also in metalworking and 
in other sectors, work as a painter, welder and carpenter 
are among the occupations involving exposure to possi-
ble carcinogens for the stomach such as inorganic lead 
and lead compounds (Cogliano et al. 2011). These jobs 
are listed among those held by workers in the area. In 
addition to occupational confounders mentioned above, 
known cause tables of stomach cancer such as genetic sus-
ceptibility, dietary habits, interactions between lifestyle, 

environmental exposure, occupational and genetic factors 
and other factors not yet recognized may have played a role 
on this borderline excess in this cohort.

The incidence of cancer for other anatomical sites did 
not show an increase in comparison with the reference 
population.

In our cohort, results show an incremental trend of SIRs 
for all cancer, lung cancer and mesothelioma, with increas-
ing asbestos exposure level. Consistently with other studies 
(Carel et al. 2007; Clin et al. 2011; Gustavsson et al. 2000; 
Villeneuve et al. 2012; Yano et al. 2010), we found an asso-
ciation between lung cancer and intensity, but not duration, 
of asbestos exposure. Indeed, among subjects at high level of 
asbestos exposure, the risk of lung cancer was significantly 
increased (almost 3 times) compared with those exposed at 
low risk (Table 5).

In our final models, sector of employment did not remain 
associated with all cancers, lung, or mesothelioma since its 
effect was saturated by level of exposure.

Table 3  Standardized incidence 
ratios (SIR) by cause of 
incidence, industrial sector and 
period of hire

Observed (O) and expected (E) cases, SIR and 95% confidence interval (95% CI)
a Standard rates: age-specific incidence rates of FVG

Cause of incidence Person-years O FVG standard  ratesa

E SIR 95% CI

All cancers
 All industrial sectors (N = 2488) 19,514 337 297.33 1.13 1.02–1.26
  Low level of asbestos exposure (N = 477) 4211 39 47.76 0.82 0.58–1.11
  Moderate level of asbestos exposure (N = 1691) 12,704 236 205.66 1.15 1.01–1.30
  High level of asbestos exposure (N = 320) 2599 62 43.91 1.41 1.09–1.84

 Shipbuilding (N = 1740) 14,062 263 221.33 1.19 1.05–1.35
  Year of hire 1974–1994 (N = 1598) 13,085 233 196.36 1.19 1.05–1.35
   1974–1984 (N = 559) 4464 92 73.96 1.24 1.01–1.54
   1985–1994 (N = 1039) 8622 141 122.40 1.15 0.97–1.36

Lung cancer
 All industrial sectors (N = 2488) 20,313 66 41.07 1.61 1.26–2.04
  Low level of asbestos exposure (N = 477) 4342 5 6.38 0.78 0.25–1.83
  Moderate level of asbestos exposure (N = 1691) 13,261 44 28.41 1.55 1.13–2.08
  High level of asbestos exposure (N = 320) 2710 17 6.28 2.71 1.58–4.33

 Shipbuilding (N = 1740) 14,691 56 31.14 1.80 1.38–2.34
  Year of hire 1974–1994 (N = 1598) 13,638 50 27.37 1.83 1.36–2.41
   1974–1984 (N = 559) 4675 23 11.03 2.09 1.32–3.13
   1985–1994 (N = 1039) 8962 27 16.34 1.65 1.09–2.41

Mesothelioma
 All industrial sectors (N = 2488) 20,388 30 3.40 8.82 5.95–12.61
  Low level of asbestos exposure (N = 477) 4348 1 0.56 1.80 0.05–10.00
  Moderate level of asbestos exposure (N = 1691) 13,292 20 2.36 8.49 5.19–13.07
  High level of asbestos exposure (N = 320) 2748 9 0.49 18.43 8.44–35.02

 Shipbuilding (N = 1740) 14,744 23 2.51 9.16 5.81–13.74
  Year of hire 1974–1994 (N = 1598) 13,690 20 2.24 8.92 5.45–13.74
   1974–1984 (N = 559) 4701 6 0.78 7.72 2.53–16.84
   1985–1994 (N = 1039) 8989 14 1.47 9.56 5.22–16.05
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Limitations

The FVG region has the highest incidence rates of mesothe-
lioma in the Italian territory (Barbiero et al. 2016). There-
fore, our calculation of the SIR in a population belonging 
to a geographic area with high underlying disease-specific 
incidence may have led to an underestimation of the effect 
introducing a bias toward the null (Barbiero et al. 2016).

In addition, approximately 400 subjects initially admit-
ted in the cohort were excluded from the analyses because 
linkage with the Regional Health Database was impossible. 
It is likely that these subjects were actually non-residents 
in FVG; however, this loss to follow-up may have biased 
the measure of association in both directions, depending on 
level of exposure to asbestos in this group compared to those 
who remained in the final analyses. The non-quantitative 
assessment of smoking habits and intensity of the exposure 
to asbestos are additional limitations of this study. In fact, 
measures of air concentrations of asbestos fibers in work-
places, in Italy, are very limited. For the same reason in our 
investigation we did not consider: (a) the cumulative expo-
sure dose and (b) the construction of a job–exposure matrix 
to assess quantitatively the intensity of exposure. Therefore, 
risk of exposure to asbestos considered in our study may be 
affected by misclassification.

In addition to these limitations, the number of incident 
cases of mesothelioma with a non-pleural localization was 
too small to allow for separate analysis for anatomical site of 
onset. However, this limitation is mitigated by the fact that 
mesothelioma of the pleura represents most of the incident 
cases observed in our cohort (83.0%; N = 25) consistent with 
the results shown in the IV Italian National Mesothelioma 
Register Report (Marinaccio et al. 2012). This report indi-
cates that the mesotheliomas of the pleura represent 93.0% 
of the total number of reported mesothelioma cases in Italy 
(Marinaccio et al. 2012).

In addition, our estimates of SIRs are limited to the 
1995–2009 period according to the data availability of 
record linkage with the regional CR.

Finally, considering that the latency of lung cancer and 
mesothelioma may be greater than 40 years (Mott 2012; 
Robinson 2012), the follow-up period in our study that 
ended in 2009 may be incomplete for individuals who were 
exposed since the 1970s or 1980s. The overall impact of the 
incidence of cancer in our cohort should be evaluated further 
through 2020 and beyond.

Conclusions

Our cohort of asbestos-exposed workers undergoing health 
surveillance experienced a moderate excess of incidence 
for all cancers. We found a strong excess of incidence of 

mesothelioma and again a moderate excess for lung cancer. 
Both mesothelioma and lung cancer incidence increased at 
higher level of intensity of exposure to asbestos. The rela-
tive lung cancer incidence was highest among workers hired 
in shipbuilding in 1974–1984, corresponding to the period 
in which the supply and use of asbestos in Italy peaked. 
Our results confirm that asbestos-related diseases are still 
a major problem worldwide. For this reason, scientific evi-
dence demonstrating effective prevention in reducing dis-
ease occurrence and mortality for former workers exposed 
to asbestos is urgently needed, especially for lung cancer 
and mesothelioma.
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